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Abstrad 

We report on mea~uremPnl~ with diffr>rPnt trangition r<1diation dP.. 

lector configurations. which Wf'ff' pNformf,'d with thr aim of pion­
e)(>Ctron-discrimination in the momentum rangf' heh\'£'f'n I Cf'Y c 
and 100 GrY/r. Th(' lf'~l set-up consistpd of four polypropylrm· fl­
htl' radiators with proportional win• chamllf'rs as photon drtertors. 

We testPd about &0 combinations varying th<' diamelf'r of th<' fihtf'. 
the density of the radiators and the thickness of the chamlH•rs. R('­
sults of mea.suremf'nts petformf'd at a DF.SY IPslbt'am at energ;if'~ 

between 0.6 and 6.6 Ge.Y and of extrapol<~fions to particle momPnla 
up to 100 GeV /c are discussPd. At 95~ PlPctron efficiPnry a pion 
contamination of a few percPnt. can bf' achievPd on>t the full enPrg;y 
range. 

1 Introduction 

Along with the higher f'nergies offered by th!C' next gf'nNation of col­
lider facilities the common techniques for particll.' idl.'ntification, as 
Cherenkov counters. time of flight or energy loss measun'ments, will 
reach th('ir natural limits. A tl.'maining tool arP tran"ition radiation 
dPtectors. They may SPtVP for separation of <'lectrons from pions or 
distinction of hadrons f'W>n up to wry high energif'<:. 

ln a previous work ;1; wp demonstratPd that <It PnPrgiPs of <1 ff'w (;p\' 
n•ry effective electron-pion-discrimination is achiP\'Nl with a rathrr 
simplf' detector configuration of four radiator chamhPr sets. wherf' 
the radiators comdsted of polypropylene fibti.'S. Basing on thi<: expe­
rience we investigated how to expand the rnomPntum rangf' of such a 
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df'tector up to the ordPr of 100 Gf'V. 

AppliPd to partid£' sf'paration, thf' most important fet~.turf' of tran<>i­
tion radiation is the variation of thP yif'ld with the LorPntz factor') 
of the incident particle. For an assembly of intl.'rfacf'S- f'.g. a stack of 
foils or an irregular fibre radiator- this behaviour is govPrnerl by thf' 
plasma frf'quency V.Jp and thf' matPrial thicknf'ss d. According to :z~. 
[3), th£>y can be combinPd to a param£>1£>r f = 2.5~J..•r!cVJ d:JLmi. which 
f'nab\!'s onf' to estimate thP ')'-dPpf'ndf'nre of the tran<:ition radiation 
yiPid obtainable with a foil ~lark radiator. Bf'ing nf'glip;iblP for ')'lf'ss 
than o.sr' the yield is increasing rapidly betWf'('O I r and zr. Reyond 
lOf the r;~rliiltion en erg~· sat1Jtalf'~. 

for fibrP radiators thf' picf11r" i" morP rompliratcd. ~incf' thP inridcnt 
particles pf'nf'ltatf' layNs of strongly vnr~·ing thicknc~~ d. Hut it still 
hold<; that thP f'Of'tg~· at which pion~ ~tart to prndurf' tf'tnarkabl{' 
tran<;ition radiation (in thf' following calh•d 'on<:f't l.'nPrgy') om hf' 
increa~ed by enlarging thP fihrP diamf'lf'r. ThNPforP with growing 
diametf'r, the rejection powrr of a fihrP radiator will become bPtter at 
high ')'-valuf's and wnr~f' at. low ')-valuf's. To study the<:f' correlations 
wa<; thf' main topic of our filf'asurPment~. 

To overc:omP thl' problem of having no IP~t f<1rility with part kiP en~'r­
giPs as high as necrssary two considf'rations havf' to be tak{'n into u­
count: :;;pectra r{'cord{'(l with radiators at. thf' highf'st availahlP DF,:;;y 
test bPam Pnf'rgy (6.6 Gf'V) are <1 lowpr f'stimatf' of thP yif'ld f'Xpf'ciPd 
for electrons of higher energiPs because of thr saturation hf'yond lOT'. 
On th(' other hand, pions of 160 Ge\' can be simulated by electron 
mra"utf'mPnls at 0.6 GeV. Thf'rf'fore it is possible to cakulatf' the 
pion-f'!Pctton-~eparation at highPT enf'rgiPs ,.,jthout real!~· haYing a 
test facility. 

2 Experimental arrangements 

AI! mPasurements Wf'rf' pf'tformf'd at a DE~Y IPst beam providing 
P]Pdron energies betwPen 0.6 GP\' and 6.6 G('\". Thf' expPrim('n­
ta! arrilngemPnt is skPtchPd in fig. I and rlf'scrihed in detnil in It]. 
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The detector under Lest was a set up of four radiators with subse­
quent proportioual chamber. The enefgy deposition was recorded via 
charge ::.ensitive preamplifiers by peak ::.en::.ing ADC'::. of 10 bit re::mlu­
tion. The event trigger, built up by a coincidence of four scintillators, 
res tic ted the cro:;:; section of the electron beam to les:; than 1 cm2 . A 
lead glas::. counter rejected double hit events and electrons with wrong 
momentum. 

As radiators 75 nun long cylinders filled with polypropylene fibres of 
diameters tJetween 20 J.Hll and 4M IJUI. were tested. The fibres had 
to be combed with bru::.he::. to improve the homogeneity of the den­
sity. The self-ab::.orption of photons in the radiator could be reduced 
by washing the fibres in bopropylalcohol, which removes the surface 
cladding added for commercial purposes. After those treatments the 
difference in the yield obtained with fibres of different manufacturers 
was not very pronounced. Table 1 shows for each diameter the data 
of the radiator which offered the best results. The density represents 
a compromise between the number of photons emerging, the mechan­
ical feasibility to keep the fibres (ompressed and the need for a small 
overall radiation length. Since the density is nearly equal for all ra­
diators, the average number of layers per radiator length is reduced 
with increasing diameter. 

A radiator of 25 wr~ polyethylene foils was tested for comparison only, 
because it will gin· ri::.e to severe mechanical problems in a large area 
detector. Foam::. like 'Btafoam' j8) or 'Rohacell' i9) were excluded 
during first te~ts because they could not compete by far. On the 
other handt 'Rohacell' ::.eems to be appropriate as tJedding material 
for rddiator::. and dJamber:;. 

For the proportional chambers the same de~ign as in our prior tests 
was applied. But this time we varit!d the chamber depth between 15 
and 30 mm in steps of 5 mm to find the best relation between the 
contribution of photon absorption and ionization loss. 

As tilling gas we compared the well proved mixture of Xenon, Argon 
and ~!ethane (47.5,/47.5/5.0) with a new one, where the Argon was 
replaced by Krypton with respect to the better absorption of high 
energetic photons beyond the K-::.hell of Krypton at 14.3 keV. Indeed 
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the Krypton mixture turned out to be slightly superior, especially for 
thicker fibres, which made it our final choice. An optimum of chamber 
depth was found at 25 mm for this mixture. 

The chamb~rs were operated at a gas amplification factor of 16(X). 
The resolution was about 25% (fwhm}. Calibration was performed 
by means of the K"-lines of Copper (8.04 keY) and Silver (22.1 keY). 
With the help of numerous ionization lo::.s spectra monitored about 
e\·ery two hours during data taking, slight gain variations could be 
<'Ornpensated to a negligible d(·gree compared to statistical fluctua­
tions. 

3 Data analysis 

The effect of transition radiation is demonstrated in fig.2 showing the 
energy deposition in the first chamber, obtained with the 48JJm fibre 
radiator at an electron energy of 6.6 GeY. Compared to the Landau 
distribution there is a clear shift of the radiator spectrum to higher 
energies. But it is al::.o obvious, that for an effective distinction several 
pairs of radiator chamber sets are necessary. 

The average radiator yield recorded with the 30J.Hri fibre radiator 
in the first chamtJer is plotted versus the electron momentum in 
fig.3. For comparison the respective curve for the foil stack radi­
iitor is added. All data taken with the other fibre radiators show 
the same shape of energy dependence: After a steep rise the yield 
tL1ttens or P\'t'n saturatt•s at a plateau value roughly twice the yield 
measured for the pure ionization los:; (dashed line) Because of the 
irrt•gular structur, the plateau obtainable with the fibre radiators, is 
significantly lower than that of the foil stack. 

The data were <'Om pared to calculations 1 based on the theory of TR 
emi~~ion of regular foil stacks [:( or randomly spaced fibre radiators 
10. :11 1• It was assumed that the average fibre diameter is 25% 
high~·r than the geometrical one 112], and that the distributions of 
------ --------
'TJ,~ pr,,gr,uu~ Yo~r~ kiuJly prvv!d~d teo Ub by Prof.M.Iloldn, $1egton, <a.nd Dr.W. Strucsin­
~IU. A.,.·lot>lL 
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path lengths in material or air are described by Gamma functions. 
Furthermore the esrape effect at the K..,-edge of Krypton and Xt.>non 
v.as a:;sumed to be 22% and 65% respectivly. The result of those 
calculations (solid line) are in nice agreement with the experimental 
data. 

To dt>termine tht• pion-ckctron-separation the likdihood method was 
applit•d. Single chamber spenra, a:; shown for example in fig.l, were 
smoothed and normalized to unity. Tht•y served as dbtributions of 
probability that an cl~·dron or pion rdea;,es a given energy in the 
chamber. \\-ith the products 1', and 1'.- of the el~ectron and piou 
probabilties of all chambers a quantity So=- P,/(P,---.- I\) was obtained, 
\\ hich is well ~uited for particlt• separation. 

The probability distribution for pions of 160 GeV (I = 1:.!00) wa.c:. 
derived from data recorded with 0.6 Ge\' electrons passing through 
the radiator. In the lower energy range (0.6 GeV - 6.6 GeV), the 
pion ~pectrum wa.s simulated by a J,andau distribution, which wa:; 
measured with electron;; of 3 CeV and scaled down a.ccording to the 
relativistic rise. The oraling factors, lbtt<d in table 2, are derived 
from different vublicatiuns (\13\,]14],]15:). Finally the distribution of 
pions at the on;;et energy is represented by the un;;caled ioHiZation 
los;; :...pt•ctrum. 

Tht• probability distributions of electrons at energies available in the 
tt•::.t beam were measured directly of course, while the spectra at high 
t'nngies had to be approximated by the data obtaiued at 6.6 Ce\'. 
Tl.is approximation is justified by the ;;aturation behaviour of the Til 

di;dion ~ ield (fig.3). :\sa collseque!lct' tbt· quott•d pion coJ1tamination 
at high energit>~ ha:o to bl' rt•garded i1!i an upper limit. 

Tlw n·sulting particlt• S(•paration propertit•:-. of e.g. tht• :m1-1m fibrt· 
radidtor ~wt-up is ;,huwn iu lig..-ta, where the pion contamination is 
plotted \t•rsu~ tht· elt·ctron ef!kiency for euergie~ of:! Ce\', 160 Ge\' 
,, .. J for tht• Oll~t·t energy. At the lowt•r energy a vt·ry powerful par­
ticle :o.t·paratiou is achievt>d altbough the lransitiou radiatiou yield is 
/JUt at its maximum (s. fig.3). It IJeucfits significantly IJy the smaller 
iuuization Jo;;s of pions. At 160 GeV the pions produce trdnsition 
radiation to a reruarkablt· extent, and con~t·quently the particl(~ sep-

' 

ar;1lion bt'COI!le5 quite poor. The usefull ent·rgy range of a transition 
radiation dett•ctor i;; limited by the onset energy , where the radiation 
produced by pions i;; ;;till negligible. Here the rejection power i;; worse 
compared to lower energies, becau;;e the increased ioniz<&tion loss of 
pions is only partly compensated by the saturated radiation yield. 

The ou;;ct (•nergy depends ou tlJC fibre diameter (s. chapt.l). It can 
be cstil!Jdted by the above mentioned calculations, which are well 
conlirua·d by ·our Ult~<l.::iurewents. As ou;;et energy we define the pion 
ent'rgy, nt v. hich the averl!.ge euergy depo~ition ob;.erved with a ra­
didtor is :..!.5~:;_ higher than that, of the pure ioni:tation los;;. The 
resulting valm•s are listed in taLl(· 3 for the fibre diameters investi­
gatt·d .. \!though that definition may ;;eem to be somev.hat arbitrary, 
it 1-HO\ ides a reasonable estimation of the u~eful energy range of a 
given TH: detector. 

The rejection power cau be improved by increa.>:;ing the number of 
radiators and chambers. FigAb show;; for example the pion contami· 
lJatiou computeU for a st't-up of six radiator;;. lu comparbon to tig.4a 
au impro\enwnt by a factor of 2 to 6, depending on the energy, can 
be seen. 

Tht• ('lwrgy dependen(·e of the pion contamination at 95% electron 
etfiri('IIC) is plotted in fig.5 for t!.ll fibre diameter;; inve;;tigated. In the 
lm\ er t'!H'rgy rli.nge, the rejectioll power becomes worse with increasing 
!ii.Jre thid.ness. At the other end of the energy scale thi;; correlation i;; 
re' er::.ed. Up to the on;;et energy the pion contamination is not greater 
than lO~'L for a detector st•t-up of four radiators and chambers. 

4 Conclusiou 

Tran::.ition radiation dt•tertors with polyjJropyleue fibres provide ef­
ft·cti\t' piou-e!t•ctron-separation at euergies t·ven up to the order of 
WU Ce\'. For a gin•n t·nergy range the rejection power cau be opti­
mized by tart•ful!y adju;;ting tht> fibre diameter. For a detector con­
figuration of four radiators d!ld cha1ubers with a total Jt.ngth of 40 ern 
tlu• piou cont<LmiuatiorJ <tt uot·( t•lenron efficiency i;; not greater than 
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l<'igure captions 

Fig.l Schematic view of the experimental arrangement. 

Fig.2: A rad1ator spectrum (dashed) compared to a Landau distri­

bution (blank) at an electron energy of 6.6 GeV. The radi­
ator spectrum was measured with a 48 prn fibre radiator in 

front of the first chamber. 

Fig.3: The average energy deposit versus beam momentum for the 
30 JJfll fibre radiator, the :.!5 JJTI! foil stack and pure lon­

ization loss. The radiator yields are compared to calcula­

tions (solld line) 

Fig.4: Pion contamination versus electron efflciency at differ­
ent particle momenta for a detector set-up of four (a) and 

six {b) 30 prr1 fibre radiators with subsequent chamber. 

Fig.5: Pion contamination at 95t electron efficiency as a func­

tion of particle momentum for a set-up of four radiators with 

a subsequent chamber. Values for all fibre diameters inves­

tigated are plotted. 
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Tallie l: Parameters of radiators investigated. 

f 1 bre onset 
d1ameter energy 

(J-Im) (GeV) 

I 

301 ·
1 

76 
38 84 

48 ; 92 I 

L~--~---~ 
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T.J.blt• :!: Cakulatrd piou lJnsct energy for the fibre radiators tested. 

energy (GeV) ! 0.6 
~c-ai~~g -t~c-u;-~To~6t. 

I 
• -------- .... _ _Jj__ __ _ 

0 2 0 
0 63_,_ 0-69 

~-~ J-~-~~Js._~.J-~~6_j 
0 '14, 0.76 i 0.78 10.81 
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Tab[(• 3: Ratio of the 
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