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A meti?od of obtaining abiost monochroinatlc $ioton 

beans froth well-colllbmted positrons is iivest?,&ted. 

. . 
It iS Iound that ST;2Y2 phxon beams are r,aturally 

suitable for use with a kydrcgen bub3le chamber. Tne 

main background is due to electron tracks f&n pair 

prqduction and Compton effecti L -.:::%ch i'lrr,it the nui5aer 

of acceptaale photons/pulse to about 400. 

A typical case has been calmlated with the result 

t'nat for inconing 15 GeV positrons one obtaIr,s a 
ak 

7.27 GeV photon beam with k of 19 and a signal-to- I I 

noise ratio of 1:3. 
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Recent experiments at t'l.e Cam3ridge Electron Accelerator I-ave s'n~-m 
. 

that photoproduction cf strongly'interect$ng particles and their resonant 

photon spectrum used was a regdiar t'nin target bremsstr&lung. 

A significant improvement in the rate of producticr, and analysis of 

p>otoproduction data could cbme from tl... case of a monoc?.ro::Atic gamma 

beam. Such a beam seems feas3le at SLK Secsuse of the e:-:;e&ed 'rig> 

intensity of positrons. The process considered Lere is e+e- . . Lzr,lhiia- 

tion in flight in--; two photons. 

In this note we examine (ij 2 feaai3ie'way CL' o-qtainL.-g zL.sst TCOT.- 

chromatic photon beams, (2) a propose: beam design, and (3) the maximum 

number of photons/pulse that can be admitted into a hydrogen bubble 

II. PWCOnT RATE CALCULATION 

A.. Protons from Positron Reams 

* The possibility of obtaining almost monochromatic photon beams from 

electron-positroii annih5ation has been examinea -2 recently. m e--e+ , - _ 
-. . 

annihilation into two photons, an emerging photon at a fixed anguiir . 

interval 8 in de 
1 

1 has a unique energy kl in dklJ related by 

\, 
k 1 1+-Y I -= 
CL 1 + y(1 - BY) 
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The ,;:tSS section Of pair -annihilation into two photons wlz'n t';?e elec- 

k-0” ,-t rest I. LI (Laboratory System), integrated over the variaXe. Of the * 

second photon and the azimuthal- angle of the first photon is gives' 3~: 

W 
d pair 

= z,-gsr 
Pr'(l - BY.) 

in the small angle and 

‘r 7 

, (Y -I- 3)’ - l 
[I.+ y(l - py)j" 2y(l f y)(l - 'by) ' '. 

69. 

t 
yo- + YXl - BY) (1 + y(l - B:,p i 

i 

extreme relativistic approximation, 5 CL 1, 

y&l= y, and 1 - 9y = q/2, Eqs. (1) and (2) reduce to: 

e2 5 
,2;(Eo - kl) 

1 
kl.EO 

( 

'pair 
= z &$ yLl+ .L ” 

i, Y 
. 1 F 

where, x = 79 1' 

\ 

ix2 

C2Y + x2!2 

"[27-:-x2]"j ' * 

4 2?y4 ;.;; ..; 
J \ :’ (3) 

kl. Y 
-= 
P X2 

-2y 1 
/ 

E x .o and, dx = - - 2 kl '&y-q I r. = 2*8178 x lo 
"13 cm l 

*Thus, the number of photons/pulse from the pair-annihil&tion process, 

having energy k 
-1. 

and emerging at an angle $ in de1 is: 

where N = Avogadro's number, .A = mass number, t = target thickness.meesured 0 

in gm-cm", and I = number of beam positrons/pulse. 
l c 

. 
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B‘.. Direct 3rems~trrUung 

A cc-zpetbg'source of.pI-~otons in suc5 a beam is due to ':Ire direct breS- 

strAlung prxess or' positrorT;. '22 the fle2.d of targe t nuclei and electrons, 

r emitting pL;tons .-: an angle J in dd having ener,q k in dk. T.ze L '* . 

eneriy-an&e d.lstribution of th-Ln target eiectron Src::s;traX3rig %s 3een 

In the relativistic limit, tke direct brem.sstraMung. cross-sectlo: <:LI 

to electrbns on target 
1 

nuclei is given 3y: . 

P(X,V) = I- = 
r- ? 1 

-2 “, 
i - “j 2. . 

(5) 

Eere, k 
V =- 

E J and x = ~0, where we have chosen hydrogen as the target. 
0 

we have assumed that .2+p and e%" bremsstrahlung are roughly equal 

'xcause their smali angle sc~tteringcross-sections are s,imilar. 

Ghe number of photons/pulse from the direct bremsstrahlung of positrczx 

onhydrogen having energy k in: dk. and emergPng.at an angle 6' ti de is:. 

I I I 

pg;~*, (%k) = - 
8 < NotI dk dx j of 

137 

}. 

k x3 '/ Eq. .(5) j 
L j 

(61.’ . 
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whereal,, 

i 7 of . N pair (e,:y; = 2nr; Not1 $ ( 
I 
Eq. (3) / 
. J 

( 7 ’ Ii 

Zsmparing Zq. (6) with sq. (7) we note t'nat the ::i;Aer of produced 

d '~ from the Cirect photons as a function cf emission angle beh2ves as 2 . 

c 
'bremsstrahiung process, arid 2s J$ from p2ir4nnihilation; the ratio of 

pair-annihilation prcduo 5 photons to that LZ;' brtimssu, "--ab.lun;s iixreases 

with x as 2. Eence, _, to obtain 2 desirable ratio it is necessary t0 

collimate in t'ne range of x = ZiO-300. In cases to be considered 8, .. 

_ 

c. -__ ; * -. _- . . L..Llrect ht... .:,-;ra hiung 

As a sc:.:r,d source of background photons we consider the indir,.:; 

bremsstrdhiung process, where the positron suffers 2 single large angle ( 

scatter d in da and subsequently emits into de a bremsstrahlung 

$loton having energy k in dk. * 

From elementzry.considerations, the probability of ,catter*ing' et 

at an.angle 8 in de on a proton, for the relativistic case, is given 

by: 

Since e--e+ scattering at sm211 momentum transfers is similar to 

+ 
e - ? scattering, the prob2bility for a positron to scatter on hydrogen 

(e-J) c2n be approxim2ted TO be 2xPsc(e+-P). Hence, 

Psc(e*-H) = l&Nor~t $ 

w-here. x = ye and t is measured in gm-Cm'". 

(8) 
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Tne gro3ability for a positron of energy E. to err.it a $-~oton of 

: _ 1 _ er,ergy i. -&. Ck ., in ttz ;'ield ol a proton IS: 

i- 
y?.. _ .% . . . . j. i j = h c (1 - v)’ - g 

i 

Here, ;,a23 we have muLtipi<. .4 2 to act 0.Lirlt 
+ e ,? 

mc..c Ab’ne ?.&--.:- -1 of J.L...--‘; ~~otons/pGse from * tkie xd.lrect 'qrz3sstraXung of 

pos^;trox. on hydrogen is eqressed as: * 

Ccmprring Eqs.. (5) and (7) with (iO), we note that tk;e num3er of 

photons/pulse as a function of target thickness behaves as t(gm-cm2) 

from gair-annihiiation and direct bremsstra?Jung, and as t2 from indirect 

bremsstrahlung. So that, in order to sus?ress this ccmpeting source of 

.indirect bremsstrahlung photons it is not only necessary to collizate at 

large values of x but also to use a hydrogen target of tIS.ckness 

t ,< 0.3 gm-cm'2. This thLckness has not been o@imized 3ut is a usefiil 

.value in that it yields an indirect bremsstrahlung background which is 

I 

about 8$ of the direct bremsstra?nlung. 

D. Corqutational ZesXLts 

Tc o-stam the $lotons/puLe totai spectrum for Iixed values of x I 

dx and Y', integation of Eqs. (5) and (10) was perfc;xed' o'.~\;;' the 

-6- 



* . 

photon energies. A lower limit of photon ener,T k min = 0.020 GeV was 

c 1 tiaAce:; 0 f ., assuming bat only Sremsstrahiung photons ener,Tr greater than 20 

MeV would. be transmitted by a one radiation length liquid hydrogen photon 

flit,;. 
. I : 

It turns c;;t &at the best results are achieved for the highest enx- ', , 
. . 

r--,r positl-ons. ,&cori!ingly 7,:~ k.ve chosen as two typlccl t;:zzples the 

case of 7.27 GeV and 4.86 GeV photons produced Sy 12 GeV ::ositrons. The " I 

. 
results are shown 3 Fig. i(a) and (b). 3esults for 10 GeV positrons 52-z ._ 

~ 

sham in PQ.2. All these cases have been calculated 'cased on a positron . .' 

intensity of 4 X lOlO e+,/pul se and a liquid hydrogen target t;iic>Xess of 

0.50 gm-cm-2. We have investigated the effec&of multiple scattering and 

_?.A _dd .d them to be negligible. For example, In the case of Pig. l(a), the 

ratio S 
ni.S. /a ., < 10-2. annir, N 

+ 

The total number of photons st ated cn the figures do not take into 

account the absorption of photons in the beam hardner nor any reduction 

due to azimuthal coilimation (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 t'ne 23 GeV Stanford Linear Accelerator has been 

designed by Drs. h'. C. DeStaebler, Jr., of SLAC and J. Pine of the Cali- 

fornia Institute of Techndlo,y. The source is shown schematically in 

Fig. 3. Electrons are accelerated to approximately 5 GeV down the first 

t'r,ird of the accelerator. At this point they impinge on a high Z. con- 

. verter, producing pairs. Low energy positrons in the range of 3-30 KeV 

are captured in a tapered solenoid with a maximum magnetic field of 

20 kilogauss, foilowed by a uniform field solenoid placed over the first 

. 
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following accelerator tube section. Tne accelerator, is reverse #ased 

after the converter and the cagt;lred positrons are acceierated for the 

remaining two-thirds of the machine. Quadrupoie triplets are spaced . 
, 

mere 01' iess unifo,rmly d3wn the remaining length of the accelerator in h ,m 

order to maintain the phase space. 

For Stage I accelerator c?crat:. 'on this wozld corres2oz-d to 15 GzV 

positrons. FCC a ?over Gf 50 kY dissi_nated in t'ne converter calcula- 

tions indica-:. Lht a bea-m intensity of 4 x 10" e+/2ulse is feasi3le. . 
. 

FI;.ure 4 shows the proposed 3eam layout. A well-collimated posi- 

tron beam Gf = 1% and A9 = iOW4 rad. passes through a steering 

magnet Xi. onto the target T. This steering rzaznet allows one to 

change the observed annihilation angle vrULL --'-out mcving the collimators. 

A sweeping magnet H2, placed far enc.:.. A so as not to interfere with 

the primrJ beam deflects non-interacclng ,>'GeV positrons. . The 

photons are hardened ?q' a one radiation length of liquid hydrogen 

surrounded by a weak magnetic Eeld. This is followed by a high Z 

circular slit Sl. A second sweeping clagnet H4 ciears the defined 

photon c'hannels from any created pairs at the filter or siit. A 

second defining circular slit S2 is placed 2/3 downstream from the 

target wit> an aperture slightly larger tiian required by a line through 

T, Sl, and S2;- the purpose of S2 is to absorb second generation 

photo,., from Sl. 

Assuming a characteristic collimation angle of 9 = 8 x low3 red., 

the photon beam after a drift length of 60 m wiil be localized in a circu- 

lar ring of r = a cm in dr = 1.2 cm. To accept l/3 of this beam 

into the hydrGgen bubble c?aiioer requbes a be%': tiiin window of dimen- 

sions 25 X 70 cm. This thin windGw should ‘ce made G,' a low Z 

material, pre fx-&ly a beryllium alloy. 

-0- 
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Iv. BACKGROUND ELECTRO?4AGNETI~ INTERACTIONS IN TKE RBC 

The background electromagnetic interactions in the hydrogen bubble 

chamber are pair-production and Compton scattering. As such these 

interactions set a <olerance limit on the number of beam photons enter- 

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. In such a chamber we estimate that a total of 
. 

400 incident photons will produce a maximum tolerable background of 
+ 

27 electromagnetic interactions. 
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