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It is proposed a high angular resolution gamma-telescope
for energles above I GeV based on the experimental evidence
obtained as a result of the investigation of the electro-

- magnetic showers initiated by gamma-rays in the aligned
single orystal.The main telescope feature is the assembled
mozaioc converter made of aligned silicon crystals.The tele—
scope angular resolution determined by the width of the

-~ shower development orientation dependence is zbout 3 mrad

" which is many times better than that of the telescope avai-
lable.It takes the 0.25 m? space telescope of this type.
from several days to dozens of days to locelize with above
accuracy a doscovered discrete source of cosmic gamma-ra-
diation (e.g. Geminga) by identifying it with one of the
peculiar objects in its error box.
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When high-energy electrons or~ [-rays pass through® orystal
et a small sngle to the orystallographic axis the probability eof
their interzotion with metter becomes higher which promotes the in-
tensive development of electromegnetic showers /I,2/.The charged . -
component of the shower leaving the orystal ocan be registered end
eveluated by the signal emplitude of a scintillation or Cherenkowv
_counter- pleced- behind the crystel.The smaller the angle { between
the orystrllogrrphic exis end the incoming particle momentum the
greater the signal amplitude.This orientstion dependence has its
meximum q‘t- £ =0 for =ll perticle energies (in contrest to that of
‘u+¢_—pnir production croas—section with the meximum at 9"':!,!' E_}' 3}' ).
Teking into nccount that the shower orlentstion dependence width
is much smaller than thet of the peir production cross—section :
we find it reasonnble to develop a new method of locelization of °
discrete ;-ray sources f@" . - : s

. In order to verify the idea and to find more simple solutio
(i.e. lower energy J« -rnyu,moﬁ available and cheaper orystals)
ve undertook the measurements of the charged component of the ele-
ctromagnetic showers gunarzt.ad.hx J’—ra,ys with energies E=0.5 +
25 GoV in & siliocon single orystal.We used a tapged J’—ra;'_r bean
created by primary 28 GeV electrons on the CASCADE set of the Ser—
puchov acocelerator fS/'.Tha c}f-ra;r track was measured with the aec—
curacy of no worse than 0.I mrad by means of beam proportional
chambers.The X—ra;r beam divergence was leas than 0.5 mrad in
the bese. :
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The 20 mm thick silicon crystal was <IIO> exis ariantad.f‘i&.l_
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presents ihe orientation de;éndmnﬁs of a Cherenkov counter with
& lead glass I rediation length thick redistor set behind the crys-
tal.The measurements were carried out for 6 energy ranges from 0.5

" Ge¥ to 25 GeV.All distributions show moximum et & =0.An the energy
" incresses the merximum excess rises from ~ 205 et E=0.5-3 GeV to
-~ TO0% at E=20-25 GeV.This indicotes that the method becomes more

effective with the incresse of Jt-—-re:r energy.ht energies rbout I
GeV the excess is small,therefore,the search moy invelve difficul-
ties.At these energies,hovever,one cen mcke use of the emplitude
spectrum trensformation coefficient insterd of ihe rversge rmpli-
_tuia LA> .Fig._E shows Cherenkov counter snplitude apectra of J’-
NV - - Teys ¥ith energies of
200( ' 3-5 GeV for {Hq extrene
crses: 2) the crystel is
disoriented (& =200 mrad)
‘h] the erystal <II0>~xis
is J -ray beam oriented
(£ =0) .¥hen 3’ ~reys pass
throuch the oricnied cry-

a Fig.2 ﬁmp_l_itlﬂl-l specira
of Cherenkov counter
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sos due to the decrease of those with smell emplitude.The transforma=
tion coefficient iz o N r/HI v where N and N, denote the nm‘har.a
of events in the right end left parta of the spectrum ¥#ith respect
to a porticular (in this onse I0'") chennel.Fig.3 shows the orien-
tation dependence of the retio EE; (24 is the transformation
enafficient for the disoriented cryntnl} for J —r&y;lﬂith annfgi-
" of 0.5- 3 GeV, the maximum excess being ~ IOO.
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Thﬁn, the use of the smplitude spmtmﬁ trenaformrtion coeffi-
cient considerrbly fzcilitntes the cesrch of r—ra:.r sources £t lovw
energies. '

In terms of the obtained dsta anelysi= ve designed a high reso-
lution gemme-telescope (Pig.4) which consists of an enticoincident
shield A, & crystal converter C, registering counters GI'EE y & BE—
riea of scintillation or Cherenkov dateutnrs S peasuring the elec-
tromegnetic shower leaving the converter, a series of hodoscopic
counters H for preliminary J’—rey selection and a shower detector
S‘D evelucting the energy of the registered J’-ray. E

The converter is & mozaic of aligned silicon cryatelu 5 e
thick 2nd of the most svailable dimensions (e.g.I0 x IO cm ) The
engular resolution of the converter 2nd of the telescope es &
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i) ‘A the shower orientstion depen- - o

C = dence which is 2-5 mred for - :

_FI different r-rc; energy intor—'. /

‘ "H . vals (that of the conventional
spark éhmhnr g&mn—talumpé .
is of an order lower).To dimi-
nish the contribution of the .
isotroplc background J-redie-

. 8 tion the telescope muat have *

'~ a small entrance zperture
which ¢can be limited by means
of spaced hodoscopic s;rstums:
(crossed scintillation bands,
silioon strip detectors ete.)

H — —— B recording the ccordinates of

. the shower.The measurements

s e —_— - EE shoved that the shover core
diameter is of I- -The ho-
:/’, ‘mr-l;l/'ﬂ' ISIJ ameter is of I-=3 mm
#h S e doacope of counters with the
A / "“‘\ ’r y coordinate accuracy of 5 mm
Fig.4 end spacing of 20 cm mekes iit

poaai'hla 1o dntaminﬂ the Q'-rn:r antrﬂncﬂ nngla Hith the praclu:l.on
of I.5° ,while a miarﬂprucaaﬁnr selects the }’ -rays coming from
the fixed direction within this angle.The isotropic background can
be lowered in such 2 way as to extract a point source flux.

The mein function of the shower detector is to set up the ener-
gy threshold end to cut off low energy )-reys.Its energy resolu-
tion must be no worse thsn AE/E=40% 2t E=I GeV with tho thickness
of 5 radiotion lengths.The thicknéss incresse is st the present mo—
ment undesireble since it mekes the teleacope much henvier.

Because a crystsl converter gruma-telescope hes & high sngle
resolution it cen not be used for searching new sources.Its func-
tion as that of eny nerrow-angled telescope is to verify the posi-
tion: of the discrete sources already known within their error box
(2bout I sousre degree for COS-B sources /6/).As a rule the error
box conteins some precisely localized peculiar objects (X-rsy end
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radio mources,active variable nhj-uta,ntn.] which are the likely
cendidates for ]’-rnr counterparts.The crystal converter telescope
would make the final choice.The telescope sxis coinciding with that
.of a monoorystal is to be oriented step by step to the candidate
objects.Every orientetion exposure covers 50-I00 J’—ray events

- sufficient to make a shower amplitude spectrun.The source would be
identified provided the measured spectrum is identical to the ex-
pected one for the showeres produced by Jf—rnya following the orys—
tal axis.Its size and the exact position could be proved by mea su~
ring the sdditional spectrdi as the telescope exis is gaing avay

" from the source. '

The g&mma-telasanpn uith the 0.25 me mozeic crystal converter
Would weigh 300 kg with a2 I00 kg shower detector and en about 50 kg
" converter.Its engular resolution could be ~ 3 prad in the effective
energy interval of I-50 GeV which is many timea better tham that
of 5AS-2,C05-B and that of functioning now GRO space telescope and
which is uuffiuiﬂni fqr the localization of the I‘—rzy counter—
parts.Instelled aboard an orbita?® station this telescope is able to
distinguish & true J =-TaYy source among some peculier objecta with-
_in the error bnx.

. Ceminga, one of the brightest but so far unidentified )-ray

. mources (2CG 195404 in COS-B ceteloque /6/), is considered to be

thu firat ohjeot to be _observed.Fig.5 shows thu Ceminga regiom.
195¢ +e
é o] Er e .3 Fig.5'

Tha large circle
with 30 ercmin redi
us is the source er-
ror boxr sccording
to COS-B data (the
probability of the
" source looation: in-
side the oircle is
Eﬁﬁ}.fhe numbered
points and crosses
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cl..ﬁh redioc and X-ray sources discovered as a result of the d@op ™ .
survey of the region.The six brightest ones are circled with the
radius equal to the telescope angular resclution.They are the tar-
gets the telescope axis is to be oriented.With the Genminga flux be- .
ing F{(> I GeV)=6 10~1 qn-es"r.thu exposure time of each target (the
tine noeded to register 50 Y-ray events) is 7 10%s, the exposure

time for the six brightest objects is 4 d,thet for 211 inmer objects
being I0 d. '
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