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Electroluminescence yield in xenon gas detectors
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Abstract — The electroluminescence yield was studied for
xenon gas as a function of the electric field in #hscintillation
region, for room temperature using a gas proportioal
scintillation counter. A large area avalanche photdiode was
used for the readout of the VUV secondary scintilldon
produced in the gas, together with the 5.9-keV x-igs directly
absorbed in the photodiode. Using the latter as aeference
for the number of charge carriers produced by the
scintillation pulse, it was possible to determinehte number of
VUV photons impinging the photodiode. This way, a
scintillation amplification parameter of 140 photors/kV was
obtained. The attained results are in good agreemenwith
those predicted, for room temperature, by Monte Calo
simulation and Boltzmann calculations, as well as ith those
obtained for saturated xenon vapour, at cryogenic
temperatures, and are about a factor of two higherthan
former results measured at room temperature.

|. INTRODUCTION

values of E/p (the electric field divided by the gas
pressure) of 4 kvem® bar® [4,5]. This energy loss,
however, is not negligible for low values Bfp, as the
number of elastic collisions increases significaniThe
excitation efficiency presents a fast decreasevédues of
E/p below 2 kVcm® bar' [4,5], being zero below a
characteristicE/p threshold, below which electrons never
acquire enough energy to excite the gas atoms.

The mechanisms of secondary scintillation productice
well known [4,6-8]. For pure xenon, the wavelengttihe
emission depends on the gas pressure and, above 400
mbar, the secondary scintillation presents a naeak,
~10 nm FWHM, centred at 172 nm [7]. The overall
scintillation efficiency reaches values of 80% Eip of 4
kV cmi*bar® [4,5].

The data for electroluminescence in the literatyiegd
are not in agreement. While those obtained for room
temperature using Monte Carlo simulation [5] and
Boltzman calculations [9] agree perfectly, the ealu
obtained experimentally [10-15] are much lower tliae
former and differ significantly from each other. Gime

Xenon gas counters have been widely used as xa@y a other hand, the results presented for saturated agjas
low-energyy-ray detectors [1]. Since long, gas detectors cryogenic temperatures [14,15], in equilibrium withe
have been used intensively in nuclear medicine andliquid phase, are in agreement with each othewelsas

medical imaging [2,3]. In both cases, signal anyaifon

in the gas is achieved by accelerating the elestron

resulting from the radiation interaction to excitee gas
atoms by electron impact, leading to the productidn
secondary scintillation, the so-called electrolussitence,
defined as the number of secondary scintillationtphs
produced per drifting electron per unit path length
These electrons are lead to the scintillation megichere
they can acquire enough energy from the electeid fio
excite the noble gas atoms through inelastic dolis
Between two successive inelastic collisions, tleztebns
undergo a very large number of elastic collisicaisove
10* [4], while they gain enough energy from the eliectr
field to excite the atoms. Nevertheless, the amanfnt
energy lost in these elastic collisions is smaleg the
large mass difference between electron and Xe atdrm.
excitation efficiency, i.e. the fraction of energgquired
from the electric field by the electron that is spén

with the simulation results calculated for
temperature.

Absolute measurements are difficult to perform and
usually rely on comparison/calibration performedthwi
experimental set-ups and/or settings other thasethused

to measure the secondary scintillation in itself. éref.
[15].

In this work, we apply a straightforward methodings
only one experimental set-up to carry out absolute
electroluminescence vyield measurements. A VUV-
sensitive large area avalanche photodiode (LAAPD)
detects, simultaneously, the secondary scintillatid a
xenon gas proportional scintillation counter (GP %@y
original x-rays. The latter are used as referenoe f
determining the absolute number of VUV-photons
reaching the LAAPD. The electroluminescence yiedd i
measured as a function of electric field in theniation
region and is compared with the other experimeatal

room

exciting the xenon atoms, reaches values of ~95p6 fo calculated results found in the literature.
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Il. EXPERIMENTAL SETUP

A xenon-filled GPSC instrumented with a large a#&D

getter bias
(1A, 1V)

getter

c ,' A Mylar 47
2e window
& % Iz v .
o
22 ? 1.52bar  geintillation region G
%%

27773

79
)

4

// stainless steel
[ Macor o1 2em

Fig. 1 - Schematic of the driftless GPSC used@present work.

was used. The driftless GPSC is schematically degiim
Fig. 1 and was already used in Refs. [16,17]. Téteator
is pumped down to pressures in thé® Ifbar range, and
filled with high purity xenon at a pressure of 11, The
gas purity in the detector is maintained by a smalt-
evaporable getter (SAES ST172/HI/7-6/150C).

For this study, we have used a 1-mm collimatedk&\@-
x-ray beam from &Fe x-ray source filtered with a Cr-film
to remove the 6.4-keV Mn fluorescence line. X-rays
entering the radiation window are absorbed in the logy
photoelectric effect, generating a primary electctoud.
The electrons are accelerated in the electric .fiElaich
primary electron produces a large number of VUV
photons. Proportionality between incident x-ray rgge
number of primary electrons and number of scirtila
photons is maintained throughout the process.

The electron—hole pairs produced in the sensitiea af
the APD by absorption of the scintillation photoase
multiplied by the avalanche process. Concurrenh e
acquisition of the scintillation signals resultifgm the
absorption of x-rays in xenon, a transmitted facnf the
x-rays is detected directly by the APD. The number
electron—hole pairs produced through direct abgorpif
the x-rays in the APD is determined from the enerigthe
x-ray and thew-value in silicon, i.e. the mean energy
required to produce a pair of charge carriers. AR®
reverse bias voltage determines the multiplicagaim in
the avalanche process.

For each 5.9-keV x-ray interaction in the driftless
detector, the total number of scintillation photons
produced by the primary electron cloud will depeord
how deep into the scintillation region the x-ray is
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The charge pulses collected in the APD are intedrat
a 1.5 VpC' charge-sensitive preamplifier (Canberra
2004), followed by linear amplification (Hewlett &ard
5582A) with a 2us shaping time. Pulse-height analysis is
performed with a 1024-channel analyser (Nucleus PCA
II). The peaks in the pulse-height distribution fteo a
Gaussian function superimposed on a linear backgrou

I1l. METHOD

Figure 2 depicts a typical pulse height distribatio
obtained with the driftless GPSC instrumented wéth
LAAPD for scintillation readout.

The salient features of the pulse-height distridmuti
include, not only the 5.9-keV x-ray full-energy kefaom
absorption in the xenon GPSC, but also the xengrahd
Lg-escape peaks from 5.9-keV x-ray absorption in the
xenon GPSC, the 5.9-keV x-ray peak from direct
absorption in the APD, the 4.1- and 4.8-keV xengn L
and Lg-fluorescence peaks from absorption in the APD,
and the system electronic noise. The pulse-height
distributions enable a direct comparison betweerptiise
amplitudes resulting from the 5.9-keV x-ray full-
absorption in the gas, i.e. from the xenon scatidh, and
direct absorption in the APD. This allows a direct
quantification of the VUV-photons impinging the L&D,
given the quantum efficiency of the device.

A value of QE = 1.1 for the number of charge carriers
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Fig. 2 - Pulse-height distribution from a xenoiftliss GPSC
instrumented with a large-area APD, for 5.9-keVays. AnE/p of 4.1
kvemtbar! was used in the scintillation region.

absorbed. Nevertheless, the average number of VUVproduced in the photodiode per incident 172-nm VUV

photons is well defined, as the respective pulsghbe
distribution has a Gaussian shape with a tail tdaahe
low energy region. Although the driftless GPSC hssin

degraded energy resolution for scintillation events
allows a higher transmission of the 5.9-keV x-rysugh

xenon and, therefore, more direct x-ray interacionthe

APD, convenient for this study. In our case, appnately

0.2% of the 5.9-keV x-rays are transmitted throlighcm

of xenon.

photon was provided by the manufacturer [18] foe th
LAAPDs we acquired [19]. We assume an uncertaifity o
~ 0.1 for the LAAPD quantum efficiency. This unaénty

is the major source of error in our measurements.

For a reduced electric field of 4.1 kVéivar®, the ratio
between the pulse amplitudes resulting from thekg\®
x-ray full-absorption in the gas and absorbed @ APD,
as obtained from the corresponding pulse-height
distribution, is 19.940.1 for low LAAPD gains, whegain
non-linearity in the photodiode is less than 1%][1&s
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thew-value in silicon is 3.62 eV [20], in xenon is 22¥% [12] and Akimov et al. (1997) [13] is a factor efd lower
[22], the average solid angle subtended by thegsleoisor ~ than that obtained by Monte Carlo simulation and
active area for the primary electron path, computedBoltzmann calculation. In 2003, Aprile et al. [14]
through Monte Carlo [21], delivered a valuel6®.202 for estimated a value of 120 photons/kV in saturateabre
the present geometry, the average distance theagrim vapour, in much better agreement with the simutatiche
electron cloud drifts in the detector is 0.93 che teduced  value obtained by Fonseca et al. [15] in saturaeabn
scintillation yield, Y/p, determined for 4.1 kVcibar® is vapour, at -90°C, is in very good agreement witht th

466 photons per electron per cm of path and per bar obtained by simulation for room temperature, bugirth
value obtained at room temperature is only ~90
IV. EXPERIMENTAL RESULTS AND DISCUSSION photons/kV, similar to Ngoc et al. (1980) [10].

Our measurements show for the first time that, €een
Table | summarizes the different values found ie th room temperature, the scintillation amplification
literature for the scintillation amplification paneter, and  parameter can be as high as those predicted byeMont
the respective experimental conditions concerning Carlo simulation and/or Boltzmann analysis and ¢hos
pressure and temperature. Our results are in goodexperimentally obtained for saturated xenon vapaur
agreement with those obtained by Monte Carlo andcryogenic temperatures. We attribute the differsringhe
Boltzmann simulations for room temperature. experimental values obtained at room temperature to
The scintillation amplification parameter - the rian of different levels of gas purity achieved in each
photons produced per drifting electron and per ,volt experimental set-up: higher impurity content wébult in
represented by the slope of the linear dependence less efficient energy transfer from electric fieddphotons,
presents many different values in the literaturd annot leading to lower scintillation amplification values
well established yet. Above a reduced field of 8ckV
'bar'!, the xenon ionisation threshold, the reduced

scintillation vyield variation departs from the lare V. CONCLUSION

behaviour, reflecting the exponential growth in tiuenber

of electrons in the scintillation region, since edary The reduced electroluminescence yield of pure xaton
electrons also produce electroluminescence, wtikeis room temperature was studied and compared withr othe

calculated per primary electron. Favata et al. [23] results in the literature. The measurements werfenmeed
compiled the different studies on electrolumineseen with a gas proportional scintillation counter (GBSC
yield published up to then (1990), concluding tiiae instrumented with a LAAPD for the VUV secondary
reduced electroluminescence vyield is pressure-scintillation readout. X-rays with energy of 5.9\kevere
independent. Fonseca et al. [15] have shown that th used to induce the secondary scintillation in tHeSG or
scintillation yield does not depend on gas tempeeatin partially to interact in the photodiode. The direct
the range from 20 downto -88°C. On the other hémd, interactions are used as a reference for the ditation
90°C and at a constant gas pressure, the sciotilat of the number of charge carriers produced by the
amplification factor near the saturation point eari scintillation pulse and, thus, the number of VU\bfins
significantly, depending on the amount of xenorspr in impinging the photodiode, given its quantum efficig.

the liquid phase. A scintillation amplification parameter, i.e., nuarbof
The value of 70 photons/kV, obtained by Parsonal.et photons produced per drifting electron and per, \adli40
(1989) [11] and confirmed by Bolozdynya et al. (I99 photons/kV, was measured. The results are in good

Amplification linear trend
Work parameter Pressure |Temperature
(photons/kV) Density units* Pressure units**
Present work 140 Y/N =0.140 E/N-0.474 | YIp =140 E/p-116 1.52 bar 20°C
Santos et al. (MC) [7] 139 Y/N =0.139 E/N-0.402 | Y/p =139 E/p-100 1 atm 20°C
Fraga et al. (Boltzmann) [11] 138 Y/N = 0.138 E/N-0.413 | Y/p =138 E/p-102 1 atm 20°C
Fonseca et al. [17] 137 Y/N =0.137 E/N-0.470 | Y/p =137 E/p-125 2 bar -90°C
Aprile et al. [16] 120 Y/N =0.120 E/N-0.378 | Y/p =120 E/p-154 2 atm -95°C
Ngoc et al. [12] 88 Y/N =0.088 E/N-0.479 | Y/p = 88 E/p-113 2-10 atm 20°C
Fonseca et al. [17] 86 Y/N =0.086 E/N-0.296 Y/p = 86 Elp-73 2 bar 20°C
Parsons et al. [13] 70 Y/N =0.070 E/N-0.255 Y/p = 70 E/p-63 5 atm 20°C
Bolozdynya et al. [14] 70 Y/N =0.070 E/N-0.283 Y/p = 70 E/p-70 - 20°C
Akimov et al. [15] 70 Y/N =0.070 E/N-0.224 Y/p = 70 E/p-56 2,4, 8atm 20°C

*E/N in Td (10" V cm? atom™)
* E/p inkV cm™ bar®

Table. 1 - Xenon secondary scintillation amplifioa parameter, reduced electroluminescence yiet trends and experimental conditions of
pressure and temperature for this work, as webrthe different data reported in the literature
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agreement with those predicted by Monte Carlo satiah
and Boltzmann calculation for room temperature aliso
with those observed for saturated xenon vapour at[i0]
cryogenic temperatures. Our result is about a fauftéwo

higher than earlier results measured at room temtye.
Differences in gas purity during the experimental [11]
measurements may be one of the factors resporfsible

the different experimental results obtained at room
temperature. [12]

(9]
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