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Abstract

The experiment with the prototype of liquid krypton electromag-
netic calorimeter for KEDR detector is described. The experiment was
carried out at the VEPP-4 collider in a tagged photon beam. The
tagged photons were obtained in the energy region 50 — 625 MeV
using the facility ROKK-1M. The energy resolution comparable with
the resolution of crystal calorimeters and excellent spatial resolution
(~1 mm) have been obtained. The results are in a good agreement
with the Monte Carlo calculation.
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1. Introduction

An electromagnetic calorimeter based on liquid krypton is under con-
struction for the KEDR detector at the ete™ collider VEPP — {M with a
maximum energy of 6 GeV [1, 2, 3]. The LKr calorimeter gives the energy
resolution comparable with Nal or CsI calorimeters and much better posi-
tion resolution for photons, due to measuring the photon conversion point.
Furthermore the fine granularity of the calorimeter provides information for
particle identification based on dF¥/dx method as well as e/ separation using
the shower longitudinal profile.

To investigate the properties of a full absorption calorimeter filled with
liquid krypton, we have built two protolypes: prototype-7 (7 ky of LKr)
and prototype—400 (400 kg of LK'r).

The first one was intended to the measurement of the space resolution for
charged particles. Tn the experiment with cosmic particles we have obtained
the space resolution ¢ = 3 mun in the anode readout mode and ¢ = 0.4 mm
in the cathode readout mode for the strips of 10 mm width [4]. For the
coordinates reconstruction the center of gravity method was used.

To study the energy resolution two experiments with the prototype-
400 were performed at the positron beam. The energy resolution 5.7% at
130 MeV and 1.9% at 1190 MeV have been obtained [4, 5, 6].

The energy and space resolution for high energy electrons (8-80 GeV)
were studied by the NA48 collaboration [T].




In this paper we present the new results obtained with the prototype-400
at the tagged pholon beam. The energy and space resolution for photons
in the wide energy region (50-4500 MeV) have been measured. The present
work is also devoted to the test of the final version of electronics for the LK»
calorimeter of KEDR detector.

2. The LKr prototype calorimeter
2..1 The prototype design

The prototype calorimeter contains 400 kg of liquid kryvpton and has
the electrode system similar to one of the KEDR calorimeter [5]. In figure
1 the layout of the prototype is shown. The main parameters are listed in
table 1, more detailed description of the cryostat and cryogenic system design
is published elsewhere [4].

Table 1. Main parameters of the prototype-400.

Gap width 19.5 mm
Electrode thickness 0.5mm G104+ 2 x 18 pm Cu
Electrode diameter 42 em
Length of the calorimeter 76 cm (16.5.X0)
Number of cells 27
-~ Number of sirips 28
Typical cell capacitance 350 pF
Entrance window thickness 0.13X,

Liquid Nitrogen consumption 50 {/day

The electrodes are made of G10 sheets covered on the both sides by a
copper foil. The first (counting along the photon beam axis) and all odd
electrodes are under zero potential ("grounded” electrodes), high voltage is
applied to the all even electrodes.

The high voltage electrodes are used for the energy measurements. They
are divided into 9 pads centered around the beam axis. Longitudinally the
electrode system is segmented in three sections of 6.1 Xy, 5.2 Xp, 5.2 X
depth. Thus the calorimeter contains 27 cells for the energy mcasurements.

The first three “grounded” electrodes are used for the coordinate mea-
surements. They have 8 = 10 strips each, parallel to each other. The width of
the strips i1s 1 em. Some of the ”grounded” electrodes are divided into pads

for the costnic rays trigger. The sketch of the electrode system is shown in
figure 2.

2..2 Electronics

The ionization chambers of the calorimeter are operated in the electron-
pulse mode. The measurement of the collected charge is provided by thﬁe
charge sensitive preamplifiers based on FET NJ1800D. All the preampli-
fiers are placed outside the cryostat and connected to the signal electrodes
through the two pairs of cold and warm connectors. The preamplifiers are
assembled on two motherboards mounted on the warm flange of the cryo-
stat. Each motherboard contains 48 preamplifiers. Each tower or strip 1s
readout by the own preamplifier. The signal from the preamplifier 18 fed to

" the RC-2C R shaper by means of a twisted pair of 40 meters long. The am-

plitudes are digitized by 12-bit analogue-digit converter (ADC) operating in
the peak detector mode. To cover the full dynamic range (0.1-4000 MeV)
we use two ADC with high and low sensitivity (0.1 AMeV/bin and 1 MeV [bin
respectively) for each tower channel. The shapers and ADC are located in a
special crate K LUKV A [8]. The total number of electronic channels is 96,
41 of them are used for the auxiliary measurements with cosmic rays.

3. Performance of the readout electronics

3..1 Calibration

The important advantages of liquid ionization calorimetry are stability,
linearity and uniformity of response that give opportunity for a precision
electronic calibration. To exploit this feature in the detector it is necessary
to solve two problems:

1. To develop a method of calibration which permits the measurement of
relative gain of the readout electronic chain (relative calibration).

2. To measure the parameters of a current signal from particles in the
ionization chamber of the calorimeter (absolute calibration).

The relative calibration was performed by injecting a known amount of
charge to the preamplifier input through precisely test capacitances C. (nom-
inal value 6 pf”). During the calibration procedure we controlled the pedestal,
linearity and the gain of each electronic channel. The calibration coefficients
were determined by the linear fit of the channel response to the test pulse.




We used the special designed calibration generator which simulates the
shape of a real current pulse. This guarantees an accurate relative calibration
of all the channels despite of tolerance of components. I'or example the dif-
ference of the gain constants obtained with the § and "real” shape calibration
signals is shown in figure 3.

The generator consists of the digit-analogue converter (DAC), switches
(S1,52), RC circuit and the integrator (S) (fig. 4). The calibration pulse
is generated by switching of the DC signal from the DAC, that results in
an exponentially decaying current with the time constant RC flowing into
the integrator. The same shape of the current pulse is reproduced at the
preamplifier input. The output signal of the integrator is distributed to the
preamplifiers by 8 coaxial cables. Each cable serves 12 preamplifiers. The
resistors Rm (50 Q) are used for the cables matching. The calibration signal
is computer controlled, whicli permits an automated calibration and gain
equalization procedure. ' |

The calibration capacitances were measured with an accuracy of 0.3%.
The ronlinearity of the readout electronics was measured to be less than
0.2 MeV and 2 MeV for channels with high and low sensitivities respectively.
These two.factors determine the accuracy of the relative calibration.

The absolute calibration is usually provided by real physical processes.
But in practice it is important to calibrate the calorimeter without particles.

The relation between energy deposition 57 in the gap of ionization cham-
ber and the measured pulse height A is:

= Ayl
F edg . Up
where, W is the average energy required to produce an electron-ion pair, I is
the recombination factor, e is an electron charge magnitude, b is the pedestal,
ag, ap are the gain constants of the readout channel for the current pulses
from the generator (/,) and particle (/,) respectively. The ratio ag/a, can
be easy calculated if the shape of the current pulse I, is known:

Qiot t i ' e - E
B)= T2 (1= 7o) -eap(=g),  Qua = =

where, Ty is the drift time and T, is the attachment lifetime for electrons of
the ionization. The accuracy of the absolute calibration is determined by the
measurement errors of the parameters W, F', Ty, Ty. | :

There are few measurements of the W-value [10, 11, 12}. Really, the ratio

W/F is measured in an experiment. We used the value

5%
= 18.3 £ 0.3 eV/pair
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measured for the charge collection at the highest electric field of 16 kV//em
[12] as the estimation of the IW-value.

We measured the parameters Ty, Ty, F. The method of the Ty and
T\ measurements was based on the analysis of the waveform of the signals
from cosinic rays and F-radioactive isotop *°Sr (will be published). At the
applied electric field of 513 V/em the parameters Ty, Ty, F were found to be
9.040.2us, 2.854+0.15us, 0.7810.02, respectively.

We compared the energy scale constant obtained from the electronics
absolute calibration (S;) with one obtained from the edges of Compton and
bremsstrahlung spectra (Sy). The ratio of the scale constants was found to
be S,/S, = 1.0140.03., where the error is determined by the accuracy of
absolute calibration.

3..2 Noise

There are three different sources of the noise: the electronic noise (N),
the noise of radioactivity () and colerent noise (C).
The electronic noise measured in electrons can be parameterized as

N = Ny + a Cye,

where, Ny is the noise of unloaded preamplifier, o is a noise slope constant,
Cigee is a detector capacitance. The typical parameters Ny and o for the
preamplifiers based on F ET N J1800D are shown in Table 2. The parameters
were measured for different shaping times (7) and filters.

Table 2. The noise of electronics

T RC-CR 2RC-CR - RC-2CR
ps | No,el. a,el.[pF | No,el. a,el.[pF | No,el. o, el /pF
0.5 | 1000 3.10 902 2.47 1263 4.32
1.0 | 898 2.48 811 1.92 1092 3.39
2.0 | 828 1.67 748 1.11 968 . 2.50
3.0 772 1.37 695 0.94 881 1.90
4.0 747 1.21 673 0.87 Bf7 - 1.65
5.0 | 707 1.04 656 0.76 850 1.33

The detector capacitance is the sum of the gap capacitance (Cy=190 pF)
and cross-talk capacitance (Ca~40 pF between two adjacent cells) as it is
shown in figure 6. For the typical value of the detector capacitance of 350 pF
and 7=1us the electronic noise is 2300 electrons. .
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The electronic noise has to be treated together with the LA’ r radioactivity.
The natural krypton contains small admixture of the f-radioactive isotop
85 K r with activity of ~300 decays/sec in 1 em® of LKr. The events of -
decay produce point-like ionization in the gap of the chamber. It results in
the random consequence of rectangular shape current pulses in the input of
the preamplifier and can be considcred as an extra source of noise (pile-up
noise) [9].

In figure 5 the measured noises N + R, N and R for applied high voltage
of 1 kV and different 7 are shown. The electronic noise was measured at
switched off high voltage. Since the value of the R-noise depends on the
shaping time as ~ /7 and the N-noise decreases with 7, there is the optimal
shaping time 7p:~1ps (7=1.05us was in the experiment). In order to select
the contribution of the R-unoise we subtracted in quadrature the noise of
electronics from the total noise N + R.

For the strip channels the noise of radioactivity is negligible becanse of
the small detection volume. To reduce the noise of electronics the shaping
time of 5.2us for the strip channels was selected. The electronic noise was
measured to be 0.15 MeV . The pick-up noise was estimated to be 0.3 AMeV
and 0.1 MeV for the first and two next strip layers respectively.

The presence of the coherent noise is evinced in the procedure of summing
the amplitudes of separate channels which are used to reconstruct the total
amplitude. Actually the variance of the total amplitude o, is not equal to
the sum

where, o; is the noise of channel i, n is the number of channels. The o,
depends on the level of pick-up noise and the configuration of cells taken in
the sum. The average coherent noise can be estimated as

1 o} a'%'_;)

n-—1 n n

L

g

The coherent noise has two components: correlated (pick-up) noise (o7 >
0) and anticorrelated noise (o7 < 0).

The anticorrelated noise is described by presence of the cross-talk capac-
itance between two adjacent cells. The cross-talk capacitance doesn’t give
contribution to the total electronic noise of such two channels.

For example we simulated the configuration of 5 cells (like in fig. 6). The
capacitors which simulated Cy and C, had capacitances of 470 pF each. The

results of the noise measurement for different configurations of the preampli-
fiers are shown in Table 3, where, 1, is the total number of capacitors in the
configuration and m, is the number of capacitors which give contribution to
o¢. The total noise of (14 2+ 3+ 4+ 5) configuration doesn’t depend on the
cross-talk capacitance.

Table 3. The noise of electronics for different configurations of the channels
and the fixed value of the cross-talk and detector capacitances of 470 pF.

configuration | n my me Joi/n, \Joi/n,
. 20" el

1} ¥ 5 9 8.9

2340r5 | 1 ‘s 2 4.3
243+4+5 | 4 8 8 4.4 4.3
142434445 | 5 13 5 5.6 2.7

To estimate the pick-up noise we used the configurations of channels which
haven’t anticorrelated components of the noise. We turned the special atten-
tion to the suppression of the pick-up noise in the tower channels. Its residual
level was achieved to be less than 0.2 Mel/ (Table 4).

Table 4. The pick-up noise for different 7. The measurement errors are 10%.

T, [us] 0.50 1.06 2.20 3.30
o, [electrons] | 270 830 970 800
a., [MeV] 0.12 021 015 0.13

3..3 Cross-talks and long-term stability

The cross-talks between the electronic channels were measured using the
calibration generator. There was no the cross-talk signal exceeded 0.2%.

The sources of the cross-talk in the electrode system are the cross-talk
capacitances Cj,. Since the total input capacitance Cj, of the preamplifier is
large, the fraction of the cross-talk charge is quite small

4.C!, 1 1
- 1 Cin o ey o -
Ca+4C; 4+ Cin (C',r Ch =

Fe




where, ()}, is the capacitance of a high voltage capacitor (12 nF), C] is
the input capacitance of the preamplifier (50 + 60 nF for 7 = lus). We
measured the cross-talk signal using the cosmic particles and found it equal
to 1.140.1%, that is in a good agreement with the expected cross-talk: 1.2%.

The long-term stability was measured using the calibration runs which
were written down during the time of experiment of 60 days. To estimate

the stability we calculated the relative deviations of the gain constants [rom

the average one for each channel. The distributions on the relative devia-
tion for all tower channels are shown in figure 7. The variances of the gain
constants are 0.4% and 1.5% for the channels with high and low sensitivities
respectively.

4., The tagged photon beam setup

The experiment was performed at the facility ROKK — IM [13] of the
VEPP — 4M collider. It includes the Nd:YAG laser, the optic system to
transfer the laser photons to the electron beam and the detector KEDR
Tagging System [14]. The layout of the ROKK — 1M and the VEPP — {M
experimental area is shown in figure 8.

High energy photons are produced in the backward Compton scatlering
of the laser photons on the colliding electron beam. The maximum energy of
the scattered photons is:

2

4wy
1 + 4wy/me?’

T
j-f’m_a;u: -

where w is the energy of a laser photon (2.34 €V'), v is the beam relativistic
factor and m is an electron mass.

The scattered photons move in the direction of the electron beam and are
detected by the calorimeter. There are the collimator and veto scintillation
counters in front of the calorimeter.

The scattered electrons (SE) are detected by means of the tagging sys-
tem (7'S). The tagging system includes two bending magnets (M1,M2),
the doublet of mini-3 quadrupoles (Q1,Q2) and four drift tubes hodoscopes
(TS1-TS4) for the measurcment of the SE transverse coordinate. The bend-
ing magnets deflect from the beain those electrons which have lost part of
their initial energy. The magnets and quadrupoles form a focusing spectrom-
eter for the scattered electrons energy measurement. Due to the focusing
properties of the quadrupoles the transverse coordinate of the scattered elec-
tron is independent on it emission angle. So only the transverse coordinate
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is sufficient to measure in order to determine the energy of the scattered
electron.

For tagging of the high energy photons we used the 7'S4 hodoscope which
detects the scattered electrons if their energy is between 3% and 15% of the
beam energy.

The energy resolution of the tagging system is determined mainly by the
beam angle spread and spatial resolution of the TS. The typical energy
resolution of the T'S for photons is about 1.3%.

The beam energy was varied during the experiment between 1.5 GeV and
4.5 GeV, thus the tagged photon energy region was 40 = 625 Mel/ . Besides
that we used the independent method of the energy resolution measurement.
It was based on the analysis of the edges of the Compton spectra. The edges of
the bremsstrahlung spectra were used for the energy resolution measurement
in the high energy region up to 4500 Mel’.

5. Energy measurements

5..1 The expected energy resolution

Showers produced in LK r were simulated by Monte-Carlo method for the
real structure of the calorimeter. The energy resolution of the calorimeter is
determined by the following factors:

¢ Geometrie (induction) effect

N Variation of the gap

e Electronic noise

¢ Radioactivity of LK

o Pick-up noise

e Sampling fluctuations in the dead material
o Encrgy leakage fluctuations

¢ Algorithm of the energy reconstruction.

¢ Calibration inaccuracy, instability of electronics

1]



The geometric effect () arises from the dependence of the collected
charge on the ionization distribution inside the gap. The contribution of
this effect is proportional to the fraction of the collected charge 7/Ty. In our
experiment (7/7T3=~0.1) the contribution of this effect is

( og 1.2%
b 1 — e R &
E vV E(Gel)

The contribution of the gap size variation (V) depends on the ratio o4/d,
where d is a gap width, and o4 - its rms variation. The contribution of this
effect was found to be

(Eﬂ) Ryt 0.12%
AR S ey

We estimate the mechanical accuracy of the gap size in the calorimeter to be
better than 1 mm.

Tlie noise (N + R+ ') was taken in to account by mixing of the measured.
noise into each tower amplitude calculated in the Monte Carlo simulation.

For high energy photons (E,>1 GeV') 3x3x3 block (27 cells) is used for
the energy reconstruction and the energy leakage is determined by the lon-
gitudinal leakage. The Monte-Carlo data for the sum of longitudinal leakage
(L) and sampling fluctuations (S) are well fitted by the simple formula:

0.3%
VE(GeV)

For low energy photons (£, <1 GeV') there should be compromise between
the leakage and noise contributions and only some part of the towers from
3x3x3 block is sufficient to use in the analysis.

The expected energy resolution as a [unction of photon energy is shown
in figure 9. All mentioned above effects are taken into account. The results
of two various algorithms are presented in the plot; the first one — all 27
amplitudes are used in the analysis, another one — only the amplitudes which
exceed 2.2 MeV are used. '

The experimental results were obtained using the second algorithm.

{%)54,5 = 0.8% +

5..2 The experimental energy resolution

Data were collected during March—-May, 1994 at the electron beam energy
of 1.5, 1.8, 2.0, 2.4, 3.0, 3.5, 4.0, and 4.5 Ge¢V. For the measurement of
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the energy resolution we used, as it was mentioned above, two independent
methods.

In the first one the data from LK r calorimeter were written down together
with the information from the tagging system. The photon energy measured
in LKr versus the energy measured by T'S is plotted in figure 10 for the
electron beam energy of 4.5 GeV. The similar plots were built for the runs
at all other beam energies. The monochromatic samples of photons were
selected using the T'S information.

The energy resolution is obtained from histograms on the energy depo-
sition in LK r collected for each sample. The typical histogram is shown in
figure 11. The fit is made using a logarithmic normal distribution:

dp 1 1 [In*(1 + az) 3] }
—— « EX et @ !
dz V2w exp{ 2 [ a’ -

fIE — Ep) _FWHM _ sh{aVind)
P T R s RS 1

where, E is the energy parameter, F, is the peak energy, a 1s conventional
asymmetry. The free parameters of the fit are Ep, o, a. The energy rfzsnlp-
tion of the calorimeter (cg/E) is determined by the fit after subtracting in
quadrature the contribution of the T'S resolution. +

Another independent method of the energy resolution measurements 1s
based on the analysis of the edges of Compton spectra. The natural width
of the spectrum edge is determined by the radiative corrections. In our
case, when the c.m.s photon energy is much less than the electron mass,
their contribution is negligible. The typical Compton spectrum obtained 1n
the experiment is shown in figure 12. Such histograms were fitted by the
function defined as a convolution of the theoretical Compton spectrum with
a logarithmic normal shape of the calorimeter response.

The results obtained by these two methods in the energy region below
629 MeV are shown in figure 13 together with the data of Monte Carlo
simulation. The experimental results are in a good agreement to each other
as well as to the Monte Carlo simulation.

At high energies the analysis of the edges of the single bremsst.rahlqu
spectra was used for the energy resolution measurement. The spectra was
described by the QED formula for the single bremsstrahlung process with
an arbitrary screening [15, 16]. The results are in a reasonable agreement
with the Monte Carlo simulation. The data obtained in whole energy region
between 40 and 4500 MeV are shown in figure 14 in a logarithmic scale. All
the experimental data are well fitted by the function:
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Z (%) = (L)?"' . £+c?
E T NAEGeY) JE(GeV)

witha=03, 6= 16,c=16.

5..3 The temperature stability of the calorimeter re-
sponse

The density (p) of the hquid, the drift velocity (Vy) and absorption length
(A) of free electrons in the liquid have dependence on the temperature. It
results to the instability of the calornmeter response if the liquid’s temperature
1s varied with time.

The variation of p on the temperature for LK is —0.4%/K. It gives
contribution to the measured amplitude for minimum ionization particles
and doesn’t give contribution for showers.

Since the fraction of the collected charge in our experiment was small,
the calorimeter response is proportional to the drift velocity. We measured
the variation of Vi on temperature for LK » (fig. 15) and have found it to be
—0.8%/ K. This value was almost independent on the purity of the gas.

We measured the temperature dependence of the calorimeter response
during two runs. In the first run we worked with cosmic particles. The
particular feature of this run was small lifetime of electrons Ty = 0.3us. The
measured variation of the amplitude A,,;;, on T is shown in figure 16. The
relative variation of the calorimeter response 1s

J. : {EA”], jp
Ao oY

=-13+ 0.2 %/K,

that is in a good agreement with the expectation: —1.2%/K. In the second

run we worked with another sample of gas (7% = 3us) and measured the
same value for showers (fig. 17):
] ; dAy

etmpagasi =_ . {1, "‘
A a = ~0A00.05 %/ K

It is less then the expected value: —0.8% /K.
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6. Coordinate measurements

6..1 The coordinate reconstruction

Compare to the crystal calorimeters where the space resolution is limited
by the fluctuations of the shower center of gravity, in the LKr calorimeter
a considerably better space resolution can be obtained. Thanks to the strip
structure in the first section of the calorimeter the position of the beginning
of the shower is measured.

At low energy (B4 < 300 MeV) the space resolution is determined mainly
by multiple scattering, at high energy it depends on the readout method. For
the anode readout mode the space resolution is determined by a strip width
(0x~3 mm). For the cathode readout mode the resolution is much better
(< 1 mm) [4, 2]. :

In the cathode readout mode few strips are sensitive to an lonization in
the drift gap and the center of gravity methode can be used for the coordinate
reconstruction:

- . a-r=— .(L,'.Iij, 1= — ag,

where a; is the charge induced on the strip i, x; is the strip coordinate,
n — number of the strips. The width of the charge distribution over the
strips is equal approximately to the gap size, therefore two or three strips
with maximum amplitudes are sufficient to use in the analysis. The center
of gravity coordinate Y, is a nonlinear and discontinuous function of the real
coordinate X. The functions Y5(.X') and Y3(.X) have jumps in the middle of a
strip and between strips respectively (fig. 18). To make the function smooth
the ”generalized” center of gravity coordinate can be used:

az — Qg @y — a2
Yam )y s b Ty beenion ay > das > as.
i — a3 1 — i3

6..2 The experimental results

For the experimental study of the space resolution, several runs with the
collimated photon beam were performed. In these runs the lead collimator
with a thickness of 80 mm and 1 mm split parallel to the strips in the
calorimeter was placed in front of the cryostat. Between the collimator and
the calorimeter the veto counter was installed for the suppression of the
background showers. The collimator moved across the strip direction and its
position was measured with an accuracy of 0.1 mm.

15




During the runs the coordinates of the beam position were measured
in 11 points of the strip structure with a step of 1 mm. Depending on the
conversion point there were 1--3 coordinate measurements for a single photon.

oy

Therefore, three data samples {X.i1 ; 'j, X_?} were available in each run, where
X.l; is the coordinate measured in a layer where the first interaction of the
photon take place, X2, X* are the coordinates in the next layers.

To determine the functions }ﬂf{"{] (i = 1,2,3) we measured the average
center of gravity coordinates YT; in each run (fig. 18). The measured depen-

dences }T; on X were fitted by smooth functions. These functions were used to
determine the photon coordinates ‘t; from the center of gravity coordinates.

In figure 19 the distributions on the Y, and X, coordinates are shown.
The variation of the distribution on X, gives the space resolution of the
calorimeter, if the rms width of the collimator split is subtracted. The res-
olution depends slightly on the coordinate across the strip (fig. 20). The
average space resolution for different energics of the photons is shown in fig-
ure 21. The results are in a good agreement with the Monte Carlo simulation.

Since the electronic noise is rather small (see section 3.2) the best space
resolution is obtained in the layer where the first conversion of a photon into
et e~ pair take place. The resolution in the next layers is affected by multiple
scattering.

7. Conclusions

The described LKr calorimeter combines the energy resolution proper to
the crystal calorimeters with excellent space resolution for photons in a wide
energy region.

The energy resolution was measured in the experiment at the tagged
photon beam in the energy range between 40 and 625 MeV. The energy
resolution 6% at 0.1 GeV and 2.2% at 1 Gel’ have been obtained. The
results are in a good agreement with the expected energy resolution.

The spatial resolution much better then one for crystal calorimeters have
been obtained: 1.2 mm at 0.2 GeV and 0.8 mnm at 1.0 GeV.

The temperature stability of the calorimeter response have been mea-
sured. It is different for particles with minimum ionization and showers:
—1.3%/K and —0.4%/ K respectively.

We tested the final version of the readout electronics for LKr calorime-
ter of K EDR detector. The charge sensitive preamplifiers based on FET
N J1800D provide the measurement of the collected charge for the tower and
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strip channels with the low level of noise. The readout electronics has a good
linearity and long-term stabihty.
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