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ON THE POSSIBILITY OF CONSTRUCTING 

A MONOCRYSTALLINE CONVERTER GAMMA-TELESCOPE 

The possibility of using a monocrystalline converter in 

telescopes for high-energy gamma-astronomy is analyzed. The ac­

curacy of the gamma source angular coordinate measurement is 

estimated by means of the Monte Carlo simulation of ~-quanta 

detection process. Calculations have been carried out for the 

silicon crystalline converter for 500 MeV monochromatic ~ -

quanta with the accuracy of the angular coordinate of the 

3ource being -30•. It is shown that the monochromaticity does 

not essentially distort the typical orientation dependence of 

the cross section of e+e--pair production in a crystal. 
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CoBpeMe:HH1:1e raMMa-TeJiecKOIIH, npe,u;s:asHatJ:eHHHe ~ perHcTpa­

IJ;KH t -KBaHTOB Bl:ICOIGIX 3HepI'Rfi (Ia1 - ro4 MsB)' llpe,D;CTaBJI.mlT 

co6oli MOJ!Uil:le T6XHK'I6CIGie COOPYJKeHIDI. B :raMMa-TeJieCKOnax, HC­

llOJtb3YlOII1IDC HCKpoBl:le Ka.Mep!l, ,ll;OCTliIT'HyTa yrJIOBa.II TO"IHOCTI:. 6';f "' 

= 2 - 4° [I,2] . Ha.:e:6oJiee nepcneKTHBHHM MeTo,D;OM YJ!Y'Illleffi!Jl: yrJio­

Boro paapemeffi!Jl: C'iliTaeTCfl M6TO,ll; KO.J:tllPOBaHWI aIISPTYPl:I [3] ,npH­

M~HeH:He KOTOporo B HOPHX npoeKT:e:pyeMl:lx np:e:6opax ll03BO~T ,ll;O­

BeCTH yrJIOBYIO TO'!HOCT:O ,ll;O 3HatJ:eHM 61~20 1 
[ 4] . 

O~KO, H6COMH6HHl:IH HHTepec rrpe,D;CTa.BJ!ileT ITOHCK ,ll;PJrHX B03-

MO}Kl!OCTeH y.ny'Illle.HIDI yrJio:ooro pasperne.HIDI np:a:6opoB, ynpome.HIDI HX 

KOHCTpyxrum: H MeTO,D;OB o6pa6oTKH rro.nytJ:eHHoli HHII>opMall;liH. B pa6o­

Te [5] 6wm paccMOTpeHl:I MeTO,ll;l:I noBl:llllemm yrJioBoro paapernemm 

ra.MMa-TeJiecxonoB. B Ra'leCTBe OIJlieHTHpo:sa.HHoii MIDneHH rrpe,D;Jiara­

Jioc:r:. HCITOJII:.30BaT:o KPHCTaJJJihl, ILJIOCKOCTH perneTIGI KOTOpl:IX HrpaJIH 

61:1 pOJI:o ITJiaCTHH-KOHBepTopoB. 

B HaCTOflllleli pa6oTe a.Ha.Jm3Hpy6TCfl B03MOlKHOCT:O HCITOJI:030Ba.HR!I 

MOHOKpHCTaJIJIHqecxoro KOHB6PTOpa B TeJiecxorrax ,D;JJ.ff raMMa-acTpoHO­

MHH Bl:ICOKHX 3HeprHli, 
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OpHeHT~OHHBJ! 3aBHCHMOCT:& ce~eHllfl pOllr,Il;emm: 

3JleKTpoHHO-Il03HTPOHIWX nap ~ -RBaHTBl.m B MOHOKpllICTa.JIJle 

Tipm.ieRellll:e MOHOKpllICTaJIJm't!eCKOro KOHBepTopa B ra.MMa-TeJiecRO­

rre. OCHO:BaHO Ha HCIIOJI:&30Ba.mlll cneI.tli14>~ecKOft salmCHMOCTH ce~eHWl 

poJK,Uemm 3JleKTpoHHO-II03HTPOHHOil napl:l (e+e-) OT yrJia BJieTa ~ -

-KBal!Ta B MOHOKpHCTa.JIJl. ,lJaBHO H3BeCTHO, ~TO IlJlH rrpoxolK,I(emm 

d -KBa.HTOB ~epe3 BemecTBO Ha6JIIO'AB.Kl'l'Cfl a@?eKTH, crui:saHmle c 

rrepHo~ocT:oro CTPYKTYPH [6] . XapaKTepHl:le sHeprHH, c KOTOpl:lx 

npoHBJlff!OTClI oco6eHHOCTH ce~eHIDI,- HeCKOJI:&KO COTeH MeraSJieKTPOH­

BOJI:&T. OpHeHTaIJ;!iOHHl:le aqxfleKTH Ha6JIIQD;aJIPIC:& aKcnepHMeHTaJI:&Ho[7,8] 

wm: TOHllliX o6pa3IJ;OB MOHOiqlHCTa.J1JI.OB ( IIOpl'I,Il;Ka Tl:l~X ,n;OJieli pa­

,llJ'Iall;HOHHOH ,I(JlHHl:l). 0,I(HaKO ~THBaR, '!TO B .Ha.CTOJI111ee BpeMR mpa-

lll,UBaIOTCJ! o6pa3IJP 60Jl:&!IlOrO pa3Mepa li Bl:lCOKOro Ka't!eCT:Ba, He m.n:­

i!O rrperrn:TCTBIDI B HCIIOJ1:030BaHHH ::JTliX ajxl>eRTOB H ,n;JTR 

pa3UOB ( rroplI,lU\a pa.n;HauHOHHOH .n;JmHl:l) • 

TOJlCTl:lX 06-

TuJIH paccttHTaHl:l ceqerom poJK,UeHWI e+e- - nap 6 B MoH0Rp1r1c-

TaJI.JI.aX aJIMa3a li RpeMimJI ( 9] . A.1IM3.3 6paJICJ! RaK MO,Il;eJil>Hl:lfi RpliC­

Ta.J1Jl, Ha KOTOpOM KorepeHTHHe sqxpeKTl:l npOflBJ!lIIOTCJ! Hali60Jiee JtpRO. 

It\cCJ!e.D:OBaJiaC:& 3aBHCHMOCTI:. C8'I8HWI 6 ( 9 ) OT yr.Jia rra,n;eHWI ~ -

-1rnaHTOB B IIJiocKocTH (DOI) oTHocnTeJII>HO ocH [no]. Ha plic. I 

rrpHBe.n:eHH 38.Bl!CHMOCTli .I(HqxpepeHIJ;liaJI:&Hl:lX ceqeHHl!: rrapao6pasoBamm 

B KpeMHliH H a.m.ilase rrpH pa3JIH'IHl:lX aHepr:wi:x ~ -KBaHTOB. 

MeTo.n; orrpe.n;eJiemrn 1wop.n;HHaT raMMa-HCTO't!HHKa 

B HaCTORII{ee BpeMH cxm.~a TeJleCitoIIa wur perHCTpau~rn: ~ -KBaH­

TOB BHCOROM aHeprnH CTaJla Tpa.n;HIJ;HOHHOH. TeJieCKOII co.n:eplKHT plI.n: 

1 

~ti 

TOHKJIIX KOHBepTopoB, B ROTOPl:lX I!pOHCXO,I(HT pOJK,JJ;eHHe e+e- nap i­
-KBaHTOM. Ha6op C~THJ1.J1Rql!OHHHX H 'IepeHKOBCRHX C'IeT~OB, pac­

IlOJlO.lKeHHIDC no.n: KOHBepTopOM, CJiyJJIBT ,n;JTR B!i.ll;eJieHWI aKTa B3aHMO­

.n;eliCTBWI d -KBaHTa. c BemecTBOM KOHBepTopa H Bl:lpa6oTRH "Mac·rep­

HOro" ClirI'HaJJa Ha sarrycR TpeKOBl:lX .n:eTeitTOpoB (HcKpoBHx RaMep). 

KOTOpHe iprRc:l'IpyroT TPa8KTOpHro e+e- - rrapH. 

Ec.mr B Ra'IeCTBe ROHBepTopa HCIIOJ1:030BaT:o MOHOKPHCTa.JIJI, TO 

TeJieCKOII rrpHo6peTaeT xapaRTepHyto yrJIOByto HarrpaBJieHHOCT:O, orrpe­

.n:eJTReMYIO CBOHCTBaMH MOHORpHCTa.JIJia H COBrra.n;aroreyto C 6 ( 6 ) • CJie­

.IJ:OBaTeJll>HO, ,IJ;JlH: orrpe.n:eJiemm IIOJlO.lKeHIDI HCTO'IHHKa t -KB8.!1TOB npJiI­

MeHHM MeTo.n; CRaHllpOBa.HIDI no o6JJa.CTH, r.n:e HaxO,I(HTCfl li3~eN:lli 

HCTO~. TipH 3TOM perliCTPRPYeTCJ! IIOTOK ~ -KBaHTOB H H3MepReT­

ClI ero 38BHCHMOCT:& OT OpllieHTau;im: KPHCTaJIJiorprup~eCROH OCli.3.HaR 

!flyHKIJ)!IO yrJIOBOH mmpaBJieHHOCTH TeJieCKOIIa' orrpe.n:eJTRIOT yrJIOBHe 

~oop.n;HHaTH llICTO'Imnta.. 

Ou;eHKa TO'IHOCTJII MeTo.n:a 

Ou;eHKa TO'IHOCTH H3MepelililI KOOp.I(HHaTH HCTO'I:intKa rrpoBO.n;HJUlCL 

rryTeM Mo.n;eJIHpoBruIKR: npou;ecca perRcTPau;im: ~ -KBa.HTOB M8TO,Il;OM 

\loHTe-Kap.no. Pa3HrpliBaJIOc:o o.n;HoMepHoe rroJio.lKeHHe l'ICTO'!HHKa.IIpe.n:­

rroJJaraJioc:&, 'ITO OH To~e"!Hlrtl:, MOHoxpoMaTH'Iecm ( E ~ = 500 MsB) 

H H3B8CTHO ero IIOJlOllteHHe c TO'IHOCT:OIO 2°. Pac'IeTl:l rrpOBO,n;H.Jrn:CL 

,ltJIJI KPliCTa.JIJia RpeMHHR. Oc:o rrpn6opa, COBIIa'AB.RlltafI c KpHCTaJIJlo -

rpaiprirecKOH OC:OIO, 11arrpa.BJJJI.JJac:& B sa.n:amme TO't!K.H, li B6Jlli3li 3TIDC 

TO'IeK rrpOBO.D:HJIOC:& paBHOMepHoe CRa.<nipOBaHHe. IIocJie Ha6opa CTa­

TIWTli1RH B .n;a.HHOM HHTepBa.Jie yrJIOB OCL HarrpaBJIHJiaC:S B .n:pyryto TO"I­

KY llI rrpo~.n;ypa CRaHHpoBa.HliR IIOBTOp.ffJiaC:&. IlOJiy'IeHHOe pacrrpe.n;eJie-
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mre 'IliCJI.a 3aperncTpllpo:samrnx e + e - - rrap OT yrm opHeHTall;kiH ocH 

'reJ1ec1wrra N ( ';f ) rrpHBe;a;eHo Ha pHc. 2. IIomrne 'lliCJIO saperac -

Tp1!p0Ba.HHHX ~ -KBaHTOB N = I0
3 

• 

J\JJ.ropHTM orrpe;a;eJieHRFI IIOJI()ji(eHWI HCT01!IDUt'3. COCTOHT B CJ18,1JY!O-

.. l: IIOJIY11eHHOe pacrrpe;a;eJieHHe N ( l.f ) HOPMHPY8TC.fI TalillM oopa-

3,, , , ':'OObl IIJIOl.$..JJ.b non 1001 coBrra;a;aJia c IIJIOlllPJJ:J>IO rro.u <1JYmtll;kiel1: 

JrY.OBOl i HarrpaBJieHHOCTH TeJieCKOI18.' rrocJie 11ero rrpoBO;a;RTCH cpaBHe­

HY.C c QyHKIJ;kieM 6 ( e ) . n Ka118CTB8 KPMT8Pl1.ff cpaBHeHWI cpyHI<­

J..JYill: N ( ~ ) H 6 ( a ) BHOpaHa IIJ101$..JJ.b HX rrepe1tpb!Tlifl Snep -

33. H3Mepemwe IIOJ!OlK8HHe HCT0'1.Hlfl{B. BbIOl'IpaJIOCb TaK08' IIPH ItoTOpOM 

Snep:n:ocrnraJJ.a MaKCIDvWMa· B pe3yJ!bTaTe MHOroKpaTHoro rroBTopeHIDI 

O~HCaHHOH Bhlllie rrpoue.JJYpH OHJ!O IIOJiy'!eHO pacnpe;a;eJieHHe H3MepeH­

llb!X 1wop;a;aHaT, rroKa3aHHOe Ha pHC. 3. To'!HOCTI> MeTo.ua , orrpe.ueM-

' 
e111M CTaH;IJ;apTHb!M OTKJ!OHeHHeM. COCTaBJ1H8T ,.._, 30 • ,Il,Jm aJIMa3a • 

rrrm: TOH lKe cTaTHCTHKe, TO'l:HOCTb M8TO;a;a cocTaBRJ!a -vIO' • 

QueHIDll, KaKOe BpeMa IIOTpeoyeTC.fI TeJieCKOIIY IIJIOJ11Mbl0 I M
2 

c 

3tJ_4JeKTHBHOC,Tb10 0, 5 ;a;JIH perHcTpaI.l,ID1 N ~ -KBaHTOB c :meprnell 

00.1lbill8 500 MaB. BH6epeM JiICTO'Ililllt JleOMb X3 [IO] O;IJ;liIH R3 calVl!lX 

YiliT8HCHBHHX HCT01IHHKOB ~ -KBaHTOB, HHT8rpaJibHHi1 IIOTOK KOTOpO­

ro ,IT,Jiff 3HeprIDi: OOJ!bllie 500 MaB COCTaBJil!eT ""4. 10-
6 
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C1IHTM , B rrepBOM rrpH6JIWKeIDIB, pacnpe;n:eJieHHe nap no rrapru11e±py ~ 
paBHOBepOB:THblM H OTO~ napH c ~ = 0 ,5±0,I, ITO.lly'IRM BpeMH • 

Heo6xo;a;aMoe ,JJ,JliI Hadopa cTaTHcTHKlil rn3 
nap. OHO cocTaBJliteT "'70 11. 

,Il,Jm oueHKli BJillHHWI HeMOHOXp0MaTH1!HOCTH HCT01J:HHKa npo:BO;a;R­

Jll'[C:b cJie,JJYKIIUie paci:i:eTH: MO;IJ;e.JmpoBaJ!Cfl ny'l:OK ~ -KBaHTOB' aHep­

rli!.iI B KOTOpOM no~Cb HOpMaJibHOMY pacnpe;a;eJieHl'IlO co CTaH­

'la PTHh'M OTKJ!OHeHHeM 30% R cpe;n;Hl'IM 3Ha1J:eHReM E 0 = I raB. Pac-

6 

t 

4· 
II 

ctm:ThlBaJiacb WHKIJ;kiR yrJioroli Harrpa.BJ.IeHHocTH. PesyJ!bTaTH rrp1rne­

;a;eHH Ha pRc. 4. B:a,nHo, trro HeMOHOXJlOMaTH'!HOCTb nyi:i:Ka cyII\8CTBeH­

HO He 11 3aMa3h!BaeT" xapaKTepHy!O 3aBHCllMOCTb BepoaTHOCTH perHC­

Tpa.r.i;RH ~ -KBaHTa OT yrJia rra.ueHHR OTHOCHTeJ!bHO OCH TeJieCKOna • 

2aKJI10i:i:eIDie 

B HaCTOffill8ll paOOTe rrpe;a;n:OJKeH MeTO.U orrpe;n;eJieHHa KOOp;n;HHaT 

HCTO'llilIKa O -KBa.HTOB, OCHOBa.HH!:lli Ha HCIIOJ!b30BaRUR MOHOKpHCTaJI­

JIH1J:8CKOrO KOHBepTopa. IIpoBe,n;eHa ouem<a TO<IHOCTH MeTo.ua B CJT;f -

<rae HCl10J!b30BaHIDI KPHCTaJIJia KPeMHIDI wm aHeprn:H E ¥ = 50l ' l.bi.l . 

He.uocTaTKOM MeTo.ua c.lleJzyeT ci:i::aTaTb TO, <i:To OH 3Q:i:J::ieKTIIDHO paoo­

TaeT rrpFI 00.JlblliHX 3HeprHHX, r.ue IlOTOKll OT H3BeCTHHX raMl'.'18. -YlCTO'l:­

HliKOB Cpa.BHHT8.JlbHO MaJIH. 

0,n;HaRO HeJib3fl He OTMeTHTb H ero .UOCTOllHCTBa. TeJieCKOII ,IIOC­

TpoeHHID'r Ha <lTOM I!PHHI.\FIIle. He Hyl!OJ:a8TCH B TpeKOBOM .ueTeRTOp c ' 

KaK np:a6ope ;a;n:a H3Mepemm HarrpaBJieHH.fI rrpoROHBepTupoBaBuero 

~ -KBa.HTa. TpeROBJ:lli .ueTeRTOp MO.liteT HCII0.Jlb30BaTJ;>C.fI TO.'I):J:·_, ·'.."'...". 

y.71y1J:llieHH.il: :a,neH'l'HqMRa.D;lnr co6HTHli, rrp11 3TOM Tpe6oBaHiffi K ire.:,, 

CYIIleCTBeHHO CMfil'!a!OTM. B pesyJThTaTe TeJieCKOIT ~JO:KeT I<I;,~CT :, ' 

my!O Il.JIOI!1M:b H OOJia,Il;aT:b a@leKTJIBHIDlli ( TOJICTHMH ) KOHBepTOpP.~ ;: • ' 

TaR KaR B ;a;aHHOM c.rry<rae MHOrOKpaTHOe paccemme ROMITOHeli '.:.' e I e--

- rrapH He BJIIDieT Ha TO'l:HOCTHhle xapaKTepHCTlilKH rrpFIOOpa . i:pci :e 

Toro, o6pa6oTKa H aKCilJIYaTauH.fI TaKoro TeJiecKorra 6y;n;eT do~cc 

IlPOCTOM B CBR3R C TeM, 'ITO TOtiHOCTHHe CBOHCTBa IlpH6opa O!Tf•8.U8-

JIJIRYI'CII TOJII:>Ro cTpyr<zypoi1 KPHCTa.JI.Jll'I'!ecKofi pemeTKH. 
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IIO)lill1Cl1 K PMCYHKAM 

PHc.I 2aE~Cli.!MOCTb ce~e:mi:H po]f(,Il;eHIDI e+e-- nap t -KBaHTa.Ml'I B 

MOHOKpliCTa.JJJ.la'( a.JIMa3a H KpeMHIDI OT yrJia 0 M6]!(,Il;y HaIT­

:paBll6Hli6M IIB.,I\6HJIB H OCbIO [no] rrpli pa3JilI~IDC ::meprIDIX 

't -KBaHTOB. VlMnyJibc qioTOHa JieJmT B IlJIOCKOCTli.! (OOI). 

BeJm~Ha ce~eHIDI rrp11Be~eHa B e~HHilflX ce~eHIDI ~ aMopqi­

HOM B6!1\6CTBe ~ =Ee/ Et = 0, 5 

PHc.2 3a.Bli.!CID;JOCTh 'lliCJJa N saper11cTp:11poBaHHllx e+e-- nap OT 

yr;ra ':f -OpH6HTaUIDI OCH TeJieCKOrra (ycJIOBHHe KOOp~aTl:l) 

np11 E ~ = soo rsB 

P11c. 3 Pacnpe~Memrn 01.111H5oK li.!3Mepemrnx Koop~aT li.!CTO~:mi:Ka. 

83- 3KCilepliMeHTa.JibHO H3MepeHHOe IlOJIO~eHlie HCTO'Ilil'!Ka, 

6n - li.!CTliHHOe ITOJIOJKeHlie HCTO~IDIKa 

Fnc.4 3a.BHCID;JOCTh ce~eliliH paimeHIDI e+e-- nap ~ -KBaHTaMH B 

MOHOKPHCTaJIJie KpeMHIDI OT yrJJa e M6JW HanpaBJieHlieM na­

~emm H OCbIO [no] rrpH HGMOHOXpOMa.TH~OM ny'!Ke ~ -I<BaH­

TOB 
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