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A time of flight crossed beams technique has been used %o study the narrow
angle scattering of a fast beam of potassium atoms by verious =aikyl halide like
systems. The primary beam is produced by charge eXﬂbewpn of z focussed, pulsed
bean of K dions. Results are reported for lsboratory coilision erergies of 100
and 200 eV with target beams of HI, CH,I, CH,Ci, CF,I and C_H_I.
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The data show a number of peaks in the scattered time of flight spect

indicating inelastic processes taking place with energy transfers be n
4

and 14 eV. The excitations are interpreted in terms of K a“om electronic
tation of wvaricus

excitation, fn“?C’ * transitions in the carbon-halide bond, exci?
s Rydberg states of the target molecules and ¢~—F ¢~ * transitions in the C-H tonds.
Some of these processes are accompanied by vibractional excitation due vo the
involvement of intermsdiate potential surfaces with egquilibrium geometries difforent
from the ground state. :

Potassium excitation is exvlained using a harpo
donation into the o~* (C-X) orbital, well establishe

ning model invelving electron
s +whe mechanisn for reaction
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at lower collision energies. Excitation of the other electrcnic states involves
electron donation into high lying vacant orbitals being followed by recapture of an
electron from a lower normally filled orbital. ssigrnments are made to each of the

observed transitions and reasonable agreement is found between observation and the
predicted energy losses.

The posesibility of adapting the equipment to perfcrm phioton-particle coincidence
experiments is ccnsidered and a feasibility calculation is Dresented in the last
Chapter.
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CHAPTER 1

INTRODUCTION

Much of physical chemistry is concerned with the understanding of the
bulk properties of matter in terms of the basic laws of physics.
Particle scattering has been of major importance in physics since
Rutherford yet, despite the fundamental role collisions play in
chemistry, it is only in the last twenty years that a concerted

study of inter-molecular dynamics has been started by chemists.
Chemical and thermal equilibrium are both maintained by collisions
and rates of reaction and energy transfer are governed by the rate

and dynamics of molecular collisions.

Chemical experiments, usually performed on a bulk sample of matter

in thermal equilibrium with its surroundings, assume a Boltzmann
distribution of molecules amongst the available states and, if the
measured property is a function of the quantum state of the molecule,
only an ensemble average can be obtained. A statistical theory of

the state of the matter as well as one of the quantum mechanics of

the isolated process is involved in the full interpretation of the
measurements. The use of molecular beam scattering techniques enables
the selection of a single quantum state or range of states for measure-~
ment and the exploration of the dynamics of the molecular collision
and the angular and energy dependence of the associated scattering.
Thus direct molecular information can be obtained without the need to
use theories relating molecular to non-equilibrium properties. The
realisation that the application of scattering methods to chemical

problems provides an insight into intermolecular dynamics that can not



be obtained in any other way has led to the development of new experimental
techniques (see FLU 73) for use in a number of different fields of chemical

interest.

The first chemical applications of beam techniques were in the fields of
bimolecular reactions (BUL 54, TAY 55) and elastic scattering (BUC 75).
The early experiments were performed with alkali metals. The results
from reactive scattering studies led to the recognition of different
limiting models for reaction and their link with product angular scatter-
ing pattern, whilst elastic scattering resulted in the first unambiguous
measurement of intermolecular potentials. Subsequent to those earlier
experiments investigations have been performed on non-alkali systems

in both reactive (LEE 69, LEE 68 and Grice's review (GRI 75)) and

elastic (AQU 72, SCH 72) scattering.

Initially beam studies were confined to systems in which the collision
dynamics were governed by a single potential surface. Improvements in
beam sources and detection techniques in about 1968 gave impetus for
scattering studies in the energy range 1-100 eV, where new areas of the
potential surface are explored and electronic states come much closer
or may even cross. In this energy regime the fields of chemistry and

physics truly merge (HAS 64).

If the ground state surface of the colliding pair comes close to an

ionic one then the system may exit in the ionic channel. The special
interest in charge transfer lies in its close relationship to chemical
reaction kinetics and its suitability to provide information about diabatic
behaviour at the crossing of potential surfaces. A large number of papers

have appeared in the literature (see, for example, AUE 73, HUB 75 and



BAE 75 for a review), primarily reporting results for alkali beams crossed
with halogens (BAE 69, MOU 71) or small inorganic molecules (BAE 71,

LAC 70). These measurements have enabled the Landau-Zener approximation
(ZEN 32) to be tested and it has been shown to describe the behaviour of
the total cross section with collision energy quite well. This has led

to the determination of a number of non-diagonal matrix elements, H

127

for the systems.

Differential cross section measurements, giving the angular distribution
of the ions produced, potentially provide more information about the
dynamics of the collision and total cross section measurements were soon
followed by experiments intended to determine the differential cross
sections (e.g. DEL 72). Data obtained from these experiments are compared
with simplified classical calculations or trajectory calculations (DUR 73),

in which the three-body character of the collision is taken into account.

(More generally, the development of '"fast" digital computers has enabled
the powerful technique of classical trajectory calculations (WAL 58,

BLA 63) to be applied to chemical areas of interest. Barlier trajectory
calculations on the single lowest adiabatic surface (e.g. BLA 69) have

been followed by calculations involving more than one surface (TUL 71).)

Non-adiabatic collisions have also been investigated by observation of
electrons or photon emitted following collisional excitation. A number
of possible non-adiabatic transitions can take place during a collision
(see Table I, KEM 75) and the information yielded from total cross
section, Q(E,AE), measurements depends on the experimental technique

adopted (see Table III, KEM 75).



Measurement of o (®, E,AE), the differential cross section as a function
of scattering angle ©, collision energy E, and energy loss A E contains

a similar wealth of information and the experimental work reported in

this Thesis was carried 6ut on a crossed beams time of flight machine in
which 0 (&, E, AE) is determined by measuring the time of flight spectrum
of the projectile beam as a function of scattering angle. Suitable
analysis of the data provides information on the relative probabilities

for population of excited states, crossing radii, coupling matrix elements

and details of excitation mechanisms.

Chapter 2 describes, in some detail, the apparatus used in this work.
The primary beam is produced by ion beam neutralization, one of the
oldest methods of producing high energy neutral beams. The sole dis-
advantage of this technique is the decrease in beam intensities at lower

energies due to space charge effects.

Chapter 3 deals with K/Ar differential cross sections which have already
been reported in the literature (KER 75, FLU 75a) but because of con-
flicting results reported by other groups have since been checked.
Oscillatory structure is observed in these differential cross sections
which can not be interpreted in terms of any of the standard phenomena

giving rise to such features in differential cross sectiomns.

The time of flight data collected over the period of the Thesis is
reported in Chapter 4. The results are presented as time of flight
profiles at a range of scattering angles and as differential cross
sections obtained from them for the inelastic processes taking place.

The systems which have undergone investigation are HI, CH,I, CH,C1,

5 5

CF,I and C_HH_I. These molecules have received considerable attention

3 37



in the literature and the reaction K + CH31—~9-KI + CH3 follows a classic

harpooning mechanism. The electron affinities of the methyl halides have

also been studied (MOU 74).

A discussion of the results presented in Chapter 4 is given in Chapter 5.
The energy losses in the potassium electronic excitation are compared
with a simple mcdel in which the differential cross section is calculated
from the small angle formulae (FLU 73) and the Landau-Zener approximation.
It is found that stretching of the target molecule bond during the
collision plays a key role in determining the energy loss (see MOU 79 and
L0S 79 re bond stretching in alkali/halide experiments) and, not surpris-
ingly, (BRO 66) the collision dynamics are highly orientation dependent.
The model parameters are listed for CHBI' The close link between the

excitation mechanism and that for reaction is obvious. Higher energy

transfer processes are reported though no quantitative modelling has

been carried out.

The possibility of conducting an experiment in which the observation of
a photon emitted from an excited particle is accompanied by detection of
the associated scattered particle was considered and is presented in

the final Chapter.



CEAPTER 2

APPARATUS

The apparatus used to obtain the results reported in this thesis has
been designed to measure the differential cross sections of alkali
metal atoms at energies up to 1000 eV scattered from various target
molecules. 'Lhe fast alkali beam can be pulse modulated so that any
electronic or vibrational excitation taking place in the course of the
collision can be recorded by measurement of the time of flight of the
scattered atom, ailowing the post-collision states of the colliding
partners to be inferred. The observations are confined to a narrow
angular region about the main beam line because of the low beam inten-
sities, however by varying the incident beam energy it is possible to
probe different regions of the potentials involved. The initial con-
struction of the equipment has been described by Duchart (DUC 71) and
subsequent alterations by Kerr (KER 75) and Reddington (RED 73). A
relatively brief description of the apparatus shall be given here as
no major modifications have been made to it in the course of the present

worke.

2.1 GENERAL DESCRIPTION

A charge exchange mechanism is used to produce the fast main
beam of potassium atoms. Produced initially as ions, the fast
beam is focussed and modulated by a series of electrostatic
lenses before being neutralised. The neutral beam is collimated
and intersected by a target beam at right angles. The scattered

potassium atoms are ionised on a cool tungsten wire and detected



2.2

2.3

via a scintillator and photomultiplier. The detector is
scanned in a plane at right angles to the plane defined by
the two beams. Atoms arriving at the detector stop a 50 Miz
clock running in synchronism with the pulse modulation so
that the flight time can be recorded. A schematic diagram

of the apparatus is given in figure 2.1.

VACUUM SYSTEM

The various sections of the experiment are contained within

a vacuum system composed of four differentially pumped
chambers. These contain the main beam source, the cross beam
source, the intersection region and the detection system. The
first three chambers are pumped by oil diffusion pumps with
liquid nitrogen cryo baffles. The diffusion pumps are backed
by two rotary pumps on a common roughing line. The detector

is connected to the collision chamber by flexible bellows and
the only aperture into the detection region is a narrow slit
permitting atoms scattered from the collision zone to reach the
filament. The detector chamber is initially pumped out through
this slit and an i1on pump and a titanium sublimation pump used
to bring it down to a high vacuum. This system allows pressures
of around 10_6 torr to be obtained in the main beam source
chamber during an experiment, with the cross beam source and

5 5

collision chambers at 5 x 10~ and 2 x 10 © torr respectively.

''he detector chamber maintains a pressure of arocund 5 x 10-8 torr.

MAIN BEAM SOURCE

Potassium ions are produced by surface ionisation on a porous

tungsten disk heated to about 1500K by a radiation heater.

7
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The potassium vapour diffuses to the ionising surface from the
rear of the disk which is bathed in potassium vapour from an
oven maintained at a temperature of about 25OOC. The ion source
is kept at a positive voltage corresponding to the desired final
beam energy. A simple two element electrostatic lens system
serves to focus the ions into the Lindholm Gustaffson lens.

the function of this lens is to focus and steer the ion beam

and its modification to suit this apparatus is fully described
in Reddington's thesis. Several of the lens elements in this
are split to allow the operator to compensate for slight mis-
alignments of the ion lenses by the application of suitable

steering voltages.

Exiting from the Lindholm Gustaffson lens the ion beam enters
the pulsing lens. Beam modulation is accomplished by the
application of a pulsed voltage across the beam path. After a
suitable delay a voltage is applied down the beam line such that
those ions at the rear of the beam pulse experience a greater
acceleration than those at the front of the pulse. This has the
effect of compressing the original beam pulse, which has a half
width of about 1.§/as, into a much narrower pulse with a half
width of 60-80 ns. For a beam with a laboratory energy of

200 eV this corresponds to a width of about 1.5 eV. A more
complete description of the veloclity compression is given else-

where (MCC 78).

The pulsed ion beam is now neutralised by passing it through
the charge exchange chamber which contains potassium vapour at

150°C. This temperature is required to give the optimum

9



2.4

intensity in the neutral beam. For lower temperatures the
number density of the vapour is too low to neutralise adequate
numbers of the ions. Conversely, if the vapour pressure is too
large, the beam intensity is reduced by multiple collisions

within the chamber.

Any ions remaining in the main beam are deflected by the dump
plates which have a voltage across them of 100V. The pulsed
neutral beam passes through the collimating slits into the

scattering chamber.

CROSS BEAM PRODUCTION

'he main beam has been designed to run for periods of up vo

120 hours and in this time it may be desirable to perform experi-
ments with a number of different target beams. It was therefore
important to design the cross beam source with this in mind. In
the present apparaitus a gas line is used for cross beam production.
The primary advantage of such a system is that any problems
arising in this area can be rectified externally without dis-
rupting the main beam source and collision chambers. Similarly
by isolating the gas line from the collision chamber it is
possible to replenish or replace the cross beam material. Figure
2.2 shows a typical gas line and illustrates how both gases and

liquids at room temperature can be handled.

The cross beam is introduced from the gas line into the cross
beam source chamber via tap 1. The cross beam source chamber

and the collision chamber are differentially pumped to reduce

10
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the pressure in the latter. The cross beam is produced by
effusion through a capillary array and is chopped by a
mechanical chopper to enable Signal + Noise (S + N) and

Noise (N) to be differentiated. Light from a bulb falling

on a photocell is also chopped, the light being off when the
cross beam is off. The output from the photocell is monitored
and each arrival at the detector is labelled according to
whether the target beam was on or off when the potassium atom
passed through the collision zone. The target beam intensity
is continuously monitored by a differential ion guage placed

immediately underneath the collision zone.

THE DETECTOR

The detector can be varied in angle with a precision of +/-
0.002 degrees and is based on the ion detector described by
Daly (DAL 60). Scattered potassium atoms entering the detector
chamber are ionised on a cool tungsten wire. The ions produced
are focussed on to an aluminised surface and the secondary
electrons emitted are accelerated on to the scintillator. The
voltages used in the detector to focus the ions and accelerate
the electrons are in the range 10-20 kV. The exact running
voltage 1s determined by the need to balance the increased
efficiency at higher voltages with the increased noise rate
which is obtained as the voltages are increased. The photons
produced by the electron burst impinging on the scintillator
are detected by a photomultiplier and the output pulse passed
through an amplifier and discriminator. The detection of a
pulse stops a S50MHz clock counting into a 10 bit scalar and

thus the time of arrival of the scattered potassium atom at

12



2.6

2.7

the detector is recorded. A schematic diagram of the detector

is shown in Figure 2.3.

ALIGNMENT

Obviously when dealing with such a complex experimental system
as that described here there are many components which can break
down and lead to an experiment being aborted. It is therefore
essential to thoroughly check all parts prior to starting a run
and to minimise the problems caused by poor or careless assembly
of the equipment. One of the main causes of trouble in this
area is in the alignment of the ion lenses. Poor alignment leads
to poor time of flight profiles and losses in the beam intensity.
The present technique for alignment of the lenses uses a Helium/
Neon laser with a fine copper mesh in front of the beam. The
diffraction pattern produced can be used to ensure that the
apertures in the lens elements are all centred on the main beam
line. This has proved to be a most satisfactory method of align-

ment as it is both accurate and quick to perform.

DATA COLLECTION SYSTEM

The collection of data and control of the experiment is carried
out by an on line DEC PDP11/45 (FLU 75). A listing of the data
collection software is given in Appendix A and Figure 2.4 shows

the signal collection and experimental control arrangements

- schematically.

Experiments can run for times of up to 120 hours and data collec-
tion at the wider angles can take 12 hours so it is highly desir-

able to have the data collection and monitoring of important

13
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experimental variables as automated as possible. Also, in
order to optimise the efficiency of an experimental run, it
is important to keep the operator well informed about the
current experiment, allowing him to change thé course of the

experiment as appropriate.

The initial development of the control software was carried
out by Kerr and the requirements of the program are fully
described in his thesis. Various refinements have been added
since then but neither these nor the introduction of beam

modulation have radically altered the structure of the program.

As described above, each arrival at the detector stops a 50MHz
clock counting into a 10 bit scalar. There are four separate
scalars ;nd every fourth arrival at the detector triggers an
interrupt to the computer and the scalar readings, the total
experimental time since the last transfer and the cross beam
on/off flag are transferred to the PDP11/45. At the same time
output from the cross beam monitor, an ion guage to monitor
chamber pressures, the detector's angular position and the
condition of.the experimental control flags are passed to the
data collection program. The operator interacts with the soft-
ware via the control flags which take the form of three push
buttons, coded in binary as an integer in the range O to 7.
Different combinations of the buttons produce different responses

from the computer.

1he program reads in thirty-two experimental variables at the

start of a run and these define the nature of the experiment and

16



the way in which it is to be carried ouv. The data passed from
the experiment to the computer is given in Table 2.1 and the

thirty-two experimental variables in Table 2.2.

Changes in the beam intensities or pressure in the collision
chamber will lead to the operator being notified and data
collection may be suspended to avoid corruption of data already
written to disk. Data is written to disk every ten minutes.
More frequent writing to disk would leave less computer time for
the actual collection of data, whereas less frequent writing
could lead to the loss of more data in the event of the computer

breaking down.

The Signal to Noise ratio is estimated every two minutes as 1s
the rate of counting into the peak in the spectrum. Feedback

to the operator is provided automatically every fifteen minutes
giving information about average peak growth rates, current peak
growth rates, estimated Signal/Noise ratios and the beam inten-
sities. Additional feedbacks may be obtained at any time by

pressing the appropriate experimental control buttons.

Recently the cross beam intensity control has been automated.

If the signal from the cross beam monitor indicates a decrease
in intensity the computer notifies the operator and switches

a relay, thereby increasing the current to the heating coils

on the cross beam reservoir. If the intensity is persistently
high or low the operator is advised, via the teletype, to adjust

the rheostat accordingly. This modification has proved to be

17



TABLE 2.1

%2 EXPERIMENTAL VARIABLES

0o ~J o\t EF W N

11
12
13
14
15
16

17
18
19
20
21
22

Date

Main Beam Energy

Main Beam Mass

Target Beam Temp

Target Beam Mass

Main Beam Centre Position

Output File Number
C.E.C.

Post C.E.C. Slit Size

Slit Size

Pre-scattering Centre Slit Size
Target Beam Width

Detector Width
Detector Height

Beam Height at Scattering Centre

Clock Perioad

ngle for Measurement of Reference Profile

Unused

.
.

Spectrum = S+ N - N
Spectrum = S + N + N

Minimum Angle

Maximum Angle

Step
=0

1
2

Size for Angle Scan

Number

0
1

L3
L]

Manual Angle Selecticn

Stepwise Angle Scan

Pseudo-random Angle Scan

of Main Beam Pulses per 1024 Clock Pulses

Manuzl

Automatic Control of

> Y

inimum Acceptable Peck Counting

Angle Table Entry Points

Frequency of Reference Prcfile Collection

Time Between Main Beam Intensity Ch

1|

A5

O

31, but for Croas Beam Monitering

.
L
L]
-

.
s

Monitor

 Monitor

Changes

Beam Monitoring

iain Beam and Notify Operator of

Main Beam and Jusy

by More Than 1.

183

Required Counts in Peak Befors Angie Change

e

(=13 &

S

any Cnan

arid Data Collection if 1



TABLE 2.2

: FORMAT FOR DATA TRANSFER TO THE PDP 11

10

11

12

13

1

15

0 1 2 3 L 5 6 7 8
START CODE
CALER 1
SCfLER‘ I STORE 1 SPARE
SCALER 2
SCgLER l STORE 2 SPARE
CROSS BEAM MONITOR
ANGLE
ANGLE
SCALER 3
SCALER STORE 3 & | spars
3 | &
SCALER 4
SORLER STORE 4 & | seame
WORD COUNTER
WORD COUNTER
END CODE

-19




2.8

successful and provides the experimenter with a more stable

cross beam.

Further programs exist on the PDP 11 allowing the operator
to inspect the time of flight spectra on the Tektronix VDU

and to perform simple statistical measurements on the data.

RUNNING AN EXPERIMENT

The final section in this Chapter is intended to give, in

some detail, an account of the communications to and from

the data collection program (DCP5) and the accompanying
operator actions. Having produced the two beams (see Table 2.3
for normal running conditions) the 3%2 expefimenial variables
should be initialised to their appropriate values and the

data collection program run.

The first action of the software is to "flash'" the detector
filament for two minutes. A relay is used to switch off the
detector EHT supply and simultaneously doubling the current
through the detector filament. This has the effect of decon-
taminating the tungsten wire, thereby reducing the noise
level and is repeated periodically throughout an experimental

rune.

This completed, the 32 variables are read in and the operator
is prompted ”Ideal Cross Beam:" The correct response is the
signal which the PDP11 should receive from the ADC, connected
to the cross beam monitor, corresponding to the chosen

attenuation.

20



TABLE 2.3 : NORMAL OPERATING CONDITIONS

All ion beam currents, neutral beam intensities and voltages are for

a 200 eV bean.

Source oven temperature
Grid Voltage
&r
Accelfator Voltage
Ion current on st plate of deceleration lens
Pulsing lens : Z Pulse
Pulsing lens : clear pulse
C.E.C. temperature
Ion pump plate voltage
Current on Dump Plates
Pressure in Chambers 1 and 2
Pressure in cross beam source chamber
Pressure in collision chamber
Main beam attenuation
Detector pressure
Neutral atom count rate (pulsed)

Detector EHT voltage

Detector noise rate

21

250°C

~ +100V
~ =900V

5 x 1o‘6A
19.8V

30V

150°C
110V

~5 x 10”10y

n«1o"6TORR

~5 x 10 ”TORR
~2 x 10 °TORR
10%

~5 x 10"8T0RR
h/BdOkHz

~ 12kV

< LOHz



he main beam intensity is then measured, a scattering angle
in the range specified by the operator selected, and the

detector driven to that angle to commence data collection.

Assuming that no problems arise, the program will now collect
a number of time of flight spectra, automatically changing
angle when a pre-selected number of arrivals (typically ~ 1200)
have been counted into the pea# in the spectrum. Cross beam
intensity, detector angular position, chamber pressure and
experimental control flags are constantly monitored through
two ADCs and the interface communications. The main beam is
monitored, references taken and the filament flashed at time
intervals specified by the operator. Under such conditions

the experiment is fully automated and the operator's tasks

are reduced to reading the quarter-hourly feedback and

topping up the cold traps with liquid nitrogen.

Unfortunately, such an idyllic situation is not always achieved
and a number of situations can arise requiring operator inter-

vention. Some of the more common of these are described below

with the associated computer message and suitable operator

response.

i) Pressure Problems:

The PDP11 monitors the collision chamber pressure and if this
changes the message ''Pressure changed from LJ to t<J " is printed.
No further action is taken by the software. However, if this

is because of a decrease in the target beam intensity (due

possibly to the cross beam reservoir running out) this, too,
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shall be detected and data collection suspended pending operator
intervention. A rise in the pressure can be due to pump failure
or a leak but is more commonly associated with cold traps warming
up. A consequence of increased pressure in the collision chamber
is an increase in the noise level and a decrease in the signal
rate. This is detected by the software, which measures the

count rate every two minutes and the message '"Count rate very
low; Data collection stopped" is output on the TT. Thus corrup-
tion of existing data is avoided and, héving remedied the fault,

the operator may restart data collection where it was abandoned.

ii) Cross Beam Problems:

The cross beam intensity is constantly monitored. The program.
attempts to correct for any changes in this by switching a
rheostat and also informs the operator of its action. If it is
unable to control the beam data collection is halted and the
operator is required to find and fix the problem before restarting

it.

iii) Main Beam Problems:

The main beam intensity is measured fairly infrequently since
it is found, once established, to be fairly stable. Main beam
failure would give rise to "low count rate' messages and would
also be obvious from the calculate signal/noise ratios given in
the feedback every 15 minutes. No action, other than alerting
the operator, is taken for changes in the beam intensity less
than 10%. This prevents small drifts in the beam intensity
disrupting data collection. For changes larger than this,

data collection is suspended and the operator informed.
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Changes in the neutral flux can arise for a number of reasons.
These include blockage of the CEC slits, contamination of ion
lenses by diffusion pump oil and warming of cold traps in the

main beam source traps.

The software also checks the angular position of the detector
and halts data collection if this changes. In all cases, data
collection is restarted by pressing the appropriate coding

on the % communication flags on the interface. These are
constantly monitored by the program and its response to each

of the 8 possible codes is as follows:-

000 No. action.
001 Read new values for one or more of the 32

experimental variables.

010 Give a '"feedback!'" immediately.
011 Write all data to disk and stop program.
100 Go to IT for instruction. Valid responses are:-

F': Flash filament for 60 seconds;

L

List values for 32 experimental variables;
R : Measure reference spectrum;

X : Read in new value for ideal cross beam.

101 Halt data collection;
110 Restart data collection.
111 Write data to disk, select new angle, drive to

it and continue data collection.
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CHAPTER 3

K/Ar DIFFERENTIAL CROSS SECTIONS

This chapter is concerned with differential cross sections collected for

the collision system potassium/argon. This system has been extensively
studied over the years (KEM 74), (BUC 68) and the experimental results
discussed in this chapter have been previously published (KER 75), (FLU 75a).
The reasbns for the current analysis are twofold. Firstly, to check the
potentials obtained from these experimental results in view of the con-
flicting results reported by other workers (MAL 70), (PAS 74), and to
determine whether the oscillatory structure observed in the cross

sections is the result of noise or evidence of some process taking

place in the course of the collision.

5.1 DATA COLLECTION AND ANALYSIS

Lhe data takes the form of a series of scattering intensities
measured at scattering angles from O to 5 degrees in the lab
frame of reference and at collision energies between 100 and
LOO eV lab. These were collected on the crossed molecular
beams apparatus described in the previous chapter, prior to
the development of the time of flight technique. The data
collection took place under program control by the PDP11/45.
For each set of data the angle scan was completed in a pseudo-
random manner to prevent any syStematié noise effects creeping
into the data. The detector was returned to the main beam
centre at periods of about six minutes to monitor the main
beam intensity. Relative, rather than absolute, intensities
have been gathered but they are inter angle normalised. The

data are fully presented in Kerr's thesis and are shown here
in figures 3%.1 to 3.7.
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The first step in the analysis of the data is the transformation
to the centre of mass frame and the application of the resolution
correction calculated for the apparatus (RED 73). The method

of obtaining the potentials, due to Firsov (FIR 53), relied

on the manipulation of the classical deflection function given

by equation 3.1.

P,
X() = 1= 2bdR 5.1
@ (1 -TR it
¢
where b = impact parameter
7( = scattering angle
R = particle separation
V(R) = inter particle potential at R
E = collision energy
Re = point of closest approach of particles

'he potential can then be obtained by numerically evaluating

the relations 3.2 and 3%.5.

bL
V(R) = E (1 - " /pr) 3.2
o0
R = b exp é& 7< (b” )b’ . 53
¢ R P

The problem, therefore, is one of evaluating the deflection funcvtion,
jx(b), from the observed scattering data. The classical scattering

intensity, (X)), is given by equation 3.4 -
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(X)) = b 3.4
Sin X i'%%Lf

Re~-arrangement of this gives:-

-+«
XY = 2 | I(N) Sin X a X 3.5

It is not possible to calculate b(X ) directly from the present
data as it does not extend to{Cradians. In addition the fact
that the data consists of relative rather than absolute,
differential cross sections means that there is a constant in
front of the integral. The method of normalisation involves
choosing some previously evaluated potential for the K/Ar

system and computing o (X) and b(X) for that potential at

the appropriate energy at the normalising angle 7(h4 The values
thus obtained are assumed to agree with the experimental

results and the deflection function is calculated using

equation 3.6.

X
B(X) = (B°(Kn) - ajd(xb sinX'a X2 3.6
Xn
This is equivalent to equating both X (b) and &—%-X(b)of the

data and the normalising potential at the normalisation

angle, An.

It can be seen that this technique is only valid if the
experimental results are in good agreement with the normalising
potential as it forces the deflection function on to that of

the normalising potential. The results using this technique
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to normalise the data under discussion to the potential

obtained by Kempter's group (KNE 76) are shown in figure 3.8.

For narrow angle scattering from potentials of the form

V(R) = C/RS the following relations hold:-

1 S+1 2/
o (X)) = % sz p GG ocC S_ 2+ sy 3.
B (%m) E
s &~ (8+1)
b(%) = SC,T(ZP(T)

( )
F(§2-+1)}/2EX 3.8

All variables have the previously given definitionms.

From equation 3.7 it can be seen that the cross section, (0, is

2/s) 2 :
“. Hence a plot of log (O X °) against

proportional to X -(2+
log () will have slope —2/8 and will therefore give an estimate
of the R dependence of the potential. 'this has been carried out
for the data shown in figures 3.1 to 3.7 and the potential is

estimated to be:-

+
V@R) = R 7

'he potential shown in figure 3.8 has a much softer R dependence
than this -~ a result of forcing the deflection function on to

that of Kempter's potential.

Equations 3.7 and 3.8 can be re-arranged to give:-

s 2 S
c - Eizéa + ;) : [éCY}((a + /S%J /2 3.9
S +
K 2
C 2EY b° (X)) P(_Sa_ M
- X S/K—_% (s + 1) 3.10
M=
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If a value of S is obtained from a plot of log (O”Xa) against
log (X ) and 0 (X n) is used to normalise the data then
equation 3.9 can be used to obtain a value for C. Equation 3.8
is then used to calculate b(} p) from the estimated potential.

In terms of the deflection function this is equivalent to

equating the value of o/ dx for the normalising potential
b db |

with i for the experimental results.
db

Similarly it is possible to equate b(X ) at X n for the data
and potential and to use equation 3.70 to obtain a value for C._
It is then possible to calculate (X ) at any angle using
equation 3.7 and thus normalise the intensity. This method of

normalisation corresponds to equating b but not %%L-at X 5.

A1l three normalisation procedures are completely equivalent

if the experimental results are in agreement with the normalising
potential. This is not the case with the results discussed here

and the normalising potentials of Cross and Malerich and Kempter.

This is shown in figures 3.9 and 3.710.

In order to verify the accuracy of each of the three potentials
obtained from the inversions a forward calculation was carried

out in each case. This simply involved evaluating the differential
cross sections predicted by each of the three parameterised
potentials. The results of this calculation indicated that the

best agreement was produced by equating b(X ) at the normalising

angle X n.
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N

"he potential obtained from this work on the K/Ar differential

cross sections has the form -

7’

V(R) = _5:8x 10
18.2
R

and is valid in the region 2.45 < R < 2.6 R and 1.6 <V(R) <5 eV.

In view of the discrepancy between this result and other work a
more recent experiment has been carried out with K/Ar in collision
at 200 eV lab collision energy. The results of this work were

in agreement with the earlier work carried out by Kerr.

OSCILLATIONS IN THE K/Ar DATA

As was mentioned in the introduction to this chapter, the Potassium/
Argon differential cross sections exhibit an oscillatory structure
and this can be readily observed in figures 3.1 to 3.7. The
magnitude of these oscillations is comparable with the size of

the error bars, which have beeu omitted in these diagrams for

clarity.

It was felt worthwhile to carry out further investigation into

the oscillations to determine if they were purely due to noise

or if they were evidence for some underlying process occurring during
the course of the collision. FKach data set consisted of about
500-600 observations at different angles throughout the range

and the pseudo random angular scan should have avoided any

systematic errors from entering the results due to important

experimental variables drifting over an extended period of time.
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The maxima and minima appeared to illustrate a fairly regular
angular spacing for each data set and in order to check this the
angular positions of the extrema were located and the extrema
were indexed sequentially. Thus, if the peaks are at uniform
angular separation, a plot of index number against angular

position will produce a straight line.

Peaks which were both very small and close to their neighbours
were thought to be noise and discounted. Similarly, extrema
which were very far apart with a point of inflection between
them had their index number increased as it was felt that the
inflecfion probably corresponded to a peak in the data which

had been masked by noise.

Plots were made of index number against angle for each of the
sets of data and three of them are shown in figures 3.11 to 3.13.
lhese can be seen to be linear with increasing angle and the
slope decreasing as the collision energy is increased. Data
sets at the same collision energy are found to be in good agree-
ment with each other. It is also noted that the angular spacing
of the extrema, AO , increases in a regular way with collision

a
energy such that A6/E? remains constant.

A number of different phenomena can lead to the appearance of
oscillatory structure in the differential cross section.
Oscillations always occur when more than one classical trajectory
leads to ithe same deflection angle. These can arise as a result

of a potential well in the scattering surface giving supernumerary

L



Index Number K/Ar : 200 eV LAB

A

8 'l 1_»
Scattering Angle/Degrees

Figure 3%3.11 K/Ar positions of extrema in the differential Cross Section

k2



Index Number K/Ar : 300 eV LAB

|

®
®
@
L
@
®
[
®
@
..
(J
.
o
o
®
o
..
®
o
C. .
o
®
‘..
[
P
0 7
Scattering Angle/Degrees
. - - !
Figure 3.12 : K/Ar positions of the extrema in the differential cross sections

43



Index Number K/Ar : L40OO eV LAB

A

@
..
o
[
@
@
@
[
@
®
° ®
®
®
®
®
.0
®
®
®
®
®
®
®
®
®
®
®
®
®
®
®
.O
®
L
0 7
Scattering Angle/Degrees
Figure 3.13 : K/Ar positions of extrema in the differential cross sections

Ly



rainbows (widely spaced oscillations) and rapid oscillations.
For angles greater than the rainbow angle, scattering on a single
surface leads to a monotonic differential cross section as there
is only one contribution to the classical path. This is the
case with ihe range of the potential probed here. A revue of

the features of elastic scattering is given in BUC 75.

For collisions in which a potential crossing can take place the
possibility of interference in the elastic cross section arises.
There are two trajectories in the elastic channel, one corres-
ponding to scattering on the ground state potential and the

other coming from a crossing to the excited state potential

on the inward passage followed by a transition to the ground

state on the outward passage. The interference pattern is seen

as a perturbation on the elastic scattering and was first reported

by Stueckelberg in 1932 (STU 32).

The observed structure can not be Stueckelberg oscillations for
a number of reasons. In the K/Ar data reported here the angular
spacing of the extrema in ithe differential cross sections varies
such thatéﬂ@/E% remains constant whereas for Stueckelberg
oscillations 40 varies such thatzﬁeE% is constant. In fact it
does not seem likely that electronic excitation or access to

any excited state potential surfaces is possible for the range
of the potential probed by this experiment. Kempter et al

(KEM 74) showed the ihreshold energy for excitation of the
potassium vo the 42P% state to be about 19 eV - much further

up the repulsive wall of the potential than the current

measurements.
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Subsequent to the collection of these differential cross sections

time of flight data has been obtained for the K + Ar collision
system and the analysis of the results shows that the system is
at least 98% elastic under the experimental collision conditions.
These were at 105.9 eV centre of mass collision energy and out

to a scattering angle of 12.14 degrees C.M.

CONCLUSIONS

The need for further work on the collision system K + Ar is apparent.
Though perhaps less appealing to the experimentalist than systems in
which substantial electronic exciiation can be expected to take place,

there are clearly two outstanding problems.

The strongly repulsive potential obtained from this work is very much

out of step with that reported by other workers. It should be remembered
that the values obtained for the potentials often have different ranges

of validity. Nevercheless it is important to be convinced that ihe
measurements vaken and potentials obtained for -this, one of the simplest
systems, are correct. It may be worthwhile checking the resolution
correction calculated for the apparatus though it is difficult to believe
that this can radically alter the results because it is only important

for i he scattering at angles of less than about 0.5 degrees.

It would be worthwhile carrying out further experiments to investigate
the apparent oscillatory structure. Data obtained at other collision
energy would provide further evidence for the existence of the oscillations

as well as testing the relationship between A© and the collision velocity.
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CHAPTER L4

The bulk of the experimental work carried out for this thesis involved

the investigation of inelastic collision processes using the time of

flight crossed beam apparatus described in Chapter 2. The fast potassium
beam was intercepted by alkyl halide type beams and time of flight profiles
were collected for K + HI, CH

Cl, CH,I, C_H_ I and CF,I. The experimental

5 5 377 3

results are presented in this chapter and the discussion follows in

Chapter 5.

4.1 SYSTEMS STUDIED

I'ime of flight data has been collected for potassium/alkyl
halide like collision systems. A full list of the systems
studied is given in Table 4.1. These systems make suitable
and interesting targets because of the large number of exit

channels open to them. These include:-

K+ R{ —~>K + RX (K + RXY) elastic (vibration) (a)
K+ RX—7 KX + R Reaction (b)
K + RX — K™ + RX™ Chemi-ionisation (c)

K + RX-—?I(Q+-RX )
) Electronic excitation  (d)
K + RX — K + Rx?)

K+ RX—K+R+X Dissociation (e)

Processes (a) and (b) have been investigated at thermal collision
energies (KIN 72), (GER 72) and are well known examples of the
electronic harpooning mechanism. The chemi-ionisation channel
has been explored (BAE 75) and provides direct evidence for

non-adiabatic behaviour at the covalent/ionic surface crossing.
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k.2

''he involvement of the ionic surface in coupling the ground
and excited electronic states of the atom is confirmed by

collision induced fluorescence studies (KEM 75).

In the present work the reaction channel is closed by working
at high relative collision energies. By working at scattering
angles of less than 7 degrees the potassium atom trajectories
can be considered as rectilinear and of constant velocity.
Nevertheless interesting regions inside the harpooning radius
can be probed and electronic excitation of up to 14 eV is

observed.

DATA COLLECTION AND ANALYSIS

- As stated in Chapter 2, time of flight profiles are collected

at a number of angles in the range O - 7 degrees laboratory
scattering angle. Periodically a reference profile is taken
showing the scattering spectrum at O degrees. The data is
transferred from the DEC PDP11/45 to the Edinburgh Regional
Computing Centre's ICL 4/75 and it is on this that the bulk
of data analysis takes place. The data is transformed to

the centre of mass frame (C.M.) and a five-point polynomial
filter applied to each spectrum. The scattering data are
then deconvoluted with the reference spectra using the H.P.
Van Crittert method (JAN 70). A listing of the deconvolution
program, FILTER 7, is given in Appendix B. The thus obtained
deconvoluted spectra are output into a file along with the

various parameters required for further analysis of the data.

k9



The data presented here were collected over a period of about
three years and in this time the location of the apparatus
was changed. As a result of this and modification of the ion
lens optics the position of the primary beam pulse varied by
as much as 70ns between different experiments. The spectra
were therefore adjusted in time so as to be relative to the
unscattered beam arrival as measured in each experiment. It
is this that has given rise to most of the noise seen in the

results rather than counting statistics.

Spectra gathered at a number of angles for each target compound
can be combined to produce a contour map showing the scattered
flux as a function of scattering angle and post-collision
velocity. Figure 4.1 shows such a plot for potassium/methyl
iodide scattering at 164 eV C.M. Whilst this contour map
clearly indicates that there is a lot of inelastic scattering
taking place, the complexity of the surface represented tends

to obscure the information contained in it.

As an aid to the interpretation of the data it is useful to
take cuts across this scattering surface and sum all the
arrivals within a certain narrow angular range. This gives
rise to a series of angle averaged time of flight profiles
for each system studied and the deconvolution process can
be taken further on these, using once again the profile at
O degrees scattering as a reference. At both this and the
earlier deconvolution it was checked that each peak on the
deconvoluted spectra was accompanied by at least a hint of

a peak on the undeconvoluted data. This was to ensure that
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contrast, at larger scattering angles the scattered flux extends over
a greater velocity range indicating that a substantial number of the

encounters are resulting in vibrational and/or electronic excitation
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b.3

the deconvolution was not gathering noise iogether under a

peak but was merely sharpening peaks that were already there.

The majority of the data is therefore presented as time of
flight spectra and the energy losses corresponding to the
positions of the peaks in the arrival spectra are shown. A
table summarising the peaks in the arrival spectra at each
scattering angle accompanies each set of data. Some of the

spectra also show the undeconvoluted data.

Having established the energy losses it is possible to evaluate
the differential cross sections for the relevant exit channels
and to attempt a tentative assignment of the states involved
and the mechanism by which they are populated. Some of the
differential cross sectidns are presented in this chapter and

a full discussion of the assignments and mechanisms involved

follows in the next.

K/CH, I DATA

‘'ables 4.2 and 4.3 list the peaks reported in the time of
flight spectra for potassium/methyl iodide collisions at 81 eV
and 164 eV (C.M.). All the energy losses listed in any one
column are believed to be due to the same process. It will

be noticed that there is a ''jitter" in the values at which

the maxima appear. This is presumably due to the change in
the location of the equipment and the length of time over
which the data were collected as the other data sets, which
were mainly collected over only two or three runs each, do

not exhibit this problem to the same extent.
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TABLE 4.2

: PEAKS 1IN K/CHZI (81 eV C.M.) SPECTRA

Energy Loss

Anglef 1y 2| 3| Ly 5y &y zZy & 2y A9 1y l2) L
0.59 0.1 2.0| 2.9} 3.8 k.9 5.9 |6.7 |7.6
0.75 0.0{ 0.3 2.2| 3.11 3.9 4.9 6.0 16.7 |7.5
1.00 0.1 0.6 1.4| 2.1| 3.0} 3.9] 4.k 5.5 6.1 7.8
1.25 | 0.0 0.6] 1.4] 2.0f 3.0] 3.9| k.k 5.5 6.3 7.8
1.50 0.0} 0.6| 1.2] 1.9| 3.1 4.3 5.0] 5.7 6.7 8.0
1.75 | -0.1] 0.6} 1.1] 2.0f 3.1 L.31 5.0 5.7 6.8 8.0
2.00 | -0.1{ 0.6] 1.2 1.9] 3.0 4.4l 5.0{ 5.6] 6.2] 6.9 8.0
2.25 | -0.1} 0.6] 1.4} 1.9] 3.0| 3.9| k.6 5.5] 6.2 7.0

2.50 | -0.1[ 0.6] 1.3 1.9| 3.0{ 4.0| %.6 5.6] 6.2 7.1

2.75 | -0.1| 0.7| 1.4 1.9| 3.0| 4.1 5.1 5.6] 6.2 7.1

D S S S
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TABLE 4.3

164

eV (C.M.) K/CHzI COLLISIONS

1.50
1.75
2.00
2.25
2.50
2.75
3.00
3.25
5.50
375
k.00
L.25
4.50
L.75
5.00
5.25
5.50

gl

0.2
O.2

0.1

-0.8

0.8
0.9
0.9
1.0
0.6
0.6
0.7

1.0

1.1
0.9
1.0
0.9
0.9

1.0

0.9

1.6
1.7
1.6
1.7
1.8
1.9
1.9
1.9

2.2

1.6
1.6
1.8

Eneny Loss

N
35

2.9
2.9
2.4
2.6
2.7
2.8
2.8

2e5
2.5
2.7
2e7

3.2
2.8
2.6
2.7
2.5
2.7
2.8
2.8

3.6
3.4
3.3
3.5
3.4
3.5
3.8

3.5
3.4

6
5.0
4.9
4.5
4.6
ol
.2
4.2
L3
4.7
4.8
.7
4.7
4.8
4.8
oy
4.3
b3
.

b3

I~

5.5
5.6
5.6
5.4
5.4

5.2
5.4

5.6

5.5
5.3
5.0
5.0
5.1

joo

6.5
5.9
6.0
6.5
6.7
6.7
6.5
6.6
6.2
6.2
6.1
6.1
5.7
6.5
6.8

| \Ne)

6.7
6.9
6.9
7.
71
7.5
7.5
7.5
7.5

7.9
8.0
8.1
3.2
8.4
8.6
8.6
9.6
9.1
9.2

8.k
8.4
8.4
8.4

8.4

8.6
8.7

7.8

79

10. 4
10.6
10.7
9.7
9.8.
9.7/10.9
10.0/10.9
10.1
10.9
10.9
10.1
16l1
10.4
9.9
9.9
9.7

12
11.8
11.9/12.8

127

12.5

12.1

12.6
12.7
12.7
12.7
12:8
12.é
12.3
11.9
1.4
11.3
1.3
13.0
13.0

12.9

70



However the essential features of the data are apparent. There
are a large number of discrete processes taking place, ihe
scattered potassium atoms exhibiting energy losses in the

range O - 13 eV. Allowing for the already mentioned jitter

in the location of the maxima in the arrival spectra the
majority of the processes are observed to occur with an energy
loss which does not vary with scattering angle. Surprisingly
large energy losses of up to 12 eV are detected at the narrowest
angles of observation, indicating the involvement of strongly
attractive potentials in coupling the ground state to these
highly excited states. It should be noted that there are
differences between the data at the two different collision
energies. This suggests the involvement of a potential surface
on which the equilibrium geometry of tﬂe target molecule is not
identical with that of the ground state and that some molecular
geometrical re-arrangement takes place during the course of the
collision. On exit from the collision the target molecule may
be vibrationally excited. The extent of the excitation will
depend on the time spent on the intermediate surface and hence

on the collision energye.

In addition to the time of flight profiles, figures 4.33 to 4.38
show the differential cross sections obtained for the various
exit channels. At this point in the analysis it is not possible
to assign absolute values vo the intensities though all the

cross sections are drawn to the same scale.
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.

L.5

K/CH.C1 DATA
S

Not surprisingly the methyl chloride data (shown in figures L.329
to 4.51) is similar in many respects to the methyl iodide data.
The substitution of the lighter halide atom in the alkyl halide
would not be expected to alter the overall features of the
spectra. Once again a large number of discrete peaks in the
data can be seen, with most of the observed energy losses
constant with increasing scattering angle. Similarly, processes
involving an energy transfer of up to 11 eV are present and
onset at the narrowest. angles of observation. Table L L

summarises the energy losses observed.

Figures 4.52 vo 4.54 show the differential cross sections for

these processes.

K/CF_I DATA
7

An obvious experiment to perform after changing the halide atom
is to investigate the effects of changing the methyl group.
Beam experiments in which a potassium atom beam is intersected

by an orientated beam of CH,I molecules show that the iodine

5
end is much more reactive than the methyl end and that a direct
collision between the potassium and iodine is probably necessary
for reaction (BRO 66). In contrast, experiments on potassium

in collision with orientated trifluoromethyl iodide molecules
show that there is no steric hinderance to the reaction (BRO 73)

and chat there is a nigher probability of forming potassium

iodide if the K atom impinges on the CF3 "end" of the molecule.
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Figure 4.41
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TABLE 4.4 : K/CHBCl DATA 115 eV C.M.

Scattering Process Number

Angle T2 2y ke 8 2 R

0.75 0.0 | 0.6] 2.5] 3.9 10.1

1.00 0.1 | 0.7 2.3 3.9 7.9 10.0

1.25 0.2 | 0.9 2.3 3.8 5.3 7-8 10.0

1.50 -0.2 2.1 | 3.4 5.3 7.7 10.1

1.75 0.0 2.1 | 3.2 5.7 1 7.71 9.2 1.5
2.00 0.0 [ 1.5 2.4 | 3.2 5.5 7.9{ 9.3 1.2
2.25 0.0 | 1.5 2.4 | 3.4 5.6 | 8.0 9.3 11.2
2.50 0.0 | 1.4 | 2.4 | 3.6 | 4.8 5.6 | 8.2} 9.6 11.3
2.75 0.0 [ 1.2 | 2.4 | 3.7 | 4.8 | 5.9 8.5 9.7 11.2
3.00 0.1 2.2 | 3.6 | 4.7 { 6.0 8.5| 9.8 11.2
3.25 0.1 | 0.k} 2.2 | 3.6 | 4.8 6.0} 8.6 9.7 11.0
3.50 0.1 2.1 1 3.6 | 4.8 | 6.0 | 8.6 11.0
3.75 0.7 11.1] 2.0 | 3.5 | 4.8 | 5.9 | 8.7 10.9

6]

7.0

10

15
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This is explained by the fact that the CF3 molecule has a
greater dlectron affinity than the iodine atom and since the
reaction K + CF_I =» KI + CF_, proceeds via an harpooning

3 3

mechanism the CF, accepts the donated electron more readily

3

than the iodine atom.

Figures 4.55 to 4.58 show the time of flight profiles for
K/CFBI at 170 eV C.M. collision energy. Table 4.5 lists the
energy losses observed and shows strong similarities to the
methyl halide data given iq lables 4.3 and 4.4: a number of
discrete features with large energy losses detected for‘very
narrow angular scattering. As in the CH3I data the results

for collisions at 86 eV C.M. and 170 eV C.M. differ. The cross

sections obtained for the K/CF_I are shown in figures 4.59 to

3
L.67.

Lhe 86 eV C.M. K/CF,I data is presented as a contour map

5
(Figure 4.62) as the quality and quantity of the data is such
that a contour map is fairly readily understood. Main beam
intensities decrease as the lab beam energy is reduced due

to increased space charge effects and the apparent increased
sensitivity of the beam to the ion lens voltages and this has
limited the number of experiments carried out at lower collision
energies. It can be seen that the energy resolution of the
equipment is improved at this energy and the different exit

channels are clearly separated. The observations are summarised

in Table 4.6.
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Y'ABLE 4.5

170 eV K/CFBI ENERGY LOSSES

égglg 5 > ézécess E?mjer Eéd Enéggy Losi 8 9
1.00 0.2 1.7 3.8 5.6 7.9 9.9 13.1
1.25 0.2 1.7 3.8 5.6 7.9 9.9 13.1
1.50 0.2 1.7 3.7 5.5 7.9 9.9 11.8 13.1
1.75 -0.1 1.7 3.6 L.5 | 5.5 7.7 9.k 11.9 13.2
2.00 ~-0.2 1.7 3.5 L.6 5.5 7.8 9.5 11.71 13.2
2.25 ~0.1 1.7 3.4 L.1 5.4 | 7.9 9.5 1.2

2.50 ~0.1 1.6 3.2 k.1 5.4 7.8 9.k 11.3

2.75 0.0 1.7 5.4 7.8 9.5 11.2 131
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L.6 K/HL, K/C_H_I DATA
ol
The final two sets of data presented involve collisions in

which the methyl group is replaced by either a lighter

hydrogen atom or the heavier propyl group.

Figure 4.63 shows the contour map for K/HI scattering and

Tables 4.6 to 4.8 summarise the energy losses observed.
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TABLE 4.6

A
Energy losses in K/CFBI 86 eV C.M. -
a 2 3 b ] 6
0.0 0.7 2.0 2.6 2.9 3.9
LABLE 4.7

Energy losses in K/CBH7I 166 eV C.M.

12 32 & 5 & Z

0.0 0.4 1.6 2.2 3.3 L4,4b 5.1 6.6 8.5

joo
ho

TABLE 4.8

Energy losses in K/HI 156 eV C.M.

=

>
0.0 1.6 3.0 5.3 7.4

I\
I+
[\
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CHAPTER 5

DISCUSSION OF THE TIME OF FLIGHT DATA

In discussing the data presented in the last Chapter emphasis has been
placed on understanding and explaining the results in terms of as simple
a model as possible rather than in developing a sophisticated theoretical
treatment. It will be shown that the simplest, "atomic", model whilst
partially successful fails to provide an adequate solution and the need
for a treatment specifically including the effects of internal motion of

the target molecule becomes apparent.

5.1 BACKGROUND

Prior to embarking on the discussion of these results it is

worthwhile to pause and consider what may be observed.

The electronically excited states available to the potassium
atom fall into the energy range up to 4.3 eV. The lowest
lying excited potassium state is the 42P%’%‘corresponding

to an energy transfer of 1.6 eV. 'here are a large number
of other states extending up to the I.P. at 4.34 eV. The
manifold of electronically excited states available in the
alkyl halides falls into fhree classes corresponding to
valence transitions in the C-X bond of n~—?cr*type, Rydberg
transitions to high nL states similar to those of the halide
atom and valence o~ —>» O * transitions in the C-H bond. lransitions
corresponding to all these three classes are observed in the

optical spectra though the C-H transitions are seen only as a

continuum background to the other processes (HER 66, BOS 72,

WAN 77). Photodissociation of the alkyl halides with radiation
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5.2

in the region 3.5 - 6 eV occurs via the continuum A state

(n—~> 0 *) and produces both X%.and X% halide atoms. ''he same o *
orbital occupied in the molecular negative ion 1s responsible for
the translational éxcitation seen in the reaction K + RI—=>KI + R

(HER 73), a classic example of electronic harpooning.

In considering the time of flight data it is worth splitting the

results into three energy loss regimes corresponding to potassium
excitation (0 - 4 eV), A étate excitation (4 - 6 eV) and lastly
all peaks above 6 eV. Table 5.1 summarises all the energy losses
reported in Chapter 4 and compares the optically observed transi-

tions with the collision induced energy losses.

POTASSIUM EXCITATION AND ELASTIC CHANNEL

Before a model can be developed to explain the inelastic processes
observed it is necessary to decide on the mechanism of excitation.
If these proceed because of mixing of states the Massey criterion

must be satisfied. This states that

pEAE ~ B o~ SBEER .t

velocity

for mixing of states to take place.

i

AE

Energy difference of states

Collision lifetime

In the results reported here we observe low angle excitation very
far removed from fulfilling the above criterion, leading to the
conclusion that some specific process such as curve crossing

must be involved.
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TABLE 5.1 : TIME OF FLIGHT ENERGY LOSSES

'ARGET AND C.M. ENERGY
Process HI CH,C1 CH,I CF_I C_H_I
Number 157 15 81 ~164 86 2171 766

1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
> o ?:2 1.0 0.7 0.4
3 1.6 2.5 2.0 1.7 2.0 1.7 1.6

L 3.7 3.1 2.8 2.6 2.2
5 3.0 k.0 3.6 2.9 3.7 3.3

6 4,8 L6 4.8 3.9 4.5 4.&

7 5.3 5.0 5.4 5.1

8 6.0 5.7 5.5 6.2’

9 7.k 7.0 6.2 6.4 7.5 7.8 6.6
10 9.8 3.0 8.4 9.5 8.5
11 11.0 10.4 1.7 10.8
12 11.0 e 12.4 13 13.2
13 14.8
" 7.7 6.0 6.4 11.8

OPTICALLY OBSERVED
TRANSITIONS

*
K "States
1.6 —> 4,3 eV

A States
Continuum absorption

Assorted Rydberg transitions
6 eV > I.P.
I.P. +~ 10 eV
C-H transitions
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~ COLLISION INDUCED
ENERGY LOSSES

Discrete energy losses

All but one process shows
constant energy loss
with increasing X .

Fewer states than optical
spectra.

Large energy losses at
very small EX.




The simplest way in which excitation of the K* electronic states
can take place involves a transition to the K+/RX* ionic potential
surface. The vertical electron affinities of these alkyl halides
are sufficiently small for the ionic state to intersect all the

K* channels (including the ionised continuum) and thus to provide
a route for populating these states. The harpoon model, equivalent
to adiabatic be£aviour at the ionic/covalent potential surface
crossing, is well established as the mechanism for reaction in
many alkali metal systems at thermal energies. At the collision
energies of the present work the reaction channel is essentially
elosed because the fast K' ion cannot accelerate the X ion
rapidly enough to capture it before leaving the ionic surface.

It is proposed that the excitation mechanism involves crossings

to the attractive branch of the ionic potential. Crossings on the
repulsive wall of the potentials would lead to onset of the

inelastic processes at larger EX. values than those observed.

A number of further assumptions have to be made in order to

test the model. As stated in the introduction, the emphasis

is placed on developing a simple model to account for the

broad features of the observed scattering and, as a first
approximation, the collision is assumed to be isotropic and
sudden with respect to R-X motion, ie the R-X bond is frozen

at its equilibrium value throughout the collision. The diabatic
potential surfaces are then solely a function of the K-X co-

ordinate. The potentials are shown in Figure 5.1.

The differential cross sections are then obtained by using
the small angle scattering formulae (equations 5.1, 5.2) and

by evaluating the Landau Zener crossing probability (equation 5.3)
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Figure 5.7 : Schematic diagram of potential curves
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at each traversal of the crossing regions. It should be noted
that any exit channel can be reached via two paths, according
to whether or not the electron is transferred on the first

passage of the ionic/covalent crossing.

X = SGar 2 {P((S‘“ 1) /2);/ (2Eb>) 5.1

BCER
o(X) = b 5.2
Sianl-%%L}
P = exp (-2u® AEthr[w: -] | 5.3
where S = repulsive power of the potential
X = scattering angle
E = collision energy
b = impact parameter
g =  differential cross section
AE = energy gap between adiabatic potentials
W: = gradient of diabatic potential at the crossing point
O = radial velocity
h = Plaﬁk's constant
P = the probability that there is no change in the

electronic state during the passage of the crossing

region.

The model is at least partially successful inasmuch as potassium
excitation is predicted to onset at very low scattering angles.

However the model is less satisfactory in predicting the change

in angular onsets of the K* excitation with incident energy

observed in the K/CHBI data. The thresholds are observed to
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occur at lower EX values in the 81 eV data, whereas the basic
model outlined above necessarily predicts constant EX values
(assuming straight line trajectories). More important are the
differences between the predicted and observed energy losses.

The model only permits energy losses corresponding to the
electronic states of the separated species, the lowest of these
being the K(i4p) lying 1.62 eV above the ground state. Some of

the results show peaks in the épectra at energy losses lower

than this. These are clearly not assignable to any electronic
excitation and must be associated with vibrational excitation.

The most drastic assumption of the basic model is the neglect

of the internal motion of the target molecule during the collision.
Assuming a vertical transition the electron transfer at the
crossing point yields (RX)™ in a strongly repulsive state. During
the collision lifetime, typically 10-148, changes in the C-X bond
distance can be expected to occur which will greatly alter the
electron affinity and hence the position of the ionic/covalent
cros§ing. Such effects have been discussed by other workers in
connection with chemical reaction and chemi-ionisation (ATE 77).
The potentials for CHBI(X), CHBI“ and CHBI(A) are shown in

Figure 5.2. Stretching of the C-X bond will move the crossing

to larger R values (Figure 5.%) and on the return of the electron
substantial vibrational excitation can be expected in the C-X
bond. The extent of this energy transfer clearly depends on the
time spent on the ionic surface, the gradient of the negative
molecular ion potential and the reduced mass of the target molecule.
For collisions with b-<:R1 there are two classical paths leading
to any angle of deflection, corresponding to diabatic or adiabatic

behaviour at the crossing point. This results in each electronic
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V(R)/ eV

Figure 5.2 : Potentials for CHBI
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V(R)/eV .

10p

R/A

Figure 5.3 : Potential curves for K/RX type system. The solid
ionic curve corresponds to C-I in its equilibrium position.
Stretching C-I changes the electron affinity and gives the

dotted ionic potenfial with crossing at R; > R,
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exit channel being accompanied by two peaks in the time of flight

spectrum.

Figure 5.4 shows the lower energy losses for each of the data
sets, plotted as a function of the collision time, reduced mass
of the oscillator and the gradient of the negative ion potential
(WEN 69). The losses are observed to be proportional to the
collision lifetime and rise with decreasing oscillator mass as

predicted by the model.

The model is again tested with the term -

Vion (%_x) = A expg —% (RRX - RI(?;))} | 5.k

introduced into the total potential energy. The potassium-
halide atom interaction remains coulombic and there is no K-R

interaction.

This model is, however, still inadequate. If the parameters
used in V. (RR—X) are taken to be those of the isolated ion
(WEN 69) too much vibrational excitation is predicted, even in
the ground electronic exit state. As the R-X bond stretches

the crossing point moves to larger R values leading to a longer
time spent on the ionic surface and a runaway situation is
obtained with extensive bond dissociation. The data show the
vibrational energy gain in the ionic (K(4S) and K(4p) (ionic and
covalent)) to be quite small (£ 1 eV in most cases) and nearly

constant with increasing EX after threshold.

It thus seems that the RX™ ion is perturbed by the passing K"
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Figure 5.4 : Energy loss plotted against collision time and reduced
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particle. It is not sufficient to adjust the value of/Z? in
equation 5.4 since if the vibrational energy gain in the K* (ionic)
channel is fitted, too little energy loss is predicted in the
K(45) (ionic) exit channel, The results indicate that the R-X
bond distance increases rapidly following electron transfer but
that the repulsion soon drops to near zero. This suggests that
the form of equation 5.4 is wrong and that Vion also depends on
the R-K separation. This is not unreasonable and could be
interpreted as repulsion between the departing alkyl group

by the K" ion hindering the bond stretching, or as a change in
the bond order of RX due to partial back transfer of the

electron to K+.

The potential surface is changed slightly therefore and an

effective potential is used for the RX ion (Figure 5.5).

The magnitude of the barrier shown on the ionic potential varies
with the K/RX separation and is only present at very short
separations. This should not be regarded as a physically exact
description of the system but as an empirical adjustment made in
an attempt to interpret the observations. It is not unreasonable
to expect the potential surface in the three-body ''close encounter'
occurring during the collision to be significantly different from
the situation with the isolated RX~ ion and the K' particle at

infinite separation.

Figure 5.6 shows that this model predicts energy losses in good
agreement with observation. The energy losses increase rapidly
following onset and thereafter remain constant. Smaller impact

parameters, leading to wider scattering angles, result in a
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V(R)/eV

(CHBI)~

Figure 5.5 : Potentials for RX system. The dotted curve shows the
perturbation introduced by the K" ion and the form of the effective

potential used in these calculations.
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greater barrier being introduced into the RX potential, thereby
preventing the runaway situation experienced with the unperturbed

potentials.

It will be seen that adiabatic behaviour at the crossing point
leads to scattering into narrower angles even in the electronic
ground state exit channel. This rainbowing is a result of the
increase in the crossing radius due to the changing electron
affinity which in turn means that more time is spent on the
attractive branch of the K /RX~ potential (see Figure 5.3).

This effect is most pronounced in the 81 eV CH,I and the 115 eV

5
CH,Cl data. Smaller impact parameters lead to smaller scattering

5
angles and increased energy losses as the vibrational excitation
approaches its maximum value. Thus we note two energy losses
are reported for process 2 in these data sets. In the case of
the CHBI this arises because of the longer collision time and

with the CH301 it is because of the smaller reduced mass of the

oscillator.

A listing of the program is given in Appendix C and its structure
is shown below. The ionic surface is accessed at Rq, and,
assuming a straight line trajectory, the time spent on the
surface, T, can be calculated from b and . ‘''he acceleration

on the system is calculated from Li-\Land the change in the C-X

dr

bond length calculated using classical equations of motion.

On return to the main program the crossing radius is recalculated
with the electron affinity appropriate to the new C-X bond length.

If this is significantly different from the previously calculated
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crossing radius then the system will be unable to cross back on
to a neutral surface after time T. The trajectory continues Oh
the ionic surface for the extra time AT and the changes in thé
target molecule geometry throughout this period once again have
to be evaluated. 'his iteration takes place until the crossing
radius becomes nearly constant, allowing the system access to

the neutral surface.

Throughout the collision the separation of the K" ion and the
(CHBI)_.has to be calculated in order that the perturbation of
the ionic surface by the K" can be taken into account in
. dv
calculating "
i  Input model parameters
ii  Output potentials if desired

iii  Select initial impact parameter, b

——» iv  Does trajectory involve crossing on to ionic surface?

NO ' YES

)74

v Calculate time on ionic potential, T, from b and crossing
radii and divide into 50 intervals.
—» vi  Evaluate g%-and acceleration of C-I system

vii Find new r at end of T/50 interval.

viii Is time on ionic potential & T
YES | o

. . . . i
ix Return to main program and calculate new crossing radius, R,

x Is |R - R,| > 0.005 Ry
TES | o

_» xi Calculate X (b), 0 (X) and Energy loss using small angle

formulae for the appropriate portions of each potential

curve.

— xii Output results and select new b.
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The hydrogen iodide data was not plotted on Figure 5.4 due to
the enormous difference in the magnitude of the reduced masses.
On the basis of the model presented here the HI molecule would
be expected to rapidly fly apart once the ionic surface is
accessed. Figure 5.7 shows the differential cross section data
collected for K/HI collisions at 157 eV c.m. and, even allowing
for the large error bars, the decrease in scattered intensity
expected can be seen. Once on the ionic surface the H-I bond
stretching moves the crossings back to the neutral K/HI surfaces
to large K-HI separations so rapidly that the K" ion becomes
trapped on what is simply a Kf/I— potential curve. The crossing
radius for this system is at about 11.32 and the crossing
probability is known to be very small. Thus no neutral flux

is observed at scattering angles corresponding to impact parameters
smaller than R1.

Further evidence of the "trapping'" is shown in Figure 5.8, the
differential cross sections for K/CHBI at 81 and 164 eV c.m.
These show the intensity of all the neutral exit channels summed.
Only a small decrease in total intensity is observed in the 164 eV
results, whereas a dramatic reduction is seen in the 81 eV data.
This suggests that at the lower collision energy dissociation of
the CH,I molecule is teking place, leaving the potassium in its

3

ionic state.

For comparison, the dashed line shows the calculated cross section
for single surface scattering from the ground state potential.
This curve is not significantly different to the measured cross

section for the 164 eV collisions. In contrast, the 81 eV data
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Figure 5.7 : Differential Cross Section for 157 eV K/HI
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Figure 5.8: K/CHBI Differential Cross Sections
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indicates that substantial ionization is taking place.

Defining -

Pion (X) = ocalec (X) - Tobs (X)
O calc (X)

where Pion (X)) is the probability of the system exiting in the
ionic state, we can use the deflection function to extract the

ionization probability as a function of impact parameter.

b P. (b)
i0on
5.303 0
3,303 0
3,274 0.3
%.253 0.36
3.232 0.38

This illustrates clearly the effect of longer times being spent
on the ionic surface with the target molecule re—arréngement
giving rise to trapping on the ionic surface and increased

probability of ionization.

Having accounted for the energy losses observed less than 4 eV it
is necessary to attempt to fit the intensities observed in these
exit channels. Attention is focussed on the CHBI data since

it is only for this collision system that correctly normalised
differential cross sections are available. Here too, however,
difficulties are encountered in matching the observations with

the predictions of the proposed model. The cross sections to

be discussed are shown in Figure 4.33, Processes 1 and 2 are
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associated with scattering in the electronic ground state with

motion at separations less than R, taking place on the neutral

1
and ionic surfaces respectively. In the same way processes 5

and 4 correspond to K* (Lp) scattering with an early and late
crossing. The cross section for 1 seems to show two reductions
in intensity. The earlier of these occurs at about 200 eV° and
i; compatible with a covalent/ionic crossing at about 3.5 X.
There appears to be a further decrease in intensity in the region
of 600 eVo, corresponding to smaller impact parameters. Further
problems are found in explaining the observed onsets for K (L4p)
scattering. Process k4, assigned'as an early crossing on to the
ionic surface, and therefore spending longer on the ionic surface,
would be expected to onset at a lower scattering angle than
process 5. In contrast the data shows a large increase in the
intensity of potassium scattering in channel 3 at 200 eVO,

whereas the main onset in channel 4 appears to be at just over
200 eV°. A small peak in the early crossing K(i4p) is detected

at about 100 eV°.

It is expected that the position of R1 is dependent on the
orientation of the methyl iodide molecule with respect to the
incident K atom. It has been shown (BRO 66) that for reaction
to‘take place it is probably necessary for the K to impinge on

the I "end" of the CH,I molecule. See also (BUN 73) for potential
surfaces contoured at several different orientations. The
existence of two distinct decreases in the intensity of the elastic

channel is evidence that the position of R,I does not vary con-

tinuously with the collision angle but varies as shown in Figure 5.9
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If the crossing radius was not constant over most of the angular
range the onsets would not be as clear as those observed. From the
intensity at different regions in the elastic channel we can
estimate that about 70% of the K atoms strike the I end of the
CHBI molecule and 30% impinge on the methyl group. (Remarkably
close to Brooks estimate of the ratios of 60:40). One other fact
becomes apparent. The second onset observed in channel k4
(corresponding to hitting the CH3 group) is much more intense than
the onset at 100 eV® despite the fact that somewhat less than half
as many collisions hit this end as strike the iodine. This can
only be explained if the ionic potential involyed in this
orientation has a large shallow minimum resulting in extensive
rainbowing. The potentials used in this final stage of the
modelling are shown schematically in Figure 5.10 (and the various
values of the parameters summarised below). The results are
plotted with the data in Figures 5.717 and 5.12.

Summary of Model Potential Parameters:

Potential 1:

K(4s)/CH_I(x):
5 5,812 5.8.6
V(R) = 0.24 {(—-ﬁ—-) - (—-I’T-)
Potential 2:
' I :
1<:(1+p)/CH3 (x) 812 8 §
V(R) = 0.24 {(%—) - (5—1;—-) j+ 1.61
Potential 3:
K*/(cH,1)” :
’ 3.96 12 120 14 4
(Igﬁé?e V(R) = 0.1 ('ET‘) - -;Ff - e+ I.P. - E.A.
(CH, V(R) = 0.1 (%—Lﬁ > - j_%q - A4 4 I.P. - E.A
end) R R
H12 = 0028 eV
H23 = 0.2 €V
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Figure 5.10 : Schematic diagram of potential curves used in the
calculations. The solid ionic curve applies if the K atom impinges
on the I atom, the dotted potential if the CH3 group is encountered

first.
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Form of CH_I(x) Potential:
A

V(R) = Do {e—2ﬁ (R-Ro)_ze-/é’(R—Ro);

/5 = Vo (2q€%?4D)%

(CHBI)— :
Y@R) = e ¥ (BRO) 3.063
o = 1.65
Y = L4.65

5.3 "A" STATE EXCITATION

In section 5.2 processes 1-4 (Table 5.1) were discussed and
explained in terms of K excitation involving motion on the

K+/RX— ionic potential surface. More difficulty is found in
understanding the energy losses entered under processes 5-8.

Lying above the excited electronic potassium states they must

be associated with electronic excitation of the target molecules
(possibly accompanied by vibrational energy transfer). The

lowest lying Rydberg transitions observed in the optical spectra,
corresponding to electron transitions to the (n + 1) Rydberg
states (n = 3,C1l; n = 5,I), lie above these energies and so it

is concluded that it is the "A" states of the target molecules
that are involved. The effective transition is thus n(X)-> o *(C-X).
The A states are repulsive (see Figure 5.13 for CHBI(A)) and lead
to dissociation of the molecule (HER 66). Optically these are
observed to onset in the range 5.5 - L.,5 eV reaching a maximum
about 1 eV above onset, corresponding to a vertical transition.
The continuum observed involves transitions to several states
including those dissociating to X% and X% . Collision induced
transitions would be expected to give discrete energy losses

resulting from vertical transitions.
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The results from the present work show between 2 and L4 processes
in this region with energy loss constant with increasing‘}fand
present two problems:- how the energy loss arises and what the

population mechanism is.

In the iodides we may expect to observe two peaks in the time
of flight spectra arising from dissociation into I% and I%' .
However this splitting is about 0.9 eV and does not agree well
with observed peaks. In the methyl iodide the 81 eV data shows
L processes at 4, 4.6, 5.0 and 5.7 eV while the 164 eV results
show energy losses at 3.6, 4.8 and 5.5 eV. It may be that the -
observations at 5 and 5.7 eV in the lower energy data are not
resolved in the 164 eV collisions and give rise to a single
maximum in the spectrum at 5.5 eV. The results would then be
interpreted in terms of excitation of the A states (giving
rise to two peaks in the spectra at about 4L eV and 5 eV from
two states dissociating into P% and P%_ iodine atoms). Further
splitting of these two branches could be due to different popula~
»
tion mechanisms resulting in different degrees of molecular
rearrangement, or vibrational excitation, similar to the model
proposed for potassium excitation. The problem is not clarified
by consulting the CFBI or 03H7I data. In each case the spectra
show three peaks in this energy loss region but they are not
constant with changing collision energies (see results for K/CF_I

3
at 86 and 171 eV c.m.). Although some of the peaks have a spacing

suggestive of I, and I3 splitting (2.9 and 3.9 eV in 86 eV K/CFBI,
2 gy
4.5 and 5.4 eV in 171 eV K/CF3I’ 3.3 and 4.4 eV in 03H7I) these

are not seen at constant energy loss and no clear pattern emerges.
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The K/CHBCl data shows two processes at 4.8 and 6.0 eV. This can
not be due to the Cl; and Cl3z states which have a spin orbit
2 z

splitting of only 0.3 eV, however Figure 13 shows that there are
a number of states which may be populated. ‘Lthere are clearly
enough possibilities but there is not yet enough data to assign

the observed energy losses to specific exit channels.

Further difficulties are encountered in formulating a mechanism
. whereby these states are populated. The most obvious model in
which donation of an electron by the K atom into the T * (C-X)
orbital is followed by recapture of one of the halide lone pair’
electrons does not seem likely. Although this is the same ionic
surface used as an intermediate in the potassium excitation the
crossing radii with the K/RX(A) neutral potentials are so large
(about 542 for CHBI(A)) as to make recapture of an electron by
the K~ ion most unlikely. An alternative mechanism, due to a
curve crossing of the ground state entrance channel with the A
state potential fails to predict the low angular onsets for

these processes.

It is probable that for large extensions of the C-X bond the
three-body effects (which play a key role in limiting the
vibrational energy transfer associated with potassium excitation)
become very important. Thus, these exit channels may only be
available to a relatively small subset of the trajectories.
Varying the target molecule temperature and measuring the
temperature dependence of these processes would possibly provide

further insight into this problem.
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5.4 ENERGY LOSSES ABOVE 6 eV

Each of the data sets gathered for these systems show a number of
peaks in the time of flight spectra in the energy range 6 to 15 eV
(processes 9-14 in Table 5.1). With the exception of 14, these
processes are observed to be at constant energy loss as the
scattering angle is varied. Processes 9 and 10 are seen to

occur at the same energy loss in the CHBI data at 81 and 164 eV c.m.
Unfortunately, technical reasons prevent the energy loss spectra
being collected for energy losses greater than about 9 eV with
experiments conducted at a laboratory collision energy of 100 eV.

At this collision energy the spectra are further complicated in -

this region by the arrival of the 41K isotope atoms.

Perhaps the most remarkable feature of the spectra in the region
above 6 eV is low angular onsets for the processes. ‘'he combina-
tion of substantial energy exchange coupled with small deflec-
tions is evidence for the involvement of strong attractive
potentials during the collision and suggests that the excitation

mechanism may involve a transient negative ion.

Figure 5.1% shows the higﬁer occupied molecular orbitals for
some of these systems, along with some of the vacant orbitals.
The lowest unoccupied orﬁitals are the o* (C-X) and o* (C-H)
which are both antibonding in the C-X and C-H respectively.
The o * (C-X) is the electron acceptor orbital of importance
in the reactive and K* excitation process though in principle

all the vacant orbitals shown are possible receptor levels.
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1These measurements are confined to neutral exit channels so
electron donation by the K atom must be followed by electrbn
recapture by the K" ion on exit. Electronic excitation will
take place if an electron is recaptured from a lower, normally
filled orbital leaving the receptor orbital occupied and a

lower lying vacancy.

From the orbital energies shown in Figure 5.14 it is possible
to calculate the possible energy losses arising from this
mechanism and to make a tentative assignment of the processes
observed experimentally. Table 5.2 shows the energy losses

which we might expect for CH,I and comparison with the results

5
in Table 5.7 suggests the assignment shown in Table 5.3%. The
7s and 5d Rydberg states are too close to be resolved and the

energy loss given in Table 5.2 represents an average of these.

This means that there is some ambiguity about the assignments.

Support for them, however, comes from inspection of the CH,Cl

3
data. The 5s Rydberg level observed for this molecule (HOC 75)

is at 9.83 eV and compares well with the energy loss observed

for process 10 of 9.8 eV.

The peaks in the CFBI time of flight spectrum at 7.7 and 9.5 eV

agree with Rydberg transitions at 7.5 eV (6sa, Rydberg)‘and
9.0 eV (7sa, Rydberg). The photo electron spectrum of CFBI
(BOS 74) though not clearly assigned shows peaks due to the

ionisation of the fluorine lone pairs and electrons in the

O (C-F) bonds. Thus analogous to processes 11 and 12 for CH3I'

(Cr(C-H) —? 6s, 7s), processes 11 and 12 in CFBI (at 11.1 and

13.0 eV) correspond to donation into the 6s, 7s Rydberg levels
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'ABLE 5.2

POSSIBLE ENERGY LOSSES IN CH

I

W.l

ORBITAL FROM WHICH ELECTRON
IS RECAPTURED

o (C-I)

o (C-H)

ORBITAL INTO WHICH ELECTRON IS DONATED
. 6s Rydberg N 5d)
(C-I) bsa (C-H) ﬂmvwwgcmam
Womlmom m-m \l\l\\m mom
(onset
energy)
~ 7 8.9 8.4 10.6
9.2 11.0 10.7 12.9
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'ABLE 5.3

LENTATIVE ASSIGNMENT OF ENERGY LOSSES IN CH_I
=

OBSERVATION ASSIGNMENT
Process Ener Excitation Predicted
Number Lossfev ' | Energy Loss
(Table 5.1) L . |
9 6.3 " L, n (I)—>6s 6.5 -
10 8.2 ~ ¢ n (I)—>7s 8.2
11 0.4 0 o (C-H)—> 6s 1.0
12 12k s S o (C-H)— 7s 12.9
1 6.2 n (I)—> o *(C-H) ~6 .
ENERGY LOSSES IN CF_I S
o 2
9 7.7 n (I)— 6s v 75 75 -
10 9.5 7 ! n (I)—» 7s , 7 9.07 o/
11 M. 7 n' (F) — 6s 1.5
12 13.0 V3 nt(F)— 7s 13;1
13 14.8 ni (F)—» 7s \ {0
ENERGY LOSSES IN C_H_T
3=
9 6.6 n (I)—>6s 6.5
10 8.5 n (I)—7s 8.2
11 10.8 o (C-H)—> 6s 11.0
12 13.2 o (C-H)—> 7s 12.9
13 14.8 n (I)—> 0 *(C-H) o *(C-H) *
orbital in
| CBH7I can
/ not be
L / 30/ 5’17 identified
0V (” : | unambiguously
ENERGY LOSSES IN HI
9 7.4 n (I)-—76s 7.4
| Very weak signal in HI due to extensive dissociation
prevents detection of other states expected.
ENERGY LOSSES IN CH,Cl
9 7 o n (Cl)—vks R, 7.7 7 |
10 9.8 n (Cl) —5s 9.8 /
11 11.0 g o (C-H)—> Ls ~11.3
12 not observed for o (C-H)—> 5s ~13 .4
technical reasons
1k 7.7 n (Cl)—> o *(C-H) ~ 7.5

*States marked with an asterisk in the right hand column are repulsive.
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being followed by recapture of one of these fluorine electrons

(expected energy losses of 11.5 and 13.71 eV).

Process 14 (assigned as donation into o * (C-H) and recapture

of one of the halogen lone pairs) is obviously not observed

in the CFBI or HI data. '‘he Rydberg levels used in the other
assignments are obtained from optical spectra (HER 66), (BOS 72),
(WAN 77), (HOC 75), the occupied orbital energy levels from photo-
electron spectra (TUR 70), (BAK 72), (BOS 74) whilst the energy
level of o * (C-H) is somewhat less certainly derived from the
optical spectra of the alkanes (RAY 67). Small angle inelastic
scattering of high energy 2.5K eV electrons has been used to

study inner shell excitation in methyl halides (HIT 78). Energy

5 5

these have tentatively been assigned as transitions into the

losses are observed at 7.5 eV in CH_Cl and 6.2 eV in CH,I and

o* (C-H) orbital in each of these molecules. 'Lhis agrees remark-
ably well with the energy losses observed at onset for the same

assignments in the current data (7.7 eV in CHBCl, 6.0 eV in CHBI)'

It is notable that this process, which is unique in showing an
energy loss increasing with EX shown in Figure 5.15, arises from
an intermediate ion state which is antibonding and repulsive in
the C-H co-ordinate. Since both EX and the time spent on this
surface are both inversely related to the impact parameter, it
can be seen that the increasing energy loss is a result of the
substantial changes in molecular geometry which occur during the
collision. ‘he small mass of the ejected H atom result in
considerable changes in the observed energy loss even over the

small EX range measured.
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Figure 5.15 : Dependence of energy loss of Process 14 on EX.
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‘'he energy losses observed can therefore be accounted for on
the basis of d&nation into different vacant orbitals and
recapture from lower normally filled orbitals. <The tentative
assignments that have been made to the various observed energy

losses are summarised in 'l'able 5.k4.

The C-X force constant is essentially unchanged by population
of Rydberg states so transitions to these states would be

expected at a fixed energy, as we observe.

A detailed model for the population mechanism of these states
was not developed. The proximity of the K+ ion will consider-
ably perturb the various orbitals, leading to extensive mixing.
The precise description of the orbital from which recapture
occurs is unclear. A simplified diabatic potential scheme for
CH_.I is shown in Figure 5.16, the doubly starred curve represent-

3

ing the excited (CH_I*) state under perturbation by K.

3
The model suggests that the relative probability of excitation
is at least partially determined by the RX orientation during
the collision. Process 14 (n(x)—> o * (C-H)) would presumably
be favoured byvtrajectories in which the K moved first past
the alkyl group and then the halide atom. Processes 11 and 12
(CT(C_H)-—?(n.+ 1)3, (n + 2)8) would involve trajectories in
the opposite direction. Lastly, processes 9 and 10

(n(I) > (n + 1)S, (n + 2)S) involve only the halide end of the

molecule.
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TABLE 5.4

Process .
Number Assignment HI CHBCl CHBI CFBI CBH7I
1 Elastic Scattering 0 0 0 0 0
2 Electronically Elastic +
Vibrational Excitation O 0 0 0 0
(in 86
eV data
only)
3 K*(4p) Late Crossing 0 0 0 0 0
b K*(4p) Early Crossing 0 0 0 0
(in 86
eV data
only)
5-8 | n(X)—>oc * (C-X)? 0 0 0 0 0
®
9 | nX)—> (0 + 1) g 0 0 0 0 0
@
10 | nX)—> (0 + 2) 0 0 0 0

11 o (C-H) 2 |
—> (n + 1)S 0 0 0 0

12 o (C-H) #

—5 (n + 2)8S B 0 0 0
14 n(X)—>o* (C-H) 0 0 0 0
CODE: 0 T'ransition observed

B Not observed for technical reasons
® n = 5 for Iodides : n = 3% for Chlorides

g or o (C-F) or n(F) for CFBI
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5.5

Finally, it is noted that all the transitions can be assigned
to S and T orbitals (although the assignments are not all
unambiguous) suggesting that the electron orbital angular

momentum is conserved in these collisions.

SUMMARY

Time of flight spectra have been collected for a number of
alkyl halide like target beams and an attempt has been made
to understand and explain the results in as simple a way as

possible.

lhe spectra have been divided into three energy loss regimes
and interpreted in terms of potassium excitation, A state

excitation and transitions to molecular Rydberg states.

Potassium excitation is accompanied by substantial vibrational
excitation, indicating the need to incorporate changes in the
internal geometry of the target molecule during the collision
into any model. ‘''he potential surface on which the system
moves during the "3 body" stage in the collision is consider-
ably perturbed by the presence of the K" ion and allowance
for this has to be made if the observed energy losses are to
be fitted. Further complications arise in explaining the
observed intensities in the K* channels. 'l'he assumption of
an isotropic potential is invalid and the crossing radius
varies with respect to the orientation of the target molecule

and the incident K atom.
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Energy losses are observed which can only be assigned to target
molecule A states. Neither the mechanism of population of
these exit channels nor theAenergy losses observed can be clearly
understood. It is noted that the energy losses detected appear

to vary with the incident energy of the K beam.

A number of processes with higher energy losses are observed

to onset at very low scattering angles and a model is developed
suggesting that electron capture into the lower empty Rydberg
or valence levels of the target molecule is possible. All the
observed transitions can be assigned to S or @O orbitals
suggesting that the electron orbital angular momentum is
conserved. The probability of excitation of the different
states is dependent on the orientation of the RX molecule and

the K atom.

5.6 CONCLUSIONS

The energy losses observed for these collision systems have been
interpreted. The lower processes, involving energy transfer of
less than 4 eV, are understood in terms of the harpoon model -

well established as the mechanism for reaction at lower collison

energies.

The energy losses above 6 eV have a more speculative interpretation
but they too are interpreted on the basis of electron donation
into high lying vacant orbitals followed by recapture from lower

lying filled orbitals.

Intermediate energy losses, assigned to A state excitation
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presents difficulties of interpretation. An excitation mechanism
involving electron donation into the O * (C-X) orbital is strongly
appealing, paralleling as it does the mechanism described for the

higher states.

A number of further experiments would provide further data and

clarify some of the more difficult assignments.

Time of flight spgctra collected at constant EX but with
different collision energies would aid the interpretafion of
processes involving target molecule rearrangement during the

collisione.

Varying the temperature of the target beam would give the
dependence of the results on the C-X bond length - possibly

very important in A state excitation.

A photon-particle coincidence experiment would clarify which
electronic exit channels are being observed. This would
clarify the assignment in those cases in which electronic

excitement is accompanied by vibrational excitation.

In both the K* excitation and the Rydberg state excitations the
population mechanism depends on the orientation of the target
molecule with respect to the potassium atom. Results from experi-
ments conducted with orientated cross beams would verify this
interpretation. For example, if the K atom impinged on the

alkyl end of the molecule, processes 11 and 12 should no longer

take place.
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Further experiments, carried out with other target molecules
in the same family, would also further verify the proposed

interpretation.
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CHAPTER 6

FEASTIBILITY CALCULATION FOR PHOTON-PARTICLE COINCIDENCE EXPERIMENT

6.1 INTRODUCTION

In the conclusion to the preceding Chapter it was suggested
that a photon-particle coincidence experiment would help to
resolve the problem of assignment to electronic exit channel
in those instances where vibrational energy exchange takes
place during the collision. The detection of a photon
emitted from the collision zone would gate open the detector
(after a suitable delay to allow for the time of flight of

the scattered atom) to look for the associated particle. By
use of suitable interference filters it should be possible to
select the frequency of the photons detected and hence to
select the inelastic channel desired. A feasibility calcula-
tion was carried out to investigate the viability of modifying
the time of flight apparatus to perform this experiment and is

presented in this Chapter.

6.2 SIGNAL AND NOISE RATES IN COINCIDENCE EXPERIMENT

The count rate into any exit channel, i, at an angle © is

Ii (©) where

_ (L 12
I () = <U' U,2>o'i (&) VvV Ur CA/Q/AG 6.1
and Il, I)’ = beam fluxes
U, Uy = beam velocities
o1 (e) = differential cross section for

scattering at angle © in state 1i.

v = volume of scattering zone

Ur = relative velocity of beams

C = efficiency of particle detector
AyﬁZlE} = angular resolution of detector.
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Now let d be the efficiency of the photon collection system.
This is given by

d = Y Nip 6.2
Vo

where 27/= efficiency of photomultiplier, photon

collection and photon transmission system.
Wp = so0lid angle subtended by the photon

collection system.

This gives the signal rate in the coincidence experiment as
i i

The number of photons that will be counted in a channel i

is
Np. = L 1. V Ur i + Dark Count 6.4
1 07 U;
with 01 = total cross section for channel, and

Dark Count (DC)

0]

photon dark count rate.

For the processes of interest under investigation DC << photons

arising from collisions.

Let‘?&be the time spread in the coincidence signal arising
from the beam velocity spread, the finite size of the

collision zone etc then the noise rate, Nc’ 1s given by

N, = Np, L0y o+ }f I, (©) 6.5
NB = the background noise rate of the
particle detector.
PN Ii(e) = the sum over all exit channels of
i

particles scattered at an angle & .
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Z.’Ii (©) is highest for an uncorrelated beam in which the
;;obability of an atom entering the collision zone is
independent of when the last atom did so. In reality it is
likely that there will be some correlation due to space charge
effects in the ion beam. If this is the case then the noise

due to scattering in other channels will be significantly

reduced.

6.3 COMPARISON OF COINCIDENCE EXPERIMENT WITH TIME OF FLIGHT EXPERTIMENT

For the time of flight experiment the signal rate, (St, is given

by

st = PrWI (&) 6.6
where Pr = Dbeam pulsing rate

W = width of the beam pulse (before compression)

St, of course, refers to the signal rate into channel i only.

The noise rate is simply given by

Nt = T Ny Pr 6.7
This gives
ok (‘tNB Pr)z

The comparable equation for the coincidence experiment is

Sed ()
Nc2 i
i Np, TNy + ZI1.(0))/*
i
Assuming that correlation within the beam reduces EZIi(EB)
i
such that 2§Ii(€9)<31NB equation 6.9 reduces to
i
Sc,
Nc ‘

i Zﬁbi‘f:NB.;7.%
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One method of comparing the coincidence experiment with the
time of flight experiment is to evaluate R where R 1is
defined as

i} (coincidence)

=
i
Z =2 [

1 (Time of Flight) 6.11

Substituting and expanding equations 6.8 and 6.10 into

6.11 gives
Xk I Ia %
dI.(8)/APN,2 ¢ dlT= )VU’rO‘ + D.C.
R o= 13 B L 6.12
Pr W Ii(e)/t’ﬁL NB?' prZ
Cancelling through reduces this to
d
R = 6.12
(d(I' Iz') V urg; + D.C. )—2_
Recalling the expression for Ii(EB) given in equation 6.1,
we can write
— d
R = 6.13
I.(e)0o.
2 W (a1 1 + D.C.)
CAghOCE (8)

The first term in the brackets is the product of the photon
detection system efficiency and the total number of collisions
taking place in the collision zone. Hopefully this will be
very much larger than the dark count allowing equation 6.13

to be written

R = d 6.14

Pr d Ii(e)o‘i )
Caengao; (e) )

i
2

Assuming detection efficiencies of about 10% and substituting
appropriate figures for cross sections, angular resolution
and pulse rates and widths gives a value for R of about 5.

Thus an improved signal to noise ratio is obtained using the

coincidence experiment.
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6.4

On the other hand, the signal rate will be less in the case of
the coincidence experiment since the photon collection efficiency,
d, will almost certainly be less than Pr W, the product of the

1

beam pulse rate and pulse width.

The energy resolution of a coincidence experiment would be
comparable with that of the time of flight technique currently
employed. Since the photon detected can be emitted from a
collision occurring anywhere in the collision zone the signal
width depends on the time taken for a K atom to traverse

the collision zone. This is given by

1 = length of collision zone ~3 mm.
o = K velocity

For & 200 eV beam (~3 x 10/ mm/sec. Thus T = 107/S = 100 ns.

The present FWHH of the beam is about 80 ns.

Reducing the dimensions of the collision zone would increase

the resolution but would also reduce the signal.

PRACTICAL CONSIDERATIONS

The calculations presented in 6.3 show that a photon-particle
coincidence experiment is feasible despite the lengthy counting
times that may be required. Obviously the most important |
factor in turning this into a practical experiment is the
photon collection system. The two variables governing the

efficiency of this are the solid angle around the collision
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which the photon gathering apparatus can subtend and the
efficiency with which the photons can be transmitted into

and through the photomultiplier.

A system utilising fibre optics and mounted on the cross beam
monitor currently lying under the collision zone is recommended.
A schematic suggested design is shown in Figure 6.1. Photons
emitted in the direction away from the fibre optics would be
reflected back in the mirror into the fibres. The mirror and
fibre optics should be mounted so that their focal points are
in the middle of the collision zone. It may be advisable to
have the exact position adjustable to allow for different

’s a 200 eV K

half-lifes of the radiating species (in 10~
atom moves approximately 3mm). The need to mount the mirror

and fibres as close to the zone is obvious though care should

be taken not to obstruct either of the beams.

A concave surface on the fibres is recommended because of the
fibres limited acceptance angle. Ideally the photons should
strike the fibres normally. Unfortunately it is likely to be
impossible to polish the fibre ends and mount them into a
hemisphere. A compromise is shown in Figure 6.2 illustrating

how a "fly's eye" type mount could be used.

J'ransmission losses through the optical fibres are low and it

is at the various interfaces that the efficiency shall be

reduced. 'Lhe photons will have to be taken out of the vacuum
through an optical window and subsequently through a monochrometer

into the photomultiplier.
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Concave hemispherical mirror

Fibre Optics

Optical Fibre

lead to

monochromater and

photomultiplier. larget Beam.

Figure 6.1 : Schematic of photon collection at collision zone.
Figure 6.2 :

More practical mount for optical fibres. Iibres are cemented into the

7 flat faces and assembled in the "fly's eye'" type configuration shown.
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6.5

"he need to exclude any stray photons is also obvious. The sub-
stitution of a stainless steel chamber in place of the present
glass collision chamber is probably necessary though it may be
possible to conduct trial runs with the present equipment coated

with suitable black paint and draped in black cloth.

Photons shall also enter the collision chamber through the same
slit as the primary beam. Light baffles shall have to be con-
structed and again great care shall have to be taken not to

obstruct the particle beam.

CONCLUSIONS

A photon-particle coincidence experiment would be advantageous
in interpreting the data and has been shown to be feasible.
However, a number of difficulties would be encountered in

effecting this modification.

Although it would enable.selected inelastic channels to be
mgasured on their own, no improvement in energy resolution

would be obtained and very long counting times would be involved
for the present apparatus. A multi-angle time of flight machine,
with its correspondingly increased data rate, would make the
investment of experimental time a practical proposition. In a
similar way, if such equipment was designed with this specifically
in mind many of the problems which would be encountered in modi-

fying the present equipment would be avoided.
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APPENDIX A




FILE IDENTIFIER : FILTERTY LISTED Ot 23/08/79 AY 15,07.14

BEGIN

THIS PROGRAM TAKES THE RAW LATa AND USES THE REFERENCE TO
DECOMVOLUTE THE SCATTERED DATA SC THE PEAKS AND VALLEYS Af
INTENSIFIED

ALL CHARNELS ARE SHIFTED +1 RELATIVE TO THE DISPLAY FROm (
BECAUSE FILTEKS NUMBERS THE CHANNELS i TO NMAX AuD CFIT WU
THEN CHANNELS ¢ TO HMAX

4
|
t
|
|
!
|
{
!
|
1 STl==-=-RAW DATA
[ ST2==~-FILEC CONTAINIMG NWORMALIZATION DATA
i ST3-==LTINE PRINTER LISTING
i STY===DaTA FOR CcORTOURING PPOGRAMM
i ST10=--1/0 FOF cO“"iALIUS
i SY11-=J/v FOF ¢cO 1 ALDLS

|

l

|

|

}

i

|

|

i

|

|

|

|

|

FIRST REF3LOCK= FEFLKENHCL SHarF To vb USHU |
IF FIPST heFpLUCK 1S > SFCuilD REF THEM SEcOnr REF IS ]
ST CcONl KEF= KOFERENCE SHAPT FOLLOWING DATA (=" IF KO SECOND
START BLOCr IS IWDLPELDENT OF THi KEFEREUCE SHAPES AS
THE cOoMPyToR IS CONCFPNED s BLT SHoukn PP BETwEEW THE
START alnCr=STaliTING bLOULK OF LaTrh
NU. BLOCKS=z!O. OF DATA BLOCHS TO nit. PROCLSSET
NITS2=MAXIMUM o, OF 1TERATIONS TO BE PERFORNID (200)
MFILT=HO, OF FILTERr PASSES ON REFERENCE SHAPF
WFILT1=WNO, NF FILTCR PASSES Of DATA SHAPL
CEnTER=z TRUE REA CEUTER
TARGET=TRUL TakrGLT ™MASS
YW ITe=R I Tk 4o, UF ITERATINNS BEFOKE DECOMVOLUTION IS C
I
YXIUTEGER T e deRKe TR e T XX e CoITS o ITS o MIHITS oKL FHAX e RIVAPX
Y10V G PEFBLOCR vxfF_ LoCh2 o DATRLOCK o+ HREF s HDAT o NUAT L o dRLUCKS 4 B1 OL
$10TF e SLOCKS o et TLToMEILT1vZFLAGWPLAT
AHENL AX e SHME o SUM g SU A8 e Xy YL sCENNTRE « TARGE T oK 4PPA :
RE AL SAVESGINORI, piGLE W FACTOR
X INTEGLIEARRAY REFDATOATDAT(131024%) «REFCOUNT+OATCAI'T (1:100)
YT LTOGERARRAY NPTS,culE(li4)
YROALARRAY YHIRM 4 Y 0= (02100
YREALNAZRAY XXeYY(224e22250)
FROALAERAY REFVAKS,HATVARS(12228)
¥REALARRAY FPLSI Yot okt FeCe2{1:250) eBeERPB(=20220)
XREALARRAY ERR(=1:255,113) ¢WORK(=12258)
SREAL ARKAY Ebneb JL(re820)
¥ EALARRAY FOLTCL(=20027010100)
¥RIALARKRAY ATA(L1:100) o SH1IETELI2L)
¥STRING (1) ST

- e - e & & e . -

A1



TEVLIIS T o TIo A ne Vo Yy L i LY YT . ULSESYCI Ty TAKGL L FLUR”

YBEAK FLIX® "0, 2 0C SeaDAaTL Y JoBEAY ENCKGY*, *BFAY MASS ',

STARGET TENMP' s *TARGET 11ASS* ¢ *8EAY CENTRE® s *SEQUENCT NDo 'y

*CEC SLIT SIZE',*PyST CFC SLIT*,*PRE SCAT SLIT*,*TARGET WIDTH',

*OETECTOR WIDTHY s *HETCCTORK HEIGHT Yy *BEAM HEIGHT ¢ *CLOCK FERIOD®,

*'WAR 16"+ 'REF e ANIGLE®  "BLANKY s MIN AWNGLE® « "MAX ANGLE®,

*STEP SIZE**SCAM FLAGY *MNOe PULSESYs *SIGHAL/NOISE '« *OFFSET

*MIN PEAK RATL*y 9EiTRY OHE Yo 'ENTRY TWU',"MB CHECK FREQe,*MBM 11T

"MBM FLAG®,*CBM FLAG',"KEAL START TIMC','REAL END TIMCY,

*FRAC REF CHARNEL?

|

XEXTERNALREALFNSPEC INTERP (XREALARRAYNAME IoWe%REAL ARXINTCGER

YEXTERMALROUTINESPrc PROMPT(%STRING (15) S)

YEXTERNALROUTINESPFC I1MPGRAPHI(%REALARRAYNAME XY o %C

YIUTEGERARRAYL L AL P, cONC % INTEGER NGLINES NPMAY)

YROUTINECSPEC READFROMFILE(®INTEGER BLOCK SINTEGFRARRAYNAME %C
DATACOUNT ¢ XREALARRAYNAME VARS)

XROUTINESPEC SUMMALTSCU(%INTEGER BLOCK %¥REALARRAYNAME VARS)

YROUTINESPEC ADNUP (% IHTEGERAREAYLAME IHDAT «%REALARRAYHAME UTDAT,
ERR«VARS S INTFGTRIAME SIZ[)

¥ROUTINESPEC OUTPUT

YSROUTINESPEC FILTER(SROCALARKAYNAME TUDATUTDAT«XINTEGER N)

*ROUTINESPLC 2Calc

¥ROUTINESPLCC MNCALC

¥ROUTINCSPELC YCALC

YROUTINESPLC EXPALD(SFLALARRAYNAIE BeBEX)

YROUTINLESPEC NtuSHAPL(%hEALAHkAYUAME BEX + BHEWs%INTFGER INDEX)

¥YROUTINESPEC CUMPRESS{%NEALARKAYNAME BHEW«BOUTXINTEGER N)

%SKOUTIHNESPEC RENORM(EXRCALARRAYWNAME ReCo%INTEGLR NY

¥REALFHSPEC SPREADIXIUTEGER 1)

i

| INITIALISE

!
CODE(1l)="A";CODE(2)=*3';CODE(3)="*C*;CODE(4)="D)*
ITs=

JJd=u

ZFLAG=0 i1 0 => Z-w0b, 1 => AMP, MOD

SaveEsaq=g,

NORM=DO

SELECTIN®UT(10)

SCLECTOUTPUT(11)

PROMPT (Y FIRSY KCFLLNACH: ) shEAD(REFELOCK)
PROMPT (*SECONT REF «v) 3 READIKREFBLOCK2)
PROMPYI(*STAarT SLOC) ') sRrEALIBLUCK)

|

i CAlv AV'ALYSE «0e Toan OE OATA BLOCK BUT THE DATA BLOCKS
I usSeED MUST L[ CO?T'HUQUQ.
I SCEO! FET »ysT i GReaTER THal FIRKST RLFRLCCH.

|
PROMPT ( *HO, BLOCKS:');HEAD(NBLOCKS):BLOCKS:NBLUCVF
PROMPT(*HNITYS2:')iRrabD(i13TS2)
PROMPT CONFILY ) sRraD(FILT)
PROMPT (*NF ILT1s oY sr EAD(NFILTY)
PROMPT(YCENTRE ;) 3hCA L (CEITHL)
PRUMPW('TARGLT:'):H[AJ(TAhGLT)
PROMPT (*MIlj ITS:v);RIAO(MINITS)
PROMPT('PLATELAU ) ;PL, D(PLAT)
KAPPL=10,
MEwL ITIE
SELECTIUPUT (2)
|
| NKORMALISATION DArTAa
|
SCYCLE I=0Cedeldyun
RLEAD(XIIORECT) ) sh b o tYHQR(T))

A.2



e e— L P )

SLTHMARGINS (114122

READFROUNMFILE (ML GLock (REFOAT WREFCOUIT ¢KEFVARS)
Y1F REFVARS(9)>200, ST:EM ZFLAG=1 1 E>200EV => AVP, MOD,

FRROR S
1t REFVARS(23)s81. STHENSTARTY
NEWLINC

PRINTSTRING(* KLOCK NUMBEPR') i:WRITE(REFBLOCK,3)
PRINTSTRING(* IS 1JOT A KLEFERENCFE SHAPE') i HMEWLINE

*STOP
%FINISH
IK=1
ADDUP(REFDAT + WORK+vFRR¢RFFVARS «NRLF)
RAv2:
«->RAW %IF NFILT=p
YCYCLE I=1,1 HFILT
FILTER{WORK sREF ¢ NIILF)
X1F I=NFILT %THE!! =D>DRLCADY1
XCYCLL J=1+10REF
WORK(J)=KEF (J)
$REPEAT
*REPEAT
RAaW: | USE RAw REFERENCE SHAPE
!
%¥CYCLE I=141+NREF
REF(I)=WORK(I)
ERR(I+2)=ERP(1,41)
¥RCPEAT
RECADYL1:
-> 1K2 ¥IF JTK=g
MAX=0Uo
*CYCLE I=1+1 H5EF
SIF MAXCRLF(I) %TiiL)1jSTART
|
I FIMD vpax Alil ITS LOCATION
i
MAX=REF (1) 110 xx=1
%FEINISH
$REPEAT
REFMAX=INDEXYX 1 JFED TAIS LATER TO ALIGH
IK2:
X=0.0
YE:UO 0
ACYCLE I=sRLF™MAX=106¢1«FEFMAX+L0
1P REF(I)2=(1pAX/2)  «%THLENSTART
YEX+KREF(I)*]
YUSYL+REF (1)
“FTILISH
SREPEAT
SHIFT(IK)=X/YE=REFM/. X
«“>CONTINIC? %1F IK=p2
REFVARSI(42)=SHIFT(IK)

DATA FCP CONTOUFRIr:S

SUMMAR]ISE(PEFBLOCK (REFVARS) 1 JUST PRINTS

! SET P REFERCH(CT FOH DCCONVOLUTION PROCLSS

!

$CYCLL I==20e220

K=14T11DEXX

YIF Pl STHISTART
ERRE(I)=0.0:0(L)=0,s=>0F ¢ wF 1i111SH
R(I)=PLF(F)

MORM=NORM+, (1) ) VSE! IF AMP MO OILY
CRNE(L)=CPR (K 2)

W 2 SKCPCAT
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LD Ld ) =l vy 2 ) /ey
SREPEAT
=>AMP MOD %TIF 2¢FLAG=1
!
| EXPAND REFERENCE SHAPE
!
EXPAND(ReBEX)
=>CONTINUE
AMP MOD: %CYCLE I==205¢1+20
B(IN=B(I)/NNORM 31 UNIT AREA
YREPEAT
CONTIMNUE: 1
|
i *xxxex TRKTAT SCCOND REFEREMCE RLOCK #xx¥xx
]
¥I1F RLFBLOCKZCREFELOCK %THEN => NO REF
DATRLUCK=REFBLOCK2 -REFBLUCK
RECADFROMFILE (CATBLOCK +REFULAT sREFCOUNT +DATVARS)
%IF DATVARS(2Z2)z1. #THE! =DERROR
ADDUP (REFUAT yWORK s RP ¢ UATVARS  NRFF )
Ik=2
_ =>RAW
CONTINUEZ2:
DATVARS(42)=SHIFT(IKk)"
SUMMARISE(REFBLOCK2 ,DATVARS)
NO REF: '
SELECT INPUT(10)
CLOSE STREAM(1)
l
FAhEXKE XX LA K ERRKRAKS KRR FAEEX R KRRk RE RN KRS S
TREAT SCAT DATA ii(k

!
!
| XK K KRR kK OR ¥ ¥ ok R K K K KKK K K K K KK ¥ K KK R K Kk X
|

SELECT INPUTI(1)

SET MARGINS(1414,123)

DATBLOCK=BLOCK

SUM=1.03-3

READIN: 1 DATA ~

READFEREOMFILE(DATBLOCK OATOAT UATCOWLIT «DATVARS)

!

| TP, PaTCit Tou CORRECT FaYLTY UATA

)

NATVLLS(13) =CEL Tt

DATVARS(12)=TARGLET

DATVARS(42)Y=SHIFT(1)

¥IF PLFRLOCY2OR{F=10CH sT4El UATVARS(L42)=(BLOCYr.-NFFRLOCK) «C
«(SHIFT(2)=SHIFT (1) )/ (HEFRLOCKZ=RFFELOCK)+SHIFT (1)

%IF DATVARS(23)ng, 2TALLSTART

NEWL It

PRINTSTRING(' BLOCK MUMEER®) SWRITE(RLOCK«3)

PRINTSTRING(® IS MOT SCATILPING DATA®) sHCWLINL

PRINT STRING(' DC yYou wanl TO FILTER THIS BLOCK?®) il INE

SCLECT INFuUT(IL)

lo 2L

PROMPT (*Ys st ")

READ ITEM(IST)

¥yIr ST=°'Y*' THEW SELDLT THPUT (1) %A =>4

YIF STe'NY 2ThHLM =>2

XSTOH

%FIINISH

T

SUMMARISE(BLUCK «DATVANRS)

ADDUP (UATDAT » w dKn o FERDATVARSW1HDATY)

!
| CORRECTIOIN. FOBR FauLTY DATA (LATA ON A PLATEAU

AL



¥CYCLL I=z1+140DATI
WORK(I) = NRK( ) =pL AT
*REPEAT

!
| NORMALISATIONn SgECTION
|
ANGLE=(DATVARS(3)-CENTRE)*1,R=3
ANGLE=ARCTAN(28,64+AHGLE)*x180,.,/¢
SUMM=DATVARS(1)=DATVARS (2)
RN=10 '
%*1F DATVARS(9)=100, %THE!N RX=30
IF DATVARS(9)=200. %THCH RX=20
X1IF DATVARS(9)>290, %THCN RH=S %aND RX=10
SUMM=0.
¥CYCLE I=REFMAX-PRI,1CFMAX+RX
SUMM=SUMM+ ARk (1)
XREPEAT
YIF ANGLEDXHNOPM(10n) STHENSTARTY
FACTOR=YHNORM(I00)/ (SUMIRNIIGLE*ANIGLE )
- >NORMED
%XFINISH -
%¥IF ANGLE=0, %THEN FACTOR=1,., %AHD <=>NORMLD
FACTOR=IITCRP (XNORM (Y JORMy ANGLE +100) /7 (SUMMRALGLE*ANGLE)
NORME({!: DATVARS(4)=FACTOR
DATVARS(9)=FACTOFR
DATVARS (6)=FACTOR
«>HNOFILTY %IF WRFILT1=0
%¥CYCLE I=1+1.HFILTI
FILTER(WORKAF ,HIDATY1)
%IF TI=NFILT1 ¢THE! =>DREADY
#CYCLE J=141,711DAT]
wWORK(J)=AF (J)
%YREPEAT
“REPEAT
MOFILT: | USL RAw DATA
¥CYCLE I=1+1+NDATI
AF(1)=WORK(]I)
ERR(I«2)=ERR(141)
YRCPEAT
READY:
i
! USE FIRST &l CruHiELS TIH HDAT> sl
&DAT:ID?M//INTPT(DATVARS(&O)) »IF DATVARS(9)>20n0.
NOAT=100 %IF CATVARS(21=100.
YDAT=80 %1 DATVARS(9)=200.
¥CYyCLL 1=1,11DAT
DATA(I):U.
K=T+I1IDEXX=2U
YIF KOU %AND K<=HDATL %THLi %START
NATA(I)=AF (K)
FRR(I«1)=EER(K2)
*FINISH
YREPEAT '
->1 %IF BLOCKSDIRLGCHS 31 ALPLADY SET UP
=>AMP MOD1 %1lF ZFLaG=2

!
SET 2 by ROFLEESCLS SHAPLS

' v { —
! T L. CEFATC A AP«AY w1TH ¢ REFERENCL SHapb FO© £ACH
!

¥CYCLLC 1=1+1HDAT
K=l=2U

ML w SHAPT (E X g bitF oo k)
COMPRESS(Bhwi;0UT 1)
YRKEPEAT

- -~ -— -

DATA C



-1
Amp MODY2 “CYCLE 1=14+1.0:DAT
SCYCLL J=«2041420

l
i REFERCHCE SHapE 1OT CHANGIING WITH CHERGY LOSS
i
CC(J1)=B(J)
YREPCAT
YREPEAT
l
I *x¥ START OF ITCRATION *xx
§
1:
%CYCLE I=1e1'HpAT
G(I)y=DATA(I) ) INITIALIZE FILTERED ARRAY
ERR{I+2)=ECRR(I,1)
YREPEAT
I1TS=0
SAVESu=1,
->FI %IF NITS2=0
|
i *rxkxxx¥x%x¥ Top oF ITERATIO!N LOOP *x:xkxkxkkx*
i
99:
ZChLC
NCaALC
ITS=ITS+1
YCALC
SUMSih=0,
SCYCLE I1=2241,4lipaT=1
X=Y(I)=DATA(D)
YEZERR(I1)
%“IF YE=0e« %THE,, YE=(ERR(I=1,41)+FRR(I+141))/2.
x1F YE=0e. %THEy YL=100,
SUMSTI=SUMSG+X*X/(YE%YL)
CREPEAT
NEJWLIND

PRINTFL{SUMSQe4)

¥IF ITSCMINITS 2THE! ->93

YIF MOD((SAVLESW=SU.:Sw)/SAVLSW)ICS M STHEN =>100
Q¢

¥IF SUWSOIDSAVEST Sany SHVESIHl . 2THCIISTART
PRILTSTUING( PESY AL THCKREASING AFTERY ) iWRITE (LTS, 4)
PEHINT STRING(Y ITERATIONS')

¥FINISH

SAVESu=8U»Sn ,

->98 ®1F ITSCLITR?

|

| xxxrxxxadx ROTTo OF ITERATION LOOP ®*x%xxxkx¥rx
|

160:

NEWJLIKE

PRINTSTHRING(YLECTHVALITION COMPLETE AFTOR") (WL ITE(ITS L)
PRINTSTRINNG(YITEATIOLSY)

NEWL THL

Flijs

SELECTUUTPUT(3)

SETMARKGTINS(3e¢14132)

MEWL TN

PRINTSTIRING(' ID: ')
PRINT(OATVAPS(16) v e D) sviRITE(HLOCKA) SHEWLINES(2)
ouTPUT

!

! CALCULATL ANWn PHINT RESIDUL

-'. -
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mU VLWL [ =1¢l e ¢
RESIOD(IV=DATALT)=Y(])
XX (Lol l i XX(24 1)1 e XX(A0vI)=T XX {teI)=1
YY(1oI)=DATA(IYsYY(2+e1)SY(I)sYY(39I)=RESTD(I)IYY(H4,1)=G(1)
YRECPEAT
NEWLINE
¥CYCLE 1=1,1+KNDAT
WRITE(I.4);SPACE
PRINT(DATA(I) +644) :SPACES(2)iPRINT(Y(I) e6elt)
SPACES(2) |
XIF DATA(I)#0, XTHCI PRIMT(RESID(I)/SQRT(MOD(DATA(T))) 6 v4)
NEWLINE
¥REPEAT
NEWLINE
NPTS (1) ="DATINPTS(2)= DATSHPTS (3)=NDATHPTS (4 ) =NDAT
IMPGRAPHI (XX 1YY NPTS,CONE 44« IDAT yNDAT)
SELECTOUTPUT(4)
!
| DATA FILE FOR COHNTQURING PACKAGE

FIND HOW MANY MNOU=ZERO CHAUNELS
Gitly=A(1) AUD G(LDAT)=A(IIDAT) FOR ALL ITERATIONS
THERCFORE  THEY ARE ELIMINATED FROM THE FIMAL SPECTRUNM

—.-——-——c-_

%xCYCLE I=2+1,NDAT=-1
Jd=JJ+1l %IF G(T)IHO,.
SRCPEAT
Riy=10
¥IF DATVARS(9)=100, %“THEHN KX=3y¢
¥XIF DATVARS(9)=200, %THLIv RX=20
Y1F DATVARS(9)>200, aTigii RU=S ¥aAND KX=10
SUMM:OO -
YCYCLE IR PMAX =R, 1PEMHAX4RX
K=l=THDEXX+20
SUMM=SUM+5(K)
YRCPEAT
%$IF ANGLED>XNURM(100) “THEN %START
FACTOR=ZYHORM(I10D) /Z (SUMk ATIGLE*XAMNGLE)
-> DAV]
YFIlISH
¥IF ALGLE=0 #THTIe FACTOR=1 %ALD => DAV
EACTOLSINTIRP (XIOR T YHOKE ¢ ANGLE «100) Z (SUMMR ALGLE*AMGLE)
NDAVIIUATVAKS(S)=FACTLY
C=0 4
¥CYCLE I=14184
C=C+1
PRINTFL(DATVARS(I) e4)
¥IF C=4 %THLCNSTART
C=0 s WNEWLINE ;2FIMISH
YREPEAT
NEWLIRL
WRITE(REFHAX ve) sHELLTICs Y PEAK POSTTION
WRITE(JJIe6) s NEWL ITHY
DUTPUT
C=0
NCwbL ITHE
¥CYCLL 1=241HHOAT =2
%IF G(IIAG, STuEl:oTAxd
C=C+1
WhITE(T=20+4101DIEXXe®)
PRINT(CFRR(Ie2) e604)
«1F C=4 »RTHLCHSTART
C20 i NEWLLINE sxF1iiIsH

- -
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THLFELA |
NEwWL INE
NBLOCKS=NBLOCKS -
vy1F NWBLOCKS=0 %THLI;STLP
sgLECTOUTPUT(11)
SELECTINPUT(1)
SCTMARGINS(1+1+132)
8LOCK=BLOCK+1
DATBLOCK=1
«>READIN §1 FETCH HEXT DATA pLOCK
i
%¥STOP
Y¥ROUTINE OUTPUT
C=0
¥CYCLL I=241NDAT=-1
¥1F G(I)RO0, XTHENSTART
C=C+1
}
} RESTORE TRUE ORIGIN AND PRINT O0uT
|
WRITC(I=-204TNDEXX e t4)
PRINT(G(I)q6e4)
¥IF C=4 %THENSTART
C=0sHHEWLINE s %F IMNISH
%YFINISH
XREPEAT
NEWL THE
%D st OUTPUT
I
YROUTINE FILTER{ZECALAPRAYHNAME YHUDATWUTDAT«SILTEGER N)
|
i FIVE POILT POLYHOMIAL FILTER
|
¥INTEGER 1
YREAL NSUM
¥CYCLL I==1,1.0
INDATII)=INRDATON 4T
ERR(I1)=ERR(N+I 1)
¥REPEAT
YCYCLE TI=N+1+¢lli42
TNDATCI)I=IHNAT(TI=i0)
FRE(IW1)=CRR(I=1is 1)
YRIPEAT
YCYCLE I=1,41+H ,
MSUMZ1T7 e XTitNAT (I ) 412ex (INDAT(I+I)+THDAT(I=1) ) =3, % (THDAT(142)+INDAT(I=2
UTDAT ())=MSUM/ 35, :
NSUMZ (17 e #ERR (1 a1 ) ) a2 2+10% e (ERP(I+1 1) #*240RP(I~1 01 ) %2 )
MSUMSIHISUME I  # (ERPE (1401 x*¥2+LKR(1=2¢1)%%x2)
FRE(] «2)=SuRT(NSJIT/59%.)
¥REFEAT
XEWD s FILTLRE
I _
i
YROUTINE KEAUFROSAF L C(XT1TLEGEF CLOCK L INTLGERARRAYHAME DATACOULT+%C
¥REALARRAYHAME VAlS)
XINTEGER I4J
XRcaL X
«>G0 %IF RLNCtr=3
RCYCLE 1=1,3+BLOCYK =2
YCYCLL U=1,11252
READ(X) s DUNMYY  pPAKAT.
YREFLAT
XREPEAT
GO *CYCLE I=141.10.4
REAL(DATACT))



¥LTCLL I=1,4,1s¢1¢:

READ(VARS (1))

XREPEART

%CYCLL I=1.:1+100

READ(COUNT (1))

XREPEAT

¥END 1 READFROMFILF

!

i

XROUTINE SUMMARISE (¥IWTEGER BLOCK+%¥REALARRAYNAME VARS)
¥YINTEGER I

NEWLINE

PRINTSTRING(' SUMMARY OF BLOCK NUMBER®)iWRITE (BLOCK,3)
NEWLINES(2)

¥CYCLEL I=1s19e42

PRINTSTRIMNG(TITLE(TI)e®: *)iPRINT(VARS(I) :6:4)

NCWLTHE

YREPEAT

¥END i1 SUMMARISEC

|

i

YXROUTINE ADNDUP(XINTEGERARRAYHAME INDAT«¥REALARRAYNAML UTDATERF
¥INTEGERNAME SIZE)

RINTEGER Y eJeyNyNPULSE

YREAL SUM,SUMSK

NPULSE=INTPT(VARS(Z30)) ;1 1O, OF PULSES PER CYCLE
N=1024/7/70PULSE

SUM=0.,

SUMSa=0,

Y¥CYCLE I=1,410:

YCYCLE JU=041101024=;

|

! ADD UP CORRESPOIOING CHAMNLLS

R

QUM=SUM+INOAT(1+J)

¥REPLAT

UTDAT (1) =Su

$IF VARS(23)80 %THFEN ERR(I«1)=SORT(SUM) %XAND =DREF
SUM=SUM/4PULST

¥CYCLE J=D41yel1024=y

SUMSWR=SUMSO+ (INDAT (140)=SUT) xxz

XREPEAT

ERR(I+1)=SQrT(SUMS.))

SuUMS=uU,

REF ¢

SU:"Izo I

%REPEAT

SI2t =

¥CHi s ADDUP

|

YROUTIE 2CalLC

: THIS ROUTINE TOerTrEnr WITH NCALC COUSTRUCTES THE nexT

! ARPPROYIMATION T THE OCCONVOLUTED SPECTRUM ACCORDING TO

{ E(3) Poh, JANSSOH LTe AlevJde OPT. SOCe ANLRss bUW

i 536 (1970)s ALl Je OPTe SOC. AMCR.v604 18Y (1970)

] (HHe P VAIY CrITTENT SETHOT)
i
!
:
!

THUSE Tl ROUTI s Lik 0T A EFFICICHTY AS THD POINT SInuLTy
OR PUTWT SUCCFSIIVE OVEh=RELAXATION PROCEDUTES, bpUT WERE
T0 BE A MORL STnoLD PROCEDURE,
|
YREAL SUMSUML
SINTEGER K
SuUi=0.



¥CyYCLL I=1,1450AT7T

¥CYCLL JU=-204+14+20

K=l+J

¥IF K<l %0K KDHDAT avirire -0
SUM=SUM+G(K)*CC(JsT)
SUME=SUML+ (ERR (K +2)xCC(JoI))x*24 (ERRB(J) %6 (K) ) %x%2
NONE ¢

XREPEAT

Z(1I)=Sum

ERR(I+3)=SUnE

SUME=U.

SUIT=0.

YREPEAT

¥END 31 z2CALC

!

¥ROUTINE NCALC

¥KEAL SUM,SUML

LR

SUM=0,

SUME=0,

i

{ COMPARE SPECTRU:Y alND FIT OVER 3 CHANNELS

|

! SUBTRACT FIT FRrot: DATA ANMD CREATE A NEW FILFP

§

YCYCLE I=241+0iDAT~-1

¥CYCLL J==1,41,1

SUM=SUM+DATA(I+J)~7(1+J)

SUME=SUME+ERR (I 4Jv1)*%2+ERR (14U, 3) VIERR(I+J43) IS A

| VALUE FROM ZCAL
¥Y¥REPEAT '

GLI)=G(I+SUM/KAPP

SU“I:(). :
ERR(IV2)=SURT(ERRK(T 421 %>x2+SUML/ (KAPPAX%2))
SUME=0e

YIF G(1)<U. 2T G(1)=Go

¥RCPEAT

¥EL 1 rcaLc

!

f

YROUTINE YCALC

!

| RECOUSTRUCT SPLCTRUR

|

¥CYCLE I=141+HDAT

Y(ry=a.

YREPEAT :

Y¥CYCLE I=1¢1e0.D/

¥CYCLE Jz==204v1420

K=I+J

%¥IF K<l %0R KDNDAT %THEM =>NOCOI
Y(IN=Y(1)+G(R)I*CC(JeI)

NOCOI!:

YRECPEAT

¥REPCAT

e 31 ycaLc

|

!

)

!

¥ROUTINE EXPAID(XREALANRKAYHAML PyBIX)
YINTEGEK YIvJek

K=0

: LXPAUS KLEFRENCD SHAPD SO LACH CHANBEL IS ESYIVALEWRT 62
|

- - . - - -
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XCYCLL J=1,1+4

K=k+1

BEX(R)=R(I)

%REPEAT

¥YRCPEAT

¥EUD i) EXPAND

!

{

¥ROUTINE NCWSHAPE(%REALARRAYWAME BEX+BNEWs%INTEGER INDEX)
|

I CALCULATLS REFERECNCE BEAM SHAPE FOR DATA CHAMREL IMNDEX
|

¥REAL WIDTH.X»SUM

¥INTEGER I+UelWIDTHK |
WIDTH=SPREAD(INDEX) i1 WIDTH OF BEAN IH NS
IWIDTHEINTPTIWIDTH+.5)//5 i1 5 NS CHAHIEL WIDTH

|

| SET UP THL RrQUIRED DELTA FUNCTION (MODIFIER)
|

%CYCLE I=1,1+164

SUiM=0.

FCYCLL J=141¢IWIDTii+1

Kzl=J

$IF r<=0 *%0R K>l164 %THLN X=0. %ELSEC X=BEX(K)
SUM=SUM+ X

YRCPENAT

BHEW(I1)=SUm

%YREPEAT

YEND s} HEWSHAPE

|

' .

$REALFII SPREAD(TINTEGIR 1)

|

! CALCULATES SPRL.LD DUL TO GIVEM EHUCRGY LOSS
: |

YRUAL MASSCONECHARGL WLSCsEHEKRGY +MASSCLOCK
%REAL EXWEPWFACTSI1GHMY.

|

| DEFINITIONS

|

MASSCON=1.6604a=07 31 /iy TO KILOS

CCHARGE=Z1 460213819 31 £v Tu JOULIS

LST=.601 31 SCAT, ¢EuTRL TC DETECTOR (METKES)
CLOCK=DATVARS(22) 31 CLOCK PERIOD (HS)
ENCRGY=DATVARS(9) 1t [ER! ENERGY (EV)
WASS=UATVARS(1C) 3 SCAY MASS (AMY)

CR=, C9%E FRGEY 31 APPHUX PULSER THERGY

}

i CALCULATL CiHfRGY LOSS CORRESPONDING TO cHANMIL I
|
EX=MOD(CLOCK*T#1,8-9%3URT {26/ (MASS*ASSCOND ) )
Ex=1,/(EX/LSC+1,/SQnrT(ENEROY*ECHARGED)
CX=EX*EX/ECHARGE-ENERGY

Cx=im0D(EX) 1 REMOVE SIGH

CALCULATE SPREAD IN HailOSECONDS

éACT:LSC xSy T( r\l,".SSﬂ'.;.E‘sCUH/ (Zzext CHAPOLL ))

SIGMA=FACTs (1./Su?T (L TRPoY=EX) =1 /SORT(ELGLRGY) %C
+1./SGH1([HEF&\+LL)-1./SQPT(EHERGY+EP-[X))

YRESULT=1,a9*SI6MA

YeEnD ¢t SPROAD

|

l -
YkOUTINE coﬁPP[SS(:P[nLnHVAYHAM[ BLECWeHBOUT 2 1L TEGER 1)
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v voLron ' DT

| SThaoARD pbicny wlTil of
|

X1LTEGER 1eJeK

XREAL SuM

K=0

¥CYCLE I==2¢0+1420
SUM=0.,

YCYCLE J=141+4
K=K+1
SUM=SUM+BNEW (F)
YREPEAT
BOUT(I«N)=SUM
YREPEAT
%CHD o !
}

{

COMPRESS

¥ROUTIMNE REHORY (AREALARRAYNAHME BeCo%xINTEGER 1)

i NORMAL1ISE NE..

¥INTEGER IeJeKoIlDDY

XREAL MAX«SUM
Y¥CYCLE J=141+Hi
SU=0.

VEX=0s

¥CYCLE I==203+1.:20

YIF MAXC=B(IoJ) ETHELSTAKT
THOEX=1 1MAX=B(I+J)

11T SHH
CUHM=SUMEB (T, J)
YREPLATY

Y¥CYCLL I==20+1,20
K=1+INDEX

¥IF K<=20 ZXTHLMNSTAKT

KzK+41
¥FINTISH

®IF K>20 “THLHSTARY

K=zK=41

¥FINISH
C(IsJd)=nR{F +J)/ S
YREPCAT
YRUPLAT
¥EM )
!

{
YeNDOFPEIGE oot

RE i oKRe

0 A Ui

*xxxt KCC
»xx[ RCC
x| LCC
#xae[ 2CC
rrxt RCC
x+xbLRCC
raxERCC
¥t RCC

=75
4=75
4-75
"“"7'_‘-1
b=75
4=75
4-75
4=75

LitAS++x
o AS %%
fLvhS®a»
L hSesa
IRVANEE &
CMASS e
EHAS %«

EANS* x ¥

LDCLJe
LOCLD6
LDCL Y
LCHQE
LOCL D¢
LHCU e
ELCDOoE
LDOCDOoe

- e o= el IR X

NS CHANNELS

REFERLNCE SHAPES TO UNIT AREA

SUTTNI!
SUTT NN
SUTYNr
SUTTNil
SUTI
SHTYO)
SutTTYT N
SUTTCI!

JCHML
JCME
Jovt
JCH:C
JCHit

JCMbB
JCHMU
Jomt
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FILE IDENTIFILE : NCPS5SOUR LISTED O 25/708/79

¥BEGII
YCONTRUL 1
YCOWTHOL 4y 1
YRECALF
3= %It
YRESULT=R

¥Elt 1 ABS

YROUTINE SCTPOT(%laTLell
|

Hi)
ABS (%1 AL
B <

LTiiC
)

PO LERS ok ARR RD CHECHK

YoUillT)

X=UNIT => 01y x=J => uft

MOHITOR
VIW/OFF

MATE RIAL

!
!
I KECLAY1l --
! HIGH voLTAGE

RELAYZ ==
l
*LOVoK1e=(SP)
*MOV_ 18, (K1)sPU
YiioV_1le.(1) 021
21T _352
*MMOV_(SP)+ .1
YLy v SETRPOY
¥FROUTINEL PRINICH(YINTOGL
LACC(1)
*[ T _50%
F NEIN
¥ROUTIMNE SCrLgts
PRINTSYM3BOL(7)
PRIMTCH(2T)
PRINTCH(12) 4
®%ECielr v} SCFrL
SROUTIVL wWpITe1
'WAIT‘\ X /5
I x StHivown
LACC (X))
2L 'T_o57hH
S SR
YREALF
YIi:TE be i
xMOV_IL1,4=(SP)
wp T_221 N
¥V _F 1 RS
xOV_(SPY+ 001 s 0 GT L
POV _Firg 34 5 (R1) 14T G0
¥ OV b5 36, (K1) oo Order
AzA+1 *IF bL¢U tI1STE BIT?
YRECSULT=(AXEOS D g4 ) /0000
L VINE Tt
oL T (210, Te 0

- -
>

1)

STCS oo Ty mETUR e
AT bYCETE 22, Te7

..'L'—I'

RTT
Ny
NUER!

Tiv, Tt}

(!
{":L'L[) l:j A":

1t
N B

CHa o/ TH)

o -~

AT 15,06,24

Bo1



W THY gt

YRESULT=ACC

¥END sV FiIovouT

XREALFII MOD(XKEAL )
*_BIC-#10000U414, (11}

YRESULT=X

XED v LOF Fip mog

¥ROUTINE PRINT (%REAL Xe%INTEGER Iy¢M)
¥ROUTINESPEC PRINTFL(%R[rAL XyZINTEGFR N)

XOWNINTEGER 1MAX=32767 ; IMAX INTEGFR IN ONE WORD.
YREAL Y+ Z2+ROUND

$INTEGER I JaLSIGH,DP | | DP =DECIMAL POINT
M=y %IF M>4 § DP=p

: ; I DEAL WITH STUPID PARAMS
XIF W<=0 XTHEN nN=1 ; | DEAL WITH STUPID Pakams '’

Y=MOD(X) 3§ I ALL WORK DONE WITH Y
ROUND= (1/2)/710%xM I ROUNDING FACTOR

¥IF YDIMAX %THLC!N %STAKT
PRINTFLUXsM)  ¥RLTURI]
I=0 1Z2=1 : Y=Y+ROUNLD
COUNT LEADING PLACFrS:
I=I+1 $2=10x2 t 10 DANGER OF OVEPFLOW HERE
XIF Y>=Z %THEN -> counT LEADING PLACES

SPACES(N=1) 3 ! O,K FOR ZERO OR «VE SPACES

SIGN="* * ; I Y+ IMPLIED
¥XIF X<O0 %THEN SIGHz =9

PRINT SYMROL(SIGI)

J=I=1 § Z=10*xJ

- NEXT DIGIT:

L=INT PT(Y/2) I OBTAINWN NOCXT LIGITY

YZY=L8Z2 12=7/10 I AND REDUCE ToTal
PRINT SY1BOL L+

J=J-1

¥1F J>=0 %THLII «> X7 LIGIT

¥IF M=0 %THEN Y¥RETURIt I NO DECIMAL PART TO BL O/P
YIF DP=0 %THLN ¥PRINTTEXT'.

op=1 § U=0 ; z=1

Y=10%Y § M=M=]1 § > {iCXT DIGIT

$ROUTIHE PRINTFL(%urAL X e$INTEGER 1)

v RFINISH

YREAL SIGN,ROUNDFACT U
XINTEGER COUNT ¢ TNC
ROUND=«S/10 %1,
SIGh=1
¥IF X=0 KTHI => Zrpo
¥IF X < 0 $THELSTA:T
TeX § SIGI.==SIG!H ; %iI!1'ISH
TRHC=Y ¢ COunyT=C &3 FACTWI =1/10
XIF X <= 1 %THLCHSTART
FACTOR=10 : IIlC==1 ; %FIiISH
SCALE: %IF 1<=X+ROun malh X+ROUIDCI0 «THEW => PRIMTOGUY
X=XxFACTOR ; COUNT=COtHT+INC
-> SCALE
2ERO: COMiT==99
PRINTOUT: PrRINLT(SIGH*Aeleid)
$PRINTTEXT 5"
WRITE(COUNT,,2)
YEUD
LD
¥ROUTINE RCAUF twREALIV L XX)
YIWTCGER ADF
If_ho%-lﬁ.(Rl)o36.(ﬁl) H i ADE=ZADDR(XX)
{
|
¥ROUTINESPEC READ(&THTEGER ADRPARI)
YHROUTINCSPEC SKIF SYrzoL

he » ,
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L " N TR TN A 7 ¥ VL "X T

¥INTEGER CHoPWPTohIGYSTATL
Y1UTEGLRARRAY L(1:72)
YONNINTEGSERAKRAY ANo:uB)y=s %C
2y =l. ~1, Sy =1 «ly, =1,
2v 2v 3% Sy gy =1y =1y
1l Oy O Yy G 0, Uy
1' U' 01 "1' 0' U' U'
=1y =1le &4y -1, -1, -1, =1,
3 3¢ =1y =1,y -1, -1, =1,
“le =14 =1y =1, -1, -1, =1
INTEGER ROW
I VAR
|
|
-> FIRST
RESET:
¥PRINTTEXT*vwRONG
| ]
FIRST:
P=0
STATE=1
INSCH=
READ SYMBOL(CH)
P=P+1
L(P)=CH
ROW=0
%IF CH='"+' %OR Cu='«' ZTHE! => our
ROW=ROW+1
¥IF *'0°°<=CH %A CHC='SY STHEN => OUT
ROwW=RQOW+} '
$IF CH=?% v sTHEY] -> OuT
ROW=KOW+1
%IF CH=10 ®RTurl => CuJUT
ROW=K0OW+1 '
YIF Cii=*a* XTHEN => 0UT
ROW=ROW+1
XIF CH='*,* ZTHEN => 0OUT
ROW=HOW+1
oUT:
STATLE=A{T7xKOW+5TALTL=1)
«-> INSCH «I1F STATCO!
-> RESET ¢lF STATECL
PT=1
RELDIADR 1)
!
I
|
¥ROUTINE RCAD(EINLTOGER abRePAK)
FINTEGER FLAGWCURSYM ¢ | FLAG= O0FOR*='+1 FOR '+
¥YIMTCGLCR IVALUE «J
¥REAL RWIHKSCALE /K2
YOWNRLAL IMAX=Z32707,0
FLAG=1
-> TEST S16GH
IGHOPE LEADING SPACES:
SKIP SY™BnL
TEST STGUICURSYI =lioxT Sykhib I CARL NUT TO REaD TERn
> 1G1ORE LEADTHE SPACTS ¢“TF CURSY!'=* » @fP CRSYI'=13
=> PASS S1¢ . #IF CURSYr=t4e
=> DI16IT »uiiLLss CURSYr=*-t

- . RECOKD TV ITIAL MINUS

MINUS:  FLAG=D '

PASS SIGM: SKRIP SYAROL | b MOVE QVE® SIGR OuCE 1]
CURSYNM=MEXT SYIBOL i | BFE.: KECTRULED 11 FLAC

e ——— —_ - .. -~

DIZIT:  ~-> LIGIT woT FIRST ®UNLESS *0'<=CUPSY S ®AND CFLYNC="1g

-~ e
~ - b
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LUUr . ot SV T
CURSYNM=UEXT sYMROL

=> NOT DIG %UILESS *0'¢=CURSYM XAID CURSY!M¢="ar

RUNDRK=10*RwONK+ (CURSYM=*0")
-> LOOP
NOT DIG: => TRY AT oU:ILESS CURSYM=? ¢
scaLE=10
FPART: SKIP SYMBoOL

CURSYM=NEXT SYMBOL

CONTIHUE EVALUATING

-=> TRY AT %UILECSS *0°'<=CURSYM XAND CURSYN<='9?

RWORK=RWORK+ (CURSYM=120v)/SCALE

SCALE=10%SCALE § => FPART
TRY AT:

! THE VALUE HAS nOw BFEr READ INTO RWORK. THCRE MIGHT BC AW EXPC

I EeGe *1.73 10v IS VALID DATA FOR READ

=> FIX %ULESS CURSYMzigt
SKIP SYMBoL

MOVE PAST TiiC

READ( ADDR(IVALUE)0) ;3 | RECURSIVE CcaALL TO FIND EXPONE

%IF IVALUEC==99 XTHENSTARTY
KWwORK=(
-> FIX
XFINISH
WK2=10,0
¥IF IVALUF<O %THENSTART
IVALUE==1vALUE
WK2=-0,1
*FINISH
-> FIX %IF IVALUE=0
%CYCLE J=1.1.IvALUL
FWORK=RWORK=* K2
SREPEAT
FIX-
I KNOCK MUMRER INTo RIGHT FORM
-> INT READ wIF PARM=D
%IF FLAG=0 %THEN RWORK==RWORF
IREAL (ADR )y =K. ORK
t J=ADDKR (RORR)
FTHTEGER(ADR)Y=INTLGER ()
PHINTEGER (ADP+2)=INTLGER(J+2)
*_MOV_R4UE, +RO .
¥ _ADDLKY1I VRO D FozAGUDRIRWORE)
*MPOVLLI4 (K1) k3
* MOV (ROG)Y Y (K3) 4
*_MOVL(ROY+ 4+ (R2) 4+
YRETURY
THT READ: .
FIVALUL = TL.T(KWORK)
Hhe=0eD
¥ 1F RWORKCD uTHEN WK2==Ue5
IVALUE=INTPT (RWORK+WK2)

XIF FLA&G=y %THCH IVALUC=~-IVALUL

FTWTEGER(ADR) =IVALUE
#_0V_42. (P1)vadbde(F1)

YRETURN

NIGIT nNOT FIRST:

! CAHW HAVE 73 AS VALID 1P NO
SKI1P SYMENL
CUPSYM=iL xT sYMBOL
anRh:(cuhSYr—'D')/lo
SCALL=10C ; => FPART
$ED ¢ 1 PEAD

YROUTINE SKIPSYMpOL

PT=PT+1
%bflib 3 1 SKIFP SYWEOL
XINTCOLKFI HNEXT SY:rOLu



BLOL § § JTUAL ST /UL
®EUD L RFALT
XROUTINE RLAD(RINTFGURNANML )
XRCAL X
| USE READF FOR INTEGCRS SINCE IT IS IMMUNL TU SYNBOL IH DATA
READF (X)
¥IF X>30000, %XTHENSTART & | INTPT FAILS FOR X>2%s15
1=30000 :%RCTURMN txFINISH
IZINTPT(X+,001)
%END
|
I DIRECT ACCLSS FILFE ROUTINES
|
¥ROUTIMNE CREATE(XIYUTECERARRAYNAME FILE)
LACC(ADDR(FILE(2)))
*MOV_R1e=(SP)
*MOV_(RD)+R2
*MOV_=(RO)R1
*MOV_=(RO),RU
*CMT 345 i1 CREATE
tMOV_(SP)+4+,R1 +1 RESTORE R1
XEHD i1 CRCATE :
$INTEGERFN FIRSTBLOCK(%INTEGERARRAYNAME FILE)
LACC(ADDR{FILE(2)))
*MOV_Rl.={SP)
*MOV_(RO) yR2
*MOV_=-(R0O) 4R1
*MOV_-(RO) RV
*EMT_344 3] UDEX
¥ MOV_(SP)I+4R1 ;1 RESTORL H1
YRESULT=ACEC
¥EWND i1 FIRSTELOCK
RINTEGEKFN “EXTRLOCK(%INTEGER gLOCK)
LACC(BLOCK)
*MOV_Kk1 RS
*xEMT _340
*MOV_K5R1
*RESULT=ACC
XENL 31 NEXTBLOCK
¥INTEGERFH FLLESIZE(HINTEGERARRAYNAME FILE)
YIUTEGER leJ
=0
J=FIRSTBLOCKIFILE)
12 $RESULT=T %IF J=0 <0onRr 1=4000
T=1+1
J=NEXTBLOCK (J)
->1
%ETD vl FILESIZE
|
YINTEGERFIN RLOCKNOF(%INTEGLR FIRSTeN)
¥XINTEGER 1
YRESULT=0 %IF ricl %0R 1I>D4000
I=FIRST
1:%1F =l %0R I=0 wTHCH sKRESULT=I
I=HNEXTBLOCK (1)
N=rl=1
->1
¥YEuDh o vt BLOCKIMOF
|
]
$OWIIINTEGEE DABLOCH
Y¥OWNINIEGEF UDAPROTFRC »
¥ROUTINE DPEHUA(%]%T(QKHAVHAYNAML FTLD)
I OPLI! FOR READ OF WKITL
1SLACCULANDDR(FILE(Z)Y))
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MUV INU ) e
smOV_~-(R0O) R1
«OV.=(RO),RU

*EMT_344 3} uDDx
*MOV_Kly=(SP)

*MOV_RS5+R1 il RESTORL R1
DABLOCK=ACC

*MOV_(SP)+ RO
NDAPROTEC=ACC

XRETURNIF DABLOCK®#)
CREATE(FILE)

->1

YEND 1 OPENDA

XROUTINE WRITEDA(XINTEGLCK BLOCK,X)

I X IS ADDRESS OF STAKY OF 512 BYTE BLOCK
YINTEGER DWRLOCK,I,J

¥1F BLOCKCO %O0R BLOCK>S200 %THEWSTART
YPRINTTEXT® HBAD BLNcK NUMLEK

] .
*EMT_372

%STOP $%FINISH

¥IF DABLOCK=0 %THENSTART

¥PRINTTEXT* DAFILE WOT OPEN

]

*EMT_372

%XSTOP $%F IS
2:DWBLOCK=RLUCKNOF (DAZLOCK BLOCK)

¥XIF DWBLOCK=0 AXTHE"ISTART $IFILE TOO SMALL
LACC(DAPROTLC)

*MOV_ROy=({SP)

LACC(DABLUCK)

*¥OV_K1+RS

tMOV_(SP)4+,p1

*EMTL341 1 APPENp

*MO0V_KO4R1

-2

¥FINISH

LACC(X)

| ADDRESS

*MOV_RU=-{8D)

LACC(DAPROTEC) 1 PROTL(

*MOV_RDy=(5P)

LACC({UWBLOCK) 1 BLOCr nuhighkt

*MOV_R1+RE

*NOV-‘SP)+QP3

xMOV_F=400,012

x.QV_(SP)+.R1

*EMT_E30 ) wi'ITe

xOV_KES«R1

SLWND s 1 WRITEDA

| .

YREAL MAXHI +STOST ! 0Ly TAIIOKE +1]0WS

YILNTEGER FIXUP

YROUTINESPLC(C WEANANDS U (RLALARRAYRNAME D1 3RCAL M1 ol TW %
YRCALMAME MEAN«SIGHAIUTLGERNAME 1.1

Y¥HOUTINESPEC MBMONITOR

¥ROUTIHWESPEC GETVARS

YROUTINCSPEC KINGEBCLL(STATEGER T)

YREALFIISPEL SORT(XRI AL #)
YINUTEGERFNSPLC READRT .
¥ROUTINCSPLC READI
YROUTIWESPEC bLECOLLC
Y¥ROUTINESPEC PASSVyEcTOP
YROUTINECSPEC SETOUTPLT
YROUTINLSPEC WRITETOLISC

. - b e P
[ R S N - V- - v
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¥ROUTINESPEC
YROUTINLCSPEC
¥ROUTINESPEC
YROQUTINLESPEC
YROUTINESPEC
¥ROUTINESPEC
¥XROUTINESPEC
¥ROUTINESPLC
¥ROQUTINCSPLC
YROUTINESPEC
YROUTINESPEC
¥ROUTINESPEC
YXROUTINESPLEC
YROUTINESPLCC
YROUTIMNESPLC
¥ROUTINESPEC
YROUTINESPEC
|

|

o

FPROCESSDATA
DRIVESTELRPER
DRIVENOTORIXINTEGER UIT+STLPS)
STOPPROG
CHECKFAULT
INITIALISE
TESTOFLO
CALIBRATF
MBCENMT]
MBCENTRE
UPDATE
QUALITY
FETCHRLOCK
CHOOSEANGLF
MBEAMCH
RESETCLOCKS
FLASHFIL MENT

$INTEGER TIMEMeANCH MCMORSTATE «XBFLAG

XINTEGER 1,11
XIUTEGER JsAr

' Ko ANGLE s OLDANG+FLAG+OLDFLAGI1,12,STEPS
XBEAMMODE «RTE+HEWANGLE +BASE

$INTEGLR COUNT o N2+HMRTEMBLOCKS«CoLDATALDISPC
¥INTEGER MBCHKWMBCHK1

¥ITUTEGER MUk

SCONO  MOLFLAG«MODOUT «5LOCK

YIUTEGER STRLOCK«MAXAIIGMINANGMISHWDRIVEFLAG
YINTEGER DUMK MPFLAG2FLAG«CFLAG
YIIUTCGER ERRORVENTRY ¢« 10« JBeMBCHECK ¢ ANGLECOUNT

I

¥RCAL WCoMm,L
$EEAL HOISEGE
%YREAL MPRESS
YREAL PKRAT,T

LeDS oSy YMEAHERR«OLDXMEAN s TIME W XBIDXBRMID
VEHTS ¢ TH Ve SOTARSEXPTIML « NPOWWNPOWL
PRESERF s OLDMPRESS o WOW1 o NOW2 ¢+ NOV 3 4 [1OWY
AUPUL JPRODWOELTAT ¢ MARK « XBEAMARE A «NOWE

¥RCAL OLDMELCAN ¢ MREAMAREAMEZERO 4MBMAX f MMBEAM

YKL AL ARRGCALTIVE ¢ MREACTOR «AVCOLNIT  WATITMAKK s MAXH

YREAL SOVERNsPEAK +PEAKL « TALLY s TALLYT oSTALLY «STALLY1, STINME«C34Cuy
|

YIMTEGERARRAY D(0:15)

¥INTCGERARRAY S(1:i4)

¥ INTEGERARBAY SS(1:4)

I TEGERARRAY P(14)

Y¥IOTEGCRARRKBAY ARPIyC(2:31023)

YINTEGERARRAY FRNAMZ(0:2)

YINTEGERARRAY I0DEX(1:50)

Y] GTEGLRARMAY MULT(1eoU)

YI{JTEGERARRAY NADRD(G:5)

|

¥RCALARRAY MAINBEAIMNN(1:20)

YRCALAKRAY MAITWREAMOFF(1:20)

YROALARRAY CRCSSREAM(1:200)

YREALARRAY CXPVAR(1:32)

¥PLALARKAY PFESS(1:2uC)

¥SWITCH RTICKSET (106

|

FIMNITIALISATION

é[TPOT(O,z) s EnapLi HOLHAL COrDITION FOR MODULATIUO
SCTPOT (4 e%)

I X BLAM RELAY

XEFLAG=0

I X EbaM CONTRIL FLAG

%CYCLL I=1+19+27 - -

EXPVAF (1)=6 il SET Fxite VAKIAGLES TO Z20R0U

YREPLAT

- . s -
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ULUATIL=U v ANWLLL T T o

oLDMBEAM=-~1, il ATl opAM MONITOR SIGNAL
v O FIRST PASS 0QilLy

MMpEAM=(

STBLOCK=1 {1 DAFILE START BLOCK

INITIALISE

|

ENTRY=2 1 READ FrROM THE DISC

GETVARS

RTE=Y

MBFLAG=2 31 MAKE SURC WE MEASUPE ONLY ONE REFERENCE SHAPE AT S

FLASH FILAMENT 1 WNICE AND CLEAN FOR START

SEQNO=INTPT(EXPVAR(7))=1 1 EXPVAR(7) IS TITLING PARAH
SETOUTPUT

TIMEM=0

STATE=0

MAXH1=0

MEMOR=D

MBCHK1=0

MINAUG=INTPT(EXPVAK(19))
MAXAMNG=INTPT(EXPVAR(2(0))

MESH=INTPT({EXPVAR(21))
DRIVEFLAG=INTIPT(EXPVAR(22))
MBCHECK=INTPT(LXPVAR(29) )

¥IF EXPVAR(25)=1 %THC!! %START

DLE9:

¥PRINTTEXT +1IDEAL CROSS BLam: v

READF(XBID)

N WL INE

XERID=XRID%kDT7 ., 3

¥Ir XBIDCC %0R XpIn>150 %THEN -5 DLé&9

XFINISH

ANGLECOUNT zBCHECK -1 3y START WITH MONITOR CALIBRATION
IB=INTPT(EXPVAR(27y) 1 ENLTRY POINT IN ANGLE TABLF
JB=11iTPT{LXPVAK(2E)) ) LHTRY pPulllY I ANGLE TABLEY
XIF MINANGC3100 %¥THEHSTART

RINGRELL(LQ)

NEWL IHE

¥PRINTTEXT® 1HPUT ¢RRCR 1 MINAHNGLE SET TO 31¢00°*
NEWLIHNE

MINANG=3100

¥FINISH

%1F MAXAIIL <¢MILALG 0. PMAXANG>8100 «THEMSTART
RINGBELLI4D)

NEWL THE

¥PoInTTEXTY INPUT FRREOJF 5 MAXANGLE SET Tu #1100
NEWL INE

MAXAILG=8100

% INISH

¥IF MESHCI %UR FESD5L0 #THLIUSTART

RINGERELL {40

YPRIMNTTEXTY 10LPUT rRREOK { MCSH S1ze SET TO 100
MEWL INE

MESH=100

¥FINISH

NEWL INL

NEWLTINL

K=0

:**tt:tmxvt MATIN PrOLRAW STARTS HERE #*x2ax¥stax
l

1: FETCHRLOCK

ERROK=0

NECOULE

vif CRRORE)D %THE ->1

S P mwm e ==

-

B.8



YT L, ™! WMy, | AV TV T L TP TS
69
«>RTLSET(RTC)
|
Isx2x*x%3 %% PROCED|RE TABLE *sxxx*gxxxx
|
RTESET(1) IMBMOKITOR
|
IMONITORS MAINl BEAMW
->1
|
|
i
RTESET(2): 1 DATA cOLLECTION
PROCESSDATA
RTCSET(3): | CHECK DATA ONLY
->1
RTESET(5): | RESTART DATA COLLECTION AFTER AUTO ANGLE CHANGE
FIXUP=0
RTE=?
->1
RTESET(6):1 WALT FnR ELCAM OFF
$IF (RTIME-WAITMARK)>,02 %THLCH RTLC=2
->1
RTESCT(4): CHOOSEANGLE G IENTRIES SET TO CALIBRATF MAIN BEAM MOl
PTL=5 it RESTAIT DATA COLLELTIon
->1
!
I xk¥rxxeksd AT PROGHKAM CNDS *xkxkkxkkx
!
%ROUTINE FLCTCHBLOCH
|
| FILLS D(9:15)y wITH GOOD SENTEMNCE
|
1: RCADIN
YRETURNIF 0(0)=426 %AD DIE15)ES504=336 i1 START AND END CODES
I SEARCH FOR STAKT CODE
xCYCLE I=141415
¥IF D(I)=up6 BTHENSTALT
|
] FOourip 1T
!
¥CYCLE Il=T,1415
I I1 POINITS 10 CLEMENTS wWHICH APLD Ov
I SHIFT THE! ALOMG
D(IT-1)=D(IT)
YRCPUAT
M=15=1+1 i1 K HAS WO, OF ELEMENTS TO BE FILLLD
->1 il FILL THEM
®FINTISH
%YREPEAT
->1 i1 JdHoLE NEW sCuTtEnch REQUIKEDR
YLD 3] FETCHRBLOCK
¥KOUTINE DECODE
sxx MANUAL FLA G quaPHORL *xx
FLAG=T =->NEWANG
FLAG=o ~>COLLLCT DALT A
FLAG=S =D wAlT
FLAG=4 =D IST IXi?VASD
FLABE=Z =>STOY
= «>SFLEDRAC
*F.t?\; ‘1 -iFC-H/\ NG ;:Xl" KIMLWTAL VARIABLES

k% BLRANCHING ST AP Uitk »»*
RTE=1 -~ ru1 nsrw AT PKEbLIT

- -~



nit=2 77 9L Lr UANTR U e CHIV T VY LY OO XTNOT
RTE=4 -~ CALIBRATE "AIN BEA™ MOWNITOR
RTE=S == RLSTA#:T DATA COLLECTION AFTER AUTO AMGLE CHANGE
RTE=6 == WAIT 1 SpCconD FOR MAIN BEAM TURN OFF
AFTER MAIN BEAM MONITOR READINGS
J=(D(10)2128)5>7+(D(12)864)>>6
I J SHOULD BE ZERO FOR TOF MODE
¥IF JRO XTHENSTART
RINGRELL(4D)
NEWLINE
PRINTTEXT® FUNCTInN IDENTIFIERS WROHNG * (WRITE(JU)
ERROR=1
NEWLINE
YRETURN
%FINISH
J=0
¥CYCLE I1=1,8,9
¥CYCLE 12=0,2,2
J=J+1
I=zI1+12 i ID(I) HAS 8 LCAST SIG BITS OF SCALER J
I OTHER 2 BITS ARE IN 2 LEAST SIG KITS OF D(I+1)
S(JI=1023-D(1)=(D(1+41)83)<<8 1 JTH SCALER (IWVERTED)
SS(U)=3=-(D(I+1)812)>>2 t1 JTH STORE (INVERTED)
PIJI=1=-(D(I+1)&16)>>4 ;1 JTH ARRIVAL FLAG (INVERTED)
*REPEAT
XREPEAT
XUEAM=D(3)+(D(6)8240)<<u i | CROSS BEAM SIGNAL (INVERTED)
ANGLE=0
¥CYCLL I=84=1,7
A=15=D(I)>>4
ANGLE=ANGLE=1C+A
A=15=-D(I1&1% v 1 AYGLD ENCODER IS INVERTED BCD
ANGLE=ANGLEL x10+A
YREPLAT
*IF OLDANGH0 %THEI! CHECKFAULT
FLAG=(D(6)E14)>>1 ;1 MANUAL FLAG
MODE=DI(61)2&1
MODFLAG=(D(10)364)>>6
WC=D(14)*256.+4D(13)
WC=65535,=~vC
%CHo v DEcONL
YROUTINE FEFDRACK
SELECTOUTPUT (O]
SCREEH
WATT(7%) 51 TEMP palT FOR 4010 TO GET REALDY
SOFAP=KTIML -THLI. .
ENTRY=1 sQUALLITY
EXPTIME=TINC
NEWLINE
|
| NEVER MINL THE cUALITY = FEEL THE WIDTHI
!
YPRINTTEXT Y SEQUINCr SUMBER ' (WFITI(SEQNO3) (nOw! INE
YPRIMNTTEXT ® CLOCE HUMBER ¢ swrlTE(STRLOCK/ /641 4¢*) SHIEWLINES(:
YPRINMITEXTY ENCRGY ¢ (PHINT(EXPVAR(2)s440) SHCWLINT
XPRINTTEXTY AWGLE + $.WITLUANGLEZD) SPACE
YPRINTTEXT (" 4RI TF(15,9) suHITE(URG3) (%PRINTTEYT®)* (HEALINC
1
’

IORKTHUTIXBEAM/27.30e642) (HEWLINE
RPRIMTTIEXTT m3CAr i TUTORMED A vo ) SHERWLTHES(2)
YPRINTTEXT Y EVENTS ¢ sPREINT(EVENTS.1043) SHNEWLINE
SPRINTTEXTY WOISE cOwWiiTS ° tPRINTONNISE+10e3) SHEWLINE
YPRINTTCXTY PEFAK RATEC tPRIT(PCAK+6e4) INEWLINE
«PPINTTEXTe PEAK PATL(11ST) 0 tPPINT(PCAKYI oc o) SEFWLINE
SPRIMTTEXTY wOISE PATL ° tPRIBT(IPOWYI epe ) Sl WLINE

¥PRINMTTEXTY £STIwATED S/”p'

- - . s

YPRINTTEXT e XOF AW

LY
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TTHRET O LA VAL W g L 1 ST

wIF HUPOW=0 s THEN &pRIGTTEXTY 999S5,0000' XELSE X%
PRINT(TALLY/SQRT(HPOW) etro )

%FINISH

NEWLINES(2)

KPRINTTEXTY EXPCRIMENTAL TIME (SLCS)' $PRINT(EXPTIME1644)
MEWL INL

¥PRINTTEXTe ELAPSED TIME (MINS) *+ tPRINT(SOFAR.6+2) iNEWLINE
NEWL INE

NEWL INE

XIF PEAK<CO0,000001 xTHEN PEAK=U,n0001

ETA=EXPVAR(24)/PEAK

$IF EXPTIME <0,00001 STHEN => ACVV

ETA=ETA/(EXPTIME/SOFAR)

ETA=ETA~-SOFAR

YPRINTTEXT * CTA = v ;PRIUT(ETA,6+2)

NEWLINL

AEVV

»1F RTE#3 XTHEN %PRINTTEXT' COLLLCTING DATA' XELSF %C :
XPRINTTEXT* DATA BEING CHLCKED RUT 1OT COLLECTED® (NEWLINE
$RECTURN '
YEND i1 OF FEEDBACK

XROUTINE TLCSTOFLO

$RETURM 3} TEMP UnTIL TESTEL:

XEND

%ROUTINE CHOOSEANMGLE

|

(e}

CHOOSES NEXT AIIGLE
ALSO DLTERMINES WHEI Mg CHECKS aRE DUE

THREL MODFS OF OPCRATION ARE AVAILABLE

1 MANUAL INPUT OF HEXT ANGLE
IN THIS CASC AUTOMATIC RETURNS TO THE MAIN REAN
AREC CARKIED (UT BUl DETECTION OF *RESCLVELC' SPECTRUM
IS 0T SU THIS mUST KE DONE BY THE OPERATCR

STEP SI1Z& IS SET AT INITIALISATION

!

!

!

!

]

i

]

|

!

! 2 INCREMENTAL STEPPING OF ANGLE

!

!

| 3 PSEUDO=-RANDON SFLECTION OF aNGLL
I ENTRY POINTS It THE TABLC ARE SET AT
| INITLALISATION

! IT IS POSSIRLE TO STAKRT WHERE ONE LEFT OFF
! It p PREVIOUS RUM RY SETTING THE POINTS T
! THC VALUCS ouTPUT AT THE Ekp OF THE RUN
I STEP S1ZE It Ta3LL MAY BC DOURLED BY SETTIMG
! EXPVAR 22 TO 3

QOHNIHTEGERARRAY A(]:ql)ZUO1v2v3t4'5'6'7'5q9010'11012v13'14v15|
19,20,21,22,23,24,25,260,27:26129,30,31,32,35,34,33,36,37,38,39,
¥YCWHINTEGERARRAY 5(1:25)=au.80.60'0.72.40.8.88.29,uq.4.65,76,3,
96:12052v2“.92o16v20'6“.48
%OWNREAL RAMGE
¥OWNINTEGER D=1
¥SwITCH DRIVE(C:3)
RAMGE=(MAXANG=NMIIALG) /4100
=>START %IF MBFLAG=.
ANGLECOUNT=ANGLECOUI T +1
XIF ANGLECOUNTERIECHFCY o Thkil =>skl1p
MBFLAG=1 XI1F MBFLAG=Y
T ALGLECOUNT=V
ELQLZL(16)=§. i1 #rASJIRD REFERENCE SHAPE
CALIBKATE :t CALIKPATE THE MATN BEAM MOWITOX
FIRST:
XRETURW

Bo11



RieCL L LTV 0L TOT LT ION O,

. AT O [ AR S N 9

SKIP: INOT TIME FOu 1 CHICHK
~>DRIVE(DRIVEFLAG)

DRIVE(D) sSELLCTOUTPUT(0)
SELECTINPUT(20)

| MANUAL ANGLE INPyT
RINGBELL(20) 31 ALFPT OPEKATOR

1: %PRINTTEXTY Hew angLrp:e? ‘READ(NEWANGLE) HEWLINF

XRETURNIF NEWANGLE=ANGLE

=>1 %IF NEWANGLECMINA!IG %OR NEWANGLED>MAXANG
->3 |

DRIVE(L)? | SIMPLE STEPWISE ANGLE CHANGFE
NEWANGLE=ANGLE+MESH

$IF OLODANG=0 %THEN NELLANGLL=MINANLG

->3

DRIVE(3) ! D=2%D %Ir vMOD(U)I=1 ;| CHANGE STEF SIZE

DRIVE(2): | PSEUDO-RAI:DOM SCAN

IB=1R+D

$IF IB>41 %OR IP<C1 «THENSTART

D=-D IB=IB+D 1 cHAGE DIRECTION

JB=JB+1-0 ;1 A!lD SHIFT B BY ONF

Y¥FINISH

JB=JB+D

JB=1 %IF JB>2%

JB=2% %IF JRK1

11=100*A(IB)+B(UP)

NEWANGLE=MINANG+INTPT (RANGE=*TI)

3: SELECTOUTPULT (@)

MVEMOR=(0

RIMGRELL{2)

YPRINTTEXT® ANGLT CHALGC' SNEWLTILE

DRIVESTLCPPER

FIxupr=1

OLDANG=ME W ANGLL

MAXH1=U

FETCHBLOCK ;DECODE 11 THIS CHECKS ANGLE AND
: :1 PATCHES UP ANY ERRORS

FIXup=0

YEMD ¢ 1 CHNOSEANGLE

¥ROUTINE MBCENTI

NEWANGLE=INTPT(EXPUAR (6))

NRIVCECSTEPPER

¥RETURIN

¥ErHD ¢ IMBCENTL

¥ROUTINE MBCLNTPRE

NECWANGLE=INTPT{EYPVAR(17))

NRIVESTLCPPER

¥RETUR!Y

¥E1ID 31 MBCLENTRE

YROUTINE DRIVE STEPPL:

XIF UL ANGLFO=100 %0K HNEWANGLEC3000 ¥%¥THENSTART

RINGRELL{(4D) ,

¥PRINTTEXT® ALGLE OUT OF RAWNGL °

WRITE(NLWAIGLE ve) s LITIE

NEwWAIIGLE=3100

¥FIIISH

RYICPS=NEWNANRLE=ALGLLT

DRIVE MQOTOF(44STEFPS)

¥EHD s 10F hRrRlve STCPPUFE _

xtouTlng DRIVE HOTOP (IHTEGER y11TSTEPS)

YRETURI $IF STLPS=0

*NOV_R14={SP) 1 SavD Fl

*MOV_14, (R1)eRU 31 UG T HsteR

«MOV_16, (R1)sR1 i1 niprr OF STERS

~ -
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sMOV_IOP )41 JIRESH vy o
¥YEHD 1 OF NDRIVE mM)TO;
XROUTINLE PROCLSSDATA
XILUTEGER 1
SELECTOUTPUTI(O0)

YIF MUDFLAG=1 XTHCISTART
MODOUT=MODOUT+1

¥IF MODOUT>S %THLCNSTAKT
RINGBELL(40) IHNEWLINC

-4

¥PRINTTEXT® MODULATION FAULT ; DATA COLLECTION STPPPEDS

NEWLINE $RTE=3 ;MODOUT=D INOWS=RTIMF :%RLCTURMN
¥FINISH

YRETURY

¥FINISH

MopouT=g0

¥CYCLE J=1l.1+4

YIF P(JI#]l %THEN <>N0

I TRUE ARRIVAL FoUp

¥XIF STATE=1 %THLCI! %STaRT

¥IF SS(U)=3 RTHEN %START

C3=C3+1

¥FINISH

¥FINISH

AVCOUNT=AVCOUNT+1

XIF SS(J)=1 ETHENSTART

! CROSS BEA ON )
ARRIVE(S(U) ) =ARRIVF(S(J))+1 11 SIGHNAL
XIF ARRIVE(S(J))=32000 %THENSTART

| PREVENT INIJEGER OVLRFLOUV
ARRIVE(S(J))=0 UPpDATL +*%FINISH
EVEHTS=CVE!ITS+1]

XFINISH

¥YX1IF SS(J)=2 ¥THEMNSTART

YIF EXPVAR(16)=1, %TH-H =2>SAK
ARRIVE(S(J)I=ARRIVFE(S{(J))=1 i NOISE
->COoNT

SQER:ARKIVE (S(U))=ARRIVE(S(J))+1 1} PULSE TUNINE

CONT¢eNOISE=110ISC+)

%FINISH

NO:

XREPEAT

YIF AMGLEDI0000 %THCHLTaART
RINGELCLL(&D)

YPRIMTTEXTY TELETRAK FAULT * SWPITE(ANGLZ o)
NEWLINL

KPRINTTEXTY DATA CoLLECTION STOPPED

[

RTE=3 1 STOP DATA CobLLECTION
NOWS=RTIME 11 SET uP To ADJUST CLOCKS
XRETURI

%FI(I]SH

COUNRT=COUNT+1]

%¥1F WC=1 %THLIy ¥3STanT
CY4=S(4%)xEXPVAR(1D) 1030000
TIME=TIMERC4/2000

->D1

YFINISH

TIME=TIME+5C*1, 024 «xEXPVAR(15)/1000000, ¢} PEAL TI¥E FROX

| TIve It SCCc0Ds

D1

TESTOl LO o |

%IF RTIME-NOW1D15. %THENSTART
NOvwl=KTI1ME -

ENTRY=2 ] CALCULATE ALL THL FACTORS
QUALITY

[ ™ S R S

wORD ¢
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AVLUVUBII SAVUTUI 1y 3o,

¥IF AVCO INTCL, $THMI.START

ﬁ?“ﬁ?%ZExT' COUIT ATt VLRY LOw & DATA COLLECTyOr STOPPLD?
w

RTE=3 1 STOP DATa COLLECTION
NOWS=KTIME

¥RETURN

XFINISH

AVCOUNT=0,

¥FINISH

¥IF RTIME-NOW2>2, %THEWNSTART ] QUALITY MONITOk SECTION
QFLAG=GFLAG41 i1 FOR ANGLE CHANGE SECTION
NOW2=RTIME

ENTRY=2

QUALITY

~>NOTUNE %IF EXPVAR(15)81.

¥PRINTTEXT*C * PRINT(PEAKLv614) SPACES(2)
YPRINTTEXT S/ * ipPRINT(SOVERNH«6+4) HEWLINE
NOTUNRE ! 1 §10 REPORT 11, SCATTERING EXPT
¥FINISH ‘

%IF COUNT=1 XTHEN MARPK=TIME
CROSSEEAM{COUNT ) =XMAN
PRESS(COUNT)=VOLT(0,1)

! PRESSURL ON CHANNEL 2ERO

¥IF COUNT#200 X¥THEMHRETURII

| 200 TRAMNSFERS

DELTAT=TIMF=MARY 1 TIMEL FOR 200 SENTCMCES
XMEAII=1000

NUM=COUNT

=>:10ChH %IF INTPT(rxPVvAR(32))=0 1 NO CROSS BEAM MONITOR
MRTE=1

V=0

LL=100000

I HO REJECTION OR FIRST PASS

MEANANDSUD (CROSSPEAN (Mo LLyMS,4DS1i2)
NS=2,*DS

MRTE=2
MEA“ANDSD(CROSSBEA”.MS'DS'XMLA”'ERR'HZ)
ERR=ERR/SQRT ([2)

NOCEM: | WO CKOUSS ppA" mONHITOR

MM=0

LL=100000

MRTE=1

MEANANDSD(PRESSQMH'LL!WS!DSOHZ)

nNS=2,.,*DS :

MRTE =2

MEANANDSD (PRESS yMS (DS MPRLSS+PRESERR 4 12)
PRESERR=PRESLRR /SQPT (..2)

COUNT=U

!

| READ mALi REAv ~0i:ITUR

]

¥1F STATE=] %THENSTART

RTL=1

XIF RTIME=|yOW6e>2, %THCHSTART

i

! TIME wp

|

MECAMCH

¥RCTURN

XFINISH

:ngiigvnn(51>:o. e THCH =DNOHLE 51 B0 mATH BLAF MOULTON
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FdMLri—a

RTC=1

¥RECTURN

NOMBMS I NO MAIN BraM MOIIITOR
NBLOCKS=NRLNOCKS+]

PASSVLCTOR

1 LoaD DISPLAY AREA

I USED BY CFIT AND REAL TIME DIsp

ENTRY=1 {1 LEVEL oUC FoQR WRITETODISC

¥IF RTIME=1OW4D1D, Y THENSTART

! DISC WRITE IF WE HAVE BELN GOING FOR 10 MINUTES
ENTRY=Z2

NOW4=RTIME

XFINISH

WRITETODISC

$RETURNIF RTL=3 1 DIV BY 2ERO IN MEANANDSD
¥RETURN XIF STATLC=1

|

I WO POINT IN CHECKING PEAK RATE WHILE MONITORING
|

->REFTEST %IF MBFLAGHLU

-DNOTEST ¥IF CFLAG=QFLAG

CFLAG=OFLAG i1 RES[CT FLAG

¢l TEST EVERY TWO MINUTES - MORE OFTEM WASTES TIM[C

MAXH=0,

|

l ESTIMATE INTEMSITY lid PEAK

|

¥CYCLL I=0,1+1023
CYIF MAXHCARRIVE(T) “ThEl, MAXHSARPIVE(D)
SREPEAT

%IF MEMOR=1 %THENSTART
MAXH=EXPVAR (23 ) *¥MAX 4+ AXH1

%F IIISH

YIF MEMOR=0 %THENSTART

MAXH=LXPVAFR (23) %V AY}H

%F INISH

¥IF MAXH>EXPVAR(24) %THENSTAKT

|

! TIME 7O CHallcr ANGLE

!

ENTRY=2 i1 WRITE LATH Tu DISC
WRITETODISC

NOW3=KRTIMEL

TIngM=u

RTE=1

¥RETURRN

$FINISH

-SHOTEST %IF CXPVAK(15)#le 1 MNOT MATINWN BEANM
REFTCST: | mMUST pE HEASURING REFCRENCE SHAPE
¥IF (LVENTS+NQOISE)>15000 %THLNSTART

I 15000 SCEMS KCASauAzLp FOR THD PRESENT

I MAY BE CHANGED 1n Tig FUTUPL

ENTRY=2 sl WRITE DATA

WRITETODISC

| ,

| HAVE wlh FLASHEL THEL FILAMEST YET
|

YIF MBELAG=1 YTHENSTALT

MEFLAG=. (FLASHFILAKLLT

NOW3=KTIML

TIMEM=0

RTC=1

¥RETURN

XFINISH
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' Radh A ST LA O | LI S S R SR
1
MBFLAG=0 (E¥YPVAR(L1,)=L, )
NOW3I=RTIME
TIMEM=Q
RTE=1
¥RETURN
XFINISH
NOTEST: | CONTINUE
|

I CHECK PEAK COUNTING RATE

: IF 700 LOwW THEN STOP DATA COLLECTION

%IF PEAK1CEXPVAR(2¢) STHENSTAKT |
RINGRELL(40) SSCREf!I (WAIT(79) i1 WAIT FOR 4U1lp
¥PRINTTEXT®* PEAK RATE VEKRY LOW CHECK BELAMS!
NEWLINE

¥PRINTTEXT® DATA COLLECTION STOPPED' ;!EWLINE
RTE=3

NOWS=RTIME

%¥FINISH

¥*RETURIN

¥END it OF PROCESSHAT

¥ROUTINE WRITLTODISC

|

| CHECKS BEAMS AND PRESSURES

| WRITES DATA TO DISCFAILE IF ENTRY=2

{

¥REALARRAY DUMMY(0:127)

¥INTEGERARRAY DUMMY1((2259)

%CYCLE L=0,1.127

DUMMY (L) =0,

Y¥REPEAT

¥CYCLE L=0,11255

DUMMY1(L)=0

¥REPCAT

SELECTUOUTPUT(O)

YIF XMEANDLQD0 ZTHr™ s PHIMTTEXTY CROSS BEAM OUTPUT CLIOSE TO SATL
 J

%IF HNBLOCKS=1 &THENSTART

OLDXMLANZ XIHE AL

OLDMPRESS='iPKLSS

¥FINISH

%L ONGJIUMP

%IF EXPVAR(29)=1 ¥THLI: %STARY

YIF XKEAN>],05#XBYID =AML XBFLAR=0 ¥THEN %START
¥PRIGITEXT e¢SWITCHING O XBEAM RELAY?

NEWL I

NOW&=RT I4[

SETPOT (D +4)

XBrLAG=1

%FINISH

YIF XMOCANCXDMID %A ¥BFLAG=1 %TAEN %START
NOWI=FTIWE

SETPOT (444

YPRINTTEXT 'SWITCHIHV UFF XBLCAM KELAY?

NECwWL INE

XBFLAG=(

:ig“iﬁgaw>3.1wxevlu saln XBFLAG=1 XTHEH %STAKT

¥ TIME=110#8>10 & THp | $START X
xéglg1%[57 VTUR Ub Grp0STAT CONTROL OR HEEDLL vALVE!
NEwL InC

NOWH=RT I -5

XFINISH

| S Y RN & L S R VI

SCATTERTIHNG FROM 1o OFf



CBWIP O ATLATICH ISR I R ey e

YIF RT1C~00Wa>1Y W Ty mSIAHTi- TR e
XPRINTITLXT vTuRl D,
NEWLTHE

NOWI=RTIML 5

XFINISH

¥FINISH

*FINISH

xB[AMAREA:XBLAMAREA+D.5*(OLUXMCAH+XMEAN)*DELTLT
%XIF ABS(OLDXMEAuanEAH)>.1*OLDxM[Au ATHENSTART
RINGBELL (4

$PRINTTEXTr CROSS gEar INTENSITY NG 1o
PRINT(OLDXMIAN/27¢34601) CHATIGED FROW
YPRINTTEXT® YO VPRINT(XMEAN/27,34,641)

NEWL INE

OLDXMEAN=XM[L Al

$IF IHNTPT(EXPVAR(32))=2 %THEISTALT
$PRINTTEXT® UATA CALLLCCTION STOPPEDS® tHEWLINE
RTE=3

NOWS=RTIME

YSFINISH

¥FINISH

¥IF ABS(OLDMPRESS-MPRECSS)I>30 %THENSTAKT
NEWLINE

RINGBELL(4C)

YPRINTTEXT *PRESSUKRE CHANGED FROM ¢ tPRINT(OLDMPRESS 1611)

YPRINTTEXT * TO ¢ ;pPRINT(MPRESSy6e1)
NEWLIVE

OLDMPKESS=MPRESS

XFINISH

¥RETURNIF FIITRY=z

RLOCK=STBLOCK

DUMMY (O )=EVENTS ;Dumily (1) =HOISE ;DUMMY (2)=ANGLE
DUMMY (3)=TIME sDuUVaY (4) =XBEAMAREA
DUMMY (S ) =ML AM

DUMMY (&) =NBL OCKS

XCYCLE L=1+11+32

DUMMY (L+6)=EXPVAR (L)

XREPEAT

CYCLE L=141¢50

DUMMYY (L=1)=1hOEX (L)

DUMMYI (L+42)=NMULT (L)

XREPLCAT

WRITEDLA(BLOCK «ADDR(ARRIVE(D)))
BLOCK=RLOCK+1
WRITEDA(BLOCK sADDR (ARRIVEL(Z56)))
RLOCK=BLOCK+1

WRITELUA(BLOCKWARDR (ALRIVELD12)))
BLOCK=BLOCK+1

WRITEUA(BLOCKADDR (AFRIVE(TE8)))
BLOCK=BLOCK+1

WRITEDA(BLOCKALDE (DuliY(0)))
RLOCKh=BLOCK+1
WRITEDAIBLOCK «ADDR (DUIIAY2L0)))
XCuD vl OF WRITETEDISC

YROUTINE PASSVECTOR

BASL=-#819¢

I APCA 19 SEG 7

¥CYCLE J=0+¢141023
INTLOGER(BASE)=ARRIVI (1)
BASE=4ASE+2

I TwO BYTES PR ILTEOCH

¥XREPEAT

XEHD ! OF PASSVECTOR _
RROUTINE CHECKFLAG (¥ LUTEGERNAIE 1)

. 3w

LAROSTAT CONTROL OR MEELLE VALVE!

B.17



LG IOV vy,

SIF F=0LDFLAG ¥THLI XFLTUR

«>S(F)

S(O0)s1 FLAG RLSFT Ur 10T SET

I NO CHANGE 10 oTE

OLDFLAG=0

YRETURN

S(1):1 CHANGE EXPERIMENTAL VARIABLES

XIF RTEHD %THEI XRETURI

ENTRY=1 it READ FROM KEYBOARD

GETVARS

MESH=INTPT (EXPVAR(21))
MINANG=INTPT(EXPVAR(19))
MAXANG=INTPT(EXPVAR(20))
DRIVEFLAG=INTPT(EXPVAL(22))
MBCHECK=INTPT(EXPVAR(29))

OLDFLAG=1

¥RCTURNI :

S(2):! FEEDRACK REQUESTED

XPRINTTEXT* FEEDBACK

]

OLDFLAG=2

ENTRY=1 3| SUPPRESS CALCULATION OF *INST' VALUES
FEEDBACK ,

YRETURN

S(x)e:l CONTRULLEL EXIT

OLDFLAG=3

¥IF RTEH#3 xTHEIl «RETURIL ¢+ | STOP VIA FLAG=5 ONLY
STOPPRUG

YRETURY

S(g4):1 LIST OF FXPvaRS RERUESTED

SCREEN sWAIT(75) -
YPRINTTEXT ¢L=LIST EXP VARy R=MEAS REF, F=FIL FLASH, X=ALTER XBf
\ .
NEWLINE

¥PRIMITEXT ¢

READSYMBOL(T)

NEWL INE

XIF 1='L" %THEN %START

XPRINTTEXT?® EXPLRIMENTAL VARIABLES

*

YCYCLL I=1v1432

WRITC (I 4} 3SPACES(2) sPRINTUEXPVARIIY«643) SDIwLIME -
YREPEAT

¥FINISH

¥IF J='K* o« THENSTAPT

MBFLAG=2

ENTRY=2

WRITETODISC

STRLOCF.=STRLOCh+6

INITIALISE

CHOOSLANGLE

RTE=3

¥PRIGTTEXT +DATs MoT pEING COLLECTED
L

%FINTSH L

®IF I='F' =THEHNSTAPT

$PRINTTEXT 60 StCowb FILAMELT FLASH
L

NCWLINE

SETPOT (141

WAIT(3000)

SLTPOT(0+1)

WAIT(250)

YFINTISH

B.18



DL70U:
¥PRINTTEXT ‘LY Y SFEAT UL AL
REAULF (XBID)
NCwLIHE
¥IF YBIDCO x0P YBIH>150 XTHEN ->pL7q
XBMID=27,3%xYBIU
%FINISH
OLDFLAG=4
YRETURN
S(5):1 WALT DATA COLLECTIOHN
fPRIuTTEXTv DATA BETING CHECKED 8UT NOT COLLECTED
RTE=3
NOWH=KTIME
OLDFLAG=S
¥RETURI]
S(e)s t STAKT DATA COLLECTION
¥PRINTTEXTY COLLECTING DATA
)
RTE=2
FIXup=0
OLDFLAG=%
RESETCLOCKS i GKFT Okt BS177
¥RCTURN
S(7):) NE¥ ANGLE KEQUESTED
%IF RTE®3 %THEN ¥XRETUKI
I ANGLE FIXTU IF DaTA BFING COLLECTFD
OLDFLAG=7
ENTRY=2
WRITETODISC
STRBLOCK=STHBLOCK+¢ 31 HEw SECTION OF DAFILE
INITIALISE
CHOOSL AMNGLE
RTE=3 v OVERWRITD Myt CALIBRATE
YRETUR
XEND 3 1V OF CHECKFLAG
XROUTINE STOPPROG
ENTRY=2
WRITECTUDISC
SELLECTOUTPUTI(C)
NEWL THE
Y¥PRIVNTTEXTY WHE! REST-RTING PROGEHA" ST 7TH PuaRaMETER TG
WRITL(SEQNO+144)
NCWLINE
SPRINITEXTY ALTERNATIVCLY COPY THE ACCUMULATED DATA FILES ONTO
NEWLLTHL :
¥PRINTITEXTe MAGHETIC TAPL.' sHEwWLINE
¥PRI'NTEXTY NOTE TyiaT THIS HMUST BE DONE IH Ally CASt wiiElr THE Ny
NEwWL IHE
YPRIMITEXTY OF FILrS O THE DISC REACHES 51 (LEWLIMES(2)
$PRINITEXTY POSITINN I ANGLE SCAN IS ' (WRITE(IBWF) WRITE(UL,
NEwWL IHE
PEMT_B72
¥STOP
%CND
¥ROUTINE GETVARS
¥INTEGER K
SELECTOUTPUT (D) — .
>3 o lfF ENTRY=2 31 FEAD FRO DISC FILE CHEMDY
1IgPRINTTEXT® Expbi THIUTAL VAKRTABLES
NUMOEK TO RE READ?
L
READ(D)
XIF I<1 %Tuifl SRETUR
XIF I1>32 STHEL =>1

MOPNAN - W W e . A S e i ot
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MEWLINE
YCYCLL J=1,41+1
2READ(K)
YIF K<1 %O0R K>32 XTHL.ISTART
YPRINTTEXTY WRONG
]
-2
XFINISH
READF(EXPVARIK) )
YREPEAT
-l
3: SELECTINPUT(21)
¥CYCLE I=1.1+32
READ(K) (READF(EXPVAR(K))
YREPEAT
SELECTINPUT (20)
43 .
¥1F EXPVAR(23)<1 %THE{STARY §i CHECK NO. PULSES SET
RINGBELL(40) $WEWLINE
YPRINTTEXT? NO, PULSES NOT SET (PARAM 23) * HEWLIMNE
->1
¥FINISH
RTC=3
%RLTURN |
¥XEND i) OF GETVARS
YROUTINE RCADIMN
¥CYCLE 1=K,414+15
D(I)=READDIN
YREPEAT
K={
YeiiD 31 OF READTIIN
YILTCGERFN READRIN
*EMT_337
*MOV_12.{R1)«R1
*RkTS_PC
¥EHD 31 OF FN READRTI
¥ROUTINE SCTOUTPUT
¥INTEGER lepnosBesLENGTH
SELECTOUTPUT (D)
SEQNO=SEWRRD+1
YPRINITEXT* OLTPUT FILEL IS CHLWY
Bz Cr Rz
FNAME (0 )=BICb+A
=tEY Bz tme
FNAME (1) =R<<B+A
A=INTPT(SEwn0O/10)
BzINTRPT (SEGNU-10xA+4u) (AZA+UD
FINAME (2) =88+ A
PRINTSYMBOL (A)
PRINTSYNMBIL (B)
NEwL IINE
i
| CHECK 1F FILE ExISTS
! 1F IT DOES Turi: ALJUST POLLTER
| TO APPEND HE,. DATSH
!
OPERDA(FHIANME)
LENGTH=FILESLIZE(FHLML)
Y1IF LENGTH>S STHE!MN «>2
EPRIVMITEXTY THIS 18 A NLVY FILL
¢ OSNEWLINE §=>2
;: %PHINITCX" THIS FILE CU“TAI”S ' ;V”’\ITL(LLH(?TH//:\té)

¥PRILTITEXT Yy BLOCKSSY ;ucy&}ug_

te w o T W oy

R -
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w2V CLVUINY Y L T
dRIWLthanCH//h+1.n) SUCWLT L
2!

xCyh 81 OF stToutpyT

XREALFM SORT(XRCAL x)

¥RECAL Y Z

YIF X<=0 ZTHLELNSTART

XIF X=0 XTHEN XRLUSULT=0
XPRINTTEXTY NEG ARG Iij SQKT

RTE=3 iXPRINTTEXT+ DATA COLLECTION STOPPEDS® THEWLTNE
NOWS=RTIME

¥RESULT=1,

%FINISH

Y=(1+X}/2

12Z2=(Y+X/Y) /2

XIF Z2>=Y %THE|: ¥RCQULT=Y
y=2

-1

XEND 1 OF FN SaprTY
$ROUTINE CHECKFAULT

¥IF ABS(ANGLE~OLDANG)>20 %AND FIXUP=0 %THENSTART
RINGUELL{40)

XPRINTTEXT® TELETRAK/MOTOR FAULT § DATA COLLECTIOM STOPPED®

WRITE(OLDANG6) iHFWLINE

RTE=3

NOWSH=KTIME

OLDAMG=ANGLFE ;1 RING 8rLL OHCE ONLY

X¥RECTURHN

XFIMNISH

X1F WMOUCANGLE=OLDANG) >1 %AlID FIXUP=1 %$THENSTART

DRIVLSTEPPL K

OLDANG=ANGLE

¥FINISH

¥RETUKR"J

xgn

ZROUTINE RINGLELL(WINTEGER 1)

¥INTEGER K

¥CYCLL K=141+1

PRINT SYMROL(7)

| BELL IS CTKRL G OM 1T

¥RCPEAT

YEWLD 1 OF RllGaFLL

YROUTINE MEANANDSO(%ETUALAREAYHANE D1 +%REAL chlIPv REALNAME AE A
SIGMAVEINTEGIRITARKE [11)

YINTEGER HAJNE«IMI I 1AYC

YREAL E+HMINeMAX 12,80

MNA=1

NE=liuil

«ONO REJECTION %1F MrTE=2 %0 {iurK=2C

C=C

I SORT ELEMENTS

AGATII: MIM=D1(iHA)

MAX=MYt)

TMIN=IiA

IMAX=1]A

¥CYCLL I=NA 1.0

E=2D1(1)

XIF FSKMIN STHENSTAGTY

MIli=t.

ITMIN=]

XFINISH

¥IF E>MAX ¥THELSTANT

MAX=E

IMAX=1

LR R
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YRLPCAT
BLLIMIN) =0 (L)
DY CNA)=MIL,
DICIMAX)I=DL (Nt)
D1(HB)=IMAX
NA=NA+]1
NB=Ni:=1
C=C+1
«->AGAIN %IF C<iyuvy/ /00
NO REJECTION: Mp=¢,
sD=0.
C=0
¥IF LIMC=0, XTHEM | TH=,0001 3,
¥CYCLE T=HA,1.liB
£=p1(1)
¥IF ABS(E~M1)<KLIM <THOHSTAKT
M2=M2+E

C=C+1 v ACCEPTED ELEMENTS
¥FINISH

¥RCPEAT

=>0K %UNLESS CK?2

RINGBELL(4D)

XPRINTTEXT* DIVISION pY ZERO I1j PEATT ATID SD* snipwLINE
WRITE(C+4) IWRITEC(:PTCe4) TWRITE(NUMIY) SWRITE(NAWY) $WRITE (#Byt
NEWLINE

PRINT(M146,4) PRIGT(LIM644) sPRINT(D v6ot4) sFPRINTIMAX 6vl)-
PRINTI(MIN«G6+4) HELOLY T

MEAN=1 ;SIGWMA=] :

¥PRINTTEXT* UATA COLLECTION STOPPED* HECyLINE

RINGBELL(40) iRTE=x '

*EMT_501 1 PJUT PooGral Il WAIT QUEUL

NOWS=RTIME

NEWLINE $XRCTURI,

OK:sM2=M2/C 1 HMEW ESTIMATE OF MCAN

¥CYCLE I=NA,1.HR

E=D1¢(1) vl SUBTRACT MEp TO AVOID LOSS OF PRECISINY

¥IF ABS(E=111)<KLIY &THEY SPESHH(E-M2)x(E~112)

XREPEAT

N1=(C

MEAlI=mpP

SIGWMA=SOERT(SL/(C=-1)) 1 STAIIDAPD ERROP

YLiib st OF At al.amngr
YROUTINE CaLIBRATL

|

| CALIBRATE w0 170D

| .

MECELTRE OLDANG=1TET(LXPVAK(L1T7)) sFIXUP=1

FETCHKLOCK ;ULECNDE i1 SEE wHERE WL ARE

FIXup=0

FETCHBLOCK (UECNDE
XIF ABS{ANGLE=-EXPVAR(17))2>5. STHENSTART
RINGBELL(40)
xPRI”TTEXT' TLLETF\‘“\K/:!OTO}. FAULT 1t ChLIelRATL 3r'F“lL1f‘l':
PRINT (ANGLD (6v2) $SPAZLS(D) PRIGT(IXPVAR (17 ) e662) sNZWLINED
*EMT_301 1) PROGH /™ TO whlT GUCUE

i1 INSEFT py CTRL C I

NOvS=RT 1L
¥FINISH
xeni ¢t 10OF CALIBPATIO:N
Y¥ROUTINE MpmOnITOo-
¥YLONGJUUMP
YIF MBCHKl1=1 %THEN->9¢
MBCHKr1=1
VMEMOER=0
¥IF TIMEM=1 2THEISTAKT

SMAL L PERTURBATION

Be.22



ENINT~C

NOWH=RTIVE

WRITETODISC

yCYCLL I=0+1:1023

ARRIVEC(I) =0

YREPEAT

PASSVIE.CTOR

MAXHI=MAXH (ANCH=A"GLL {MLMOR=1
%FINISH

STOST=EXPVAR(1g) iCXPVAR(le)=1
INITIALISE

RTE=1
MBCENTl:OLDANG=INTDT(CXPVAR(6)):FIxHP:l
FETCHBLOCK ;DLCODE

WC=0

FIXUP=0

STATE=1

| MONITORING ONLY => pO NOT WPITE TO DISC
NOWe=KRTIME (NOW1=RTINMZ ;HOW2=RTIME (HNOWY=RTINE
MBCHK=0

99 :PROCESSDATA .

100:%IF MBCHK=0 wTHrCil gRETURH
MBCHK1=0

STELOCK=STRLOCK+(

INITIALISEL

%LONGJUMP

YX1F TIMEM=31 STHENSTART

MAXH=0

NEWANGLE=ATICH

SELECTOUTRPUT(O)

RINGLELL(2)

SPRINTTEXT  *WAGOQHIS RoLp bttty
NEWLINE |
NRIVESTEPPEP

FIXupP=1

OLDAHNG=NEWANGLE

FETCHBSLOCK DECCDE

FIXupr=0

RTE=S

EXPVAR(16)=STCST T, .=n ISTATE=0
¥RETURN

%FINISH

YIF TIMEM=0 STHENSTAKT
EXPVAR(16)=STOSY

CHOOSLANGLE

¥FINISH .

TIMER=U $STATL=0

RTE=S

¥EHMD 3 1 OF mMBMOrITOR

¥ROUTIMNE MRCAMCH

MBCHK=1

PASSVECTOR

MMBE ATv=0

C%¥CYCLL 1=0,1+1023

MMBE AM = MMpBLAM+ARLIVE(ID)
YREPL AT

MMBE AM=MMBEAM+(Z

MMEBE AN =MMBEAM/TIVE

C3=0

¥1F OLDMBELAM==1 XTHEUSTART
OLDOMEE AM=MMRE AR

=2UTH

XF INTISH ‘
! JO WARNINGS FIPST  PASS
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Bir ABSTULTY DL =~ ey pusuneur Ly EHIST 00
XIF AESCOLOUMBEAT -t 4 1150, 1 CLDEF AN STHERSTAPT
¢PRINTTEXT eMATL g0 CHANGEL FROM o
PRINT(OLDMBEAM y 614y %RINTTEXT v TO ¢
PRINT(MMBEAMvyEv4) sNELLINL

OLDMBL AM=MMRE AM

¥IF INTPT(EXPVAR(31))=2 XTHLISTART
RTE=3

SPRINTTEXT

DATA COLLECTION SToPPED % ;NEWLTINE
XFINISH

DUNK=1

¥XFINISH

¥IF DUNK=1 %THE[) =->S0:1

YPRINTTEXT 'MAIl BEAK CHANGLD FPON v
PPINT(OLOMBEAM 64k ) ;3PRINITEXT ¢ TO 0
PRINT(MMBEAMy644) sNEWLINL
SELECTINPUT (20)

SON1:DUNK=]

¥FIMNISH

NTU: |

XgenD 3t OF MBEAMCH

XROUTINE FLASH FILamEnT

| .

| FLASHES FILAKMENT FOR TWO MINUTES
l HT 1S TURNED OFF FIRST

)

SETPOT(1.1) vl HT OFFy FILAMENT ON
RINGBELL(40)

¥PRINTTEXT® FILAMCUT BEING FLASHED HOW' §NEWLINE
WAIT(6000) vl TWO MINUTES

SETPOT(0+1) s FILAMENT OFF, HT Op
WAIT(250) ;1 WwAIT FOR FIVE SECOHNDS TO LET HT SETTLE
XEND il FLASH FILAMENT

¥ROUTINE GUALITY

KINTEGER I oJoeKaMAX L 41

J=0

MAX=(C

NPOH=00

TALLY=0,

TALLY1=0,

XCYCLEL I=0;1.:%

NADD(1)=9

¥REPLAT

¥CYCLE 1I=04+1+102%3

¥IF MAXCARRIVE(I) «THLUISTART
MAX=ARRIVE(T) su=1 ;. I1iiISH

YREPEAT :
ISINTPT(EXPVAR(23)) 1 HGe OF PULLSFS
¥CYCLL R=1le¢1s1l

L=(K=1)%102u4//14+J 1 ADL UP I PLA¥S
¥IF L>1023 9THEWN L=L-1024

MAYX=L+25 3| SAFE AFFS.T FOR NOTSE POWER ESTItATE
]

! ESTIMATE NOlsrC POwWER

i

XCYCLE M=0410¢5

MAX=MAX+Y .

$IF MAXD10123 STHEI PAA=IAX=10cH

MADD () =HNADD Y ) + AKE TVE (MAX)

Y*REPEAT

TALLY=TALLY+ARRIVE (L)

L=p+10

¥1F L>1023 $THEW L=zL=3024

¥1IF L<O %THEN L=L+1024

- - -~ -
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UREPELAT
CYCLL M=0,1+5

HPOWSNPOA+LADD (M) s a0 (1)

YREPLCAT

NPOW=NPOW/6,

¥IF TIMED,0001 ¢ Thiid HHOW1=SOKT (11POW) /TIME XELSE NPOW1=999,
!

PEAK=9999,

¥IF TIMC>.0001 %THEN PLAKSTALLY/TIMF

KRETURNIF ENTRY=1

®*IF TALLY1-STALLY1>,0001 %THEN %C
sDVERH:(TALLY-STALIY)/SQRT(TALLYI-STALLYl)

%IF TIME=STIME>.0001 ¥THEN %C
PEAKI=(TALLY=STALLY)/(TIML=STIM[)

STALLY=TALLY

STALLY1=TALLY:

STIME=TIME

XEND 31 QUALITY

¥ROUTINE RESETCLOCKS

|

f RESETS ALL RCALTIME CLOCKS

| TO COMPENSATE FOR TIME THAT

i LATA COLLECTION WAS WAITED

I

ZREAL X

X=RTIME~-NOWS ;1 R{UQUIRED OFFSET
THEN=THEN+X

NOwl=rowl+y

NOW2=1IOW24+X

NOW3=!IUWAS+X

NOJL=I10Wu+X

NOWS=HT T 4L

XEND i1 RESETCLOCKS

¥ROUTINE UPPATE

XINTEGER 1

|

I PREVENT INIEGCK VLN FLOwW BY CLEAPTIIG CHANMNELS WFTICH RECACH
I 32000 AND NOTING HO. t'AMY TINCS THEY ARE CLEAPED SO THAT THE
I TRUL SPECTRUI® CA1y BT RECONLSTRUCTED

l

¥CYCLE I=1,41+50

XIF THDEXA(IVN=J ATHENSTART

MULT(I)=MULT(I)+1

FRETURN

¥FIITISH

¥IF INDLX(1)==1 &Tur" o TAaRT

INDEX(I)=J

MULT(I)=YULT(1)+1

XRETURT

YXFIMISH

¥REPEAT

YRETURI

XEND 31 UPDATE

¥ROUTINE INITIALISE

XCYCLE I=0,190102%

ARRIVEL(I )=

¥REFCAT

¥CYCLE I=le1950

MULT(I) =0

INDEX(I)==1

¥RCPEAT

giggchiﬁR o Ity TlLLISst cofoy ARCAS TO ZEROCS
C3=0 ; | HUBLF OF phknlyvaLS W1TH CODL 3
EVENTS=0 & | WUMBR oF LVEDTS

o



AVLLVUIVT <t YUV CIAGT (G T

NOISE=U ¢ 1 NUISE cuyars

COUNT=0 31 CYCLINLA SCOLTLNCE COoOULTER
TIME=U 31 REAL TIaf FROYM WURD COUNT
CALTIME=0, 31 RCAL TIMU FROM WORD COUNTEF
NBLOCKS=0 31 NUMPrR OF BLOCKS OF DATA

DATA=U {1 BLCCK COQUITER
DISPC=0 31 UVISPLAY COUNTER
FIXUP=0 i1 STEADY ANGLE FLAG

DLDFLAG=T
THCN=RT IME
NOW1=RTIME

FLAG RECORD - SET 7O 7 TO STOF ANGLE DRIVEC 0il NCw
INITIALISE REAL TIME COUNHTER =< USEP TO TIMC EXpP
AHOTHER KEAL TIMF COUMTER =-- TIMES FXPERIMEITAL

|

|

R |
NOWe=RTIMC i1 YET AHQTHEF. RLAL TIME COULTER == TIMES QUALITY F
NOW3=RTIME 31 TIMFS INTECRVALS RETWEEILL MAIN BEAN NONITOR READIN
NOWYy=RT IME 1 TIMECS DISC TRANSFERS
NOWS=RTIME {1 TIMPR CHECKING MODE -- OTHERS RESET EY THIS nt
NOWE=RT IML il TIMING FOR COMPUTER CONTROL OF CROSS BEAM
NOWwu=RTIME :

I TIMING FOR COMPUTER CONTROL OF CROSS BEAM
MODOUT=0 1 MODULLTIOH ERROR COUNT

PKRAT=0 s BEAM CoUNT RATL

PROB=0 il PRIAS PROPAZILITY

BLOCK=ST3LoCK v DA BLOCK COWYTER

XBEAMAREA=Q, v 1 XBEA NORMALISATION
MBEAMAREA=Q, 1 MBpAaM IORMALISATION

RTC=4 i} CALIBRATE Malt BEAM MOIITOR

TALLY=0. ;1 COUNTERS FOR QUALITY ESTIMATES
TALLY1=0D,

STALLY=C,

STIME=0,

SOVERII=9999, vl S/l ESTIMATL

PEAK1=9939, v PEAK PATE BASED ON LIMITED SamPLE
IFLAG=D

CFLAG=O0

*END st OF INITIaAbLISC

YENDOFPRUGRAM™

We 5901
¥ xERCC 4=-7% EMASx &2 LDC.06 SUTTD JCre
**xxERCC 4-75 EMAS*xx* ELCDLOg SUTTCH Jeme
*xxt RCC 4-75 CHMAS*xx ELCLUE SUTTNY gCMis
*axf FCC 4-75 EMASTx» £EOCLUG SUTTOn Jcme
*xxbpCC 4-75 EMAQ* s EOCLOE SUTTN JCit
**exL KCC 4-75 LMAS®x* EDCDypes SUTY" ! JCMS
*x%xCHRCC y=75 EMAS®xx* EDCLOA SUTTNN JCMs
**%xt RCC 4-75 LMASx*x EDCULJA SUTTON JCmMb
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4 15T
cOCNE4«SARPATCHI

CORPATCHI

et OPT

R

FeReCalo NKIMPS

1533
ARTALSLOHG
ZEESI“

REALAFRAY SCSH
ﬁﬁaﬁt TRG14IFE2
YREAL BaRIKZ b L
SREAL GAL1eCA2eG
TRT A Mide iUl o« V)

YREAL LDFOl140FR2
“RELL GOFPR1.0DF
REAL L 1¢TLPet
IRTAL DEMT 4T 47
CHRET AL MOTRSTZ R
WREAL VAR V1eV?
YREAL DITCNGREITA
YREAL PRI ¢K#¥eF
wINTEGER TLAGEZ
MSTRIMN (w3 ) ST
ZRQUTINCSPIZC Cu
SROUTINCSPEC KE
LEXTEANALRCUTT ¥
REXTERNALEDUTI N
LEXTORNALRCZUTIN
OXTERNALTOUTIN
ARELLFRSPZC TAN
GEXTERNALRY ALFY
URKTALFYNSFEC MTL

“:ﬁL:ggp{C MR

XREALENSPEC ATP
YRTALENSPELS CRT
PUT14PLT2e 1IN
BREALFSSPRET LAY
SRIALFNERPET TN
YREALENEDLC Pl
""?’:AQFQQLH—_-»C ::‘\:,_L
YREALFNSRED DEF
UREALFNEREL 5TF
YRIALFNAPEC 504
RCYCLE T=3141el.

-

(11=70218-95

<
“
e

#

73
~d»
T
<l
*n
PO
1

f

COMPILER REOLEACE

131707)
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67/2
Electronic Excitation in Pbtentially Reactive
Atom-Molecule Collisions

By MaLcotm A. D. FLuenNDY, KENNETH P. LawiEy, JoHN McCALL,
CHARLOTTE SHOLEEN AND DAVID SUTTON

Department of Chemistry, University of Edinburgh,
Edinburgh EH9 3JJ

Received 11th Decernber, 1978

Inelastic differential scattering cross sections for the system potassium -~ aikyl halide have been
measured in the small angle region for Ey between 20-1000 eV°. Electronic excitation of both coll-
sion partners is seen together with vibrational excitation of the alkyl halide.

Evidence is adduced suggesting that excitation occurs by either of two paths corresponding to the
preliminary transfer of an electron irn the entrance channel or as the colliding pair recedes. A
harpooning mode! incorporating bond stretching in the negative molecularion is developed that ogrees
well with most of the observations.

A large number of exit channels are open in the collision system alkalt atom -+
alkyl halide at higher energies. They include:

M+ RX—->M 4+ RX(RXY") clastic (inelastic) (i)
—>MX+R reaction (i1)
— M+ 4+ RX"~ chemi-ionisation (Gii)
— M* + RX e )
M + RX*} electronic excitation {(iv)
—M 4+ R+X dissociation. v)

The first two processes have been extensively investigated at thermal coliision energies '2
and are well known examples of the electronic harpnoning mechanism, subsequent
chemical reaction occurring at thermal encrgies by ionic combination.

The chemi-ionisation channel is less well explored ® but provides direct evidence for
non-adiabatic behaviour at the ionic/covalent surface crossing. The importance of
an ionic surface in coupling ground and excited electronic states of the atomn is con-
firmed by collision-induced fluorescence studies.*

In the work described here continuing the programme outlined in a previous
Faraday Discussion,® we have eliminated the reaction channel by working at high
relative kinetic energies and choosing a heavy halogen atom. 1odine. Equa_lly im-
portant from the point of view of analysis, _by confming' scanerir?g observam)rns to
very smali angles (£5°) the K atem trajectories are essentially rectilinear gnd of con-
stant velocity. Wevertheless, because the forwarc_i momentum 1is high. interesting
regions of the potential inside the harpooning rgdxus can be probed by these small
deflections. Electronic excitation of several ¢V is readily observed.
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EXPERIMENTAL

APPARATUS

The apparatus used in this work is shown schematically in fig. 1. The beam of fast alkali
atoms was produced initially as ions by surface ionization and electrostatic focusing. The
ion beam was then pulse modulated, using a vejocity compression technique described else-
where,® so that the energy loss resuliing from a collision could be recorded by measurement
of the flight time of the scattered atom and hence the post-collision states of the atom and

molecule inferred.  After moduiation the ion beam was neutralised in a vapour cell and any
remaining ions deflected away.

radiation heater

porous tungsten disc
source - beam pipe g 2
oven y =

%

extraction

target
tens

beam

reservoir
Lindho!m
Gustaffson

deceleration lens

t.o.f. pulsing lens

collimating array
charge exchange cross beam chopper mator
vapour ceil B .
lo{‘- dump “: collision zone
plates P, T
M _ / 3

g collimating suts
"C .- ¢ross team 4

scintillator moniter /
"\\Z” photomuttiplier flexible bellows detector

detector assembly

filarnent

FiG. 1.—Schematic representation of apparatus.

The fast neutral beam then intercepted a slow target beam of molecules formed by effusion

from a capillary array in a weli defined collision zone. This beam was also modulated (at
47 Hz) and the target flux continucusly monitored by a gauge placed directly below the
collision zone. ‘
- Potassium atoms scattered from this region were tonized on a cool W wire and detected
via & scintillator and photomuitiplier. The detector could be varied in angle with a precision
of £-0.002°. Atom arrivals located in angle by the detector position were arranged to stop
a 50 MHz clock running in synchronism with the pulse modulation so that the flight time
-could be recorded. .

The collection of data and the operation of the experiment were controlled by an on-hqe
.computer.” The signal collection and experimental con't?ql arrangement are shown schemati-
cally in fig. 2. Hard copy log and graphical output facilities were provided to allow operator
-intervention.

DATA COLLECTION AND ANALYSIS

Count rates are very low in this experimcn; (<0.01 counts s71) and.periods of 212 h
were required to collect sufficient counts at the widest angles.  Data collection thus toolf place
over periods of about five days. During t“ms time the main beam arrlva.] tirne profile was
checked at intervals under program controi and data coilection suspended and the operator
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alerted if any significant changes in the beam fluxes or other operating conditions took place.
The angular scan was made automatically to a predetermined sequence, angle changes being
initiated automatically when a set precision had been reached. :

The data reported in this paper were accemulated over a period of about cighteen months
during which time the equipment was removed from one building to another and a number
of small changes made. Partly as a result the time location of the primary beam pulse varied
by as much as 30 ns between different experiments. The data were therefore adjusted in time
so as to be relative to the unscattered beam arrival as measured in each experiment. Any
accompanying variation in the pulse width was corrected by a process of deconvolution and
reconvolution tc a standard pulse width, the stability of these operations being checked by
trials with synthesised noisy data. Inconsistencies of this type between different experimental
runs rather than counting statistics account for most of the noise seen in the results.

After these adjustments had been made in the laboratory frame the data were transformed
into the c.m. frame using the most probable laboratory velocities.

RESULTS

These results are most compactly presented as ¢.m. contour maps showing the
variation in the product of the scattered intensity and the square of the scattering
angle, I{(x)x?, as a function of the variable t(t = collision energy X scattering angle,
Ex) and the post-coliision velocity.

The contour map in fig. 3 shows such a plot for K - Ar and illustrates the energy

velocity

e T
1] [
! 2

scattering angle / deg

FiG. 3.—K + Ar scattering at 108 eV c.m. collision energy. The thick lines indicate energy losses
o of 0.0 and 1.6 eV (centre of mass frame).
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resoluticn since in this E region the scattering is at least 98 9/ elastic. The island of
intensity at slow exit velocities is due to the K*! isotope present at 6 % abundance.
The other contour maps in fig. 4-6 show similar plots for methyl and propyl iodide at
various initial collision energies. In comparison with the K -+ Ar data considerable

inelasticity, particularly at the wider angles, is immediately apparent and can be seen
to onset at specific Ey.

]
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1
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scattering angle / deg

Fic. 4.—K + CH,I scattering at 164 eV collision energy. The thick lines indicate energy losses of
0.0 1.6 and 3.47 ¢V (certre of imass frame).

Cuts through the surface show the intensity of scattered K atoms as a function of
the encrgy lost by them in collision are perhaps more suggestive. | A numbf:r of_ ex-
amples computed by averaging together several sets of mdegendem observations in a
parrow range of angle are shown in fig. 7 and 8. .The sohd° curves on these figures
show the results of a deconvolution procedure using the 0° profile as a rgfcrcnge
profile. The peaks are sharpened by this process ‘m'n can alrea}dy be dnstmgylshed in
the unprocessed data; moreover, independent angular scans.yxe\d peaks which move
smoothly with angle as in fig. 9-11. The enhanced scattering profiles prepared in
this way are combined to yield similarly sharpened contour maps 2s shown in fig. 12
and’l'liftie of flight data of this type are of ligiited valuc in mol”ecular systems because
it is not possible to associate a given velocity change in the K atom with a SPCC‘ﬁc
exit channel, owing to the number pf closely spacedﬁ energy states. _Thus, in the
K -+ Rl system the K jonisation continuum starts at 4.24 eV and there 1s 2 near con-
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tinuum of vibration-rctation states in each electronic level of RI. Table 1 summarises
the relevant information for K and CH;I (C,H,] is similar).

In view of this continuum of vibronic levels, it is remarkable that discrete energy
losses are observed at least up to 10 eV at the largest angles of scattering.

=

vetocity

3.47

(_’C:“’A—\s‘-tez

0 2
scattering angle / deg

Fic. 5.—K + CH;l scattering at 81 eV coliision. The thick lines indicate energy losses of 0.0, 1.6
and 3.47 €V (centre of mass frame).

DISCUSSION

At scattering angles y < 5°, the momentum transfer perpendicular to the incident
velocity is small (y = final transverse momentum/incident forward momentum).

The various smail-angle approximations are valid and the momentum changes in
the forward direction cancel on the incoming and outgoing halves of the trajectory.
Under these conditions the maximum energy transferable to vibration/rotation of the

molecular partner is
| MpM, MK) 5 1
ar = (g i) (1) )

where X = I or R, the end struck, and a *‘ forceless ™ oscillator has been assumed.
The maximum energy thus transferred at the angles of observation will be <0.5 eY.
far smaller than most of the observed energy loss channels. The extensive vibronic
energy transfer that is observed can only occur if the potential energy surfaces are
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profoundly modified in the course of the collision. The source of this alteration is
clearly the crossing onte the ionic state.

The harpoon model, equivalent to adiabatic behaviour at the ionic/covalent
crossing, is well established as the mechanism for chemical reaction in many alkali
metal systems at thermai energies. At the collision energies of the present experiments
the reactive channel is essentially closed because the fast K* ion cannot acceleraie the

)
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— —
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FiG. 6.—K + GCyH-I scattering at 166 eV collision. The thick lines indicate energy losses of 0.0, 1.6
and 3.47 eV (centre of mass frame).

I~ ion sufficiently rapidly fo capture it before leaving the ionic surface. The residual
electronic excitation is like the grin on the face of the Cheshire Cat, the aftermath of a
much more profound eiectronic rearrangement. o
We deveiop a model to account for the broad_ features of the observe@ scattering in
two stages. As a first approximation, the collision is assumed to be isotropic and
sudden with respect to the R-1 motion. i.e., ;he R-I bond is clamgefj atits equilibrium
value throughout the collision. The behaviour of the’vanous diabatic potential sur-
faces can then be displayed solely as a function of the K-1 cooréxnatc. hg. 14(a). The
vertical electron affinity of the alkyl iodides is suf’ﬁcxen.tly .small (—0.9 eV) for the ionic
state to intersect all the K* channels (including ’thc ronised _commuum) and thus to
provide a route for populating these states. Excited electronic states of R1, except the
A state, lic above the dissociation limit of K*R1~ (5 ¢V} and must then be populated



Faraday Discussion 67—67/2—Fluendy—<B

-m

888 - . ATOM-MOLECULE COLLISIONS

by a different mechanism. We speculate that an excited charge transfer state is
involved but the mechanism will not be discussed here.

The only important adjustable parameter in these potentials is the short range
repulsion behaviour of the ionic state and the coupling matrix elements at the various
crossings. Whatever the values of the parameters, some simple consequences arise
because any cxit channel can be reached riz two paths, according to whether or not
the electron is transferred on the first passage of the ionic/covalent crossing.

(a}

inteneity .

-
-

t ‘

. K
A l'l lc)
K
v \\A l‘ /
[ ] N fr
} J A0
/ e L\ 8

7\

]
0

energy loss /eV

Fi1G. 7.—Energy loss profiles observed at various scattering angles for }:1 + CH;! at 81 eV co’llision
energy. The dashed curves are observed values and the solid lines their deconvolution. (a) 61, (b)
’ 122 and 203 eV®.

The predictions of this mode! (using the pot:cntials shown, the Landau—Z_ener
approximation and the classical smali-angie formulae to evaluate the cross sections)
are compared with experiment at 164 ¢V in fig. 15, the.energy loss data beu_]g par-
titioned in accord with the asymptotic energy losses assuming only electronic excxtatxop.

The model is partially successful, especially in predicting the narrow ang!e thresh-
olds of K* and CH,I* (4) state onsets. If the route to these states involved a cross-
ing on the respulsive walil of the potential, the angular t'hresnola \yould appear at
much larger angles and the intervention of a strongly attractive surface 1s unamb!guou§.

The model is less satisfactory in predicting the change in angular onsets of the vari-
ous channels with incident energy. These thresholds are seen to occur at lower E
values in the 81 eV data, whereas the basic model necessarily predicts constant £y
values (assuming straight line trajectcries). More important differences are scen 1n
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FiG. 8.—Energy loss profiles observed at various scattering angles for K + CHa,I at 164 eV collision
energy. The dashed curves are observed values ana the solid line their deconvolution. (a) 75, (b)
450 and {¢) 200 eV°.

the energy loss spectrum where the model only permits energy losses corresponding to
the electronic states of the separated species. The observations (e.g., fig. 7 and )
show a much larger number of discrete energy loss processes, some of them (those
< 1.6 V) not being assignable at all to electronic excitation. The most serious
assumption of the basic model lies in the neglect of the internal motion of the target
molecule. During the collision lifetime, typicaily 107** s, changes in the C-I bond
distance can occur which greatly alter the vertical electron affinity and hence the posi-
tion of the 1onic/covalent crossing.  Such effects have been discussed by other workers?
in connection with chemical reaction and chemi-ionisation. The initial crossing at
R, yields CH,1 ™ in a strongly repulsive state [fig. 14(8)]. assuming a vertical transition.
As the C-I bond stretches on the ionic surface, the jonic/covalent crossing moves to
larger R vaiues (fig. 16) and on the return of the electron a large amount of energy can
be dumped in the Me-1 vibration. The extent of such energy transfer clearly depends
on the time spent on the ionic surface and ranges from zero if the moction at R, is
diabatic (electron not transferred) to actual dissociation of the Me-I bond if the
Mel~ surface is sufficiently repulsive. Since there are in general two classical paths
leading to a particular angie of deflection (if & <C R,), corresponding to diabatic or
adiabatic motion at R,, each electronic exit channel should be accompanied by two
distinct peaks in the time of arrivai spectrum.
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Our second model, then, is to permit relaxation of the C-I bond in the ionic state
by introducing a term

Vi(Rg1) = A exp [—o(Rp; — RRY)] )

into the total potential energy. The I-K interaction remains coulombic and there is
no K-R interaction. One result emerges immediately from this model. 1If the para-
meters in V°"(Rg,) are taken to be those of the isolated ion,? far too much vibrational
excitation is predicted even in the ground electronic exit state. In faci, we would have
a runaway situation with extensive bond dissociation (and probably chemi-ionisation).
In practice (fig. 9-11) the vibrational energy gain in both the ionic K and K* channels
is quite small (=1 eV) and almost constant with Ey after the threshold.

The CH,1~ ion is thus perturbed by the passing K* ion and we can very crudely
incorporate this effect in the model by making ¢ adjustable. However, even this
degree of freedom is not sufficient for the data to be fitted; if the vibrational energy
gain in the K* (lonic) channel is fitted, too littie energy loss occurs in the ground state
channel. In qualitative terms, the initial acceleration of the methyl group after
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F16. 9.—Plot showing the location of the peaks observed in the energy loss measurements as a
function of the reduced scattering angle, ©. CHsl + X 164 eV collision energy.

energy loss /eV

0}-0-—Cleeoo

0 T/eV deq 300

F1G. 10.—Plot showing the location of peaks observed in the energy loss measurements. CH,l + K
at 81 eV collision energy.
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Fic. 11.—Plot showing the location of peaks observed in the energy loss measurements. CH,I + K
at 166 eV coliision energy.
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Fi16. 12.—Contour plot showing CHiI + K scattering as a function of energy loss and c.m. scattering
angle at a collision energy of 164 eV and after enhancement by deconvolution.  Thick lines are crawn
at energy losses of 0.0, 0.86, 1.6 and_‘z.S eVv.
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energy less

scaitering angle /deg

F1G. 13.—Centour plot showing CH;! + K scattering as a function of energy loss and scattering angle
at a collision energy of 81 eV and after enhancement by deconvol*ion. Thick lines are drawn at
encrgy losses of 0.0, 0.72, 1.4, 2.0 and 3.2 eV.

electron transfer seems to be rapid, but the repulsion scon drops almost to zero. The
functional form of eqn (2) must be wrong and the dependence of ¥'°" on Rk should
be introduced. This could be interpreted as due to the repulsion of the departing Me
group by the K* ion, or the change in bond order of Mel~ due to partial back transfer
or the electron to X*.

Nevertheless, relaxation of the Me-I bond on the ionic surface is a key step in the
collision process. Besides leading to extensive vibrational excitation, the deflection of
trajectories sampling the ionic surface will depend on the extent of R-1 relaxation
during the collision. The angular thresholds for all electronic processes fed by the
ionic surface will not thus scale with Ey, and will also depend upon the reduced mass

of RI. These effects can be seen in fig. 17 where the energy losses calculated from this
TABLE 1

K state energy CH,l energy/eV
4385, 0.0 X4, 0.0
4P, 1.62 A* 3.47%
528; 2.61 B, C{E) 6.10, 6.16
3D; 2.67 D, (E) 6.77
52Py 3 3.06 E, 7.30

Rydberg states FG 94,98
1P, 4.34 Rydberg states

1.P. 9.54

* Onset of continuous adsorption; peak at 4.5 eV.
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Fi1G. 14..—(a) Isotropic diabatic potential model for K 4+ RI interaction. (b) CN:I and CN:I*
potentials. Dashed curves show the perturbation used to obtain the approximate fit described.
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Fic. 15.-—Isotropic sudden medel; comparison with observations for CH;1 + K at 164 eV.

model are displayed

against the corresponding scatiering angle. In the Ey region

around 150 eV~, particularly at 81 eV collision energy, a rainbow feature can be seen
where two branches for the ionic ground state scattering coalesce.

The invariance o

f vibrational excitation with angle of scattering is a remarkable

feature of all the plots and again points to relatively small shift of the ionic/covalent

seam with changing

iransit time over the surface.

Finally, the differential cross sections for the channels identified are displayed,
together with the model predictions, in fig. 18 and 19.
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RMe-I

K-1

FiG. 16.—High energy trajectories on an ionic/covalent surface.  Two trajectories are shown, corre-

sponding to different init:al kinetic en»rgiea (£4 > Ey). The crossing point on the outward path

(R,) is very sensitive to E. In case B, R; is so large that dissociation or ionisation would resuit. The
K trajectory in real space is inset.
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FiG. 17.—Comparison of observed (0) and bond stretching model predictions( M) for the energy loss

as a function of reduced scattering angle. The subscript I indicates motion on the neutral surface.

Model und experiment are in accord in predicting an increasing energy loss as the mass of R decreases
and as the collision lifetime increases.
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Fic. 18.—Differential cross sections for K + CH,l at 164 eV. (O, ®) ground state N, 1, (A, &)
K* (4p) N, IT 3, B CH;I* (4) N, 1. Lines are the model fit (——) Nand (- -~ 1.
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Fic. 19.—As for fig. 18, but at 81 eV.

CONCLUSIONS

Our conclusions as to the processes involved may be summarised with reference
to fig. 14(a) as follows:

(a) Each electronic exit channel is accompanied by two vibrational channels,
one with small or zero internal energy change, the other with substantial vibrational
excitation. These two channels correspond to, respectiveiy, diabatic or adiabatic
(harpooning) behaviour at the first crossing R,. Both channels are important in the
experimentai energy range.

(b) The negative ion state involved is a repulsive state, but with rather different
characteristics from the isolated RI™ ion. In particular, the amount of bond stretch-
ing is less than expected (at least in the configuration probed in the bound state exit
channels) and points to some containment of the alkyl group.

(¢) The differential cross section summed over all discrete exit channels (ground
plus excited states) is approximately constant over the y range {from 0.5 to 5° (LAB).
This strongly suggests that continuur processcs (bond dissociation and ionisation),
unless they onsct at very small angles of deflection, play a negligible role at impact

parameters <o<y.
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(d) The excitation of the A state of CH,I is observed to have two energy ioss con-
tributions and angular thresholds, but these have less intensity than in the K* channel.
An ionic surface again probably intervenes because of the small angular thresholds.
But even without bond stretching, the ground state K*CH,I~ surface would lzad to a
crossing at ~50 A on the outward branch, at which point the coupiing matrix element
between the two states would be essentially zero. Some electronic excitation of the
negative ion may be involved, i.e., harpooning to a differeni empty orbital.

(e) Discrete energy losses >5 eV are observed and these must correspond to
electronic excitation of the alkyl iodide. Since these energy levels are above the energy

of the separated K*RI~ ion pair, the ground state ionic surface cannot be involved
in their coupling.
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The production of highly excited states of the alkyl iodides by collision with fast potassium atoms has been studied by
a time of flight molccular beam technique. A simpie electron capture and recapture mechanism is advinced to account for

the observations.

The manifold of elecironically excited states avail-
able in the alkyl iodides tails into three classes corre-
sponding to valence transiticns in the C--1 band of
n—> o* type, Rydbers transitions to high n/ states sim-
ilar to those of the iocinie atom and valence ¢ > ¢*
transitions in the C-H bond. Transitions correspond-
ing to all these three classes are observed in the optical
spectrum though the C—H transitions are seen only as

a continuum background to the other processes {1-3].

Photodissociation of the alkyl iodides with radiation
in the 3.5-5.5 eV region occurs via the continuum A
state (n ~ 0*) and produces both ground I3/, and ex-
cited, I/, atoms [4] while the same 0™ orbital occu-
pied in the molecular negative ion is responsible for
the substantial translational excitation seen in the reac-
tion [5]

K+RI->KI+R, 1

which are classic examples of electron harpooning.

In this work inelastic differential scattering cross
sections have been measured for this system in the
high enercy (50--200 eV) small angle (0—3°) region in
which the collizion trajectory iq anproximately recti-
linear and expiores the potential surfaces inside the
harpocning radius. The reaction channel itself is closed
in this regime due to momentum constraints on the 1
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* present address: Argonne National Faboratory, Argonne,
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capiure so that the eiectronic transitions can be stud-
ied in isclation from the capture dynanics.

The measurements descrived were made by a time
of flight method in which the potassium atom beam
was pulse modulated and the energy loss in the colli-
sior: inferred from the change in the measured flight
time. In this way a contour map was bhuilt up showing
the scattered K atom flux versus scattering angle and
energy loss at verious initial collision energies {6,7].

Very considerable inelasticity is observed in these
measurements with energy iosses ranging {rom 0.5
~12 eV. The lower energy processes, <5 eV whic lﬂ
include the electronically elastic. K(4p) and CHL1{A)
state as exit channeis have been discussed elsewhere
[8] and shown to involve an ionic intermediate repul-
sive in the C—1 bond. This paper discusses the hig
energy loss processes corresponding to Rydberg and
C—H transitions, which arz alsc seen, though with
smailer cross sectvo ns.

Typical energy loss profiles are shown in rig. 1 for
several reduced SCd‘.t@l’lns angles (Fx, eV™). The opti-
cai spectrum in the sarne energy region shows a very
large number of discrete features associated with iran-
sitions from n (I} to various Rydberg states (n, N
having # > 3,7 =s.d,p and corz terms of Ly ;5 and £y,
Continuum absorption from C—H transitiors is seen
as a background to these discrete rearures. In compari-
son, the relative sparsity of the collisior induced tran-
sitions is immediately apparent and at each angle of
scattering or impact pacameter only discrete encrav
losses are se2n. The observed featurcs occur systemati-
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Fig. 1. Observed energy loss profiles K/CHaI at centre of mass
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table 1.

Table 1
©Observed energy losses
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cally as the scattering angle is varied, though the inten-
sity varies considerably; their behaviour is summarised
in table 1. The observed energy losses are independent
of reduced scattering angle with one exception, process
7 for which the energy loss observed increases approx-
imately linearly with £'y. The angular dependence of
the differential cross sections is illustrated in fig. 2
where the results have been approximately scaled by
normalising the very small angle clastic scattering
(arising from outside the harpooning radius) 10 model
potentials for this region developed in molecular dy-
namic studies [12].

The energy loss processes reported are seen in fig. 2
to onset at small £’y values, This combination of a sub-
stantial energy exchange coupled with a small reduced
deflection is good evidence for the involvement of
strong attractive potentials during the coilision and
suggests that processes of interest may also occur via
a transient negative ion.

Process Observed energy loss (V) Proposed assignment
mumber (see table 2)
Mel : Prl
c.m. collision c.m. collision c.m. coilision effective predicted
energy = §1 eV energy = 164 ¢V energy = 166 €V transition energy
loss (eV)
1 52 A o 3.53)
2 5.7 S>3 A~ ogc) 5.5
3 64 6.4 6.6 n(l) - 6s Rydberg 6.5
4 L] 84 8.5 n(l) » 7s Rydberg 82
higher encrgy o db‘ 110
5 ; 10.4 10.8 Gp(C—H) ~ 6s Rydberg .
foss process
obscured by " e .
; 12.4 13.2 gp(C—H) ~ 78 Rydberg 12.6
6 41K isotope p(C-H)
7 6-7.21in Ex 6.4-5.0in Ex 11-12.8in £y , internal
1ange range range n(l) - O(C~H) Cnerzy
40-220eV° 60-500¢eV° 160-550 eV~ inter pal

energy b)

a) This transition is to the dissociative A state of CH3lL

®) The equivalent ofC H) orbital in propyl iodide cannot be identified unambiguously but is likely to be considerably huvier
a B Ll £ 9

in energy.
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Fig. 2. Differential scattering cross sections for K/CHsI at 164 eV (c.m.). The processes are identified in table 1.

A schematic energy diagram showing the location
of the lower orhitals in Cril is drawn in fig. 3. The
lowest unoccupied orbitals iaclude the of_) (the
electron receptor crbital of irnportance in the reactive
and smaller energy loss processes) and the OFC_H),
which are both antibonding in the C—T and C—H re-
spectively, together with the Rydberg levels 6sa, 7sa
and Sda; + 2e. These are all possible receptor levels
— higher Rydberg states though available in principle
will have considerably smaller coupling matrix eiemernts
due to the large size of these orbitals and are thus un-
likely to be important.

Since these measurements are confined to the neu-
tral exit channel, eleciron capture must be followed
by the recapture of an electron by the K ion on exit
from the collision. Electronic excitation will now take
place il an electron is recapturcd from a lower, normal-
ly filled orbital leaving the receptor orbital occupied
ard a lower lying vacancy. Possibie energy losses
arising from this mechanism are shown in table 2; the
spin orbit splitting is comparable to the energy resolu-
tion of the measurements at the 164 eV collision ener-
gy while the 7s and 5d Rydberg states are also too close
to be resolved and the energies of these states are aver-
aged together in table 2, Comparison with the observa-
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Fig. 3. Schematic orbital energy diagram for CH 3L The crt-
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spectra [1—3]. The g(c_py is derived with rather lesy cer-
tainty fron the ogptical spectra of the alkanes {11},
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Table 2

Transitions and energy losses expected from electron harpooning and subsequent recapture in CHal

Incident process

Energy losses in ¢V

——
, Lowest '
\ unoccupied '

\ orbital Orbital into which electron is captured [

| Z . g
Highest \ fc-n 6s Rvdberg t %1y 3d } Rydoerg :
occupied A d4a, 6sa; 7s . !
orbital 7 Tsay Sda; + 2 %
—

o '§ n(l) 3.5-5.5 6.18 and 6.77 ~6.0 1.84 8.30 i

- _;.3 3 2e 6.5 8.03 8.65 f

4 2. 1'

(37 3 8 8-2 :

1 —

o o(C—I) =7 8.6 and 9.2 3.4 ;

5 'E“: g 3'(1] 8.9 _ f'

5 8 0p (C~H) 9.2 109and 11.1 | 10.7 12.5 13.0 ;’
Cw 1e 11.0 12.7 13.4 i
) 129 1

tions in table ! is immediately suggestive and leads (o
the tentative assignment shown in table 1. The model
thus suggests that electron capture into the lower emp-
ty Rydberg or valence levels is possible. The relative
probability being at lcast partly determined by the
orientation of the CH,I during the collisicn. Thus
process 7, n(l) » OZ‘C_H), involving capture into the
ozC-H) followed by recapture of an electron from the
iodine lone pairs would presumably be favourable for
trajectories in which the K moves first past the CH,
and then the I groups. Similarly processes S and 6,
Cc-1) ~ 68 and 7s, would involve trajectories moving
in the reverse direction while the other transitions oc-
cur at the icdine atom only. It is notable that with
this model process 7 which was unique in showing an
energy loss increasing with £, is seen to arise from an
intermediate ion state which is antibonding and repul-
sive in the C—H coordinate. Since £ is inversely re-
lated to the impact parameter, itself inversely related
to the time between the capturc and recapture epi-
sodes on the trajectory, the time spent in this repul-
sive state increases with Ex. The increasing energy loss
can now arisc as a result of th2 substantial changes in
geometry which occur dering the collision.

Similar effects 2s a result of populating the o(c_p
orbital can be distinguished in the lower cnergy losses
but because of the much greater mass of the ejected

group (CHy as compered to Hin the case of the
0(c_p) orbital) the effect is much smaller and cannot
be distinguished in the Ly range discussed here. The
dynamics leading to this dissociative staie are furiher
complicated since it may be accessed on eiziver it in-
ward or outward branches of the trajectory {K] 1ris
possible that the two channels observed at Sl eV, '
where the resclution is better (= 0.25 eV, correspond
to dissociative states leading to either the iy5 or ty4
states of iodine with considerabic translationsl cncﬂzy:
the spin orbit splitting is not resolved experimentally
at the higher collision energies.

The C—I force constant is essentially unchanged by
population of Rydberg states so that transitions to
these states would be expected at a fixed znergy in
accordance with these observations. Finaily it is worth
noting that all the capture transitions can be Gssiznad
to s or o orbitals {though the Sd and 6p £ ,» iovais ot
8.30 and 7.99 eV could not be distinguishedd from the
7s levels) suggesting that electron orbital anginar wo-
mentum is conserved in these ceiiisions.

Considerable mixing of the various crbitals wiil
take place under the time dependent perturhancn of
the K ion and the precise descripzion or the il
from which recapture finally accurs 15 unz.2ar A st
plified diabatic potential scheme ilustratine 3 vossibie
mechanism is shown in fig. 4 where the doub iy siaired
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V(R) eV
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/- CH, /K
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CHyl (T9)K
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\/ CHal/K?
| CH3I' /K"

0 CH31/K
o] 5 0 incident state

Fig. 4. Diabatic potentials illustrating the incident channel
and the electron capture and recapture processes at Ry and
R, leading io excited RI states.

curve represents the state of the CH5I under perturba-
tion by K*. The must significant features of this mod-
el are the two electron transfers at R, and R, on en-
try and exit and the strong attractive exit potential
which will produce scatte-ing at small £.

The authiors are glad to ackaowledge helpful dis-
cussions with Dr. Stephen Cradock.
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Inelastic differential scattering cross sections for the system K/N, have been measured in the small-angle regime for Ex
in the range 80—600 eV deg. A cross beam time-of-flight technique was used to measu:e energy transfer effects occurring in
the collision. The dominant inelastic process in the region explored was production of the K(4 2p) state together with simul-
taneous vibrational excitation of the N, molecule. The observations are in excellent agreement with published potentials and
a simple classical mode! involving an intermediaie with considerable negative-ion character.

1. Introduction

The quenching of alkali atoms as a resuit of colli-
sions with diatormic molecules has been of interest for
a considerable time [17; the system Na/N, has been of
particular interest both experimentally {2] and theo-
retically [3,4]. The inverse process, atoiuic excitation
as a result of energetic coliisions with diatomic mole-
cules, has also been studied [5]. More recently the sys-
tem of interest here, K/N,, has been studied by a noveli
coincidence technique [6] in which the differential

cross section for the process K(4 28) + N, = K(4 2py+ N,

was determined, the final state of the molecule not
being measured in this experiment. All this work is
consistent with an early suggestion that an ion-pair
(K*/N'Z) state is an important intermediate.

In the present experiments the time-of-flight tech-
nique provides additional information on the excita-
tion of other states, vibrational excitation of N, and
elastic scattering. The combination of this data with
Kempter’s observations is consistent with significant
ionic character in the description of the collision sys-
tem both in the angular distributions and now in the
vibrational excitation of the Nj.
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2. Experimental
2.1. Apparatus

A schematic of the apparatus is shown in fig. 1. The
beam of fast alkali atoms is produced initially as ions
by surfiace ‘onisation on a porous tungsten disc heated
radiatively to <1500 K. The ions are accelerated to the
required collision energy and electrostatically focused.
The beam is then pulse-modulated, using a veocity
compression technique [7], so that the time-of-flight
analysis of the scattered atoms 1nay be carried out.
Atter modulation, the ion beam is neutralised by
charge exchange in a vapour cell, and any residual ions
are deflected away.

The fast neutral beam enters the collision zone
where it intercepts the orthogonaliy introduced slow
target beam, formed by effusion through a capillary
array, and modulated at 47 Hz. The scattered potas-
sitm atoms are ionised on a cool tungsten wire at the
detector, and arrivais are counted via a scintillator and
a photomultiplier. The detector can be varied in angle
with a precision of £0.002 deg. The arrivals at the de-
tector stop a 50 MHz crystal clock running in synchro-
nism with the pulse modulation. and so their tlight
time is recorded. The data collection and experimental
operation are controlled by an or-ine computer {8},
which also monitors important experimental condi-
tions, such as beam fluxes, throughout the run. Due to
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Fig. 1. Schematic of the apparatus.

the very low count rates associated with experiments
of this type, less than 0.01 s—! at wide angles. an ex-
periment takes about five days. In these experiments
the resolution in £, the reduced scattering angle, was
~35 eV deg and the energy ioss could be determined
to £0.15 eV.

2.2. Results

The results were collected over two separate experi-
mental runs, and are presented after transformation to
the c.m. reference frame. A c.m. contour map showing
the variation in the product of the scattered intensity
and the square of the scattering angle, I(x)x?, as a
function of scattering angie and post-collision velocity,
is presented in fig. 2.

Such contour plots are highly infermation-intensive
but the grosser teatures are more easily displayed in a
time-of-flight prefile. Fig. 3 shows such a profile
averaged cver all the angles of observation. It is imme-
diately apparent that the elastic channel dominates
the collision while an inelastic process with a mest
probable energy loss of 2.8 eV arises in ~16% of colli-
sions. A number of very much smalier processes are
seen at greater energy losses. The 41K jsotope with 6%
abundance provides a useful marker.

Measurements of this type do not unambizuously
identify the exit channel; however, the lowest excited
state of N,, A 323, is 6.2 eV above the incident chan-
nel, while fluorescence measurements {10] on tius sys-
tem revealed predominantly K(4 2P) excitation, the
K{(52P) and (6 29), states being populated 1o = 2% and
0.6% in comparison. The inelastic channe! observed ix
this experiment cnsetting at 1.6 ¢V and having a maxi-
mum at 2.8 eV is therefore assignied to K(4 ~P) excita-
tion with, by elimination, concurrent vibrationai exci-
tation of the N5. A very weak inelastic peak with an
energy ioss of 4.7 eV and =10% of the intensity of the
K(4 °P) scattering can also be seen. This may be asso-
ciated with similar excitation of the K atom to K(5 28)
ot (5 2P) states and again concurrent vibrational exci-
tation of the N, but will not be further discussed here.
The proposed assigniment is supported by the success
of the model based upon this interpretation of the en-
ergy loss data.

Previous time-of-flight measurements by Gersing
et al. [11] on this system show similar loss profiles to
those observed in this work but were interpreted solely
as K excitation and ied to the conclusion that produc-
tion of K (5s) and (3d) states was the main ineiastic
channel — an unsafe conclusion in view of the fluores-
cence experiments [10].
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Fig. 2. Polar contour plot showing 1()()};2 as a function of c.m. scattering angle, x, and energy ioss. The K/N, collision energy was
85.5 eV (c.m.). Contours are drawn at 5, 10 and 15%. The angles at which observations were taken are indicated together with an

energy-loss graticule. Two distinct peaks can be seen: the lowest shows an energy loss < 0.6 eV, the higher (a rather weaker one) a
loss ~2.8 eV. The featuze at the top of the figure arises from the 41 Klisotope.
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Fig. 5. Differential scattering cross sections, I(x)xz. in arbitrary
units for K(4 28) and K(4 2P) scattering. Model predictions using
the Kempter potentials are dashed, approximately adjusted po-

tentials solid line. Collision cnergy 85.5 eV.

In the coincidence experiments of Kempter el ai.
{6], only K(4 2P) excitation was reported. However
the flight-time resolution of their experimernt, as esti-
mated from the reported apparatus dimensions, was
insufficient to distinguish the additional energy loss
associated with N, vibrationz! excitation and the two
experiments are thus not in contention.

The differential cross sections for the electronically
elastic and inelastic channels. calculated by summing
appropriate regions of the individuai energy loss pro-
files are plotted in fig. 5. They are similar to those
reported by Kempter et al. In fig. 4, the most probable
loss for these two channels is plotted against scattering
angle.

3. Discussion

The measurements reported are confined to the nar-
row angle region in which the trajectories are approxi-
mately rectilinear and of constant velocity so that the
deflection angle, collision lifetime and impact param-
eter can be simply related by small-angle formulae [12].
The collision lifetime is dependent upen the impact
parameter but is of the order 1014 s and so is com-
parable to the vibrationa! period of N, and N.
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Fig. 6. (a) Potentials [10] for N» and Nj; vertica! electron tran-
sitions are shown arrowed. (b) Diabatic potentials for K/Nj.
The potentials adjusted to accord with the -esilts are showr in
solid line, the Kempter potentials are dashed.

The poteiitials relevant to this sysiem are displayed
in fig. 6, 6a illustrating the potentials for N5 and N'2
derived by Gilmore [13], while 6b shows a very simpli-
fied set of diabatic potentials for the K—N, interaction.
it can be seen that both the ground and excited K atom
scattering can arise by two routes according to whether
the crossing to the surface with ionic character occurs
on the ingoing or outgoing phases of the collision. The
electron transfer corresponding. in this simple picture,
to the formation of the pegative ion and the subse-
quent recapture of an electron to reform neutral potas-
sium in either a ground or excited state are illustrated
in fig. 6a. The transitions are assumed vertical in posi-
tion and to conserve momentum. Since the potential
curves for N, and N} are mutually displaced, the peri-
od spent as a negative ion results in vibrational excita-
tion of the N, molecule on exit from the collision.

A simple classical model based on this picture using
the Landau—Zener approximation to compute the
crossing probability and assuming independent motion
in the N—N and (N, )—K dimensions was deveioped.
(The model is very similar to that successtully used to
describe similar procssses in systems of the rype K RI
[14] .} In this model the only interaction perimirted
between these separate motions was via vertical elec-
tron transitions and changes in R_ occurring as a result
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of the variation in electron affinity as the N—N bond
stretched. The model calculations were performed in a
simple iterative fashion; the initial estimates of cross
section, scattering angle and lifetime on the ionic sur-
face (and hence N, vibrational excitatiorn) were com-
puted using the small-angle formulae based on the v
=0 N, electron aftinity. Numerical computation of
the N'z motion during the collisicn lifetime produced
a revised vertical electron affinity and R that were
used to update the small-angle scattering calculation.
Iteration of this process yielded very rapid conver-
gence.

The potentials used in this model for N, and N)
were of Morse form fitted to the well-established
Gilmore potentials {13] in their bowl region of impor-
tance in the calculation:

where

D, =98¢V, §;=2.5 Ry =1.10 A;

Vi, =Dy {1 —exp[-By(R ~ Rgp)1}2 — D, +0.3,(2)
where

D,=85¢V, §,=22, Ry =11854

corresponding to a vertical electron affinity of 1.9 eV
at the N, equilibrium distance.

The I\/Nz potentials were initially chosen to be iden-
tical to those used by Kempter et al. to 1it the K(4? P)
scattering. These were later modified to provide bett
agreement particularly with the angular distribution f
K(4 28) scattering observed here, and the forms finally
chosen are

Vi, = €(0/R)S, 3)
where
s=64 (R>R,),
=90 (R<R.),
e=0.05eV, 0=4.03A,

_14.394/R + 6.25eV  (R>R),

The crossing probability was of the usual Landau—
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Zener form with V5, =0.7 eV.

The vibrational excitation predicted by this model
is largely determined by, and is rather sensitive to. the
difference in the N, and N": potentials, while the angu-
lar dependence is similarly primarily a function ¢! the
K/N, potential. This scparation results from the
bounded motion of the N'z ion and the limited changes
in R which occur as the N, vibrates.

The predictions for encrgy loss are shown in fig. 4
The agreement in the K(4 2P) chanrel is particularly
satxsfymg and is certainly well within the avaiiable
precision of mc \7 potential. The observed encrgyv
loss for K(4 2S) scattering is in less satisfactory agree-
ment — possibly as a result of changes in V', with the
N—N distance which are not included in the present
model. Increasingly diabatic behaviour can be ex-
pected as Ry, increases, diminishing the contribution
of the ionic surface, with its attendant vibrational exci-
tation, to scattering in the K(4 2S) state, and so de-
creasing the average energy loss actually observed. In-
corporation of such a V5 dependence in the model
would improve agreement with the observations but
observations over a wider coilision energy range wouid
be required to establish its validity.

Interestingly, the medel predicts that the vibration-
al excitatic 1 oscillates witl: scattering angle (i.e. colli-
sion lifetime) as the N} jon itself oscillates. A similar
mechaaism has been advanced 1o account for maxima
in the total jonization cross section observed in Cs/04
cellisions [15]. In the preserit experiments, since the
early and late crossing contributions to the scattering
are in an approximately random phase relation, this
oscillation would be difficult to resolve. Experiments
at lower collision velocities, where the energy loss resol-
ution is substantially improved and probably adequate
to resolve the predicted separate early and late crossing
contributions, wiil be particularly interesting in testing
the detailed success of this primitive classical model.

Finally, in distinction to systems of the K/RI type
where ihe RI negative ion was found to be subsianiial-
ly perturbed by the K* ion, the 1\2 pair potential
(within the limited precision with which it is known)
accounts for the present results rather well.

The ditferential cross sections computed from the
model are compared with experiment in fig. 3. The
agreement is satisfactory considering the simpie analy-
tic forms used to represent the K/N+ potentials. The
maxima and minima calculated in the K(+2S) channel,
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which is the sum of early and late crossing contribu-

tions, arises from the operation of the LZ terms in the
model.
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