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Rich detection media : Scintillation and Ionization

Scintillation                Ionization
energy                      position
photomultipliers            ionization chamber with low noise amp. 300e
GEM/photocathod          GEM in 2 phase Xe
Avalanche Photodiodes
    
22,000 VUV photons/511KeV with 3ns, 27ns and 45ns

30,000 electron-ion pairs/511KeV  
electron drift at 2.3mm/us with 2kV/cm

At 511 keV, 22% photoelectric, 78% Compton with xenon
half a mm for 511 keV photoelectron

Primary ionization signal is weak: of the order of 1, 10, 100 and 500 keV 
for coherent neutrino, dark matter, solar neutrino and PET respectively.

General Property of Liquid Xenon
http://www.pd.infn.it/~conti/LXe.html



σ2=2Dt=2DL/v
CD2=D/v

Example:
t=104usec
D=50cm2/sec
σ=1mm

T.Doke, NIM 196 (1982), 87
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To real ize a long attenuation length of dri fting electrons in l iquid xenon, a puri f ication system which consists of Oxisorb,
molecular sieves and a Zr-V-Fe al loy getter has been constructed A dual type gridded ionization chamber is used for the
measurement of the attenuation length . An attenuation length longer than 2 m is achieved in the puri f ied l iquid xenon .

1 . Introduction

In 1991, a 3 ton l iquid argon time projection cham-
ber (TPC) was successful ly operated by the ICARUS
col laboration and beauti ful three-dimensional track
patterns were observed [1] . These results are very en-
couraging for researchers who are working on the
development of a l iquid xenon TPC for measurement
of double beta decay of 136Xe [2] , observation of cos-
mic gamma ray sources with precise directional resolu-
t ion [3] , and so on . To real ize such l iquid xenon TPCs,
i ) dri fting electrons in l iquid xenon are required to
have a long attenuation length and i i ) the anode is
required to be a two-dimensional posit ion sensit ive
detector . The former condit ion means that the l iquid
xenon to be used should have a high purity .

In the proposed appl ications to the double beta
decay experiment or the observation of cosmic l ine
gamma rays, the electron dri ft distance is on the order
of 30 em, which requires an attenuation length of the
dri fting electrons longer than one meter .

The Columbia group measured an average attenua-
tion length longer than 44 cm at an electric f ield of 0 .5
kV /cm for l iquid xenon puri f ied by a combination of
Oxisorb, molecular sieves and a Zr-V-Fe al loy getter
[4] . They obtained the attenuation length by the wave-
form analysis of ionization pulses produced by cosmic
rays in l iquid xenon, but the method was not so precise
due to the l imited statistics .

Recently, we have constructed a puri f ication system
for xenon gas, which is the same as that used by the
Columbia group, and a dual type gridded ionization
chamber which is suitable for measurement of an at-

2 . Apparatus
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tenuation length of electrons longer than 1 m . In this
paper, we present the apparatus used in the experi -
ment and the results .

2.1 . A dual type gridded ionization chamber

Fig . 1 shows a cross-sectional view of the dual type
gridded ionization chamber used for measuring the
attenuation length of dri fting electrons in l iquid xenon .
The chamber has a common cathode and two grid-col -
lector regions at di fferent distances from the cathode
[5] . Radioactive 207 Bi sources of 3 .7 kBq are electro-
chemical ly deposited on the center of both surfaces of
the common cathode plate (K) made of stainless steel .
The distance between the cathode and the grid (Gl ) in
the upper chamber is 47 mm and that between the
cathode and the grid (G2) in the lower chamber is 17
mm . The gaps between the col lectors (Cl or C2) and
the grids (G1 or G2) are 3 mm . Field shaping rings are
placed between the cathode and the grids at intervals
of 10 mm . Each ring is insulated by Macor spacers .
The voltages to the f ield shaping rings are given through
an internal resistance divider chain, consisting of resis-
tors of 1 Gf l and 1 .6 Gf2, not covered with any coating
to avoid contamination . The effective inner diameter is
15 mm . The effective volume of the upper chamber is
8 .3 cm 3 and that of the lower chamber, 3 .0 em3 . The
total volume of l iquid xenon put into the chamber
vessel is 0 .6 1 . Each grid consists of stainless steel wires
of 20 wm in diameter strung on a stainless steel frame



2”PMT : 4x54=216 TPC : 48kV

LXe-PET : no segmentation with PMT, TPC
39 l, 80cmΦ , 6cm depth,  24cm axial length

104 μsec/24cm
(2.3mm/μsec)

continuous readout 
with time stamp by PMT

Spatial resolution = 2 mm
Time resolution = 1 nsec

timing for the TPC

low noise 
< 300e

(1)



TPC Symposium 2003 The Enriched Xenon Observatory 6
!"#$%&'&())* +,-.)* ()

./0#12&324254$67
8 369:%2;27<2<&=>.&5/0?:2#&

@$4/&A()&5?&<#$B4&#21$67C
8 D$<;"%072&504/6<2&:$0C2<&04&;EF&

GH
8 IJ&-7<954$K2&LMN @$#2C&"2#&C$<2&

04&;'&GHO&P))Q&5/0#12&
4#07C"0#274R

8 IJ&LSN @$#2C&04&K$#490%&1#697<&46&
56%%254&4/2&5/0#12R&&

8 TSU&2%254#67&?6:$%$4V&A()))&
5?(WXHCY

8 +049#04$67&K2%65$4V&A&)R(JZ5?W[C
8 U%254#67&%$B24$?2&160%&6B&I?C

\]&(R'Q&%6CC&04&()&5?R

.04/6<2&;EFGH

!>3^C

()&5?&3#$B4&_21$67

M&@$#2C

;'&GH

S&@$#2CO

H$#490%&1#697<



TPC Symposium 2003 The Enriched Xenon Observatory 7

EXO LXe energy resolution experiment

Good acceptance for 
both ionization and 
scintillation

“There are indications that 
correlations between the two 
variables help improve 
resolution” [J.Seguinot et al. 
NIM A 354 (1995) 280]
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Xenon Purity
Impurities (O2, CO2, H2O, ect.) capture electrons as they drift 
through the liquid. We remove impurities with a SAES high 
temperature Zirconium getter.

To monitor remaining impurities, we measure the electron 
lifetime (τ):

or where

For a maximum drift distance of  15 cm, we aim for:  

λ > 300 cm

τ ~ 3 ms 

0.1 ppb O2 equivalent
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photocathode

anod
e

FET charge sensitive
preamp and shaper

grid
s

drift 
region

Xenon Purity Monitor

laser

To measure the 
electron lifetime:

•~106  photoelectric electrons 
produced by laser

•initial charge measured by 
induction grid 

•electrons drift through 11 cm 
of LXe

•final charge measured by 
anode
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Purity Monitor Signal
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Lifetime vs field

We typically find that the lifetime decreases at high field:

Our goal is to improve by a factor of two at high field.
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Figure 2.1: The LXeTPC mechanical design.

LXe-GRIT  ;  1 phase
Columbia university  -  XENON collaboration
baloon flights(1997-2000) of the Liquid Xenon Gamma-Ray Imaging Telescope 
γ energy range = 0.511 - 70MeV ( e+ - πo )
LXeTPC ( prototype of Compton telescope ) with 7cm long drift
 -direction of incident γ can be estimated by sequence of Compton scattering

2004

LXeTPC : 18.6x18.6x7cm3 ( 2.4 l)

30

Figure 2.3: Top view of the LXeTPC with the field-shaping rings. The
ceramic HV feedthrough is visible in the lower part of the picture.
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Figure 2.6: Schematic of the LXeTPC read-out structure with corresponding
light trigger and charge signals (from (98) and (74)).

detection efficiency for energy deposits of ∼ 100 keVis near 100%.
The display of a raw event is shown in Fig. 2.9. It consists of the FADC

pulse height signals of 62 x-wires, 62 y-wires and 2 anodes, out of 4, where a
signal has been detected, all of them plotted vs. drift time, which constitutes
the z-axis. The size of such an event is ∼30 kB. The more usual data-taking
mode transfers only wire waveforms which crossed preset thresholds together
with the four anode waveforms. For typical settings, the average event-size
is ∼5 kB.

2.1.6 Data acquisition

This section is adapted from Ref. (10).

nickel mesh



the wires are stainless steel 100um diameter, 

signals   charge sensible amp.   
  noise  < about 450 and 1000  e- RMS for the wires and anodes
             + custom-built digital electronics at 5MHz, 8 and 10 bits 
                for the wires and anodes

TPC can detect gamma with energy deposits as low as about 100keV 
( about 940e- on wires)

PMT signals are trigger to readout the TPC with requirement of no 
PMT signal within 50usec.

performances in TPC Active volume  20 x 20 x 7 cm^3 : 
  - position resolution  1mm ( 3 dimensions ),  350um in z
  -  angular resolution 3 degree at 1.8MeV by Compton telescope 
      with multiple interaction
  - energy resolution (FHM)  8.8%/SQRT(E(MeV))  by anode signal



37

X!WIRES

0 50 100 150 200

0

100

200

300

400

500

600

700

0.
40

 *
 A

DC
 C

H.
 +

 W
IR

E 
NU

M
BE

R 
* 

10

Y!WIRES

0 50 100 150 200

0

100

200

300

400

500

600

700

ANODE 1

0 50 100 150 200
DRIFT TIME [samples]  (0.2 µs / sample)

0
10

20

30

40

50
60

AD
C 

CH
.

ANODE 4

0 50 100 150 200
DRIFT TIME [samples]  (0.2 µs / sample)

0

10

20

30

40

50

file: /compton1/analysis/1999/anaApr27/yt_par/sel_4steps/4steps_pc.mev time: UTC Apr 27 03:26:43 1999
look_w4_a4_ev48998.ps plotted: Tue Feb  6 19:58:35 2001

Figure 2.9: Digitized waveforms on wires and active anodes as a function
of drift time in FADC samples, for an 88Y 1836 keV γ-ray event with 4
interactions. The upper panels show all wire waveforms, in scaled units
of ADC channels, each separated by an offset. Matched wire signals are
indicated by circles, and only their corresponding anodes are shown. The
wire-anode correspondence is indicated by the dark fields at the top left
corner of each anode display. The solid arrows mark three steps found by
the anode signal algorithm, and the dashed arrow marks an additional step,
included in the fit (smooth solid line) after signal recognition on the wires
(from Ref. (74)).
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Figure 5.7: “Snapshots” of three different events in the LXeTPC recorded
during the balloon flight in year 2000; for each of them the X-Z view and the
Y-Z view are shown. Left: a 2-site γ-ray interaction. Center: a relativistic
particle passing through the fiducial volume. Several δ-rays are visible in the
X-Z view. Right: a more complex interaction with several particles detected
in the fiducial volume. The vertex happens below the fiducial volume, i.e. at
Z< 0.

grounded to the aluminum container. A miniature fan circulates the gas
in the closed box, resulting in better heat transfer from the circuits on the
board to the outside walls of the container. Hermetic connectors bring all
the ports from the processor to the outside. A large aluminum heat sink on
the outside of the container serves to increase the convection cooling in the
thin atmosphere.

During the first flight of the new processor in 1999, the temperature in the
container stabilized at about 75◦ C. Although the processor was working well
under these conditions, it was desirable to lower the operating temperature.
For the October 2000 flight of LXeGRIT, the container was therefore filled
with one atmosphere of helium. Due to the higher speed of the He molecules,
the heat transport to the outside walls is more efficient. This resulted in a
reduction of the operating temperature by almost 10 degrees.

The data storage disks also have to be mounted in a hermetic container,
filled with air under normal atmospheric pressure. This is not only for ther-
mal considerations, but also because they require an air cushion to separate



High purity (<1ppb O2 equivalent) Xe gas is liquified into 
the vessel by a controlled flow of liquid nitrogen(LN2) 
through the copper coil of the condenser on the top. 
The liquid temperature is −95◦C, at a pressure of 1.5atm.   

i.e.   O2 < 0.1ppb,    H2O  < 0.5ppb

7cm drift in 1kV/cm,  35usec 
drifting electron lifetime is about 360usec,  which 
corresponds to an attenuation length of about  80cm



R&D
 -  multi-anode pads (サイズ 3mm x 3mm 以下）readout

 -  GEM or MHSP like readout ( multiplication ?)  
　　　　simulationで有効性を確認後試みる
 - purity of Xe ,  O2 contents (<0.1ppb) v.s. attenuation length
 - continuous readout with time stamping by PMT coincident signals 
    ( 10nsec )
 -『多数の検出器出力信号をリアルタイム処理するための
     ASICの技術が不可欠である』
 -  position and energy resolution by PMTs

note : LXeGRITとの違い
  two dimensional readout ( multi-anode pads, GEM, MHSP etc. )
　energy by PMT    10% -> 5%



 先ず、R&Dとして、液体１相で、２次元の位置読み出
しと、液体キセノンの純度したがってdrift方向の
attenuation lengthの関係を測定すること、そして、
PMTによるtime stampされたTPCの連続的readout。

PMTについては、10nsec以下でのゲート幅での
coincidenceの確認と位置（cm程度）とエネルギー分解
能（5%程度）の測定。


