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POSITRON SOURCES USING CHANNELING: 


A COMPARISON WITH CONVENTIONAL TARGETS 


X. Art,rll,1 V.N. Raier2, R. Chehab'" M. Chevallier1 , M.S. Dubrovin 2 , A. Jejcic4 , J. Silva4 

ABSTRACT 

A l.~nt.ative comparison bet.ween posit.ron sources using crystal or amorphous target.s 
IS prpsent,ed . Both kinds of sources, dedicated t,o linear colliders, make lise of multi-GeV 
incident electron beams. Considering a rather thick tungsten crystal (8 mm), such a target, 
is placed in t.he uSllal working conditions of a linear coIIider, as the .JLC source, to which it, is 
cOTllpared . C:hoosing a t.ypical scheme for t,he positron accele rator , yields, energy deposit.ed 
(lnd Jieat.ing of hoth t.argets are examined. Particular att.ention is put on the e/fect.s of the 
t.emperilt.lIre on t,he cryst.al characteristics and performances. As the ability of a crystal 
posit.ron source to sustain high intensities has to be checked, a test of radiation damage hilS 
heel) operat.ed iit. SLC, which reslJ\t.s (lfe expected in the near future. From this comparison, 
it, ilppeHrs t,llat. a tungsten crystal t.arget., 8 mm t.hick, IIsing channeling of 10 GeV elect.rons 
a long it.s < 1 I 1 > axis provides almost the same yield at the Interaction Point of a linear 
collider as the cla.5sica.l source foreseen for .1LC. Moreover, t.he energy deposited is about 
six t.imes lower. At least, an hybrid solution made of cryst.al and amorphous disks of equal 
t.hickness is recommended. [ts advant.age is to preserve mainly the performances of the 
nyst,al in a warm regime. 

1 Introduction 

The enha.ncement of ra,diation observed for channeling conditions in a crystitl, with respect to 
hrpmsstrahlnng, makes such targets interesting for large positron yields: the high ritte of pho­
t.ons generat.ed along an axis produces a. correspondingly high positron yield in th.e same crystal 

t.arg('t.. For incident electron beams, in the range 1-10 GeV, improvement in positron yields is 

('xIH,rted in crysta.\s of sufficient thickness (some mm) wjth respect to a.morphous ta.r~ets of t.he 
same t.h.ickness[l]. 

A pa.rj, rrom t.he rundamenta.l aspects or a comparison between cryst.itl and a.rnorpholls targe!:.s, 
it. is or inl,('r('sl, <1.n<l a.lso lIseful t.o foc lls t.his compa.rison on "rea.listi c" cryst.a.l/(lfllorpholls targets 
hoth d(,diC<lj,(,d to lilH'ar collideI' applications. "neaJisl.ic" mil!;ht. me<l,n able to deliv('r ('nollgh 
positrons <II . I.IH' in\.('ract.ion point.. More precisely, limit.ations <.lue to wal<e fields pllt the i<'vel of 
t,jw yield al abollt. J ('+ /incidcnt. e- at t.he int.eract.ion point. 
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The liMar collider projects, JLC, NLC and CLIC, are considering amorphous positron 
sources with impinging electron beams in the range 2 to 10 GeV[2]. 

A comparison of a. "realistic" crystal source with an amorphous one mllst concern not only 
t.he ability to reach the required yield but also some important problems as the heat.ing of the 

target due to large amounts of deposited energy, the constraints put on the incident beam qual­
itv (emi ttan ce, energy dispersion) and some peculiar condi tions associated with the crystalline 
nat.llre of the target. 

An experimental verification of the yield and transverse emittance of a crystal positron 
SOllrce should give definite answers on the useable positron yield for a LC. The description of 

the experiment, foreseen on the transfer-line Tg of the CERN-PS has been given previously[1]. 

2 Comparison between crystal and amorphous targets 

After a ,short comparison between crystal and amorphous targets of the same thickness, emphasis 
will he [lllt on crystal targets yielding the same level (le+ je-) at t.he interaction point as with 
{.II(' amorphous targets chosen in the LC projects. 

2.1 Yield 

2.1.1 	 Compared yields of crystal and amorphous targets of the same thickness 

Comparisons of crystal and amorphous targets, both 4mm thick, subjected to 3010 GeV incident 

ekrtron beam have been made[4]. The evaluation of the accepted yield, using the .JLC mat.ching 
sys{-.em, showed an enhancement of 3.3 for the crystal with respect to the amorpholls target. An 
extf'Tlsi v(' ('om parison of crystal and amorphous targets of Si, Ge and W SIl bjected to electron 
Iwams having a maximnm energy of ,5 GeV have a.lso been undertaken[5]. 

2.1.2 	 Comparison of crystal and amorphous sources giving a yield of rv lc+ j r;- at 
the interaction point 

• A typicClI sheme for a posit.ron facility is shown below: 

AD TRQ 
Lens 1ZI I>< I IS] 0 0 0 0 0 

- -e--I-in -ac--': ~ f0 ik:11Zl ci :~ ~ --'-:-'-:-'-6-':----7­: '/L....O~---'-'-
Target 	 Solenoid FOOO 

+ 

High gradient 


DR 


(lP) 

RF 

, -----:::-----:---=----~ 
Bunch Compressn-

Fiqurp 1.- The ]Josdnm !acihly, I I D: Ildiabalic r/PViN', TRQ: malr:hinq optics 
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The yields rlre generally calculated at: 

• 	 1he t.arg('t, (total yield) 

• 	 111(' ('lid or tl\(' matching sy,s1;(,JlI A D (accepted yield in transverse phase space) 

• 	 lh(' ('lI1.ranre of til(> damping ring rDll. (accepted yield both in transverse and longitudinal 
phas(' spa.cps) 

• 	 1.11<' intpractioll poinl, 

• The accepted yield in transverse phase space 
<iep('ntis strongly on t.he optical matching sys­

teln chosen. Most of the projects have preferred 

1:\)(' a(\iil.iJatic lens studied first. at SLAC[6J. Such 

a lens provides a f<l.ther good energy acceptance BO 
ror the positrons and hence a relatively large 
y i('ld. 

;\s for 1.11(' .11,(: project we shall adopt for our 1-------.:::::::::::::=-------­
<:airlll<l.tion.s t.he (jelti la.w: Bs 

Bo 	 zU(z) =-- (1)
1 + O'Z 

Figure 2: the "Adiabatic" mngnetic field.
with 13 0 = R Teslas and <I. lens length of 18 cms. 
fl' = !lOrn - I 

• 	 Longitudinal phase s [k1.ce constraints 

As alwrlriy point.ed Ollt[:1] the spira.\iza.tion of the positrons m the magnetic field of the 
ntakhing sysl,('m leads t.o a trajectory lengthening given by: 

fL - ICA.s ()2 I ~ 
() CJ f .n 	 (2)-

41': A 
wliNe ')', is 1.1i(' relative E'nergy in the cent.er of the accepted energy domain 

'2moc 1\ _ 2moc 
c R . ' - c B o 

(3) 

( = ~~~ is the raTameter of smallness 

HI is 11](' maxim1lm il.ngl(' <1.1. t.he eno of the matching system. 

Tlw (')(j>I'I'ssion above ('auld 1)1' writ.ten morE' simply: 

, 0; Eo 
(~,,= -In­

2", B,. 

w\i('rp H, is 1.11(' maximum positron anglC' accept.ed by the ma.tching syst.f'rlJ. 

(}i 	 = ~Hf (.''i )VB: 
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Thc liJllit.ation on tJw energy dispersion <l,t the ent.rance of the damping ring (usually, 

hF:/ f: = ± l %) implies, correspondiJlgly, a limitation on the hllnch phase spread 6¢, through 

l.iI<' H'I<ltioll, 

(6) 


<l,nci 11<'II(,c Oil fJ [. This latter limitation is introcillced in GEA NT and allows c<lklilation of the 

;l('fcpt.ed yield at the ent.rance of t.lw damping ring. It is (J,ssurned t.hat b~~twcen the matching sys· 

I.CJrl and the damping ring no losses occllr: snch an hypothesis is reasonable and often considered. 

2.1.3 A conventional source taken as a reference: JLC 

1)1 ordcr 1.0 cornpar(' a crys1.a,1 positron sonrce to an amorphous one, we take a,s a reference 

tlH' SOllr(c proposed. in the .JLC project[2]. Such a, source: concerns a 10 GeV eJectron beam 
impinging on a GXo thick tllngstpn ta,rget. The yields indicated are: 

• Total: 21 e+/e­

• I ~ nl , ran(e or DR: 3.1 e+ /c-

I . '. 1 r:: +/­• lIi;eradlOn pOint. .u e c 

These yields have also been ca.Jculatcd, with GEANT code, using the matching device of 

.n,c.- The rc~mlts agree with thc data already pllblished[2] and are represented on figure 3 where 
t.1H' ctwrgy domain has been rcstricted to the a.ccepted one, with a superposition of t.hree spectra,: 
the t.ot.<ll one, the accept.ed one in t.he focusing channel a.nd the one accepted at the entrance of 
tlH' Damping Ring. It is clearly seen on the pictures that, taking into aCC01lnt the longitudinal 

const.raint.s <l,ssociaten wit.h the energy dispersion at. the entrance of the damping ring, the low 

('nN~y rart. of t.ilc spectra. is reduced. That corresponds to particles having long pathes of s pi ­

ralizati()1l ill the soleno'id and presenting; hence, large phase shifts with respect to the particle 
of ref('f('nce. 

If we t.a,ke a, transmission factor of 0.5, between the damping ring and the intera.ction point, 

t,11f' avail".hle yield at the lP is of 1.5 e+ /e-. 

llo1c: We' can ohs('J"ve some kind of dip in the spect.ra Mound 10 MeV. This is rdat.ed to t.he 
fO(,IISillg; ('onditions in t.1l(' adiabatic lens. Varying the ReId value and the lens length wc 
call 1l10V(' the dip loration on the energy axis. 

2.1.4 A crystal for a positron source 

1)11(, t,o Illllrh shortN radiation lengthes in crystals wit:h respect to amorpholls ta,rgcts, a (onsi<i · 

('I'<-1hlc al]lOoIlnt. of photons is emitted in tbe first. millimet.ers of I.hc cryst.al target. If we collsidel' 
for ins1.al1(,(' 0 JO CeV incident electron bea.m, most of t.he channeling radiation t.a,kcs place in (.11(' 

,1·:' mm froTll the entrance fa,ce of the crystal. We can then consider t.ha1. a ~ mm thick cryst.al 
givc f'(!,liva,knt results for t.he positrons, when ('om pared (,0 an hybrid targE't made of a ,I mm 
t.hick crystal f01l0w('(1 hy a 4 mm amorpholls t.ungstf'n ta.rget. Simula.tions wit.h a dedicoted ('ode 

,1 
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provi<i('<i V('ry dose valllE's of th e positron yield for the two kinds of targets: slight differences 

might. corne from posit.ron energy s[wctru m and emittance . Henceforth, we shall present the 
r('s lllt. s of t.he simulations opera.ted in the all-crystal solution . 

Positron generation in a R mm tllllgsten crystal, axially oriented on its < 111 > axis, has 
IH'('1l s imlllat<.>d using (l. dedicated code[1J. As in the case of an amorphous source, the yields 
ha.vp Iwe n f'v(l.lLlat.ed at. different 10cat.iOlls. Their va.lues (l.re a.s follows: 

• Total yield: 19 e+ /e­

• f,ntr<lTlre of Dampin/!; Rin/!;: 2.4 e+ /f'­

• Jnl.c'r<ldion Point: 1.2 e+ /e­
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a 0.0025 0.005 0.0075 0.0 1 0.0125 0.0 15 0.0 175 0.02 0.0225 0.025 
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!-'i'/,Ul '( .1: l~+ ,c.,'prdm /01' n fiXo amorphous tn.rY]f't , (II) Tn/nl yipld., (h) ;1 (,('pp/rr/ yir:ld in. I.r'ans1wT8f' 

17'",8(' 87""'('. (() I I ('('rptrd yidd in fmnSl1('7'Se and longitur/inn.l phasp ,qpocps. 
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'fhe results of the simulations a.re presented on figure 4. Similar remarks, as for the amor­
pholls t.arget of JLC, can be formulated regarding the reduction of the low energy region of the 
spectrllm. Concerning the yield at the interaction point, it reaches 1.2 e+ /e- with the same 

t.rrlnsmission factor between the DR and the interaction point af> for the JLC. 

4()O 

.300 

250 

200 

150 

100 
(c) 

/ 

50 

o 
o 0.00250.005 0.0075 0.01 0 .0125 0.015 0 .0175 0.02 0.02250.025 

dN+/dE+ vs E= 

FiquTT ,{: f ,'+ S'prdm Jor a 8 mm rl'1)81.01, (a) Totnl yield, (b) Acr:epted yield in tmnS1Jel'S(' plwS( 
"pace, (r) Ar:cp-ptp.d yir:lrl in fmnsvase and lonqifudinol phOSF space. 
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Th(' sa·me remark can a.!so be mad e concerning th e dip in the energy spectr1lm , as for .ftC. 

Wf:" have rerresented on fignre 5 t.h e correlat.ions between energy and angl e (a), longitudinal 
and Lransverse momentum (b), a.ngle and t.ransverse mom€'ntum (c), e nergy and transverse mo­
lTlen t.1l m (d) for the R m m thick cryst.al t.a.rget. 

'l'h(' a.r1 .e; uJa,r rf'stridion associated to t.he energy di spersion limitation at the e ntr ;:wc(' of the 

damping ring is J'f'presented by the line (J = 30 or (J = 45° for an S-Band and (1,]1 L-Band positron 
<I.('relerators, rf's p€'ct ively. The useful region has been hatched for one parti cular case (B = 30°) 
Oil fignre G h. 

(a)t 400 ,..,.. 
~ :. 

Y . 

. , 0: 

200 ~. ,. 
..~ ::.: 
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I-'i'7111 '1' 5: (a) l'mTr:/n.l.ir)1l. bp {j,WP1,. clingy Ilnd onglf', (b) lonqit1ldinn.l Ilnd tmll.S1}(,1'.~I · 1H01//'I' l 1.1. 11 171., 

(I) o.nqlr· (lild lr'rl.nS1WrSr mmnrnf1lm, (d) energy and i.rrlTl..<::I'f'rSe momeni.1Im fm' poSi t7·011.S /rom. 

rryst(f.! /O1'(]('1. /01' if) C:f'V l:1/,r1:dni.l r/r r:/mn p1/.e1'r/1.J . I ,inf''''' find r1l1"17(,S in the SI'o. l/.rT I)/ot.s sh.ow 

( '01Tr ' ~p(lllrh1/(J rlll'7'91j (E'I.L'2), I.m.1I'<::lWT''<::(' 17/.omrcnlu1T/ ( 'I') and Iw,gll.lm' (B) bordf'1'.~ , 
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It call he seen that using an L-Band positron accelerator, after the target, leads to a better 
accept.ance t.han with an S-Band one. This is due to the fact that the large radii (rv 20 mm) 
associated with t.he L-Band structures allow t.ransverse acceptance improvement and do not 
h<'lvP drastir influence on the bunch lengthening because of the large radiofrequency wavelength 
val UE'. 

2.2 Heating 

A large a,monnt of power is deposited by the shower in the target. Due to the volumetrically 
nonllniform power deposition, mechanical stresses may arise causing target failures. Such prob­
lem has Iwell stll(lied and systematic measurements operated at SLAC {7}. A limit on the 
incident. electron energy density has been derived: 

N- E­
p = . 2 < 2.1012 GeV /mm2 (7)

7rCT 

where N- , E - and (T represent the number of incident electrons per linac pulse, the energy and 
rms beam radius, respectively. This limit is taken into account in the LC projects and so on for 
the crystal sOllrce. 

2.2.1 Energy deposited in the target 

The' fract.ion of incident energy deposited in the target has been evaluated for the amorphous 
a.nd crystal targets. We ha.ve represented this amount for the three linear collider sonrces (CLlC, 
NLe, -TLC) using conventional targets, on figure 6. The comparison is made with a crystal target 
{W; < 111 > } giving a similar yield (rv 1e+ /e-) at the interaction point, i. e. R mm thicl<. For 
a. 1.0 CeV incid(mt b('am, this ra.tio is about 32 % for the JLC source wher('as it is of 5 % for 
I:h(' cryst.al source. 

FRACTION OF DEPOSITED ENERGY 
VS. INCIDENT ENERGY 

~ 

100 r r r r r 

r r r r 

50 f--­ r r r r 

I I 
Q cuc Q Jl.C 

f- r - r r r 
Q Nl.C 

OL-____________________________~Q CRISTAl. c.v 
5 10 

Figure 6: Energy r/r:po8iter/ in the torget 

As far <'IS tlw qualities of the crystal depend on the local temperature the heating distribut.ion 
ill til(' crystal volume has (,0 be CMefUJJy described. 
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Two simulations codes[S, 9], using finite element methods, allowed exact deterrninaLion of the 
tenlper().ture distribution inside the target. Both codes (SYSTUS and PROMETHEE) present 
f!;oocl agreement on the results. V·/e represent on f"igure 7 the temperatnre distribution in the 
.JLC a.morpholls target submitted to the nominal incident electron beam (E = 10 Ge V; 
N = !) x lOll e- /imlse). The average temperature reached in the case of the target leads 
1.0 the cllOice of a rotating system to prevent material destruction. 

CIBLE AMORPHE DIAM . 10 HAUT. 21 

"Ct1t!LLI!. u". 
TEMP 

I · 
I" JIIIO . 

+ ~O.OD 

X JUl . 

I Beam 

Figu.re 7: 5'-i.mvlation of th.e te'mpemture distribution in. the JLC e+ source (SYSTUS code). 
liV{f.!.p ,/, ('oo/inq is ensu'red 011. the cylindrical ta.rget surfa.ce with. a reference l:ernperatv.T'e of 

20° (.'e/8":1I..5. 
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Silliulatioll in a fixeo cryst.al t.cuget, 8 mm thick, submitted to th(:~ same incident beam as 
rOl' t.he .JLC shows local t.emperature <It t.he exit face of the target of about thousand degrees 
(~f'lsills. Such temperature could affect the crystal characteristics. We consider, then, the hybrid 
sol"t.ion with a 4 mm thick crystal followed by another 4 mm tllick amorphol1s target. As photon 
~(,I)('rat.ion takes pla.ce mainly in the crysta.l and pair creation in the amorphous target , the main 
part. of the depositeo energy is in t.he amorpholls part of the positron source; therefore, heating 
i11 t Iw crys ta.l does not exceed reasonable values. We represent on figure 8 the temperatu re 
dist.rihution in the two pil.rts of the t.arget. as simuln,ted with the PROMETHEE code[9]. 

It can 1)(' seen that. the temperature, at the exit face of the crystal, does not reach 5000 

(\'I.<;ins; the t.emp('ril.t.1l 1'(' at. the exit. face of the amorphous element exceeds 20000 Celsius. The 
sa"I<' sol"t.ion for this amorpho1Js part, as for .lLC, could be applied putting these amorpholls 
(il.r~d s 011 il. rota.ting whep] to prevent high average temperatures. 
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2.2.2 The crystal in warm regime 

Heating the crystal , with the energy deposited by the shower, makes the thermal vibration am­
plitude Ul larger. As the radiation intensity spectrum, in channeling conditions, is a decreasing 
fonctions of ul[5], this intensity becomes lower when the crystal is heated. 

We can observe the effects of the temperature on the continuum potentials of the < 111 > 
ax is (Figure 9). These potentials have been estimated using the expression given by Baier et 
aL[10). 

lJ (.-r) = Vo[fn (1 + x~b) - en (1 + xo~b)) 

where Vo = zt = 430 Volts, for the tungsten crystal oriented along its < 111 > axis 

2 
.1: = ~; p being the distance to the axis and as, the screening radius 

0 , 

b = '!;4; U,l being the thermal vibration amplitude 
. a!~ 

11.1 is increasing with the temperature; its values are derived from Gemmel[ll) 
and given in table 1. 

T (Kelvin) 400 500 600 700 800 1000 1200 1400 
UTHERM (ud 0.058 0.065 0.071 0.077 0.082 0.091 0.100 0.109 

Table I: Thermal vibration amplit ude (v,d . 

It can be seen th at the potential, on the axis, is decreasing by a factor 2 w hen the temperature 
grows from the normal level to rv 9300 C. One of the consequences is the restriction on the criti­
cal angle. For the case considered above and for 10 GeV it changes from 0.45 mrad to 0.32 mrad. 

2.2.3 Effects of the temperature on the positron yield 

Some simulations have been undertaken varying the temperature in the crystal and observing 
the photon and positron yields. The latter has been considered at two locations: 

• 	 at tlw f'xit of the target (total yield) 

• 	 at th e entrance of t.he damping ring (accepted yield in transverse and longitudinal phase 
spacf's) . 

The acceptance condi tions are the following: 

5 < E+:::; 25 Me V, (8) 

< 8.4 MeV Ie 
l' < 0.35 cm, at the source 

and ~L '::= 1.19cm (limit on longitndinal acceptance) at t.he end of the adia.batic device. The 
rpsillts can be summarized as follows: 
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• 	For til(' photons 

Simulal.ions made in a. 4 mm thick tungsten crystal showed that the yield is decrea.sing by 
an amount of ~ 20 % when the tempera.ture grows from the ambient to '" 6000 Celsius. 
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Fiqll.7·P 10: Positron energy spectra for () 8 mm all-crystal 

• '''or the' positrons 

• 	 For a ..I II If0 t.hick crystal, the decrease of t.he tot.aJ positron yif'.Id is on t.he samE' leve l. as 
for t hi' phOt.OIlS , Wllf'n th e temperatnre grows from the a.mbient to 600 0 (:eJ siu s . 

• For" g mIH thick t.argC't, we considered two cases: 

a w h ok crys t<lJ ta.rget 


<In hybricl tMgel. wit.h 4 mm crYf)tal followed by a I) mm amorphou f) di sk. 
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Tlw restllts an' sllmmarized on the following table: 

Tota.l Yield Accepted Yield 

T = 20° C T = 600° C T = 20° C T = 600° C 

All crystal 19.1 16.3 2.4 2 

Hybrid 18.~ 16 ..5 2.3 2.1 

Table II: Positron yields at different crystal temperatures. 

The yield is lowered by an amount of 10 % for the hybrid target and of 15 to 20 % for the all 
crystal target when the temperature grows from the ambient to'" 600°C. The accepted spectra 
for the two temperatures considered and for the all-crystal case, are shown on figure 10. We 
recall that for ,lLC conditions and for the expected temperature increases, the hybrid solution 
is to bE' considered. 

Qualities of the incident electron beam 

As it is well known, the channeling condition is expressed through the inequality: 

(9) 

where 1/.' is the incident angle, 1/Jc the critical angle [Lindhard]' Vo the depth of the potential weU 
crcftteo by t.he atomic rows and Eo the incident energy. This condition gives rise to additional 
operational constraints. tor the < 111 > axis of tungsten, Vo is about 940 eV a.t normal 
temperature; the critical angle at 10 GeV is of 0.45 mrad. It requires that: 

• the mosaic spread should be less than 0.5 mrad, 

• 	 t.1H' electron beam ('mittance should be low enough to allow beam divergence values lower 
than 0 . .1 rnra.cf. 

Nev('ft.lwless , as cryst<ll effects persist up to two to t.hree times the erit.ie<l'! an?;le We, the 
allov(' condit.ion apIW<l.rs somewha.t restrictive. 

Incident beam dimensions 

i\ S I lIP crystal (on wrt,el' is thin ner t. ha.n the amol'pholls one leadi ng to sma.lif'r posi tron SOIlI'C(, 

sil,(' it is rf'<l.sonable to consider incident beam dimensions with larger values: could bf' closer (1­

10'2 rnnl ror the incident bearn. 
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A ty pical, though restrictive, phase-space for the incident beam emittance in each transverse 
phas(' plane x/y could be as represented on figure 11: 

1.4 

mm 
x 

Figure 11: 

And \.Jw ('mittance area: 

fx,y '" 0.511" mm mrad ( 10) 

S1Ich pmitta.nce is easily met at E- = 10 GeV and even a.t significantly lower energies. 

Requirements on op/p . 

DlIe to chromatic effects on the incident beam transport by the quadrupole lenses, the beam 
spot. at the converter entrance depends on the beam energy dispersion. An excessive energy 
di,spNsion cOllld then lower the positron yield due to the geometrical a.cceptance limits of the 
positron accelerator. For a crystal converter, for which the tolerated beam dimensions could be 
larger, t hp limi tations on the heam energy dispersion appea.r less severe. 

Constraints associated with an intense incident beam on a 
crystal target 

A positron source is supposed to withsta.nd very high power levels of the incident electron beam. 
111'11('(' , reliability of rJ'ysta.l SOIIJ'ces is based on their long-time resistance to radia.tion damage 
;\.Ild l.li0ir possibility to keep high values of crystalline fields even when hea.ted by th0 elwrgy 
depo.si1:('(1 by til(' shower (see ~ 2.2.2) . 

• _Hildiation damage 

The radia.tioll da.mage in the crystal, ca.used mainly by Coulomb srattering of the ('Ied.ron 
Iwarn on t.il(' nuclei, h'ls heen evalua.ted and experiments have be0n undcrtak('n (see references 
[I] ilnd [ /~j). A t('sl. with t.h(' incident electron beam on the positron SOlHr(' of the SLAC Linear 
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1018CollideI' has been recently done. The integral density on the crystal was of 2 X e- /mm2 

which represented an analogolls rate as for BNL experiment[12]. The crystal will be soon under 
analysis at the Max-Planck Institute, in Stuttgart. 

Summary and conclusions 

• 	 A compa,rative study of conventional and crystal positron sources using the same kind of 
incident electron beam showed that: 

a similar yield ('" 1e+/e-) at the interaction point could be reached with a 
R mm thick tungsten crystal oriented along its < 111 > axis, as with a .ltC-like 
amorphous target (21 mm thick). 
Adjustment of the final positron intensity, at the IP, so as to equalize exactly that 
or the .lLC can be operated using a slightly higher incident intensity (+25 %) on the 
crystal with, correspondingly, a larger electron beam size: the electron energy density 
on the ta,rget could then he preserved. 
The comparison has been undertaken with the same matching system for both sOllrces. 
rnformations to be gathered in the projected crystal sOllrce test should allow the op­
timization of the matching device with respect to the characteristics of the positron 
heam. 

- The heating of the target due to the important fraction of energy deposi ted by the 
shower is an important problem for all sources. However, the crystal source presents a 
much lower rate deposition (5 % instea,d of 32 %) than the JLC taken a.s a reference. 
The increase of the incident beam intensity (+ 25 %) does not affect significantly 
the ratio of the deposited powers. Practical solutions as rotating targets have heen 
considE'red and used (at SLAC) for amorphous sources. A corresponding solution 
ror the crystal targets so as to lower the amount of average power must be ca,refully 
st1ldied: the orientation constraints need some special arrangements. 

Cl t.ungsten crysta.l, 4 mm thick, provides a,bout half of the yield value expected with 
a R mm thick crystal; the deposited energy is in that case, 1 %of the incident energy. 
An associa,tion of a tungsten crystal 4 mm thick with an amorphous tungsten target 
or the same thickness, put downstream, provides about the same yield as for the 8 
mm crysta.l, as confirmed by the simulations. This can be explained by the intense 
ra,diation which occurs in much shorter lengthes than in an amorphous material and 
which takes place, mainly, in the first mm of the crystal. Such solution could be. 
int.E'resting from the point of view of heating, as most of the power is deposited in t.he 
sl-'cond part of the target (amorphous). 

t.he behaviour of cryst.als submitted t.o intense incident beams is a relevant problem, 
The hpating aJfects the field levels in the cryst.als but do not avoid the ra,diation pro­
('pss. This is confirmed by theoretical and experimental investigations. [n the specific 
('onditions associat.ed with a crystal positron source such effects have been estimated. 
Tilp radiation damages, for which we have already theoretical and experimental in­
rorma,tions should be known more precisely wit.h the analysis of the crystal sl1hmitt:pd 
t.o 	 the SLC beam LIp to ,June 1996 . 

• 	 (:oncerning the foreseen experiment, let us recall t.ita,t t.he goniometer has a,1, least two 
cryst.al locat.ions and that a comparison bet.ween two targets ca,n t.ake placE' rapidly, 
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In conclusion, the use of crystals in positron sources offers a large set of possibilities. Their 
main characteristics have been simulated, however an experimental test consti tutes the best way 
t.o gf't definite data on this kind of source before recommending them for use in a linear collider. 
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