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Gas scintillation in He-N,-CH, and He—-N, mixtures
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A gas scintillation time projection chamber has been constructed to measure light emission in He-N,-CH, and He-N, gas
mixtures in the pressure range of 5 to 10 atm. N, admixtures were on the order of 0.6-1.8% and CH, admixtures varied between
0.06-0.18%. 1t is shown that in this range, an increase in N, and CH, admixtures tends to decrease the light amplification. The
information gamned here might be useful for measurements of neutrino angular correlations via the triton asymmetry following

muon capture by polarized muonic *He.

1. Introduction

Over the past two decades gas scintillation propor-
tional counters (GSPC) have been utilized in a wide
variety of different applications [1,2]. As a detector, the
GSPC has a number of important features such as
good energy resolution, high efficiency, and good back-
ground rejection efficiency. In recent years, the GSPC
has found a new application: the use as an “active
target” [3]. For this purpose, the GSPC serves both as
gas scintillation detector and as gas target for nuclear
physics experiments.

We have adopted this idea to study the possibility of
determining the direction of recoils emitted following
muon capture on *He. In this experiment [4] the (™~
3He) ion is polarized by direct spin exchange from
optically pumped Rb within the ™ lifetime, and the
neutrino angular correlation is to be determined from
the triton asymmetry. The triton asymmetry, which is
sensitive to the induced pseudoscalar form factor g, of
the semileptonic weak interaction, is to be measured
with the gas scintillation time projection chamber
(GSTPO).

The choice of the triton detection method compati-
ble with the harsh environment necessary for produc-
ing polarized Rb vapor (180°C) is of critical impor-
tance. A GSTPC has been chosen over a conventional
TPC because it offers the advantage of obtaining pre-
cise position information without introducing a large
number of feedthroughs into a hot reaction vessel.

Extensive studies on proportional scintillation in
argon, krypton and xenon dominated gas mixtures have
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been performed [5-10], however, very little data is
available on helium. Since helium emits light at A =
60—-100 nm gas admixtures have to be added to shift
the wavelength to the near UV. Tasiaux et al. [11] have
studied *He dominated gas mixtures at PSI. They used
typically 10% Xe admixtures and obtained very clean
triton spectra from muon capture on *He. We decided
on N, admixtures which is needed for efficient optical
pumping of Rb (collisional radiationless deexcitation of
the 5P, ,, excited state of Rb). The emission spectrum
of vibrational transitions C3I'[u—>B3Hg in N, (337,
357, 380 and 406 nm) has been studied extensively [6,8]
for mixtures of Ar-N, and Ar-CH,-N,. Since emis-
sion of the UV light involves the rates of up to nine
competing molecular reactions (the corresponding rates
for He mixtures are not known) the yield dependence
on pressure and concentration of the gas constituents
has to be determined empirically. The present study
was carried out at room temperature to obtain a cur-
sory overview of the GSTPC properties. Measurements
of the temperature dependence of the light output of
the GSTPC are being studied at present and will be
reported elsewhere.

2. Experimental procedure

The experimental apparatus is shown in Fig. 1. It
consists of a stainless steel cross with two UV windows
(quartz and fused silica), HV and gas feedthroughs.
After pumping the system down to typically 10~° Torr
it was filled with premixed gas at pressures up to 10
atm. A windowless >*’Am source followed by a 0.85 cm
long collimator was used to produce o particles of
small opening angles (< 7.5°) and energy spreads of
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Fig. 1. Schematic diagram of the gas scintillation time projec-
tion chamber.

less than 1%. The track lengths for the 5.5 MeV «
particles are comparable to those for 1.9 MeV tritons
at the same helium pressure. An a particle emitted
from the source slows down and stops in the gas
producing along its track both scintillation light and
ionization electrons. The primary scintillation light was
observed in the photomultiplier tube “P”, perpendicu-
lar to the track. The ionization electrons move in the
drift field region between plane G, and G, to the
high-field region between G, and G,, which is re-
ferred to as “light gap”. In the light gap the ionization
electrons are accelerated, producing many secondary

Fig. 2. Secondary light pulse shape of a particles observed in

the GSTPC, showing a characteristic Bragg shape. Additional

time dispersion caused by diffusion and the finite opening
angle of the o particles.

photons in successive electron—-atom collisions. This
secondary scintillation light was observed in the photo-
multiplier tube “S”. It was found that the light amplifi-
cation is strongly dependent on pressure, gas composi-
tion and the electric field applied to the gas.

The drift region was 11 cm long and included a set
of field shaping wires equally spaced and intercon-
nected by 10 MQ resistors. The wire planes in the light
gap were 3.1 mm apart and consisted of 127 pm thick
beryllium—copper wires, with wire spacings of 0.79 mm.
The direction of the drift field (5 kV /11 cm = 455
V/cm) was parallel to the o particle tracks and the
secondary light produced in the light gap was observed
along the « track in the photomultiplier tube “S”. The
large ionization density at the end of an « track arrives
at the light gap first. This gives rise to the time struc-
ture of the secondary light which has a characteristic
Bragg distribution, shown in Fig. 2, containing informa-
tion on the direction of the « track.

3. Results

The shape of the Bragg curve is in qualitative agree-
ment with expectations. The width of the Bragg peak
of about 10 ps is proportional to the length of the «
track in the drift field and allows a determination of
the drift velocity v4,,. A more reliable measurement
of vy, was obtained from the time delay between
prompt primary photons and the least intense part of
the Bragg distribution which corresponds to the dis-
tance between G, and G,. Typical results for 11 cm
drift at different pressures and drift fields are shown in

Drift velocity {mm/us)
N

Drift field (kV/cm)

Fig. 3. Drift velocity in GSTPC as a function of drift field for
He-N, gas mixtures. The N, concentration was 1.2%.
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Fig. 4. Reduced light yield versus reduced electric field for He—N, gas mixtures.

Fig. 3 and compared with calculations [12]. We found
no significant dependence on N, concentration, which
is in good agreement with these calculations. The vari-
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ation in vg,, over the measured range in N, concen-
tration is smaller than 1%.
The reduced yield of UV photons, obtained by
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Fig. 5. Reduced light yield versus reduced electric field for He~N,-CH, gas mixtures, with open squares: 5 atm, filled circles: 7.5
atm and stars: 10 atm. The N, concentration was 1 2%.
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integrating the Bragg curve, is shown in Fig. 4 for N,
concentrations between 0.6% and 1.8%. It is common
to display the data in units of reduced light yield L /p
(number of photons produced in light gap /Torr) ver-
sus reduced electric field E/p (V em™! Torr™'), and a
linear relationship between L /p and E /p is expected
[7]. In this representation the data should show no
additional dependence on pressure [13].

In Fig. S it is shown that the reduced light yield
L /p, apart from its dependence on E/p, is also pres-
sure dependent. A similar effect has been reported in
ref. [14]. Fig. 5 also displays the influence of adding
0.06-0.18% of CH, to the He-N, gas mixture. This
has been investigated, because Tasiaux et al. have
mentioned that is was necessary to add very small
amounts of methane (< 0.1%) to the He-N, mixture
in order to get stable drift conditions. No such prob-
lems have been observed in our system at N, concen-
trations > 1.2%. However, at N, concentrations below
0.6% thc gas mixturc tends to light up if the voltage is
close to the breakdown point. This effect is due to hard
UV photons which are responsible for the creation of
secondary photoelectrons, either in the photosensitive
gas or in the metallic electrodes. These photoelectrons
produce again photons which will be reabsorbed, re-
sulting in positive photon feedback and causing the
chamber to become totally inoperable. For more de-
tails see refs. [15,16).

As the N, concentration is decreased, the system
becomes increasingly more unstable, and the maximum
electric field, where no breakdown or photon feedback
occurs, gets smaller with smaller N, admixtures. How-
cver, the reduced light yield drops sharply with N,
concentration for a fixed reduced electric field. Fig. 4
shows this feature at all pressures, in qualitative agree-
ment with ref. [15].

A weighted least squares fit of the type L/p=
a(E/p)p~“, a,,; being free parameters, was made
to thc He-N, and He-N,-CH, data. This is a modifi-
cation of the commonly used expression L/p =
a(E /p)* [7], taking into account the additional pres-
sure dependence. The values of the fit are given in
Table 1. The common feature for He-N, and He-N,—
CH, gas mixtures was that the exponent of E/p, (a,),
secems to be roughly independent of the admixed gas
concentration. However, the explicit pressure depen-
dence of L/p, (a,), increases with both the N, and
CH, concentrations, respectively. A drop of the re-
duced light yield with quencher concentration has been
found such that the He-N, and He-N,-CH, data
could be fitted to a semi-empirical global expression
L/p=a(E/p)p~“(a,)", with C the quencher con-
centration in (%). The fitted parameters are: a; = 82.8
+125,a,=7.67+0.11, a;=0.8540.07,a,=0.163 +
0.003 and x?=2.1 for He-N,, and a,=17.8+ 1.9,
a,=7.70+0.10, a;=0.94 £ 0.07, a, = (4.20 £ 0.08) X

Table 1
Results of a weighted least squares fit with the function
L/p=a(E/p)2p~ 9 for the He-N, and He-N,-CH, gas
mixtures

2

Gas admixture a, a, a; X5
N, [%] CH,[%]

0.6 - 0.41+0.04 854+0.19 0.37+0.11 23
1.2 - 12.69+0.70 7.54+0.11 0.84+0.07 1.1
1.8 - 37.36+0.29 7.4440.07 1.10+0.06 0.42
12 0.06 2513+£021 7.72+0.11 0.97+£0.07 0.7
1.2 0.12 4.44+0.08 7.95+0.12 0.98+0.08 0.9
1.2 0.18 11.49+0.14 7914010 1.16+0.07 0.5

1075 and y2=2.4 for He-N,~CH,. It has been at-
tempted, assuming the two quencher gases can be
treated independently, to fit all the available data with
one general expression

L/p=a\(E/p)" p~*(a,) ' (as),

with C, and C, the N, and CH, concentration in (%),
respectively. The fit parameters yielded 4, =172.3 +
0.5, a;=7.60+008, a;=093+0.05 a,=(218%
0.03) X 107°, a5=0.16 +0.04, and x2=2.92 (assum-
ing purely statistical uncertainties). The largest contri-
butions to the systematic uncertainties originate in the
accuracy of the pressure gauge used (a 1% error in
pressure results in an 8% change in the signal) and the
high voltage power supply (2%). Therefore, if a system-
atic uncertainty of 5% is included in the fit, Xf reduces
to 0.90.

The self-absorption of secondary light in the gas at
5 atm has been studied by varying the distance between
G; and the UV exit window. For two different gas
mixtures (1.2% N, and 0.6% N,+0.1% CH,) we
found attenuations of about 1.3% /mm. The losses of
ionization electrons in the drift region have been mea-
sured by changing the length of the drift region (from 6
to 11 cm). This showed that attenuation at 5 atm
appears to be negligible for pure N, admixtures, and
about 5% /cm if 0.1% of CH, is added.

The primary scintillation light yield was measured
as a function of N, concentration in the He-N, mix-
tures. It showed only little dependence on N, admix-
tures, decreasing by about 10% for increasing N, ad-
mixtures.

The primary charge yield at 5 atm is estimated to be
1.5 x 107 electrons for the o particle entering the drift
region. The number of photoelectrons in the photo-
multiplier tube was obtained by comparing the charge
in the Bragg distribution with that for single photon
events. Although the wavelength domain in which the
measurements of the light emission have been per-
formed was not measured directly, the spectral sensitiv-
ity can be estimated from the characteristics of the
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photomultiplier tube and the quartz window used. Since
quartz transmits light in the range of 170 to 2000 nm,
the spectral sensitivity is limited to the spectral re-
sponse of the EMI9849QB photomultiplier tube which
has a quantum efficiency larger than 20% in the range
of 180 to 450 nm. By correcting for self-absorption in
the gas, quantum efficiency of the photomultiplier tube
(25%) and solid angle subtended by the photocathode
(530 msr) it is estimated that about 1.4 X 10% UV
photons are produced in the light gap. This results in a
gain of about 10 UV photons per drift electron in the
« track for a gas mixture of 98.8% He + 1.2% N, at 5
atm and an electric field of 14.4 kV /cm. This is much
lower than numbers quoted in the literature for other
gas mixtures (= 104, in Ref. [6]). The energy resolution
has a large contribution from photon statistics. The
best resolution, about 6.5% full width half maximum,
was always observed a few 100 V below the breakdown
voltage.

The studies presented here show that N, admix-
tures necessary for optical pumping of Rb (50-100
Torr are typically necessary to quench fluorescence
from the P, , excited state of Rb, see ref. [17]) are
compatible with the detection via gas scintillation of
charged particles depositing a few MeV in the detector
volume. Qur studies have shown that impurities have
to be kept at a low level (e.g. < 10 ppm of oxygen) to
avoid deterioration of the detector performance. A
high temperature version of the present setup has been
constructed.
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