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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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ABSTRACT

The positronwglectron annihilation cross section has been measured for
50, 100, and 200 Mev incident positrog energies, Three small proportional
counters in a magnetic field detqrmined the incident electron or-positron
momentum and a large scintillation counter immediately behind the absorber
indicated the disappearance of a“‘particleo The positron annihilation cross
section was determined by subtracting the electron loss rate (due mainly
to bremsstrahlung eﬁargy losses) from the positron loss rate. The cross-
sections obtained at 50, 100 and 200 Mav were, respectively, 11,0 # 2.5,
6.3 + 1.2, and 3.7 +'0.6 millibarns per elactron in a beryllium absorber,
in good agreement with Dirac's two quantum annihilation cross section,
The prnSanqé‘of annihilationiradiation was detected in coincidence with
the disappearance of a positron within a small cons in the forward direc-

tion,
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ELECTRON-POSITRON ANNIHILATION IN FLIGHT
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.Durihg the course of searching ngc}gar plates for electron=electron scatter-
ing_QVnnts with 200 Mev incident electrons, Barkas, Deutsch, Gilbert and Viole'l
observed two @Vents.that corresponded to the disappearance in flight of a high
energy electron. Thase two avents appeared quite real with no plausible ex-
planation, |

The following experiment was done to gain more information about électron
and positron disappearances in general and if possibie to explain the two
disappearance 9Vants,ob8erv@d'above?%, | ‘

At the outset it was well recognized that positrons should disappear in
flight by annihilating with an electron at rest giving.riSa to two gamma rays.
This is &.Séccnd order process in elesctrodynamics and the theoretical cross
Soctibn was known with some confidenGQBO.VIt was therefore proposed at the
beginning to try to observe the annihilafion-in flighf of positrons by a
balance type experiment comparing the "disappearance® cross section of pos-
itrons to that of e~lectrons. ) A

A thin radiator (placed in the magnetic field of the pair spectrometer)
in the path of the bremsstrahlung beam of the synchrotron is an excellent

symme~tric source of high ehergy positrons and electrons., Reversing the dirsc-

tion of the magneotic field changes only the sign of the particles observed in

¥ After the initiation of this work, a further search of plates exposed at the
safs time but at lowar ensrgy was made which showed more disappearances of one
sign of particles and none of the other, The conclusion drawn in the erratum
(rof. 2) above is that the magnetic field was somehow reversed and that the
disappearances observed were annihilations of positrons in flight.
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| a given direction. ‘The.number and direction of the particles relative to the
pagkground should stay the same. With this symmetric type source a comparison
could be made of the "poor geometfy"“adsorption of positrons versus electrons,
,_[ At this point it is necessary to considér*the absorption-pfpcesses in-
»‘v01Ved'when a 200 Mev electronAéf positron passes through matter. The known
processes ares

l, Ionization loss

2, Bremsstrahlung or radiation loss

3° Multiple scattering

L. Single large angle scattering

5, Annihilation in flight (positrons only).

Inverse beta decay is theoretically too small to be considered a compet-
ing.processo The first four processes should be essentially the same for posi-
troné and electrong*o Therefore if-we are looking for a difference in the ab-
sorption between positrons anﬁ-electrons, the loss due to thes; processes
should be made small, i.e. the absorber should be thin compared fo the range
and of low Z. Processes 2, 3, and 4 are'proportional'£§ ‘the sgquare of the
muclear charge Z of the absorber, while the annihilation crogs section is pro-
portiohal fo Z. For the experimental conditions of & low Z-absorber (2¢10),
‘a 801id angle of the absorber to the detector of 247, and 50 to 200 Mev in-
cidenﬁ'particlesg processes 1, 3, and 4 are small compared to 2 and 5, Brems-
strahlung gives rige to an apparent absorption in the following manner, The
incident electrqn or positron radiates a large fraction of its energy in one

event leaving the primary particle with a small energy, say less than 5 Mev,

If. this residual energy is less than what is required for the particle to get

¥ Electron-electron and positron-slectron scattering are different but at high
energy both processes cause only a very small angular deviation of the incident
particle and so are not observed as an absorption.
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out Qf the absorber intO'Ehe detector, then the event appears as an absorption.
The absorber thickness then had to be chosen so that the probability of brems-lf
strahlung loss by this'proceSS‘ﬁaS'smaller than the annihilation cross section.
It turned out ﬁhat 2 cm of Be gave a bremsstrahlung loss about 1// that of an- .
nihilation. Annihilation in flight would occur once in every 300 traversals
of the absorber so that an extremely small loss had to be detected.

The apparatus used is schematically shown in Fig, . 1. A,.B, and C are. .
three thin walled proportional counters in triple coincidence that defined .
the presence of a particle of a given momentum, Counter D is a stilbene
scintillation erystal 4 inches in diameter by 4 inches thick with a cylind-
rical well in it 2 cm deep to hold the absorber. With no absorber in place,
every time a triple coincidence occurs showing that a pérticle has passed
through A, B; C;, a fourth pulse should be obServéd from coﬁnter D. The loss
“of particles between counter C and D is the triple coinclidence rate minus the
quadruple coincidence rate.

_ The sensitive volupe of counters A, By and C was roughly a sphere 1/4
inch in diameter; The aligrment was performed both by maximizing‘the triples
to singles ratio, and by accurately locating the counters on a circle, i.e.-
the orbit of a particle in the uniform magnetic field. Both methods agreed.
The.patiovof triples to counter C singles rate was roughly 40 percent, show-
ing that the electrons or positrons had small deviation from their calculatéd
orbits, Qounter D was required to be extremely efficient if it was to intro- .
duce no additional loss factor. The efficiency of a scintillation counter is .
determined by both the bias setting of the pulse detector and by the number

of photoelectrons ejected in the photo tube per incident particle. The

#* These were Victoreen geiger tubes cut down in 1ength and refilled.
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counter used had to have a long light pipe to remove the photo tube from the ef-
fects of the magnetic field, but in spite of this gave approximately 150 photo-
glgctrons7pef incident particle. With the electromic bias set at a pulse height
porresponding 10 to 15 photoelectrons, the statistical efficiency was better by
many orders of magnitude than wﬁat was needed. The effective pulse size from

a émallmgammaAsource was unchanged for 4, O,»and - magnetic field showing that
the photo tube was sufflciently shielded. The coincidence circuits and gate
generators for each counter were standard in design with the exception that

the gate generator for counter D had to have zero dead time. In order to re-
cord the triples mimus the quadruple“eoincidenCe, it was felt at the beginning
'thatqﬁ“more'reliablé result could be obtained by recording both thé triple and
quadruple'§oincidences separately and then subtracting rather than using an
anticoinci&ence circuit, In order to record reliably the large numbers as-
sociated-With the triples and quadruples rates, three or m§re scalers were

used in parallel for each,

The reduction of the background loss rate was the major problem in the
success of the experiment. This turned out to be principally a counting rate
problem, not just a chance coincidence one, but also dependent upon such ef-
fects as overloading amplifier D with a resulting change of bias and after
pulsing ofvthe small proportional counters, During normal running conditions
a run of 3000 triples took 15 minutes with a background loss rafe of 1 to 3
counts, Both the‘triﬁles rate and loss rate were essentially entirely due to
particles %rom'the radiator. When the radiator was removed the triples rate
- was reduced by a factor of 800 and the loss rate relative to the primary syn-
chrotron beam was reduced by approximate;y & factor of 4, so that background

from surrounding objects did not have to be considered.
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Results N

. Table.I'displayS'the-results*on'diéappearances; Many short“runs‘of back-
ground and'abs&rbér'were’used'to balancé~cut;the effects of changing background.
Also’ the éxPériment'WES”SQt up at three’&iffﬁrént-times'withiat‘léast‘a'mOnth'S-
interval inlbetween,-and'with different cGounters., The fésults were always con-
sistent. The direction of the magnetic field was determimed by the force on a-
current carrying wire and for no run with a low'Z 8bsorber was the electron loss
rate as large as the positron loss rate.

~The Be absorber was used the most to gét statistically meaningful cross
sections for the positrop'gnn;hilgtion in flight process. LiH was used to
che¢k the Z -dependence.of disappearances at 100 and:200-Mev, but counting
times were much longer due to its low density, Aluminum and silver absorbers
showed too much bremgstrahlung loss at 200 Mev to get meaningful answers foi
the positron annihilation cross section, but’the total loss for eiectrons was
less by a factor o6f ‘5 than the ¢ross section that could be ascribed to the two
disappearances in nuclear plates. Similarly the electron loss cross section
in beryllium and LiH at 200 Mev was less by a factor of 40 than the two dis=:
appearances in muclear plates. ‘ | v
It was felt then thdat it had been reasonably established that electrons do

not disappear in flight in low Z materials by a substantially large'factor less
~ than the two events cbserved in mnuclear emulsiono_'Algqgwif the electron loss
rate is subtracted from’ the positron loss rate, thevremainder loss rate equals”'
the theoretical annihilation -cross section'at 200, 100, and 50 Mev within état-
istical accuracy. ~“There remained; however; the need for additional‘proof that -
the disappearaneés‘oprbsitrens'was*assaciated-with“thé‘annihilatiﬁn'in flight '

process,
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Confirmation ef ‘Annihil tion in Flight

| When a high energy positron annihilates with an electron at rest, two high
energy gamma fays are given off which are strongly correlated in the forward
and backward direction in the center of mass system. In the laboratory system
then, there is one'gammé ray with nearly all the energy directed forward and
another 1ow energy gamma at large angle. It was attempted then to observe the
high energy gamma Tay going forward in coincidence with the disappearance of

a positron in the beryllium absorber.

The disappearance or annihilation of the positrons in beryllium was ob=-
Served essentially the same as before; namely, three counters A, B, and C in
coincidence'proved the presence of a high energy positron, while a fourth
counter D monitdred its passage through the absorber., However, instead og
determining disappearances by the difference between two large coincidence
rates (triples minus quadruples), an anticgincidence circuit was used which
finally worked as reliabi& asbthe subtraction method. The anticoincidence
pulse was then used in coincidence with a.fifth counter, E. Counter E could
be p;;éed in two general positions: (1) the extrapolated positron trajectory
in the magnetic field, and (2) the extrapolated gamma ray trajectory (namely,
the tangent to the positron trajectory at the point of the absorber). With

counter E in position (1), an efflciency was determined for counting 200 Mev

positrons to be triples ¢+ ctunter E - 70 percent This efficiency dropped to
less than one percent ziig}ggunter E was moved to position (2), saying that
position (2) was essentially outside the positron orbit.” With codinter E in
pogition (2) in coincidence with tye anticoincidence disappearance pulse,

lieey. with counter E 1ooking at the gamma ray trajectory in coincidence with

annihilations, the ratio (anticoinc;dgncg and counter g) was less than 5 per-

anticoincidence
cent Countar E was a thin wall proportional counter, and should not detect

high energy gamma rays alone,
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However, when ?’1/2 radiationvlengths of lead (the maximum of the shower curve

fgr 200 MéV‘gamma-rays)-was put in front of coumter E in position (2)9 then

the ratio (anticoiﬂ@idence aqg'cogpterjg) inereased to 50 { 8 percent, This
o " anticoincidence ' _

says that with counter E made Sensitive to gamma rays we see & gamma pulse
in coincidence'with the positron annihilation. The half width of the positron
curve for this ratio was approximately the width of the counter showing that
the gamﬁa rays were directly forward, When electrons were used, these ratios
were essentially the same exceft that the disappearance rate for electrons
. was 1// that of positrons, The disappearance of electrons is due to high
energy bremsstrahlung loss, which should give omne high energy gaﬁma going
forward, These facts support the concept of pesitron annihilation in flight
giving rise to at least one high energy gamma ray.
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TABLE I UCRL-1960
Particle - Energy Absorber Observed loss Net loss
per 1000 minus »
traversals "~ background
positrons 200 Be 5.1
B 3.75 ¢+ 0,5
positrons 200 none 1.4
electrons 200 ~ Be 0.77
0.1 ¢ 0.3
electrons 200 none 0.65
positrons 100 Mev Be 10,5
9.5 ¢+ 1.0
positrons 100 Mev none 1.0 =
electrons 100 Mev - Be 3.7
3.2 + 0,6
electrons 100 Mev none 0,5 -
positrons 50 Mev Be 21;0
20.4 ¢ 2.0
positrons 50 Mev none 0.6
electrons 50 Mev’  Be 10,0
9.4 + 1.0
electrons 50 Mev none : 0,6 =
positrons 200 Mev 2 inch LiH 2.8
- 200 + ool&
positrons 200 Mev none 0.8 <
electrons 200 Mev 2 inch L4H 1.0
' ‘ 0.7 £ 0.3
electrons 200 Mev none 0.3 =
electrons 200 Mev 2 inch A1 le'5
' 3.8 & 0.6
electrons 200 Mev none 0,7 =
electrons 200 Mev 3.7 g/bm?Ag 4o2 ,
i 3.0 & 0,6

electrons 200 Mev none 0,7 =
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TABIE I (eont.) UCRL-1960
Positrbn loss Energy Absorber Experimental Theoretical positron
minus electron ecross section annihilation cross
loss per 1000 per_ electron section per electron
traversals , of absorber of absorber in
in millibarns millibarns

3,65 ¢ 0.6 200 Mev Be 3.7 ¢ 0.6 - 3.53

6,3 + 1.2 100 Mev Be 6.3 ¥ 1.2 6.35
11,0 4 2.5 50 Mev Be 11.0 ¢ 2.5 10.8

1.3 £ 0.5 200 Mev LiH 2.6 ¢ 1.0 3,53

Information Division
DM 4 10/7/52
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