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A new method for X-ray tranaition rad.tlt:l.on detection by:
n-aa.ns of a streamer spark chamber added l:l.th Xe, is susgested)

- The resu.‘l.ts sre obtained by separate cbservation both of radia= '

tion and of particle in one and the same dsvive. The chamber has

high guanta detection efficiency due to the pressence of Xe. Fran= "

sition radiation from electrons in the emergy rarnge 1.2-2.45 GeV i

was observed. The theory and the experiment are ccmpa.rea and the .’
By

results are given in the table.

e T vy

)
The sdvancement of superhigh énergy ‘phyeics nas called for

new wethods of uuui‘iné‘ particle energioes. The ferenkov radia-
tiom umanlj' used: inkos it possible to msasure only ﬁ-g—' (v 18
the particle velocity, c i the velocity of light) which gives

. riss to considersble dittiqultiu when ul:l.ng it in sn ultrarela-

tivistic regicon. Transition radiation = recently attracts more
and more attentlon dus to the faot that the total mtensity in
the direction of the ultrarelativistioc partiole not:l.on depands
1imeerly on ;..E". 2Y addition, it was shown 1w t* [ 3]
that the nj.n freotion .cf this radiation is in the X-ray frequen-
cy region. In” (4] the conditions were foun? and experimentally sup
ported uh.no in the optlcal region as well the transition radis-

»)The work wap reported on Jamuary T,1970 daf the ®all)ine Sesaion of R
the Academy of Sclences of USSR. A more detalled paper on-the sab- .~ ‘§ -+ tion intensity inoressss strongly with J -

Jeot will appear in Izv.A}rad.Nauk Arm. 38R, Fizika .5s 4 (1970). Nevertheless, s smnll nusber of photons end small emission
angles with respect to the direction of the particles motion sauss
considersble diffioultiee both in investigation and in nse ef
X~ray radiation. : ® '

The first attempte to this e‘ffoct were made infs] where the

- Adea of detecting transition quanta, suggeated in[‘J s, waB put
:I.ntp effeot by use of characteristic radiation.

‘¥he X-ray trwnsition radiation in a layered medium has rew

cently been studied on an elsctron besmofomergies from 1 to, 4
GeV on ths Yerevan eleotron accelsrator. The X-ray transition
_ radiation was detected by mesne of & scintilletion counter, CsI, T

" with a hole in itz centrsl portion for & fres passage of




- -

‘primary electrons. The efficiency of eleotron deteoticn, that ia
the fraction of ceses, whare at least one of the transition radis-
tion quanta is detected by the counter, rbr olgcfmn ensrgles of
3-% Go¥, proved to be 10%. Int'” charged particles were deflected
from the propagat:_l.on direction of traisition gul.nh by magnetie
21014 and later the quanta were detected by a anﬂ.emdmforr gOT=
manium detector. The efficiency of detecticn of positrons of 2 GeV
in this work was 27%, ‘

. However, a preliminary spatial separation of a particls from
the acoompaning radiation ususlly gives rise to & decreass in the
lnstrument's transmission, and the dstectiorn of radiaticn gquantas
by mmbor scintillation or ssiniconduotor counters makes it Aif- .
fioult to caloulate their quantity. But the succesful application
of transition radiation to measuring energlee of individual parti-

. clem ‘d;pond.! not. only on the presencs of a great quantity of tranei-
tion quanta emitted from a 1mrod medium but on the effioclency of
detecting them with a simuiltansous possibility of counting. If this
poui‘oilit'é‘ is lacking,k the device in question can be used as threshe
old detector, '

" In the present study a streamer spark chamber with Xe addi-
tion was used to detect transition radistion quanta. The chamber
was filled with a mixture of 30% Hs and 708 Ee at atmospheric
pressure. The Xe addition accounted for 10% and 15% of the mimture,
For proper funotioning some iodine vapor was pasped :I.m;g the chaw-
ber at a pressure of 10"’ torr. -

The advantage of thils method lies in the fact that ocne and the
eame device detects separately both rl.d:l.htion amd particles.

Mhthmum arn-thaommuughhotr'iountmu;"'

‘hotug pho‘l:ons. auoh oanﬂum of the stresmer zhanber, fmtion-
in;unhprimiplobuohounthtmuﬂtha uuohnberm"
nth 100% o.t.f.:l.ohnny detect photons over a wide energy rangs, 4
h:lm: spatial and lnsu.hr resolution of the chamber allows oBunting

,with good‘aoomc: m _nunber of eleoctrons produced by transition
" photons over uiy range of angles. It 18 evident that in this case
-the problem of the intrument's transmission is solved in an opti-

Bl manner .as well which fact 1s of great significance for the:
experimmt,
The mnt is achematioally ehown in Fig. 1, Elsctrons

of & u.vahmtul (%—vi?ﬁ)w- throngh & target T which is e

layered. mpdiun snd along with transition quanta produced in the
-diun ure detented in the npark chanber 5C, The selection of elso-
trons, pnsh:l.ng throush the centre of the layered ud:lul apd the
spark chamber, is sffected by means of the soinoillntion esounters
B.'. Bz and 83. The coanter B‘I hag fn ity centre a h;h e.5 cm in
dil.ntor and 18 set for anticolncidence with 8, and 83 The dis-

vtmumnthlmredndiumdﬂmehnboruﬂn.m

_chamber 1s 80 cm long (along the traok), 10 cn wide and 20 ém high,
Yo reduce ths m-tﬂlxlmandabaorytionotmtm in the air
'lm'bes 10 cm in d:.‘l.a.-atar svacuated down to 10‘2 torr are placed
tﬂ:m:ghoutthe olootmnnth. The windowa in the tubes and the
outlet ‘window of the spark chamber are 'made of mylar 15 mo thio.k.
'J.'hepiothmaofthatraehinthp spark chanmber are taken in the
direction of electric fisld by means of two stereoscopic cameras.

The measuresments in esach case were mads in two series with
ntargutotalqendsubntm&und'ithlnonﬂnumﬂrgetcd
tho same material and oquvnlmt thicknsss,
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Since 1n the latter case no transition quanta were produced, the
neagurepsnts gaye rise to a bueksround dne to the bremsstrahlung 1n
the target end 9- electrons, produced in the chanber gae, The geo-
matry of the arregzement made it posmibile to d..hot in the spark
cheaber’quanta of meximum redismtion angle equal to 4-10~7 redn, The
measurements wers mada, using a laysred mediuh of polysthylens films
6 thickness asA5 mo, the sverage distance between them belng beSO00MG
the number ot filos E=500 and l=1Cl'.0. In a.d.d.i.tion, a target of plas—
tic fosm 2g/on’ thick was used.
Those piotures were ssleoted and processed where a primary pas-
) sing particle was observed regardiess the faoct whether any photod*-
lactrons were pressnt in the pioture or not. Fig. 2 showa & typioai -
event af dstection of a primary particls and two photons by photom
slectrons denoted with arrows. The measurement reanlti Are aholn !.n

the 'Ifable. The first column is for the tu'ga_ts and amount of Xe. ‘.Ehe
second golusm shows the momentim of primery electrons. In the third
column ie gilven the effioclenoy of detection of these particles by
means of trsositlon ndiatién. The fourth columm ropnaenfa thes
ratlo bet'een the total number of photoelestrons and that of évents,
that is the aveérage number of tramsition quan'ta per.& gingle pr:l.mry
particle, Thamse data take aceount of the background., The fifth co—
lumn includes the caloulated velus of this number.In the eixth and
seventh °°1“.'“ are listed the average valuas of the nu:lber.or g-oloc
trons and bremsstrahlung quants rempectively, obtained from becke
ground neasuremsnts, About 120 procepsed plctures were used for

eack group of nn_umunﬁ;

- T -
If is evident from the table that the dependence of efficiency .
of detection ¥ and the average number of quante T on the .partiole_

enargy mey be thought of as linear, A mors acourate determinetion
, of the course of these dependences is rést-rioted to the range of

experimental error, As far as the value l!s j~ concernsd 1t does -

' nbt depend within the range of experimental error on the electron

anergy and the type of the targst while Hb““ depends on the tar-
get thickness and does not depend on the slsctron ensrgy which is

only but natural,

An snalysis of the experimental results showa that in the
bacl:zrduud meapurements the number of plctures with two or mors
aeeondilry electrens is small. These results are eagy to interpret,
if ons tekes into accocunt the fact that thn- total length of the
target was Q.1 of the radlation unit, that i1s the probability of
simultaneocus rad.ia.tion of two bremestrahlung quanta is insignifi.
cant while the number of fllms in a stack was chosen such that the
average number of tranmsitlon quanta should be close to unity.

The following is the thearetical analyeie of the resulte ob<
tained, The avémge pumber of the tranfition radiation quanta pro-
duced 1n ons ﬁlnto of a etack made of N plates is expressed by the

formula ‘
Ly b, & S (ked) Sin ﬁr_.(k,4+_ﬂ+.+_)]
T (oot e 2
whare

JVWU" (alp)€ --4"" =1~ - o
fp(iﬁa))wa,p raraa 4/ _T]"’""

the braees in the latter expression are used to mean a larger
mteénr within the braces.



In virtue ot ne averags musber of trensition Tediaticn quemts -
15 found from the sbove formsla, If b o N& 25 Yu' 14 18 reass~
hmnﬁntinthamhmaﬁonmwmummntu-.'--' . 3
fisd. It should also be noted that the seriee member denoted by x
stands for the number of quanta elittod.l.tlnl.ngh = eed) K
In the case of polyetiylens 6=1073 sec2, axt.5:10 Jcm, puaste ¥
= 58510 2ap. For elestronsef energles Bwl,2s 2,0 and 2.4 Ge¥ _1
the curves caloulated by thi above formula and shown in Fig. 3 are
obtained for the angles of ﬁhrhn radiation over th-m -‘(Qﬂ-)‘.'
102 rean. ‘

When caloulating the nusber otqunhoﬂthdrmml-‘
plate stack,ons should also take acoount of ‘their being ublor‘bod.
:l.nth. stack where they are prodnosd,This oolﬂitim:llphlﬂnt )
the spectral distribution of the musber of transition quanta pro-
Mmmphhutohﬂltiplmmwmmdphﬁl
lmwncw)=}i_._:__w, where ufw) 1is the sbaorp-
tion cosfficient of the qulntl in the film substance omomd in

o1,

aﬁ.

In order to cbtain the number of the photom (photooleotrou)
observed, tho spectrn of the qulnh emitted Irom 3 :I.qurd -—
diue shou’d be mlt:l.pud by the curve of their nb.orpt:l.cn in I..
Onn-u;uchdth.swmotmdnhotodmh thos
calouldated over all the frequenciss, the values are obh:l.nnd for

the nasber Mﬂhm,mnmﬁ.ﬂnumdm
hbh. ' . o
Ithnﬂhmtmmimﬂﬁﬁotowﬂ;um RER 3

Mh‘leﬂmAmHﬂ-llmmmw”
tioal ones, )

- ‘ . E:

mmummmhmumrututdm

'. mathwmmmmwnmmnm

~muwu1¢nhdbmmofunwkpﬂ;ortbmd "\
Mtimtdhtmqum-ammm«fﬂﬁuﬂi-
otent scoureays _

' Of great im@rest are the rosults of measuremmts with s
pnlt:l.otu-urpt This target is not of an ordersd stractare

'.-uumimdmnnmlympcuuthdmmmm

nesses of the pore walls and dimpnsioms of the pores themselves.:
The pebanctfin of trinsiticn registion in this case as well tasti-
fies to the fact that for the rediation to be ganerated the strue—
mm'tupummmmmdmmnud
'th.-ﬂh is sufficient, This conditiom greatly siwmplifiesa the
problem of designing tressition redistion generetars.
mnmunqmmmulutohlignamda]w—
ol medium and & sATX chauber whare the particls tresks with
large values of gy will differ from other partisle trboks with
smaller ’ dmtothofomrhht‘mm accompanted by

, photooloctrmtruh H&dmmn:—uﬁ(-:wm
o dmmmmum.mmm}m—m,’nﬂy

‘allow determining the particls meture. We bolisve that the method
dsscribed bere can be Tather useful st particle emergies up te
hundreds of *GeV. -

¥e are thankful to A. 72, 2matuny, G.K. Yexin for their help
mmmwm,mummmu
!L‘mtwmm‘,hMt&m
mu-ﬁnumm.mumwmm
‘acceleretoe for favewrsbls conditioms of carvying cuk thw ewperi-

rromsiited Wy KY. m' Gl
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