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ABBTRACT

The cross sections for both the single and. double
electron detachment of Br ions when passed through thin rare.

gas targéts has been measufed between 10 keV and 100 keV under

\ 2

single collision conditjons.

The single electron detachment cross sections show small
energy dependence for all the targets but neon; where iﬁ is- found
to be energy independent. GSmall oscillations in.Xe target were
also observed beyond 30 #ev energy.

Dur experimental data for the system of Br and the He gaé

target has been compared with the Gauyacq’s =zero rangeiz, it

-
shows good agreement in the restricted energy range between 20 keV

to 70 keV.

The cross sections for double electron .detachment was

found to have snmq{dependence on energy in all gas targets.
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INTRODUCT ION.
KEEXEEXEREARARXRE

-
The basic principle of determining the .absolute collision

&russ sections of ‘poaitive heavy _iuns in | iner£ .gases;
experimentally and Fheureti:ally uﬁ“ta 1950 have been summarized
and discussed by Massef and Burhopl.

In 1956 Dukelskii and Fednrenko2 investigated the detaching
processes for negative ions of the halogens and alkali, metals,
their measurements'identifked the double électron detachment from
negative ions in a single collision process in the energy range
from S to 17.5 keV.  They found that the two electrons removal
cross sections from halogen depend on energy . ThEK pnintedrout
that the magnitudes of the single electron detachment cross
sections are big as compared with double electron detachment . In

1971 Matic and Cobic3 found that the cross section of nguval of

4

two- electrons always ‘increases with the energy for carh{iL’
negative ions incident on rare gas target, for oxygen negative
ions the cross section for single electron detachment increases
with increasing‘target atomic number, but the inverse relationship

was found between the cross section and the target atomic number

in double electron detachment .
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Since that time ﬁecﬁniquas have been refined such that now
experimental cross sections are cbtainable with smaller " error.
Présent day expérimenﬁal methods include projecting an energetic
beam of ions or atoms throu h&;he atomic or mnleﬁular targef and
either determining ,tHe attenuation of the incident beam or
measuring the géowth rate and magni£ude of the reaction products.

"It is more convenient to simplify the-interaction between

i

an ion and a neutral atom by assuming (X') is the ionic particle

of charge (ie) where (e) is the charge of sihgla electron and the

neutral part}cle‘is assumed to be (Y). The interaction between-

the two partners can be represented by : 7

The cross section for this process denoted by (d}j) where
(i) represents the initial charge of the incident ions and ()

represents the final .charge after the event. From the above

equation when i=-1 and ;=k=0 the process is single electron

detac?ment whereas for i=-1, j=+1 and k=0 Fhe process is éwu/
electrons detachment.

. The energetic ion beam has been prepared and is moving in
Migh wvacuum towards the converter cell (collision chamber) which

ontain the gas térgets.

Generally there are many processes which can occur within
-

an inelastic collision between negative ions and neutral atoms .

These processes are summarized in table -1- .

)



Table 1. Types of collision processes.

TYPES OF INTERACTION . PROCESSES

Single electron detachment X~ 4 Y ——mem > X . Y+e-AE
Double electron detachment X"+ Y ————m > xT 4+ ¥ +2e- AE
Charge exchange X~ + Y ————— >X +Y +AF

1f both members taking part in the collision belong to the
different species, then these type of .collision processes are
‘célled "Asymmetric charge transfer", where CSE is équa; to the
electron affinity and/or ionization -potential depending an
whether the detachment process may hapﬁen in one or two steps. In
tﬁE\Ehse wheﬁ'the ion beam and the gas target atoms are from the
same species the process is called "Symmetric charge transfer”,
but for A E=0 the same process is called the "Resonant charge

transtfer"”, represented by:

Many experiments have been done to measure the absolute
cross sections for the single and double electron detachment of
halogens negative ions during their passage through the target
gases in different energy ranges. In thg low energy range the
electron detachment cross section for halogens has been measured
by Bydin and Dukelskii in 19574..Lichtenberg, Bethge and Schmidt-
Bocking 1in 1%52? have measured theutotal eleétron detachment

cross section for halogens in the energy range from 20 tao 220

keV. Beside these measurments on halogens negative ions, many
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6'7’8’9. But still the

other measurements have been done
theoretical interpretation is not so clear for electron
detachment process from ﬁegative ions.

Theoretically the Zero Range potential theorylo’“"12 has
been found suitable for predicting the electron detachment cross
section for a negative ion in an atomiec collision. Thé Zero—-Range
Potential Model is based on the assumption that the electron in
the molecular state is weakly bound. The behaviour? of this
electron after the Efoséing point can be described by a wave
function which satisfies 'the Schrodinger equation fqr a free
particle. The interaction of the outer electrnﬁ with the neutral
diatomic mdlecule is approximated by a "Zero—-Range Potential" The
time dependance oﬁ this.pntential is responsible fqr the merging
of the negative molecular ion with the continuous spectrum. There

2

is another theoretical :?ﬂel, it gives a different interprekation
called the *“complex potential model"1 .

for this process and {/

This model is based on the assumption that the transition between
the potential curveslcan only héppen at the intersection point
anq for values of "R" whi€h are less than "Rcr' The crossing
point represéﬁtg the start of break—-up of the negative ion when:
it coilides with the neutdél atom and the merging of the negative
ion states with the ceontinuum épecérum. The interaction energy
of the colliding particles in the complex potential model
contains a real and an imaginafy part. The widih of the state
after the crossing point is inversely propnrtionél to the

li-fetime of the decaying state.
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This thesis describes measurements of the ahsolute cross
sections fbr the. electraon detachment procéss of bromine negative
ions during their passage through the inert gas targets in the 10
to 100 keV energy range.

The single electron detachment cross section for the
helium, argon and krypton targets shows some small energy
dependénce, while for neon its behaviour is energy independent,
but for xenon, the heaviest gas target,: it increases with the
energy up to 30 keV and after that the oscillations start with
values of cross sections abnﬁt (0.95 to 0.79 10_15 cm2).

The double electron detachment cross section generally shaws suﬁe

energy dependence in all gas targets.
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. CHAPTER 2

A—<Experimantal‘5et up
2000 0K 2K K0 0K KR R HOK RN OK KK KK 2 ‘ _ -

The system for measuring electron detachment cross
sections is scheﬁatically illustrated in fig (1). The type of ion
beam and its energy could be accurfately determined by thé 150 Kv

accelerator (Model 150-1H, - TEXAS NUCLEAR CORPORATION, AUSTIN,

TEXAS.). : ’ :

*

The bromine gas was ionized in a (25 M.Hz)'radiu—fréquency
ion source . The ion séurce essentially is a glaﬁs tube'as is
shown in fig_(2). The basic idea of producing negative ions is
to ionize the bromine.gas inside the tube and tﬁe positive iops
pr;duced move towards the region of the canal where they were
extracted. The negative ions are formed from the pésitive ions
inside thé canal by electron capture collisions with the residual
gas. This type of ion source works very successfully for gases.
The most cuﬁvenient gas for the production of the Br ions beam
is- obtaihed by putting few drops of liquid "Br" in a separated
glass tube provided with a tap to control the flow of the

evapourated liquid to the ion source.
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Beam extractot

FIG_2_




The length of the beém line is about 10 meters ?rom the
accelerator to the detectors. The whole beam line was maintained
under pressure of about 5 )(10_'7 Torr which is acheived by four
diffusion pumps and aone rotory pump. The diffusion pumps are
pla;ed at different places along the beam line and the vacuum is
uniform along the béam line. The ion beam accelerated to the
desired kin;tic energy which are used in this work ranges from 10
to 100 keV. Three sets qf steerers were used after the accelerator
to make the projectile beam pass through the %0° magnet. This

‘magnet deflected the beam through 90" a;d had a radius of &6 cm
with wuniform field and double focusing and has an energy
resolution of about 0.1% . At about 4 meters from the accelerator
there is an adjustable slit which is wused to control the
intensiteé 6f the ion beam. In the case of bromine this slit was
kept wide open at low energies to keep the beam intensﬁty large
enough for the positive ions rate to be higher. than the dagk
current on the channeltron.

The scattering chamber contains the target system which
consiéts of the collimator, target gas cell, electrostatic
deflector and the channeltrons as is shown in fig.3-A and 3-(B-
D). The collimater and electrostatic deflector were located on a
common base, the channeltrons were mounted on a separate plate
mounted on'%he common base.

The collimater éons{ated of two slité "A" and "B", slit
"A" of 0.3 mm and slit "B" of 0.45 mm diameter and 20 cm apart.

Slit "B" is the entrance of the beam to the gas target cell of

.
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Fig. 3~{(B-D) .

; FPhotographs of different views of the Scattering Chamber ,which
- . L
consists of the target cell™ electrostatic deflector and the
‘channeltrons with the partitions. : ( .
" .- R

u
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length 3.81 cmy this distance is assumed ;f?tmL_xhe ef{ecthe

1
length of the gas target in the electron!ﬁetachment collision.,
< .

The end of the -gas target cell was defined by slit "C" which was

.made 1.5 mm diameter. The collimeter was mounted over two

ad justable -V- blocks 10 cm apart, whiab\bglpea ;n the alignment
of the beam. The collimater’s geometry was set in such a away
that no direct ions which did not.p?ss‘thruugﬁ the collimeter
could strike thé target’s exit Pperiure, because it was found
that the misalignment of the beam could produce multiple
scattering due to the edges of the apertures.

The pressure in the ta}get cell was kept 1in tﬂe range

between 10—6 Torr to 10_4 Torr. The flow of the target gas was

1

"controlled b& a thermal mechanical leak. The target was kept thin

enough to satisfy single coliision conditieons. The pressure insidé
the targe£ was measured by two éapacitancef manometers (M.Ks-
INSTRUMENfS, 'TYPE 145 BHS-1: 1 mmHngead Baratrnn) to get
accurate measurements with Aegligible drift on the pressure, the
manometers were connécted to the target chamber by suitable
lengths of copper pipe. ' , '

The both gauges wefre found to be very sensitive to the

variations of temperature, this was reduced by keeping the two

gauges within a single wabden box. As a 'result of this
treatement, the stability %was much improved and the zero setting
was quite goqd so that the drift was negligible. The calibration
of these capacitance manometers were accurate enough so thaé the

very small error could be neglected. N

15
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The electrostatic deflecter was muuntéd‘on the common base at a
distance of 1.7 cm, éwayvfrum the slit "C", the electrostatic
deflecter consisted of two parallel plates withva SEpargticn of
1.9 em, each plate has length of S5 em.* A girounded reétangular.
aluminum sHield bhaving a.window of 1 cm width and 2.5 em long
was attached to the electrostafic plates facng the channeltrons.
The main purpose for this was to prevent any electrons emitted
from the electrostatic deflector to reach the channel trons,
because it was found in deflecting the particles at high energies
that it needed big voltages across the electrodes and this could
increase the probability of emitting electrons from the éurface

of the electrodes.

.

The counting system consisted of three channeltrons

Pl

which were mounted side by side over a separate base which has

three adjustable screws and two horizontal opennings of width 1
cm and length 9 cm;. to give the channeltrons free horizontal
adjustﬁent. on the first one and the partitions on the sécond,
these channeltroﬁs were found to effect each other wﬁén the high
voltage was applied across their tubes. T6 treat this two thin
aluminum partitions of height &6-'cm were mounted on the second

.
openning behind the channeltrons in order to separate them and to

-
prevent stray electrons passing +from one to another. The
channeltrons which are used for detecting‘the'pakticles in this

experiment were of fwo types. 0One was (B419 BLO1 Phillfps), the

;gwo Dtﬁérs were of type (4039-C Galileo, Analytech Components

Inc.). The pulse counting Eircuit which was connected to the
)

P N
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channeltrons is shown in fig. (4). The pulse signals which came
from ;hé channeltrons were fed into-a ﬁulse,aﬁplifier system, it
consists of an emitter - follo@er - preamplifier, the pulse
signal then waé delive}ed further to the main amplifier which in
tura delivé?ed tHe amplified pulses to the discriminator and then
to the scaler. For better channeltron stability, the applied
vnltéges used on thé channeltrons were kept within the

recommended voltages. The counting rate was kept below 1k

cdunts/séth.

17
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B-Mathematical expresasions for cross section
30 30K0K K OK KK K R KKK KRR KRR KRR KK KR KRR KKK KK KRR 2

The detachment cross section for one electron or more can be
described by ( iJ ) which represents the probability of this
process to occur, in the units of cmzlatom, where (i) is the

initial charge state of the incident ions and () is the final
state of the ions after the collisian.
The variation of charge state pmpulétions of an titon when if

trave}ses through the gas target can be representéd by15 :

J#t

The above equation can be written in the form :

49 . L .
1t ;QSN 0

Where G =-—§£. 625 ‘és subsituted in the second term.
In equation (1)Jﬁ>9£" is the number of ions in charge state (i)
before the collision and" J" is the number of converted ions to
the charge stéte (j)‘after their passage through the gas target
of thickness (t), which represents the number of the gas Fafget

atoms per cm2. It has to be measured as :
t=nX=ALPRT
where (X) 1is the effective length of:the target , (n) 1is the

19
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number of'target particles per unit volume, (p) is the target gas
pressure in Torr, (L) is the path length in the target cell in >
cm, (A) is Avogadro’s number, (R) is the gas constant and (T) is

the absolute temperature of the gas .

Assuming the initial boundary condition is:

=3

16

The general sclution for equdtion (1) becomes z
2 3
o -t
By =B | g t6gt+ 5 )Sutg + g )6EGaey| -~ ——--
k k,L
where “géf ig the original ion beam intensity. ' \\\\\

From equation (2) after simplification one can git :
Qﬁg -f - GEb+z 26 6z
¢

a
:+Gzt+-§-2k:s;gg

where E;_ | w Lsa
“ o ¥ iy '
The cross section can.be written fromzébove equation as
£
— 95 (I+6zt +% ) sasn)
‘3 ( | + _L.;éﬁjLﬁgi)
)

This expression for the cross section is in terms of the number of

converted particles and the aumber ofvéprviving particles which
left without charge eﬁchange. The other cross sections involved
in this expression are obtained by neglecting.thé cross section
for three and more electrons transfer, because they are very

small.

By taking the first order of (t) and using the Binomial expansion

one can get : 6—,_5 (H—()—t)(l—t—z—r&)
. ‘3

20



. From the above equation one can get: .

After

et: -
@ ¢ )_-..QS 1+—€(63?+§(53k‘65<_%a—)>

&

—

: o] L X \ Zo’-‘crn
o AL 8
—%—— l +—%—{—(§6§ +%>+(265;+5a> ~ Z%ﬁn ]I
k3 k+) \

simplification and rearrangment the different terms)

<

we can

6:(“_1— £ )
ITT:

The final general expression for the cross section can be written

as
| 6 O
—l:%/—ﬁ'g'*"tf(%* (@'@I’Aﬁ‘) ““““
2 b #i ‘0 .

S . ~.

N k#)
particular approximations which are used in this
for a particular

derivation

The

depend on the situation of the experiment

process and on the measurements which are available for the cross

sections in the final expression.

21




C— PROCEDURE ‘ . .
EXRRKRRXREREKKKA:

The bromine negative ions beam was formed and travéls
;

through thfee sets of magnetic steerers and " 90% = defré;ting.
magnet whith has the ability to select the desired particles, and
is good enough to separate wvarious iSutupes.

To ‘identifi the selected particles, a mass spectrum was
made at each energy before the experiment.
The gas target was kept in equilibrum aYl the time, thin enough

-

to maintain single collision conditions in target cell, during
the experiment.

Atfer the collisions the final products of the initial beam
emerged out of the target cell via slit “C"

The beam was then passed through .the parallel
electrostatic deflector plates,‘ by putting ‘suitable vol tages
across it’s plates, the ions are;separated from the rest of the
neutral particles which left after.the collisions.  The deflectéd
cqmpcnénts are detected simultaneously by two channeltreons which
were mounted at the deflected position, the neutral particles
~which remain in the same direction are detected by the third

channeltron which was mounted at the straight through position.

These particles produced pulses in the channeltron electron

22
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multiplier <(CEM) which were amplified and counted on three

scalers. The electrical circuit of the (CEM) and pulse cbunting

system, are shown in fig (4).
8

At each energy several measurments were made by changing
the voltages on the thermal-mechanigal leak which controls the
pressure of the target gas. The pressure in the target was left
“for a some time until it has become stable.

After collecting the data a rough estimation of the cross
sections were made by ploting a graph eof the ratiﬁ "¢°/ ¢-" for
single electron detacl;lment and " ¢+/ QS_" for double electron
detachment as the Y-axis against the pressure of the gas target
as the X-axis.

The rough cross section was calculated by the formula =

1.035| o T slop |
. X % i_Siope
% L

Where (L) is the effective length which is 3.81 om, (T is the

absolute temperature. A typical graph of the ratio against the

pressure is shown in fig (3).

In the graph the straight line passed through the experimental
points does not start from the origin but starts from a small
pdsitive value of the ratio ét zero pressure; This is due to the
fact that the negative ions.beam made some collisions with the
residual gas before the target cell. But the determination of the

cross section depends mainly on the slope of the line and not on

the intercept point.

—

23
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For high numerical relfability in determining the cross
sections and to calculate the experiméntal statistical errors,
computer programmes were designed which were used for single ' and
-double elect?on detachment by mak1ng a least square fit to the

equatxon (3) of the general Cross sect1on formula.

25



CHAPTER 3

. LR D N N A RN RN IR

THEORETICAL ASPECTS
XEXXKEKKKRRKIORKRRKKKKKRK KKK

" COMPLEX POTENTIAL *
1222223223322 23332323323 S

This model proposes that when a moving particle X *
approachés a particle "Y" they form poteﬁtial energy curves, the
extra electron can be detached by making a transition froﬁ a
bound to an unbound state through the crossing point as it shown
in fig (&). X A cT

‘At large wvalues of the internuclear distance “R" the.
potential energy curve "U2" of the system (X+Y+e) lies above the
p;tential energy curve "U1" of the system (X +Y) by an amount
equal to the electron binding energqy or in other words equal to
the electron affinity‘uf the atom X .

*The transition from the system "U1" to the system "U2" can
only occur by breakup of the negative ion when it collides with
the atom and this occurs at the crossing point Rcr " and at

any distance where the closest approach Rm

. < R -
in =

r
i)

26
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Internuclear Distance

R,

1e)iusiog

FIG _6_

27



For large value of the distance “yR " the negative molecﬁlar 19n
(XY)  is in a bound state, but.as the separation between the

nuclei becomes 1e?s than the crossing point " Rcr " in which the
-poténtial energy.cufves reaches the continuum, the bound state

13

merges withlthe continuum. Therefore describing the enerqy  of
HG;SDQ point as H

the. negative ion state after the cr

IR e N

The width of the complex portion (IQR)) is inversely proportional
to the lifetime: of the state at ( R < Rcr. Y. o In absence of
detachment '(r}R}) equal to zero and the potential represent the -
reai part only which determine the eiastic‘ scattering cross
section. The expreséiun for the total electron detachment cross

177

section is obtained from

Re, *
6 =) 2R [-Rn] pdp

3 ]
G

where P l— (/0)
=R, [l— Ura ™

-E is the kinetic energy of the particles in c.m. system, is

T}
3
o
o-‘\b

related to the laboratory energy by: --‘MZEL;L

E ”-| + \M 1

where Ml'is the mass of the beam particle and Hz is the mass of

the target particle, "U(Rcr)“ is the potentiél energy which 1is
representing the interaction between the negative ion and the
atom at the crossing pbint'“Rcr“, and "/f~" is the impact

parameter .
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" ZERD-RANGE POTENTIAL "
JROKOK K OKCK 0K 3K %OK KK R OK KOk X0k KK K

-

« ' ,3“ 1

P .
The ieromfange potential was proposed in 19464 by Demkov,
/,__/ .

to find the suitable explaination for electron- detachment in

negdtive. ion —~ atom collisions.

‘

o His treatment started by assuming that the transition of
5\\\\d/////€;e electron from ‘the'enétgy state of the 'negative molecule
[y .t . - —_ -

occurs when it comes very close to the boundary of the continuous
' spe;trum; The bound state of the negative leedular ion ‘decays
when "R" become smaller than " Rcr " ( the crossing point ) with
the formation of a wave packet from the states of continuous
spectﬁum containing the wave function of the outer electron.
For “R" grealer than " Rcr'" the discrete energy level exists.
The electron which is detached from the negative molecule’
when the evént occurs wasnalready loosely bound due to the near
apprdaching of a negative ion " Xf " towards an atom " Y " in

this case the outer eléctron is far enough from the neutral

29



- diatomic molecule core, so éhat ong can consider the e%ectrun in

that part of the spaée is free with a wave _function $atisfying
the Schrodinger equation far free particles. This wave packet has

dimensions much larger than the region of the effective p?tential.

o)

The interaction between ﬁhe,outer electron and the neutral

T

molecule core is approximated by a zero-range potential.
The wave function for the outer electron assumed to be

R 4
spherically symmetric, varies with the time as shown by the

LYYy o |
(-5t 5e) Tty o oo (!

With the boundary condition ¢

equation :

LIS I .
\;;\ r=0 . \

The behaviour of the function “.f(t{ " with in the time interval

extended from (=00 to +O0) ig displayed in the figure ( 7 ),
The behaviour of " f(t) " wi respeét to the reaction ¢an be

divided as follows.' In region $f“ and "JII1" which corresponds to

"t(tl" and “t>t2" respectively, the function "f(t)" is negative .

and the Hdiscrete energy level exists as a bound state. For

e

?L:tl;ﬁ“/the merging of the discrete energy level take place with

e
1 2

the continuous spectrum and in region "II" ¥D7 "t <t<t,"  the
function "f((t)" is positTVé’gnd the bound staté\decay within the

continuum. . y
Demkov calculated the survival probability at “ R;in << Rcr " by
wsing linear approxima%donlo H ~
¢ flt) = /9 t
G ' , ! .

T30
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Where " Rmin " ijs the distance of closest apprpach an% "/3 "oig

adjustable paraheter, ultimately he obtained .

‘~ k=, ;f-r‘a """"""" @)

Where “T" is the collision time and "PS" is the survival probability.

Demkov’s model was unable to give the correct expreséiun for
electron detachment probability at " RminNRcr “, The difficulty
was solved by Devdariani who used a more general approximation

than Demkov’s approxi}nation, it is given byn H

P(t) = -o(,t1+/3

Where " & " and "/5" are adjustable parameters, and has a big

effect on the detachment probability " Pc.l " due to value of “15"

. |
‘”_th_'%ch is given by ¢ A = /8/0( /s

Where A = P/(t) /1t' | , ﬁ = - tl p/(t)/l and

.

"tl" is the time at the crossing point wﬁen the bound state and
the continuous spectrum intersect each other.

The eqution for * Pd " is given by :

‘ ‘ 2
|
S | B- =0.62 +0.420 +0OR —————- (&)
(n5
After Devdariani, Gauyacg12 has pointed out that
Demkov’«alo and Devda\_riani’sl‘l. approximations do not give good

agreement for H +He collision system, -so that he solved the

problem by using sudden approximation.
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The behavior of the‘system can be explained by dividing it into

two limits of time as shown in fig (8).

First for large time (when t —————— >300) the wave function
of the system develop adiabatically wiﬁh the time énq ne ¢
transitions occur. The second region of the time which is between
"t t, " represents the region of validity of the sudden
approximation in which he replaced the smoothly continuous

varying function "f " by a step function at the time (+t_/2 ),

(t) 1

in this region the particles become very close to each other
during the collision and the binding energy aof the outer electron

is sufficiently weak. The limit of time between "+ t1 " one can

" obtain by equating the inverse of the characteristic time of

variation * TV " with the inverse of the characteristic time of
the bound state " TC " oasl?

- | € - .
Where (T ) 1 = ——__.ii__ ) s (T 1 =€ and "€ » jg
\% € . dt' c
. b
‘the binding energy of the_outer electron.

[

By changing . the ¢time variable to the internucléar

separation "R" he got:

L de () Vi be )"l

— G = 23

(R
€ (R) dR (%)

Where " V(R) "is the potential energy, “bc" is the impact

. parameter and "v" is the velociky of the particle.
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The solution for this equation at the limit of adiabatic behavior
at time “ti", as obtained by Gauyacq is given by :

L, = (RM.-RCVLrv(I-Y%ﬂ-%)W

™
Where " RM " is the limit of the adiabatic behavior:

Within the sudden approximation region the impact
parameter‘ "h" plays an important role for the detachment cross
section from the negative ions as "b" increases the time which
the system speﬁds in the active region decreases; so that the
spread of the wave packet decreases. 1t was found that the
threshold impact parameter " bth *is indepen?ent of the time
which is spent by the particle in the active region. Due to this
reason the appearance of the threshold in thé detachment process
is npot effected by the time, therefore the expression for the

. . 12
detachment cross section can be given as :

bR 2.
Oo. T Rb\n'ﬁ = 0-73 Kbth
- - 2 0.73 & 0-_’3:(81/5- o“/S'
AR (0B SN ) e
Us Vs 1
g 104 2
Where b = R (| {2 — ).

th cC . ‘S

.35,
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CHAPTER 4

LR AL L R B IR IR B R R Y

a

" EXPERIMENTAL DATA AND DISCUSSION "
***********K*t***##*#****************!

W
In the present study, the single and double electron

&etachment cross sections "6.," and “6-¢+" for Br ions on the
rare gas targets in the ion energy from 10 keV to 100 keV were
measured. The "Sji“ cross sections are plPtted on a logarithmic
energy scaie in fig. (9) and are presented in table (2), while
the "Gf;; cross sections are plotted against the ion energy on  a
" linear scale in fig. (10) and are presented in table (3).

The error bars shown on every pniqt are obtained from the leagt
square fit. In théée‘figures the data which was obtained fram
other inVestigatiqns is also shown where it exists.

For " 623 " in the collision between Br with the rare

gases, the fig. (%) 'shows the points which were obtaiﬁgz,by Bydin -
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------- ;: Cross section for the production of Bromine atoms from negative
jons in rare gases. The present measurements shown by dots with

error bars, the continuous lines, Bydin and Dukel'skii (1957}
experimental data.
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Table 2. 7The cross section for single electron detachment from

Br in a single collisiohs with rare gas atoms.

Incident ion ( CROSS SECTIONS )

beam energy Br_—::>He ;;———->;; Br-———>A; Br_-::>Kr Br————>X;
( KeV ) (10”15 (10719 (10”19 (10”15, (1019,
10 ' ﬁ:ss- 0.47 0.54 0.68 0.7t
20 0. 39 0.53 " 0.62 0.76 0.78
30 0.43 0.49 0.59 0.72 0.95
40 0.39 0.57 0.63 0.82 0.87
50 0. 40 [0.48 0.59 0.85 0.93
’ L

&0 0.42 0.49 0.66 0.80 -  0.80
70 0.44 0.48 0.65 0.80 0.84
80 0.47 0.47 0.67 0.85 0.78
90 0.48 0.49 0.71 0.89 0.80
100 0.52 0.49 0.78 0.85 0.87
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Table 3. The cross section for double electron detachment from

Br in a single_cdllisioné with rare gas atoms.

-

Incident ion , ( CROSS SEETIONS )

‘beam energy Br:———>He E;::——>Ne Br--——;;;_Brﬂl-—>Kr Br_—f:;XET
( KeV ) ao 1% o™ 107t (10718 (10718
10 . 0.52 0.3t 0.85 1,13 0.24
20 1.23 0.41 2.07 1.67 0.57
30 : 1.55 0.61 ° 2.54 2.13 . 1.26
40 1.90 1.00 2.81 2.33 {27
50’ 2.04 1.06 2.88 2.456 1.57
60' 2.24 1.23 3.22 2,63 1.98
70 2.39 1.33 3.22 2.87 2.44
80 2.39 1.53 3.21 3.05 2.18

'90 2.62 2.03‘ 3.36 2.90 3.22
100 3.54 2.75 4.59 3.25 3. 48
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and Dukel’skii ét low energy. Their qﬁoints provide a good
extrapolation to cur points in Br ions {g:;iding with the (He)
and . (Ne) gas targets assuming the prediction for the behavior of
the cross sections within the energy gap batween their energy
range and our energy range are extend linearly with our points.
In other words above about 2 keV the general behavior o+} the
cross section becomes energy independent. There is some
indication in the He gas target at &0 kév to 100 keV of some
excitation behavior took place as a result of the collisicn:
But for other gas targets Ar , Kr and Xe the extrapolation
0f their data does not give goad agﬁeément. One can say that the
(Ar) and (Kr) the cross sections roughly iﬁcrease with energy.
The peoints show some oscillation. With the (Xe) target the
situation . shows an increase up to 30 keV and after that the

oscillations start with values of cross sections about .(0.95 to

0.79 10715 ca®).

The «cross section for single electron detachment shaws

strong t;;get mass dependence as shown in fig. (?), this
behaviocur is also observed in other halogenb’B negative ion
collisions with the rare gases, with the exception of the (Ne)
gas target where "§_," is smaller than (He) gas target. S

The defect in the complex potential model from an thecretical
and experimental point of view is that it is restricted by the
assumption that the electron detachment could occur at the

-~

crossing point “Rcr" and in the complex region where "R < R__*"

cr ?

so that the detachment probability at "R" less than “Rcr" is
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e f!
. {

equal teo unity, but is equal to zero for any/hR" grea?éﬁ than "

/

R, ". Besides, the theory neglects 5°m? kind of tunnelling
5 \
effect with some probability of dgtachmentfbefore the crossing
radius "R__" is reached. :
cr , .
The experimental data for (Br”) ions colliding'with the
(He) gés target has been compareg/with the Gauyacq’s zero — range
as shown in fig. (12) by using khe potential energy curve which

is calculated by R.E.Olson and B.LiulB. Our data shows good

agreement- in energy rahge restricted between 20 keV to 70 ke,
i 5

[l

the experimental cross\section for ah energy above 70 keV shows a

rise with energy, probaQ;x_dua-fé some excited states of both
negative ions and the neutral particles which are not included in

the zero-range model.

The cross section for double electron detachment shows a

. rough energy dependence with the rare gas target, as shown in
fig. (10).

The data which is taken from the work of Lichtenberg, Bethge and

Fory

Schmidt—-Bocking where they measured the " {§(Total)" and “0_;"cross
sections for Br iens with (Ar) gas target in the energy range
extending from 20 keV to 220 keV provide a very good and close
agreement to our data.

. . * / -
7387 that "6-+" has an unusual behavior fér F ions

It was found
— R \\._‘
and Cl ions in their collision with the rare gases, this
‘behavior shows a larger magnitude in light targets than for
. : ~
the heavier taﬁaetéf

This behavior was related to the ionic beam and target ionization
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potentials. But i't”was found that for 1  ions colliding with
: /

the rare gaseékihis behaviour was not present.

For Br ions 6{Iiding with the rare gases, it was found that"g3:*

.behaves almost in between the behavior of F ’ Cl and I .

\\/ . . »

.-

N

.\;1
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APPENDIX

o o o e et

SET ESC &  ;#INMD JUNE 1983

;s THIS IS USED TO ENTER THE DIGITAL DATA FOR THE

;M@ CROSS SECTION LEAST SQUARES PROGRAM MORE EASILY.

;FOR INFORMATION REGARDING THE CONSTANTS ENTERED HERE

;SEE THE DOCUMENTATION FOR THE LEAST SQUARES PROGRAM #LSQRM@

SET LENGTH 80

SET NOLOG .

SET VALUE S@ ' !

SET VALUE $9 '/#!

COMMENT TO END DATA ENTRY AFTER ONE LEAST SQUARES FIT ENTER- ZERO FOR NM.
COMMENT TO END DATA ENTRY AFTER ALL LEAST SQUARES FITS ENTER ZERQ FOR E.
READ VALUE W@ W1 W2 PROMPT 'E, T, SL,(3F1€.5) ='

IF (W& EQ @) EXEC 51

SET VALUE S1 S@||W@ ‘

SET VALUE S1 SUBSTR(S1,SIZE(S1)~9)

SET VALUE S2 S¢||wWl )

SET VALUE S2 SUBSTR(S2,SIZE(S2)-9) ‘

SET VALUE S3 Sa| w2

SET VALUE S3 SUBSTR(S3,SIZE(S3)-9)

READ STR S4 PROMPT. 'TITLE, (12A4) =*

- END &(51|]S2][53|]154)

READ VAL W0 W1 W2 W3 W4 PROMPT'SIG¢M,SIG@1,SIGA2,5SIGML,SIG1E, (SF10.5)="
SET VALUE S1 56| |wd

SET VALUE S] SUBSTR(S1,SIZE(S1)-9)

SET VALUE S2 S@||wl

SET VALUE S2 SUBSTR(S2,SIZE(S2)-9)

SET VALUE S3 S@]|w2

SET VALUE S3 SUBSTR(S3,SIZE(S3)-9)

SET VALUE S4 S8{|w3

SET VALUE S4 SUBSTR(S4,SIZE (S4)-9)

SET VALUE S5 S@||w4 !
SET VALUE 35 SUBSTR(S5,SIZE(S5)-9)

END &(51|t52]18311541185)

SET VALUE S5="!

SET VALUE N4=9 ~

READ VALUE W@ N1 N2 PROMPT ' P, NM, N@ , (F8.3,216)='
SET VALUE N4=N4+1 )
SET VALUE N7=N14+N2

IF (N7 EQ #) EXEC 48

SET VALUE S1 5¢]|Nl

SET VALUE S1 SUBSTR(S1, 5123(51)—5)

SET VALUE S3 S@||N2

SET VALUE S3 SUBSTR(S3,SIZE(S3}~5)

SET VALUE S4=5S8|]|wg

SET VALUE S4 SUBSTR(S4,SIZE (S4)-7)

SET VALUE S5=S5]]S51|1S3||s4

IF(N4 LT 4) EXEC 36 .

END §S5 TNl
IF{N7 NE 2} EXEC 34 . -

ExBC 11 -

END &S0

END &S9

SET ESCAPE !

as



1. SET ESC & ;$INMP  MAY 83

2. ;THIS IS USED TO ENTER THE DIGITAL DATA FOR THE
3. sMP CROSS SECTION LEAST S PROGRAM MORE EASILY.
4, ;FOR INFORMATION REGARDING THE GONSTANTS ENTERED HERE
5. . ;SEE THE DOCUMENTATION FOR THE LEAST SQUARES PROGRAM
6. SET LENGTH B0
7. SET NOLOG .
8. SET VALUE s@ ! '
9. SET VALUE 59 '/**
10. COMMENT TO. END DATA ENTRY AFTER ONE LEAST SQUARES FIT ENTER ZERO FOR MM, -
11. COMMENT TO END DATA ENTRY AFTER ALL LEAST SQUARES FITS ENTER ZERO FOR E.
12. READ VALUE W@ W1 W2 PROMFT 'E, T, SL =(3F14.5)'
13. IF (W3 EQ @) EXEC 62
14. SET VALUE Sl s@iiwe .
15. . SET VALUE Sl SUBSTR(S1,SIZE(S1)~9) _ .
16. SET VALUE S2 S@|{Wl -
17. SET VALUE S2 SUBSTR(S2,SIZE (S2)-9)
18. SET VALUE.S3 S@| w2
19. SET VALUE S3 SUBSTR({S3,SIZE(S3)-9)
20. READ STR S4 PROMPT ‘'TITLE =(12A4)°
21. END &(S1}iS2]1531154)
22. - READ VAL W8 W1 W2 W3 W4 PROMFT 'SIG16,SIGIM,SIG12,SIGM3,SIGO1=(5F1d.3)"
23. SET VALUE S1 S@||w@
24, SET VALUE S1 SUBSTR(S1,SIZE(51)-9)
25. SET VALUE $2 S@}iwl .
26. SET VALUE S2 SUBSTR(S2,SIZE(S2)-9)
27. SET VALUE S3 S@1Iw2 .
28. SET VALUE S3 SUBSTR(S3,SIZE(S3)=9)
29. ' SET VALUE 54 sg||w3
3g. SET VALUE S4 SUBSTR(S4,SIZE (54)—9)
3l. SET VALUE S5 S@] w4 .
32. SET VARUE S5 SUBSTR(S5,SIZE (355-9)
a3. END &(S11152]15411S4[155) _
34, READ VALUE W@ W1 W2 W3 PROMPI‘ 'BGM, BGP, D1, D2, (4F8.3)='
3s. SET VALUE S1 S@|iwg
36. SET VALUE S1 SUBSTR(S1,SIZE (51)-7)
37. SET VALUE S2 58||Wl
38. SET VALUE S2 SUBSTR(S2,SIZE(S52)-7)
39. SET VALUE S3 S@][w2
40. SET VALUE $3 SUBSTR(S3,SIZE(S3)-7)
41, SET VALUE S4 S8||wW3
42. SET VALUE S4 SUBSTR(S4,SIZE (S4)~7)
43. END &(S1|1S21is3||54)
© 44, SET 'VALUE S5=''
45, SET VALUE N4=9
46. READ VALUE W@ N@ N1 PROMPT ° p(m**wamam /N, NP, (F8.3,216) =1
47. SET VALUE N7=Np+N1 P .
48. IF (N7 EQ @) EXEC 58 -
49. SET VALUE N4=N4+1
50. ’} SET VALUE S1 S@{|we .
51. ' SET VALUE Sl SUBSTR(S1,SIZE(S1)-7)
. 52. ' SET VALUE S2 S@||Ng
. 53, SET VALUE S2 SUBSTR(S2,SIZE(S2)~5) )
54. SET VALUE S3=5@|!N1
55. SET VALUE S3 SUBSTR(S3,SIZE({S3)-5)
56. SET VALUE 85=85{|s2l1s3]Is51
57. IF (N4 LT 4) EXEC 46
8. END &S5
59. IF (N7 NE @) EXEC 44
_60. EXEC 11
61, END &S8
62. END &S9

63. SET ESCAPE '’ - 46



22.
23.
24.
25.
26.
27.
28.
29.
38.
3l.
32,
33.
34.
35'
36.
37.
38,
39.
ag.

. 4L,

.42,
43.
a4. -
45.
26.
a7.
48.
49.
50.
51.
52.
53.
54.
55.

C LEAST SQUARES FIT TO (CDUNT(RATE_RAT]EO/PRESSURE) #1sqem@ X

C LINEAR FUNCTIONAL RELATION ASSUMED.

*hkdh*? SIGMA M@ CORRECTED — THIN TARGET CONDITION — *kkkkdkkwiwwik
TEMPERATURE AT WHICH THE EXPERIMENT HAS BEEN DONE : T ( K )

ENERGY AT WHICH THE EXPERIMENT HAS BEEN BONE : E ( KEV )

TARGET LENGTH = SL ( QM.) ‘

CROSS SECTION = SIGMA(1,E=15*%({CM**2)) .
PRESSURE = P = FP (E-3 TORR)

anNnNanan

DIMENSION A(12,50),R(2@),P(20),SR(20),12(4),I1(4),FP(4) SIGEM(SPJ),
&SIG@1 (5@) ,SIGe2(58) ,SIGML (52) ,SIG18 (58) ,SIGMA (50) E(5l),ESIGM°.(5G)

15 L=1 .
READ(5, 162) E(L),T;SL, (A(Z,L),I=1,12) , \
192 FORMAT (3F18.2,12A4) I
‘IF(E(L).EQ.0.8) RETURN -
1 WRITE(6,183) E(L),THSL, (A(I,L),I=1,12) S
103 mm'r(lul,aax,m#fswe/lzme ENERGY = ,F5.1,24H KEV  TEMPE
&RATURE = ,F6.2,17H TARGET '= ,F7.4,4H CM./1H@,12A4)
AL CROSS SECTIONS USED IN THE CORRECTION.
READ (S, 189 \SIG#M(L) , SIGEL (L), SIGE2(L), SIGM1(L), SIG1@(L)
189 FORMAT( 5F16\5 )
WRITE (6,119)SIG@M (L) ,SIGHL (L) ,SIGA2 (L) ,SIGML (L) ,SIG1P (L)
114 FORMAT( 9HO SIGOM=,F6.4,7H SIG#1=,F6.4,7H SIGE2~F6.4
'1,7H SIGM1=,F6.4,7H SIG1@=,F8.4,13H (E-15 CM**2))
CSTE=4.8384%SE.* (SIGEM (L)+5IGOL (L) +SIG (L) ~SIGML (L)) /T
165 FORMAT (4 (216,F8.3))

M=
c * RUN k" }
WRITE(G 124)
104 FORMAT('®',58H IONS (=1) ATOMS (9) PRESSURE
1RATIO /45H (C‘OUN’I‘S) {COUNTS) {E-3 TORR) ./)
o COUNTS FOR NEGATIVELY 'CHARGED IONS : A2 ’
C COUNTS FOR NEUTRAL ATOMS: Al
11 READ(S,185) (12(1),I1{1),FP(I),I=1,4)
DO 16 J=1,4
IF(I2(J).EQ.B) GO TO 3@
M=M£)-_
A2=I12(J)
Al=I1(J)

R(M) =AL / ( A2 + Al / 2. )

IF(I1(J).EQ.8) Al=l.@

P (M)=FP(J)

IF (M.EQ.1)} P(Z)=P(1)

P (M)=P (M) -P(Z)

SR {M)=R (M) *R (M) * (L. /A1+1./A2)

WRITE (6,196) A2, Al, P{M), R(M)
186 FORMAT (1H ,S5X;F10.8,5X,F10.8,5X, Fm 3,5X,F10.8)
12 CONTINUE .

GO TO 11

32 DO 14 K=1,3

. IF{K.EQ.1)WRITE(6,101)

181 FORMAT (31H@NG TARGET THICKNESS CORRECTION)
' IF (K.EQ.2) WRITE{6,112) ‘
112 mrzmmumecomcrm FOR TARGET THICKNESS)

S
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C

111

. y e )
IF(K.EQ.3) WRITE(6,111) )
FORMAT (54 HOCORRECTED ‘FOR TARGET THICKNESS AND BEAM GAS THICKNESS)
K IS THE NUMBER OF THE CORRECTION. _ ’

g

2o s

E NUMBER OF THE RUN.

6 J=1,M

VALUE OF THE SLOPE, METHOD OF LINEAR LEAST SQUARE FIT
AND ITS ERROR

X,Y,XX,XY ARE WEIGHTED MEAN VALUES,

" IF(SR(J).EQ.0) SR(J)=1.8

W=1./8R (J}
SW=SW + W

- X=X+P(J)*wW

‘16

108

13

Y=Y+R (J) *W
XX=XX+P (J) *P (J) *W
XY=XY+P (J)*R (T} *W
YY=YY4R (J) *R (J) *W
CONTINUE

ERROR=SLOPE ERROR FROM INDIVIDUAL POINTS

ERROR=1, /SQRT (XX-X*X/SW)

X=X/SW

Y=Y/SW : !
XX=XX/SW :

XY=XY /SA

YY=YY/SW .

SLCPE = (XY-X*Y)/ {XX=X*X)

ERR=SLOPE ERROR FROM SPREAD OF POINTS FROM LINE

ERR=1.E+3*SQRT (SLOPE* ( (YY-Y*Y) / (XY~X*Y) -SLOPE) /M)

INTERCEPT +/- ERROR IN INTERCEPT = CEPT +/- ERCEPT.
CEPT=Y-X*SLOPE

ERCEPT=ERROR*SQRT (XX}

ERROR=ERROR*1.0E+3

SLOPE=SLOPE*1.9E+3

5IGMA =1,0351E-19*T*SLOPE/SL

SIGM@ (L)=SIGMA*1.GE1S

ERSIG=SIGMA*ERROR/SLOPE

ESIGMA (L)=ERSIG*1.0E15

SIGP=SIGMA+ERSIG

SIGM=SIGMA-ERSIG

WRITE (6,108) SLOPE , ERROR, CEPT , ERCEPT, ERR, SIGP,SIGMA, ERSIG, E (L} ,SIGM
FORMAT (29H@ EQU. FOR BEST LINE/11H RATIO = (,F108.5,3H+/~,F8.5,14H
&) *PRESSURE + (,F10.5,3H+/-,F1¢.5,2H)./

&30H@ SLOPE ERROR FROM LINE FIT = ,F1#.5/T4¢,1PE1l.4/

&25H TOTAL CROSS SECTION = (,1PE1l.4,3H+/-,E11.4,12H) Qu**2 AT,
&PF6.1,4H KEV/T48,1PE1l.4/)

DO 14 J=1,M

GO TO (12,13,14),K

CORRECTED MEAN RATIO - TARGET THICKNESS CORRECTION —. .
R{(J)=R(J)/(1.+(CSTE-SIGML (L) *SIG1@ (L) /SICMA*4. B3B3E-15*SL/T}*P (J))

-
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111.
112.
113,
114.
115.
116.
117.
1i8.
119,
12@.
121.
122,
123.
124,
125.
126.
127.
128.
129,
13@.
131.
132.
133.
134.

135,

136.
137.

P(J)=P (J) +1 .E+3*CEPT/SLOPE .
12 R(J)=R(J)* (1.+(CSTE-SIGML (L) *SIG10 (L) /SIGMA*4 . 8303E-LS*SL/T) *P (J) )
14 CONTINUE ' o
WRITE (6,113)
113 FORMAT (120H
e \
L=L+l - _ , .
READ(S,102) E(L),T,SL,(A(I,L),I=1,12)
C  GOING TO ANOTHER EXPERIMENT?
IF(E(L) .NE.8.0) GO TO 1
WRITE (6,114)
© Lel-l |
114 FORMAT (8PH1|ENERGY SIGEM SIGOl SIGE2 SIGML SIGlP  SIGM@
" & ERROR UPPER  LOWER)
DO 115 I=1,L. '
SIGP=SIGM@ (I)+ESIGMA (I)
SIGM=SIGM® (I)-ESIGMA (I) ,
115 WRITE (6,116)E(I),SIGBM(I),SIGOL (1) ,SIGR2 (1) ,SIGMI(I),SIG18(I),SIGM
&0 (1) ,ESIGMA(I) ,SIGP,SIGM, (A(J, I),J=1,12)
116 FORMAT (24 |,F6.1,5F8.3,F16.5,3F8.5,12A4)
WRITE (6, 117)
117 FORMAT (1264 | —
& )
GO T0 15
17 RETURN
END
//GO.SYSIN DD *
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30.

41.

47.

49,

C
C

OOOO0aaOo00

C

LEAST SQUARES FIT TO (COUNT RATE RATIQ/PRESSURE}, #LSQRMP may 83
LINEAR FUNCTIONAL RELATION ASSUMED,. . :

*hANx* SIGMA MP CORRECTED - THIN TARGET CONDITION — waskkwkiksiik

BG = ‘BACKGROUND TO COUNTS :

DBG = ERROR ON BACKGROUND COUNTS.

TEMPERATURE AT WHICH THE EXPERIMENT HAS BEEN DONE : T {K)
ENERGY AT WHICH THE EXPERIMENT HAS BEEN DONE : E { KEV )
TARGET LENGTH = SL ( (M.)

CROS5 SECTION = SIGMA(1l.E-15%((M**2})

PRESSURE = P = FP (E-3 TORR)

DIMENSION A(12,99),R(29),P(20),SR(20),12(4),I1(4) ,FP(4),SIG1A(99),
&SIG1M(99),5IG12(99) ,SIGM@ (99) ,SIGRL (99) ,SIGMP(99) ,E (99) ,ESIGMA (99)
1,BGM(99) ,BGP (99) ,DBM(99) ,DBP (99)

15 L=1
READ(5,1¢2) E(L),T,SL,(A(I,L),I=1,12)
IF(E(L) .EQ.8.8) RETURN
182 FORMAT (3F10.2,12A4)
1 WRITE(6,183) E(L),T,SL,{A(I,L),I=1,12)
183 FORMAT (14H1 ENERGY = ,F5,1,24y KEV TEMPERATURE = ,F6.2,
117 K TARGET = ,F7.4,4H CM.,12A4/1H , 30X, TH4LSQRMP)
READ THE TOTAL CROSS SECTIONS USED IN THE CORRECTION.
READ (S, 109) SIG1@(L), SIGIM(L), SIGl2(L), SIGMB(L), SIGAL (L)
189 FORMAT( SF18.5 ) } .
WRITE (6,119)SIG18 (L) ,SIGIM(L) ,5IG12 (L) ,SIGMd (L) ,SIG@1 (L)
11@ FORMAT( 9HP SIG1@=,F8.4,7H SIGIM=,F6.4,7H SIG12=F6.4-
1,74 SIGM@=,F6.4,7H SIGPl=,F6.4,13H (E-15 CM**2)})
CSTE=4.8304*SL* (SIG1@ (L)+5IG1M (L)+SIG12 (L)-SIGMB (L)) /T
1865 FORMAT (4(I6,16,F8.3))
READ(S, 187) BGM(L) ,BGP (L),DBM(L),DBP(L)
187 FORMAT( 4F8.3 )
+ WRITE (6,118)BGM(L) ,BGP (L) ,DBM (L) ,DBP{L)
118 FORMAT( 7 BGM=,F8.3,7H BGP=,F8.3,
17H DBM=,F8.3,7H DBP=,F8.3) ‘ '
M=g _
! - * RUN * -
WRITE(6,134)

164 FORMAT('0',58H  IONS =~1 _ TIONS +1 PRESSURE

c

1RATIO /45H (COUNTS) (COUNTS) (E=3 TORR)./)
COUNTS FOR NEGATIVELY CHARGED IONS : AZ-BGM(L)
COUNTS FOR POSITIVE CHARGED IONS: AY-BGP (L)

11 READ(S,105) (12(I),I1(I),FP(I},I=1,4)

DO 18 J=1,4 ) .
IF(I2(J).EQ.@) GO TO 33 -

M=M+1

A2=I2(J) * -

Al=I1(J)

A3=A2-BGM(L)

A4=A1-BGP (L)

R(M) =Ad / (A3 + A4/ 2. )

IF(Al.EQ.BGP(L)) A4=1.0

P(M)=FP{J)

IF(M.EQ.1) P(2}=P (1}

P(M)=P (M) -P(Z) _ 2

SR(M)=R(M}*R (M) * ( (A1+DBP (L) *DBP(L) ) /A4/A4 + (SQRT (A2+DBEM (L)*DBM (L)
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56.
57.
58.
58.

68. .

61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.

78.
79.
80.
8l.
82.
83.
84.
8s.
86.
87.
88.
89.
9¢.
91.
92.
93.
94.
95,
96.
97.
98.
99.

180.

101.

102.

193,

104.

105.

106.

107.

108.

109.

119.

\

1 )+.5*SQRT(AL+DBP(L)*DBP(L)) ) **2/ (A3+. 5*A4)**2)

“"WRITE (6,106) A2, Al, P(M), R(M) =,

1gc

C

N0

19

FORMAT (1H ,5X,F18.2,5X,F18.2,5X,®19.3,5X,F15. 8)
CONTINUE

GO TO 11

30
181
112

111

16

DO 14 K=1,3 .

IF (K.EQ.1)WRITE (6,101)

FORMAT (31HENO TARGET THICKNESS CORRECTION)
IF (K.EQ.2) WRITE(6,112)

FORMAT (31HOCORRECTED FOR TARGET THICKNESS)
IF (K.EQ.3) WRITE(6,111)

FORMAT (S54HRCORRECTED FOR TARGET THICKNESS AND BEAM GAS THICKNESS)
K IS THE NUMBER OF THE CORRECTION.
SW = d. :
X =0,
Y = 4.
YY=g,
XX = @.
XY = 9.
J IS THE NUMBER OF THE RUN. N
16 J=1,M ' :

VALUE OF THE SLOPE, METHOD OF LINEAR LEAST SQUARE FIT
AND ITS ERROR

X, Y, XX, XY ARE WEIGHTED MEAN VALUES,

IF(SR(J) .EQ.9) SR({J)=1.0

W=L./8R(J)

SW=SW + W

X=X+P (T} *W

Y=Y4R (T} *W

XX=XX+P{J)*P(J) *W

- XY=XY+P(J)*R(J) *W

YY=YY+R (J) *R{J) *W
CONTINUE . *“

ERROR=SLOPE ERROR FROM INDIVIDUAL POINTS

- ERROR=1 ./SORT {XX~X*X/SW)

X=X/SW

Y=Y/SW -
XX=XX/SW - '
XY=XY /SW :
YY=YY/SW

SLOPE = (XY-X*Y)/(XX-X*X)

ERR=SLOPE ERROR FROM SPREAD OF POINTS FROM LINE
ERR=1.E+3*SQRT (SLOPE* ( (YY-Y*Y)/ (XY-X*Y) -SLOPE) /M)

INTERCEPT 4/~ ERROR IN INTERCEPT = CEPT +/- ERCEPT.
CEPT=Y-X*SLOPE

ERCEPT=ERROR*SQRT (XX)

ERRQR=ERROR*1.@E+3

SLOPE=SLOPE*1.0E+3

SIGMA =1.0351E~19*T*SLOPE/SL

SIGMP (L)=SIGMA*1,gE15

ERSIG=SIGMA*ERROR/SLOPE

ESIGMA (L)=ERSIG*1.0E15

SIGP=SIGMA+ERSIG
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111.
112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.

. %é; -
v26.
127.
128,
129.
130.
131.
132,
133,
134.
135.
136.
137.
138.
139.
144a.
141,
142.
143.
144,
145.
- 146.
147,
148.
149.
15@0.
151.

SIGM=SIGMA~ERSIG ,
WRITE (6,108 ) SLOPE, ERROR,CEPT, ERCEPT, ERR, SIGP, SIGMA, ERSIG , E (L) ,
&SIGM
198 FORMAT (20H@ EQU. FOR BEST LINE/11H RATIO = (,F12.5,3H+/-,F15.5,14
&H)*PRESSURE + (,F18.5,3H+/—,F18.5,2H)./
&30HP SLOPE ERROR FROM LINE FIT = ,F1@.5/T4¢,1PE1l.4/
&25H TOTAL CROSS SECTION = (,1PE1l.d,3H+/-,E1l.4,12H) QM**2  AT,@
&PF6.1,4H KEV/T48,1PE11.4/) o
DO 14 J=1,M -
GO TO (12,13,14),K

C CORRECTED MEAN RATIQ - TARGET THICKNESS CORRECTION -,

12 R(J)=R(J)*(1.+(CSTE-SIGMB(L)*SIG01(L)/SIGMA*d.83@3E-15*SL/T)*P(J))
GC TO 14
13 R(J)=R(J)/(l.+(CSTE-SIGMB(L)*SIG@I(L)/SIGMA*d.83@3E-15*SL/T)*P(J))
P(J)=P{J)}+1.E+3*CEPT/SLOPE ’ .
R(J)=R(J)*(l.+(CSTE-SIGMG(L)*SIG§1(L)/SIGMA*4.83@3E315*SL/T)*P(J))
14 CONTINUE
WRITE (6,113)
113 FORMAT (120H
& )
L=L+1 :
READ(5,102) E(L),T,SL,(A(I,L),I=l,12)
GOING TO ANOTHER EXPERIMENT?
IF{E(L).NE.3.0) GO TO 1
WRITE (6,114)
L=L-1
114 FORMAT (88H1|ENERGY SIGlg SIGIM SIGl12 SIGM@ 51GP1 SIGMP
& ERROR UPPER  LOWER)
DO 115 I=],L
SIGP=SIGMP(I)+ESIGMA(I)
SIGM=SIGMP(I)~ESIGMA (1)
115 WRITE(G,IIG)E(I),SIGlﬂ(I),SIGlM(I);SIG12(I),SIGMG(I)!SIGﬁl(I),SIGM
&P(I),ESIGMA(I),SIGP,SIGM,(A(J,I),J=l,12}
116 FORMAT (2H I,FG.l,SFS.B&FlB.5,3F8.5,12A4)
WRITE(6,117)
117 FORMAT (12@H |- ,
& ' - )
GO TO 15 :
17 RETURN
END

//GO.SYSIN [D *
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