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ABSTRACT. High-pressure xenon is an attractive medium for radiatietection in that the time
projection chambers can be constructed by combined measute of charge and light signals.
The electron transport properties are essential infoomatdr developing and operating high-
pressure xenon detectors. In this paper, our recent expetainresults of electron diffusion coef-
ficients in high-pressure xenon are presented. We measueddrtgitudinal diffusion coefficient
of electrons under external applied electric fields in higbssure xenon, ranging from 0.17 to
5.0 MPa in pressure at room temperature. A significant pressependence was found in the
density-normalized longitudinal diffusion coefficientr flow electric field region. We compared
the longitudinal diffusion coefficient with the transvers®e at a pressure of 1.0 MPa, and obtained
the difference between both the diffusion coefficients. Tdmgitudinal diffusion was found to
become smaller than the transverse one when increasingtdraa electric field.

KEYWORDS Gaseous detectors; Charge transport and multiplicatiogais; Time projection
Chambers (TPC); Gamma detectors (scintillators, CZT, HRg etc)
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1 Introduction

High-pressure xenon has many features suitable fgry and particle detectors such as its large
stopping power, high ionization and scintillation yieldsd flexibility for designing detectors. Ad-
ditionally, among the most remarkable characteristicseofx is that ionization charge and scintil-
lation light are simultaneously observable. The threeedisional trajectory of charged particles in
such detectors can be determined from charge and lightlsignahe basis of the principle of time
projection chambers (TPCs). TPCs filled with high-pressumgon have the potential to be used
for the MeV-regiony-ray imaging 3] or neutrinoless doubl@- decay searchingd]. Electron
transport properties in high-pressure xenon under exXtapyalied electric fields are essential to
developing and operating such TPCs. In particular, therelediffusion coefficients are important
from the viewpoint of the position resolution in TPCs.

Electron diffusion in gaseous xenon has been experimgrsalidied near or below atmo-
spheric pressure (1 atm = 1.01 bar = 0.101 MPa). It has bee fout that magnitudes of electron
diffusion under an external electric field are differentvietn parallel to and perpendicular to the
electric field, which are characterized by the longitudifi ) and transverseD) diffusion co-
efficients, respectively. The density-normalized londjibal diffusion coefficientND,_, whereN
denotes the number density of gas atoms, was measured bintdéstand Nakamuregd] at pres-
sures below 0.12 MPa, and the ratio of the longitudinal difin coefficient to the mobilitp, /u
was measured by Pack et @] at pressures below 0.096 MPa. Also, the characteristioygres,
which is related to the transverse diffusion coefficienteas- eDr/u, wheree is the elementary
charge, was measured by Koizumi et .4t pressures below 0.193 MPa. These parameters were
revealed to be functions only of the reduced electric fieftN at near or below atmospheric pres-
sure. Note that the reduced electric fiéldN is defined as the electric field normalized by number
density of gas atoms, of which unit is Td, and 1 Td =410V-cm?.

In the case of high-pressure xenon, on the other hand, tmererdy a few studies on the
electron diffusion. Only the characteristic energy wassneed at pressures below 1.0 MPa and in
the reduced electric field range from 0.05 to 1.2 8d9], and no significant pressure dependence
was observed. In high-pressure xenon, therefore, manyeofreh transport properties remain to
be unveiled.
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Figure 1. Density-normalized longitudinal diffusion coefficiedD_ as a function of reduced electric field
E/N. The xenon pressures for our result§,[11] are 0.17 ¢), 1.0 (J), 3.0 (0), and 5.0 @) MPa. The cor-
responding gaseous densities arE4 109, 2.55x 1070, 8.69 x 10%°, and 173 x 10?1 cm™3, respectively.
The dashed line represents the previous experimentatsgSjubbtained at pressures below 0.12 MPa.

Recently, we measured the longitudinal diffusion coeffitia a wide range of gaseous pres-
sures L0, 11] for the purpose of better understanding of the electromsiart properties in high-
pressure xenon. In this paper, our recent experimentaltsesithe longitudinal diffusion coeffi-
cient are summarized in secti@nand a comparison between longitudinal and transversestiff
in high-pressure xenon is made in sect®rsince the density-normalized diffusion coefficient and
reduced electric field are related to the number density sfagams, we also indicate the gaseous
density with the gaseous pressure for high-pressure data.

2 Pressure dependence of thelongitudinal diffusion

The longitudinal diffusion coefficient of electrons at rod@mperature was measured in a
wide range of gaseous pressures using two parallel-platecdambers with different pressure
ranges 10, 11]. At relatively low pressures ranging from 0.17 to 1.8 MPaiffi 419 x 10'° to
4.82 x 10°° cm2 in density), a xenon flash lamp was used as a UV source, antlozieswarms
were generated by UV flashlights at a photocathode posdiaméhe chamber][0]. On the other
hand, at high pressures ranging from 1.0 to 5.0 MPa (fros% 2 10°° to .73 x 10?* cm 3 in
density), electron swarms were generated by 5.49-Meparticles L1]. For the measurements
with both chambers, the electron mobility and longitudidiffiusion coefficient were derived from
the time evolution of current signals formed by drifting @tens under an uniform electric field
between parallel plates. The signals induced on the anotteeathamber were fed to a charge-
sensitive preamplifier, and the output signals from thempmidier were stored using a digital oscil-
loscope. The electron mobility and longitudinal diffusiomefficient were determined by analyzing
the waveforms of preamplifier signals.

Figure 1 shows the results of the density-normalized longitudindlusion coefficient
ND, [10, 11] as a function of reduced electric fiell/N for several representative pressures.
Previous experimental results at near or below atmosplpeeissure ] are also shown. As a
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Figure?2. (a) Magnitudes of longitudinal diffusiosy. and transverse diffusioo for the drift length of 1 cm
as a function of reduced electric fielif N. The data shown am®_at 1.0 MPa ¢) and at atmospheric pressure
(o), andor at 1.0 MPa M) and at atmospheric pressufé)( respectively. (b) The ratio of longitudinal to
transverse diffusion coefficiel /Dt at 1.0 MPa ¢) and at atmospheric pressul)(as a function of
reduced electric fielé& /N.

result, a significant pressure dependenc®& Bf was observed foE /N ~ 0.04 Td. In contrast,

no pressure dependence was observedfdd > 0.06 Td. This finding indicates that the effec-
tive momentum-transfer cross section for electron-atoatteng varies with increasing pressure.
Since the maximum dfiD, atE /N ~ 0.05 Td is related to the minimum of the momentum-transfer
cross section known as the Ramsauer-Townsend minimumfféotivve momentum-transfer cross
section decreases with increasing pressure around tlwarefihe Ramsauer-Townsend minimum.
Although the density-normalized mobilityu also depends on the gaseous pressure, the pressure-
dependent variation @D was found to be much larger than that\yf [11].

3 Longitudinal and transver se diffusion at high pressure

Figure2(a) shows the magnitudes of the longitudinal electron diffo op and transverse electron
diffusion o for the drift length of 1 cm at a pressure of 1.0 MPa (a dendi.®x 10?° cm2) and

at atmospheric pressure as a function of reduced electidcHigN. The magnitude of diffusior

is related to the diffusion coefficiel aso = (2D1)/? for longitudinal and transverse diffusion,
respectively, where is the drift time of electrons. The ratios of longitudinalttansverse diffu-
sion coefficientD /Dt at a pressure of 1.0 MPa and at atmospheric pressure arehalso &
figure2(b) as a function of reduced electric fidldN. These data are derived from the experimen-
tal results of electron mobility in ref1P] and electron diffusion coefficients in ref&,[7, 9, 11].

It is to be noted that the data at atmospheric pressure a@raguglid for near or below atmo-
spheric pressure.

As shown in figure2(a), the electron diffusion is suppressed at high pressurhé same drift
distance. Magnitude of electron diffusion is proportiotmN~/2 when the density-normalized
diffusion coefficient is independent on pressure. Thegefor is not proportional taN—%/2 for
E/N ~ 0.04 Td becaus®&l D, depends on pressure for this electric field as describedciose?.
Although it was not measured in previous studi@s9], there may be a pressure dependence of
N Dy for low electric field region arouné /N =~ 0.04 Td.



At a pressure of 1.0 MPa;. andoy are almost comparable at low electric field aroyiN ~
0.05 Td. In contrast, the difference between and o1 becomes larger with increasing electric
field. The longitudinal diffusion decreases with incregsitectric field fromo, ~ 0.1 to 0.05 cm,
whereas the transverse diffusion remains nearly constart=a 0.1 cm. This trend is also obtained
in the ratioD, /Dt as shown in figure(b); the ratioD, /Dt decreases with increasing electric
field. The difference between the longitudinal and trarsveliffusion coefficients arises from the
fact that the longitudinal diffusion coefficient is relatedthe gradient of the momentum-transfer
cross section]3]. The longitudinal diffusion coefficient is larger than ttiensverse one when the
momentum-transfer cross section decreases with incgea$éctron energy, and is smaller than
the transverse one when the momentum-transfer cross iséaticeases with increasing electron
energy. Since the pressure dependence was not obseridd, imnd NDy for E/N > 0.06 Td,
there seems to be no pressure dependendg dD+ betweerE /N ~ 0.05 and 0.1 Td in figur@(b).
However,D,_ /Dt at 1.0 MPa is slightly larger than that at atmospheric presgrE /N > 0.1 Td.
The cause of this difference is presently unknown, and éurttetailed studies will be needed to
understand the electron diffusion in high-pressure xenon.

4 Conclusions

The longitudinal diffusion coefficient of electrons was m@d in high-pressure xenon at room
temperature, extending the previous published resulthénhigh pressure end up to 5.0 MPa.
It was found that the density-normalized longitudinal wkfibn coefficient significantly increases
with pressure for reduced electric fields around 0.04 Td¢ctwviban be attributed to the decrease in
the effective momentum-transfer cross section. The ladgigl diffusion becomes smaller than
the transverse one, when increasing the reduced electddiioen approximately 0.05 to 0.2 Td
at a pressure of 1.0 MPa. There seems to be no significantupeedspendence in the ratio of
the longitudinal to transverse diffusion coefficient fodueed electric fields above approximately
0.05 Td, however, further investigations are necessarhemrliectron diffusion in wider ranges of
gaseous pressures and electric fields.
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