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Abstract

We report on measurements with different transition radiation de-
tector configurations. which were performed with the aim of pion-
eiectron-discrimination in the momentum range between I GeV ¢
and 100 Gev/c. The test set-up consisted of four polvpropylene fi-
bre radiators with proportional wire chambers as photon detectors.
We tested about 50 combinations varving the diameter of the fibre.
the density of the radiators and the thickness of the chambers. Re-
sults of measurements performed at a DESY testbeam at energies
between 0.6 and 6.6 GeV and of extrapolations 1o particle momenta
up to 100 GeV/c are discussed, At 95% electron efficiency a pion
contamination of a few percent can be achieved over the full energy
range.

1 Introduction

Along with the higher energies offered by the next generation of col-
lider facilities the common techniques for particle identification, as
Cherenkov counters. time of flight or energy loss measurements, will
reach their natural limits. A remaining tool are transition radiation
detectors. They may serve for separation of electrons from pions or
distinction of hadrons even up to very high energies.

In a previous work {1; we demonstrated that at encrgies of a few GeV
very effective electron-pion-discrimination is achieved with a rather
simple detector configuration of four radiator chamber sets, where
the radiators consisted of polypropylene fibres. Basing on this expe-
rience we investigated how to expand the momentum range of such a
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detector up to the order of 100 GeV.

Applied to particle separation, the most important feature of transi-
tion radiation is the variation of the vield with the Lorentz factor v
of the incident particle. For an assembly of interfaces - e.g. a stack of
foils or an irregular fibre radiator - this behaviour is governed by the
plasma frequency wp and the material thickness d. According to {2,
i3], they can be combined to a parameter T = 2.5wpjeV | d gml, which
enables one 1o estimate the v-dependence of the transition radiation
yield obtainable with a foil stack radiator, Being negligible for «y less
than 0.5T, the vield is increasing rapidly between 1T and 2T. Beyvend
10F the radiation energy saturates.

For fibre radiators the picture is more complicated, sinee the incident
particles penetrate lavers of strongly varving thickness d. But it still
holds that the energy at which pions start to produce remarkable
transition radiation (in the following called ‘onset energy’} can be
increased by enlarging the fibre diameter. Therefore with growing
diameter, the rejection power of a fibre radiator will hecome better at
high v-values and worse at low -values. To siudy these correlations
was the main topic of nur measurements.

To overcome the problem of having no test facility with particle ener-
gies as high as necessary two considerations have to be taken into ac-
count: Spectra recorded with radiators at the highest available DESY
test heam energy (6.6 GeV) are a lower estimate of the yield expected
for electrons of higher energies because of the saturation beyond 10T,
On the other hand, pions of 160 GeV can be simulated by electron
measurements at 0.6 GeV. Therefore it is possible to calculate the
pion-electron-separation at higher energies without really having a
test facility.

2 Experimental arrangements

All measurements were performed at a DESY test beam providing
electton energies between 0.6 GeV and 6.6 GeV, The experimen-
tal arrangement is skeiched in fig.1 and described in detail in |1].
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The detector under test was a set up of {our radiators with subse-
quent proportional chamber. The energy deposition was recorded via
charge sensitive preamplifiers by peak sensing ADC’s ol 10 bit resolu-
tion. The event trigger, built up by a coincidence of four scintillators,
resticted the cross section of the electron beam to less than 1em?. A
lead glass counter rejected double hit events and electrons with wrong
momentum.

As radiators 75 mm long cylinders filled with polypropylene fibres of
diameters between 20 pmn and 48 urn were tested. The fibres had
to be combed with brushes to improve the homogeneity of the den-
sity. The self-absorption of photons in the radiator could be reduced
by washing the fibres in isopropylalcohol, which removes the surface
cladding added for cominercial purposes. After those treatments the
difference in the yield obtained with fibres of diflerent manufacturers
was not very pronounced. Table | 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 compressed 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 urn polyethylene foils was tested for comparison only,
because it will give rise Lo severe mechanical probiems in a large area
detector. Foams like 'Etafoam’ [8] or 'Rohacell’ {9] were excluded
during first tests because they could not compete by far. On the
other hand, Rohacell’ seems to be appropriate as bedding materiai
for radiators and chambers,

For the proportional chambers the same design as in our prior tests
was applied. But this time we varied 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 filling gas we comnpared the well proved mixture of Xenon, Argon
and Methane (47.5/47.5/5.0) with & new one, where the Argon was
replaced by Krypton with respect to the better absorption of high
energetic photons beyond the K-shell of Krypton at 14.3 keV. Indeed

the Krypton mixture turned out to be slightly superior, especially for
thicker fibres, which made it our final choice. An optlimum of chamber
depth was found at 25 mrn for this mixture.

The chambers were operated at a gas amplification factor of 1600.
The resolution was about 25% (fwhmn). Calibration was performed
by means of the K,-lines of Copper (8.04 keV) and Silver (22.1 keV}.
With the help of numerous ionization loss spectra monitored about
every two hours during data taking, slight gain variations could be
compensated to a negligible degree compared to statistical fluctua-
ISTsHEN

3 Data analysis

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

The average radiator yield recorded with the 30um fibre radiator
in the first chamber is plotted versus the electron momentum in
fig.3. For comparison the respective curve for the foil stack radi-
ator is added. All data taken with the other fibre radiators show
the same shape of energy dependence: After a steep rise the yield
Hattens or even saturates at a plateau value roughly twice the yield
measured for the pure ionization loss {dashed line) . Because of the
irregular structur, the plateau obtlainable with the fibre radiators, is
significantly lower than that of the foil stack.

The data were compared to calculations ! based on the theory of TR
emission of regular foil stacks |2} or randomly spaced fibre radiators
10, ;11,. I was assumed that the average fibre diameter is 25%
higher than the geometrical one [12], and that the distributions of

"The programs were kindly provided to us by Prof.M.Holder, Siegen, and Dr.W. Struesin-
sk Auwchen,




path lengths in material or air are described by Gamma functions,
Furthermore the escape effect at the K -edge of Krypton and Xenon
wus assumed to be 22% and 65% respectivly. The result of those
calculations [solid line) are in nice agreement with the experimental
data.

To determine the plon-electron-separation the likelihood mejlhod was
applied. Single chamber spectra, as shown for uxample; in_flg.ll, were
stoothed and normalized to unity. They served as dlbtrlbutlfms of
probability that an eleciron or pion releases a given energy in l.he
chamber. With the products P, and #; of the electron and pion
probabilties of all chammbers a quantity 5= P, /[P, + P,) was obtained,
which is well suited for particie separation.

I'tie probability distribution for pions of 160 GeV {y = 1200} wis
derived from data recorded with 0.6 GeV electrons passing through
the radiator. ln the lower energy range (0.6 GeV - 6.6 GeY}, the
pion spectrum was simulated by a Landau distribution, \?'hlch was
measured with electrons of 3 GeV and scaled down according lolthe
relativistic rise. The scaling factors, listed in table 2, are deinwd
from ditferent publications {{13],{14].[15!}. ¥inally the distr.ibullwn_ of
pions at the onset energy is represented by the unscaled ionization
loss spectrun.

The prebability distributions of electrons at energies available in l-.hc
lest beam were measured directly of course , while the spcctr? zlu Eug!h
energies had 10 be approximated by the data obtame(.l at 6.6 GeV.
This approxitnation is justified by the saturation b(?havmur of‘the ra:
diation yield (fig.3). As a consequence the quoted pion cantamination
at high energies has to be regarded as an upper limit.

The resulting purticle separation properties of c.g. the 30',um‘ [lb{t’
radiator sel-up is shown in fig.4a, where the pion COIlLaIlllna'.(l(}l:l 1:-,;.
plotied versus the electron efticiency for energies of 2 GeV, 160 Geb
acd for the onset energy. At the lower energy a very 'pm'ﬁerfu.l par-
ticle separation is achieved although the transition radiation yield is
not at its maximum (5. fig.3}. 1t benefits significantly by the sm.a}_ler
ionization loss of pions. At 160 GeVohe pions produce Lr.nnslllon
radiation to a remarkable extent, and consequently the particle sep-

aralion becomes quite poor. The usefull energy range of a transition
radiation detector is limited by the onset energy , where the radiation
produced by pions is still negligible. Here the rejection power is worse
compared to lower energies, because the increased ionization loss of
pions is only partly compensated by the saturated radiation yield.

The onset energy depends on the fibre diameter {s. chapt.1). It can
be estimated by the above mentioned calculations, which are well
confirmned by our measurctuents. As onset energy we define the pion
energy, at which the average energy deposition observed with a ra-
diater is 2.5% higher than that, of the pure jonization loss, The
resulting values are listed in table 3 for the fibre diarmeters investi-
gated. Although that definition may seem Lo be somewhat arbitrary,
it provides a reasonable estitation of the useful energy range of a
given TR detector.

The rejection power can be improved by increasing the number of
radiators and chambers, Fig.4b shows lor example the pion contami-
nation computed for a set-up of six radiators, I comparison to fig.da

a4l jliprovement by a factor of 2 1o 6, depending on the energy, can
be seen.

The energy dependence of the piou contamination at 95% electron
efficicncy is plotted in fig.5 for «ll fibre diameters investigated. In the
lower energy range, the rejection power becormnes worse with increasing
tibre thickness. At the other end of the energy scale this correlation is
reversed. Up to the onset energy the pion contamination is not greater
than 10% for a detector set-up of four radiators and chambers,

4 Conclusion

Transition radiation detectors with polvprepylene fibres provide ef-
fvclive pilon-electron-separation at energies even up to the order of
100 GeV. For a given energy range the rejection power can be opti-
mized by carefully adjusting the fibre diameter. For & detector con-
figuration of four radiators and chambers with a totaj length of 40 ¢
the pion contamination at 95 ¢lectron efficiency is not greater than



10% at energies between 1 GeV and about 100 GeV.
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Figure captions
Fig.l : Schematic view of the experimental arrangement.

Fig.2 : A radiator spectrum (dashed) compared to a Landau distri-
bution (blank} at an electron energy of 6.8 GeV. The radi-
ator spectrum was measured with a 48 pm fibre radiater in
front of the first chamber.

Fig.3 : The average energy deposit versus beam momentum for the
30 pm fibre radiator, the 25 wmn foil stack and pure 1on-
ization loss. The radiator yields are compared to calcula-
tions (so0lid line). ’

Fig.4 : Pion contamination versus electron efficiency at differ-
ent particle momenta for a detector set-up of four (a) and
six (b} 30 urm fibre radiators with subsequent chamber.

Fig.5 : Pion contamination at 956% electron efficiency as a func-
tion of particle momentun for a set-up of four radiaters with
a subsequent chamber. Values for all fibre diameters inves-
tigated are plotted.

i diameter radiator | radiator | radiator | radiation | number

i {(thickness) type length density length of

: i layers
{un) {(mm) (9/em) %
20 tivre [4] . 76 0.14 1.6 484
30 tibre [5] 76 0.14 1.6 323
33 ‘I tibre [8] 76 0.15 1.8 268
43 , tivre [8] i 76 0.16 1.7 223
25 } toil [7] ‘ 76 0.10 1.1 339

Table 1: Parameters of radiators investigated,

i
fibre ! onset

diameter energy
(pm) 1 (GeV) |
20 ! 82 |
: 30 76
| as ‘ 84
o4 B2
1

S

Table 2: Calculated picn onset energy for the fibre radiators tested.

2, . | i
energy (GeV) | 66 10 20 30|40 50|66
staling factor T‘ 0.61 0.63,069:074 0.76{0.78|0.81:

b ! ; i : :

ii : ! |

_— - F 1

Table 3: Ratio of the mean ionization losses of pions and electrens (from
rels. 13,14,15).
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