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Time resolution of ionization chamber filled with liquid krypton
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The noble liquid calorimeters of particle detectors are generally regarded to be "slow" devices and have practically not been
used in time measurements . But in principle they can have a resolution at the level of ns due to their stability. This paper presents
results of measurements of time resolution for a test ionization chamber filled with liquid krypton and xenon and irradiated by
cosmic rays. A time resolution of the order of 10 ns is obtained .

1 . Introduction

Liquid calorimeters of radiation detectors are usu-
ally regarded to be "slow" devices because of their
signal rise time of the order of microseconds . Gener-
ally the cryogenic calorimeters are the multilayer stacks
of plane ionization chambers filled with liquid argon,
krypton and xenon . The main feature of these detec-
tors is high time stability of the <gnals due to absence
of charge multiplication and to stability of parameters
of the liquid . It gives hope to achieve a time resolution
of the order of nanoseconds and use it in experiments,
for example, to separate ev!nts produced in different
beam collisions in collidcrs .

It is well known [1] that :f the time resolution ie
determined by noise it can be obtained from the ex-
pression :

ar, = a,,/(dAldt) = an7frl~Amax+

	

(1)

where a� is the r.m.s . value of noise, Tfr-signal rise time
and A-signal . Therefore, short signals with high ampli-
tude and with a minimum of noise are needed. In
practice these demands are in contradiction .

This paper presents the results of time resolution
measurements in a test plane ionization chamber filled
with liquid krypton and xenon and irradiated by cosmic
muons .

2. Experimental

The test chamber was placed inside the cryostat [2],
which includes two vessels : an inner vessel of 3 1
volume inside the evacuated one . The inner vessel was
thermostabilized with an accuracy better than 0.1 K
with the help of a thermal screen between the vessels
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cooled by liquid nitrogen and with the heater on its
surface . Before the measurements the inner volume
was baked together with all its contents at - 100°C at
vacuum of about 10 - ; mm Hg during two days .

The four-layer stack of plane double gap ionization
chambers with cathodes placed between anodes was
submerged in the liquid xenon or krypton at tempera-
ture of 162 K and 124 K, respectively . The 10 x 10 cm2
electrodes of the chambers were made of 0.5 mm
foiled G-10 with a gap between anode and cathode
equal to 1 cm . The working voltage was equal to 1 kV
and 2 kV for xenon and krypton runs . At this field
strength the drift velocities of electrons are practically
saturated [3,4] . To search the dependence of time
resolution on energy deposited by particle in the cham-
ber the cathodes of upper three layers were joined
together and, therefore, we have two test chambers:
one consists of three upper layers and another one of
one single layer . The capacitance of these chambers
including read-out cable capacitance was equal to 220
pF and 120 pF, respectively .

The attenuation length for electrons in liquids was
checked by the X-ray technique in a additional ioniza-
tion chamber on the bottom of the inner vessel . The
gas purification system allows to obtain an attenuation
length at the level of 10-20 cm [2] but after liquefac-
tion of gases inside the vessel with such porous mate-
rial as G-10 it equals to about 6 cm for krypton and
only 0.12 cm for xenon . Thus in ~he krypton run we can
have full amplitude of the signal but in xenon only
0.25% [5] .

The scheme of electronics is presented in fig . 1 .
Signals from the chambers were processed by charge
sensitive preamplifiers with FETs of SNJ903L type as
an input and a RC-CR pulse shaper with a time
constant can be varied from 0.5 p,s up to 7 lis to search
the dependence of resolution on signal filtration .



aJMcV1 = 0.22Vt-f .

	

(2)
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The - 1 V amplitude of the preamplifier output
signal was recorded by a 12-bit peak ADC to make
off-line corrections for amplitude variation . The form
of the pulse was recorded by an 8-bit ADC to calculate
the maximum of the signal derivative and to find the
best level of signal discrimination .

The time resolution of the chambers corresponding
to a given fraction of amplitude was determined as a
"jitter" of the time delay measured by the TDC be-
tween the "start" signal from the scintillation counters
placed above and under the cryostat and "stop" signals
from the discriminator with thresholds fixed at 0.1 ; 0.3 ;
0,5 and 0.8 V. The input signal of the discriminator was
the preamplifier output .

The electronic noise of the preamplifiers connected
to upper and lower chambers as a function of shaper
constant r is presented in fig. 2. In the noise measure-
ments the charge equal to ionization charge produced
by particle traversing the chambers with a form emulat-
ing the shape of the current was injected into the FET
input . In our measurements the electronic noise deter-
mines the time resolution of chambers filled with liquid
xenon.

In the krypton run there is an additional source of
noise from radioactive `Kr. Small admixture of this
long lived isotope with maximum ß-electron energy
equal to 0.67 MeV gives 326 decays in cm; s - ' [41, or a
decay frequency of 60 kHz in lower and 180 kHz in
upper chambers, respectively .

To evaluate fluctuation in signal due to this sort of
noise we follow the works [61 regarding spectrometry of
high amplitude pulses at presence of high frequency
low amplitude background . For pure krypton and RC-
CR shaping we obtain :

where t is the pulse duration, f the frequency decay in
the chamber. The noise calculated from formula (2) is
presented in fig . 2. As seen for LKr chambers the time
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Pig. 1 . Scheme of the experiment . Here : IC is ionization

chamber stack; 1 - charge sensitive preamplifier followed by

RC-CR shaper ; ADC,, ADC-, - flash and peak ADC, re-

spectively .

of Ur and LVe ionization chamhe-n

	

114)

9,6

6,4

3.2

3. Results and discussion

Fig. 2. Dependence of electronic Qci and "radioactivity" yr
noises [or three layer (dashed line) and single layer chamber

as a function of shaper time constant r.

resolution at r > 1 ps is determined by "radioactivity"
noise .

To eliminate a contamination of the data by the
electrons we select the events with amplitude in the
region of + 10% near the most probable energy loss.
For these events the measured time delays correspond-
ing to different discriminator thresholds were cor-
rected for amplitude variations of the signals.

Fig. 3 presents the results of measurements ob-
tained at 30% fraction of signal amplitude as a func-
tion of shaper time constant. The curves in fig . 3
correspond to time resolution predictions based on
electronic noise measurements and "radioactivity"
noise calculations from eq (2) .

It is s~;en the best time resolution for Xe case is
achieved at r = 1 ~Ls approximately equal to the elec-
tron life time ( - 0.6 p.s) and is equal to 9 ns for the
upper chamber and to 19 ns for the lower one. At
higher r time resolution is worse due to signal rise
time increase but at lower r due to electronic noise
growth . The errors of the points are statistical and
equal to about 15%. It . the case of pure xenon it is

possible to obtain a time resolution of a factor of 3
better due to signal amplitude growth and noise de-
crease .
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The best time resolution for LKr filling of the
chambers was achieved at r = 0.5 l.s which is signifi-
cantly smaller than charge collection time (- 3.5 ~ts)
and is equal to 12 ns for the upper chamber and to 20
ns for the lower one. Thr. resolution is worse at smaller
,r due to electronic noise growth and at higher T due to
"radioactivity" noise and signal rise time growth .

It is seen that predictions agree quite well with the
data .
Now we can estimate time resolution for a calorime-

ter prototype [71 using formula (1) and compare the
relative parameters for the 1, rototype and for our up-
per chamber at r = 0.5 ~Ls . For the case of LKr filling
of the prototype the noise-to-signal ratio for both de-
vices is practically the same and signal rise time ratio
equal to about 0.07 determines the ratio of their time
resolutions . Therefore it is possible to obtain 0.8 ns
time resolution detecting single minimum ionizing par-
ticles . For the 20 ns signal rise time regime in the
calorimeter estimations show that time resolution will
be a factor of about 3 worse, but for 1.5 ~ts rise time
corresponding to full charge collection the resolution
can be a factor of 3-5 better. These values may be
compared to the time resolution of large scintillation
counter TOF systems. Time resolution for gammas and
electrons must be significantly better because of com-
pact localization of shower energy .

Naturally, these estimations need an experimental
confirmation .
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4. Conclusions
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Fig . 3 . Time resolution of three layer and single layer (open points) chambers filled by liquid xenon and krypton vs r.

It is shown that detecting minimum ionizing parti-
cles by an ionization chamber filled with liquid xenon
or krypton it is possible to achieve a time resolution of
about 10 ns . It gives hope to reach a time resolution for
liquid calorimeters working on supercolliders at the
level of scintillation counter systems .
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