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ABSTRACT

A ﬁethod of obtaining elmost monochromatic photon
beams from well-collimated positrons is investigazed. .
Tt is Tound that suca photon beams are naturally
suitable for use with a hydrogen bubble chamber. Tne

main backgrognd is due to electron tracks from pair

prqductiqn and Compton effect waich limit the numver
of acceétable photons/pulse‘to about ﬁOO.

A typical case has been ca_culated with the result
that for incoming 15 GeV positrons one cbtains a

of 1% and a signal-to-

7.27 GeV photon beam with [%?

noise ratio of 1:3.
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I. IXTRODUSTION

Recent experiments at the Cambridge Eiectron Accelerator have shown

that photoproduction of strongly interacting varziicles and their resonant

states can De successiui., studied with a hydrogen oubtle chaxber.t Tz
photon spectrum used was & regular thin terget dremssiranliung.

A significant improvemenf in‘thé'rate of producticn and analysis of
photoproduction data could come from ti... case of a monociromatic gamma
beam. Such é_beam seens feasidle at SLAC because of the e:peéted nigh

. . . L oea . . + o sn
intensity of positrons. The process considered nhere is e e enninilia-

tion in flight in:> two photons.

Hy

In this note we examine (1) sible 'way ou obtainiigz 2inost mon-
chromatic photon beams, (2) a proposed beam design, and (3) the meximun
number of photons/pulse that car be admitted into a hydrogen bubbie

chamber.
II. PHOTON RATE CALCULATION

A. Photons from Positron Beanms
* The possibility of obtaining almost monochromatic photon beams from
. . ‘ I
elecuron p051tro“ annihiiation has been examined? recently. In e -e.

annzhilation 1nto two pnotons, an emerging photon at a fixed angular

intexrval 91 in del' has a Unique energy kl -in dkl, related by
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The zrcss secsion of pair-annihilation into two photons with the elec-
rest (Laborauory System), integrated over the veriavle
second photon and the azimuthzal angle of

= of the
he first photon is gives~ y:
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In the small angle ané extreme relativistic approximetion, P ~ 1,
yE L=y, and l-38y= 9?/2, Egs. (1) and (2) reduce to
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having energy k

Thus, the number of photons/pulse from the palr-annlhl'atlon process,
L and emerging at an angle

Gl }n del is:
Nﬁgir SR -l Tain (el ? dkl) . - (4)
where N_ = Avogadro}svnunoer, A = mass numbef, t = target thickness nmeasured
in gm-em™®, and I = number of beam posiﬁrons/bulse.



B. Direct Brexssirshlung
A ccrmeting source of phot ons in such a bear is due to “=e direct brems-

strzhlung process of positron. in the fieid ofl target nuclei and electrous,

emitting r-otons .t en angle & in d8 having energy k in d&k. Thre

=] £

energy-angle Cisirivbution of thin target electron brensstranling has deen

.y 2D =

. - - R s . . —rtam e -
exzmined oy -cniff,” wno has integrated tl.e Betnz-Helller equav-ii Tver the

. scattered electron angles taking screening elfects into consiieration

In the relativistic l*n*u, the direct o*emsgtrahl ng. cross-section Jiu
by

to eleC"“ons on target nuclei is given by:

'
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Vo= = and X = 70, where we have chosen hydrogen as the target. Here,
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we have assumed thet =2 p and e e Dbremsstrahlung are roughly eqgual
Tecause their small angle scattéring'cross-sections gdre similar.

The number of unotons/pulse from the direct bremsstrahlung of positrons

on hydrogen having energy k in- dk and emergirg.at an angle 6 in ag is:
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- smparing Eq. (6) with Bq. (7) we note that the mutber of produced
photons as a function of emission angle behaves &as = from the direct
'bfémsstréhlung process, énd as %? from.pair-annihilation; the ratio of
pair-annihilation proiuczé photons to that <l bremsstfahlgng.increases
with x as x°. Hence, to obtain a desirable ratio it is necessary to
collimate in *the range of X = ECO—BOO. In cases to be considered 9._

is aln .78 2 1°. ;

C. ZITndirect Zreniotrahlung

As a sc-ond source of background photons we consider the indircce
bremsstrahiung process, where the positron suffers & single large angle .
scatter & in 49 and subsequently emits into d6 a bremsstrahlung

photon having energy Xk in dk.

: : +

From elementary considerations, the probability of scattering® e
. 2 -

at an angle 6 in dé on a proton, for the relativistic case, is given
by:

>
P, = BﬁNorit -E—\ a9
E /] &

o ;
. -+ . . -
Since e -e  scatterinz at small momentum transfers is similar to

et-p scattering, the probability for a positron to scatier on hydrogen

'Y

(e”,P) can be approximated o be EXPSé(e+-P). Hence,

"0 O >

. Psé(e+~H) = ;6nN 2% iz S | (8)

where” x = 78 and t 1s measured in gm—cm"e.,
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pamer = A=

The probebility for a posizron Of energy EO to exit a photon of

energy % In &k, in the Jield of a proton is:

+ L. - 5 2 ax .
oL+ {e-E) = XSt — F(B LY
rad ) lj;_ho Q ( o’ ) ' (9)
wrere, in the case of complete screening, vae furnction T(EO,V) iz givén§
by:
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~ of photons/pulse from the indirect

positrons on hydrogen is expressed as: .
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Compering Egs. (6)-and (7) with (10), we note that the nuxber ol
photons/pulse as a function of targed thickness behaves as t(gm-cn®)
from pair-annihilation and direct bremsstrahlung, and as t2 from indirect
premsstrahlung. So that, in order to suppress this competing source oI
indirect bremsstrah;ung photons it is not oniy necessary to collimate at
lerge values of x but also to use a hydrogen targef of thickness
t < 0.5 gm-cm"a. This thickness has not been optimized but is a useful
~value in that it yields an indirect bremsstrahlung vackground which is

avout 8% of the direct bremsstrahlung.

s

D. <{Computational Results .
To obtain the photons/bulse total spectrum for Jixed values of X,

-y
[

dx and T  intezration of Egs. (6) and (10) was perfoimed’ over the



photon‘enérgies. A lower limit éf photon energy kmin = 0.020 GeV was
.talen, assuming that only bremsstrahlung photons of energy greater than 20
MeV wouls be transmitted by a one radiation length liquid hyérogen photon
filse ’ A . )
'It turns b;t that the best results are achieved for the highest'ener-
gy.poéitfons{ Leceordingly we rove chosen as two typical cxumjles the

case of 7.27 GeV and L.86 GeV photons produced vy 15 GeV zositrons. The h

results are shown in Fig. 1(a) and (b). Results for 10 GeV positrons are

shown in Fig. 2. All these cases have been calculated based on a positron

intensity of 4 X 10%° e /pulse and a liguid hydrogen target taiciness of

0.50 gm-cm™2. We have investigated the effectsof multiple scattering and
g g

fi.Z them to be negligible. For example, in the case of Fig. 1(a), the

& Jo___., <10-2.
m.s.’ annih ~

The total number of photons stated on the figures do not taxe into
account the absorption of photons in the beem hardner nor any reduction

due to azimuthal collimation (see Fig. 4). We estimate these effects to

be on the order of-a factor of 10 reduction for practical cases.

III. BEAM DESIGN

’A positron source for the 25 GeV Stanford Linear Accelerator has been
designed by Drs. H. C. DeStaebler, Jr., of SILAC and J. Pine of the Cali-
fornia Institute of Techndlogy. The source is shoyn schematically in
Fig. 3. ZXElectrons are accelerated to approximatel& j GeV down the first
tnird of the accelerator. At this point they impinge on a high Z con-
verter, producing pgiré. Low energy positrons in the range of 3-30 MeV
are capiured in a tapered solencid with a maximum‘magnetic field of

20 kilogauss, followed by a uniform field solenoid placed over the first
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following accelerator tube section. TIhe accelerator 1s reverse pi hased

after the converue” an d the cantured positrons are accelerated for the

ct

remaining two-thirds of the machine. Quadrupole triplets are spaced

v

mcre or less uniformly down the remaining lengtn of the accelerator in

‘order to mainfain the phase space.

For St ave I acyele ator coeration this would correspond t6 15 GeV
positrons. ¥For a power of jovkw dissipaged in the converter calcula-
tions indicet. <hat a beam intensity of 4 x 10°° e+/pﬁlse is feasible.

izure 4 shows the proposéd bean layout. A Weil—collimated pOsi~

%gw =1% and A9 = 10™% rad. passes through a steering

. ! '
magnet HL onto the target T. This steering maznet allows one to

tron beam of

‘change the observed annihilation angle without moving the collimators.
A sweeping magnet H2, placed fer eu\::. 50 as not to interfere with
the primary beam deflects non-interacting ., GeV p051trons.- The
photons are hardened by a one radlatlon length of liquid hydroaeﬂ
surrounded by a weak magnetic Tield. This is followed by a high Z
circulér slit 81. A second sweeping magnet. H4 clears the defined
photon channels from any created pairs at the filter or siit. A
second Gefining circular slit S2 is placed 2/3 downstrean from the
target with an aperture slightly larger tnan required by a line througn
T, Sl; and S2; the purpose of S2 1is to absorb second generation
photcr. from Sl. . |

Assuming a characteristic collimation angle of 6 = 8 X 1077 rad.,
.the'photon beam after a drift length of 60 m will be localized in a Circu—'
lar ring of r =48 em in dr = 1.2 em. To accept 1/3 of this bean
into the hydrocgen bubble éhamber requires a beain thin window of dimen~
sions 25 X 70 cm. This thin window shoull te made o a low _Z

matérial, pre-c:ably a beryllium alloy.

-8 -



IV. BACKGROUND ELECTROMAGNETIC INTERACTIONS IN THE HBC

The backgfbund'elecﬁromagnetic interactions in the hydrogen bubble

~ chamber are pair;prqduction and Compton scattering. As such these
interactions set a ﬁélerance limit on the number of beam photons eﬁter~
ing the chamber. The proposed beam design assures that such inter-
actions within the chamber will take place in a spread-out fashion. This
requirement is essential for easy scanning and measurement of interest-
ing events. The probability for these reactions to occur in a 1.0 m

HBC is shown in Fig. 5. 1In sﬁch a chambervwe estimate that a total of

LOO incident photons will produce a maximum tolerable background of

27 electromagnetic interactions.
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