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Introduction

Kanopumetp — 310 Ha6op UNNANHAOPUYECKUX MOHU3AUUNOHHDBIX Kamep C XUAKUM KPUMNTOHOM B Ka4yecTBe
pa60L|ero BelwecTBa.

Ease of calibration (no intrinsic amplification, uniformity)

Stability

High level of segmentation

Radiation hardness

Ar Kr Xe NaI CsI BGO BaF, LAr LKr LXe
T boiling, K 87.1 1196 164 density, g/cm’ | 367 | 453 | 713 | 49 14 | 243 | 306
T smelting, K 83.6 115.8 1619
p liquid/p gas 784 641 519 Xo, cm 2.59 1.85 112 2.1 135 46 2.8
Ver, s at 1V/cm 18 24 22 Ay, cm 414 | 365 | 22 | 299 | 84 60 55
W, eV/pair 244 183 156
dE/dx. MeV/cm 23 34 39 Rad. resistance Satis. Satis. Satis. good fine fine fine

Natural krypton contains B-radioactive isotope 8°Kr with the spectrum edge energy of 0.67 MeV.
Mepuopa nonypacnaga 8Kr: 10.5 ner.

Pagnyc Monbepa B LKr: 6.66 cm
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KEDR Liquid Krypton Calorimeteg

Main parameters:
V=11 m?3

M = 27 tons

Calorimeter thickness = 14.8 X,
Entrance wall thickness = 0.22 X,

Electrodes number: 35 ,
Electrodes total thickness = 0.33 X, 8_\
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Inner & of electrode system: 1533 mm
Outer O of electrode system : 2894 mm
Length of electrode system : 2600 mm

Anode-cathode gap: 19.46 mm
Electrode thickness: 0.54 mm of G10

Working HV: 1 kV ground
Number of towers: 2304 s towers
Number of strips: 4936

z-strips

The electrode system has three layers of towers in the radius,
the grounded electrodes of the first layers are divided into strips

(4 strip layers for ¢ angle measurement and 4 for ©). ¢-strips
23.05.2025 3
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Liquid Krypton Calorimeter assembly
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Cryogenic system
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Twice a day the calorimeter is cooled with liquid nitrogen. '

The range of the pressure variation in the calorimeter is
about 0.1 atm, which corresponds to a 1 K change in the el I
temperature of liquid krypton.

s.p3le72

1 dAmip 1dA, 1
-———=-134+02%/K; =— = —0.40 + 0.05 %/K;
T dT - /0/ ! T dT - /()/ ! 1.f34/1I2/84 a5/12/84 Bl/ﬂllfaﬁ Bﬂfﬂllfﬂﬁ 15/8'1/85

Day/Honth/Year
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Readout electronics

Preamplifier
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The channel of the readout electronics consists of the
following elements:
* Charge sensitive preamplifier based on FET NJ1800D

* RC-2CR pulse shaper (t = 1.5 ps for towers, T = 4.0 ps for strips)
* Peak ADC (12-bit)

In addition, there are commutation blocks between preamplifiers
and shapers that contain the special generators that mimic the
input current of real particles for relative calibration of the
electronic channels.

RC-2CR shaper
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Electronics optimization

The value of the radioactivity noise increases with the shaping time (t) and the electronic
noise decreases with T, so there is an optimal shaping time. In addition, the contribution of
electronic noise and radioactivity to the energy resolution of the calorimeter depends on
the free path length (L) of the ionization electrons.

For the parameters of LKr in use, the optimal shaping time for towers is about 1.5 ps.

For the strip channels, the shaping time of 4.0 us was chosen.

o, Mey
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Trigger

r-————— """ "> " " F¥F¥7"¥"¥7V'V/ V0V 0/ 1
: Blocking :
: ———t—— Sum —I— —J :
The KEDR has a two-level hardware o 8 t | o e | !
tri g g e r' Csl calorimeter % | Csl pulse shapers  H# OR :
| E E |
LKr calorimeter 192 OR 2 16 1 E r } £
The towers of the first two layers of the LKr | 4 . I
calorimeter are combined into super-towers for use i e B ¢ ' & I
in the trigger. There are 192 super-towers in the — | —_— RO ||
calorimeter, each consisting of eight LKr towers — em oD . | I
2 x 2 x 2 for all coordinates (r, ¢, z). The signals e | | ; N
from the super-towers arrive at the discriminators = | e
with adjustable thresholds, and their logical sum b e L |
. u, SC, Tre, V Primary trigger
goes to the 1%t level trigger. L TR
2 ACSI 2
Lllg;;c; 7 m 7 d . . .
The 29 level trigger receives 192 analog signals from the
. s, o s Jca Pore] super-towers of the calorimeter, which are fed to
Csl calorimeter IST CF . . . .
2 P x| (e} discriminators with two computer-controlled thresholds -
LK caorimeter |—1%2 — 21| L thrl and thr2 (thrl < thr2). The output signals from the
& _ . [ discriminators are fed to the cluster finder (CF). The CF
w1 ol = separately counts the number of clusters with thresholds
— E i, ol s [oc] o — ) of thrl and thr2 and forms the corresponding arguments
— 2 to be passed to the decision block of the 2" level trigger.
Muon system 160 E 8 AMS !
2
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Electronic noise and radioactivity
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LLIlymbl Ha nbegecTtane B8 M3aB ¢ BKAtOYeHHbIM HV
(KpacHble TOYKKN) U 6e3 Hero (CMHKUE TOYKN).

23.05.2025

duT aHanuTUYecKom GpyHKUMEN AnA pacyeTa
LLIYMOB 3N1E€KTPOHUKM (CMHAA KpMBas) u
PaAN0aKTMBHOCTU. KpacHana KpuBasa —
KBaZApPaTMYHAA CYMMa LUYMOB M paan0aKTUBHOCTH.
®yHkummn: Noise(Cq, Tar, Tre-2cr, T;), Rad(Vikr, Tar, Tre-2cr,
T,)*D(T1/2, 1)
®duKcupoBaHHble NapameTpbil:
Tdr = 9 WS, Tre-2cr = 1.5 ps.
CsoboaHble napameTpbl:
EmkocTb 6awHum: Cq [pF]
O6bém bawHu: Vikr [MnTpbl]
Bpems xusHu: T [us] = T, + To*exp(t/t,),
i — MHAEKC BPEMEHHOI0 MHTEpPBana.
Bpemsa xu3Hu nsotona Kr: T1/2 [mecaubl].
Pe3synbTaT NnoAroHKuU:
Cs=341.0+0.3pF; V|, =3.19+0.02|; T ,«=1.17
0.01 ps
T,/,=240.1 £ 0.4 months.
T, =3.7010.01 ps; t,t =31.23 £ 0.01 months
T,2=13.78 £ 0.01 ps; 1,2 = 16.66 = 0.02 months
T,3=10.76 £ 0.07 ps; 1,2 = 18.17 £ 0.01 months
Mepwnopg nonypacnaga: T1/2+In2 = 240 In2 = 166
mecaues = 13.9 nert
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Krypton Purification

The LKr calorimeter does not have a system to permanently purify the krypton from
electronegative impurities. Therefore, the signal amplitude in the calorimeter
decreases with time. When the amplitude falls below a certain level, the krypton was
completely purified during a technical shutdown.

Amplitude of M.I.P. as a function of time (2003 - 2023)

| mip and fit function |

Conali: 0. 3153 0.0023
= A : OSE02k 00002
1.1 o dagradd: 1.187-0,00
: DUEFTE0.001 % par manlh
'I — Conal2: 0,860,000
G AZ: OLSE40.00
0.9 N degrad: 2.248-0.003
— 1. 2880 par menth
B Conal®: 047740002
03—
C Ad: LEITLO.0m
= dagradd: 2072-0.043
0.7
B 1.492:0.H % par monlh
u‘E - P_0:- 4802
I H_D: 587
0.5 [ Pdep: -0.099
E tidup: 0.19
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Krypton Purification

The UTOA-40/A industrial purifier with two large cartridges is used for krypton purification. The
purification system could only operate with gaseous krypton at room temperature.

Storage vessels

Purity monitor
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Linearity and Long-term stability

-10

2 3500 e ”] KEDR has performed a series of
E_,_ - x";f ndf §55.1/22 . experiments in 2015-2022 to measure the
uf - P -69.21+ 0.8323 _ . .
3000( | p1 903.9 £ 0.4244 - R value (the ratio of the hadrFJn produc.tlon
- . cross section to the muon pair production
2500 ] cross section) over a wide energy range
- . from 1.84 GeV to 7.0 GeV.
2000 ] These experiments provide an opportunity
- ] to study the linearity and long-term
1500 - stability of the calorimeter response over a
- ] wide range of cluster energies using
1000:— _: electron-positron scattering events.
I N R N R R R
1 1.5 2 2.5 3 3.5 The dependence of the cluster energy in
> 0T ey the LKr calorimeter on the beam energy in
> b + E the collider is shown, as well as the
< - ’ + + - deviation from the linear fit.
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Energy resolution with electrons (positrons)

Eyeam = 1.75 GeV 0./ = (3.36 + 0.02)%

The energy resolution for electron-positron
scattering events was measured on the same
data set.

Several spectra for the energy of the cluster in
the LKr calorimeter are given as examples.

Epeam = 2.7 GV o,/E = (3.02 £ 0.03)%

C T T T | T T T | T T T | T T T T T T T T T ]
3500 | %/ ndf 66.87 / 55 I
F | Constant 6.985e+04 + 717 .
- | Most_probable 2723+ 16 T
300 — | Sigma 82.36 + 0.90 7
250 - | Skewness -0.3275+ 0.0188 e
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Epear = 3-4 GV o,/E = (2.91 £ 0.03)%
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JHepreTnyeckoe paspelleHue.

D1eKTPOHbI
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Energy resolution with photons

Epear = 1.8 GeV 6,/ = (3.50 # 0.08)%

E T L L L L L ‘:
140 ; 2 I ndf 73.96/65 7:
. - Constan 1.987e+04 + 392 -
The same for photons in e*e” -> yy 1201 | wost.probable 1830+ 17 =
[ | Sigma 63.98 + 1.52 ]
events. 100[ | Skewness  -0.19151 0.0277 —|
80 =
60 =
401 —
201 —
Epeam = 2.7 GeV  o/E =(3.16 £ 0.15)% %60 1400 1500 1600 1700 1800 1900 2000 2100
Ecluster‘ LKr» MeV
= T T T | T T T | T T T | T T T T T T T T L
- [ %2/ ndf 73.45/ 62 N
o5l | PO 4501+ 199.2 _‘ Epeary = 3-4 GeV o /E =(3.27 £ 0.10)%
C p1 2753+ 6.6 il
: p2 87-04 i 4.21 : T T T T T T T T T T T T T T T T T T
20— | p3 -0.4601+ 0.0747 — 50 22 I ndf 79.73/79 ]
= — ~ Constant 9457 + 261.5 *
L n L Most_probable 3426+ 5.6 ]
15 — 40_— Sigma 112+ 35 ]
C ] L Skewness -0.3709 + 0.0478 _
100 = 301~ =
5 - 20 =
- 1 1 1 | 1 1 1 | 1 :_ _:
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E,. MeV T | | 7
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doToHbI U3 pacnagos n° nckarouyeHsbl. MNoaroHka:
NOZIMHOM 3 cTeneHn + 3 aCUMMETPUYHbIX raycca +
BW X w3 X acumMmeTpuuHbIii raycc ana W=y Xco-

Events/ 2.5 MeV

Events - Bkg

og/E

PagvaumoHHble nepexodbl W' =y X1 5

8000
7000
6000
5000

y(2S). Inclusive y spectrum.

e Data

- Signals + Bkg Fit

- - - Bkg (3th order polynomial)

128 MeV

(7.7 £0.4)%

23.05.2025

171 MeV

(6.1+£0.3)%

450
E,. MeV

500

261 MeV

(6.4+0.3)%

Events [ 2.5 MeV

KacKkagHble pagMaLMOHHble nepexoapl
W' VX122 WI/W Syl

e I T T
- ® Data .
70CE; = (128.9+1.2) MeV — Fit =
600 = (8.5+0.9) MeV =
- E, =(172.3+1.2) MeV]
50 ’ —
- 6. =(10.1+0.8) Me\5
40:— "2 =
101 E
0: 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 |‘h_
0 50 100 150 200 250 300
E, MeV
E, 128 MeV 171 MeV
o/E (6.6+0.7)% (5.9%0.5)%
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JHepreTn4yeckoe paspelleHue.
POTOHBbI
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Invariant mass of two photons

The peak from n® decay.

Experimental data at the W(2S) peak.

4000

3500

3000

2500

2000
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¥ Indf 109.4 /67
Ampl 4.838e+04 + 672
Mass 1251+ 0.1
Sigma 7.814 £ 0.111
p3 -0.117 £ 0.019
pd -551.7+ 117.5
ps 38.08+ 3.26
p6 -0.1924 + 0.0276

0.0002437 + 0.0000730
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6,,/M = (6.24 + 0.09)%
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180 200

M,,, MeV

Events [/ 2 MaV
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75.24 1 67
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-0.1014 + 0.0185
-T47.5+ 160.7
73144
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4500
4000
3500
3000
2500 —
2000
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Invariant mass of two photons

The peak from n® decay.

Experimental data at the W(2S) peak.

%2 I ndf 109.4/ 67

! "] Ampl 4.838e+04 £ 672
: Mass 1251+ 0.1
: Sigma 7.814 £ 0.111
p3 -0.117 £ 0.019

p4 -551.7+ 117.5

p5 38.08+3.26

p6 -0.1924 + 0.0276

0.0002437 + 0.0000730

60
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6,,/M = (6.24 £ 0.09)%

Experimental data at the J/W peak.
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C ¥< [ ndf 106.7 / 68
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C p1 127.5+ 041
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C 15 -0.1022 + 0.0215
C 0.0001088 + 0.0000582
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M., MeV
ou/M =(7.75 £ 0.12)% Towers

oy/M = (6.46 £ 0.12)%
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Spatial resolution for MIP

e TeEs
RS 04265
18af 5
C @ (el 25923/13
E EXP Prob w017
188 Const  184.115: 62060
£ Maan 0,832 = 0.0080
tant d"ropI Sigma 0.258 = BL007
120F
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The spatial resolution for MIP was
measured using data from the cosmic
ray runs. The distributions of the
difference between the strip cluster
coordinate and the reconstructed track
position are shown for three layers of

¢ strips.

Resolution for @2 layer:

o\ =0.437-~/3/2 = 0.5351+0.015
Gy = 0.504-+/3/2 = 0.618.11%0.019
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Events / 0.05°

Acollinearity angle distributions of photon clusters in the LKr calorimeter for e*e” -> yy events.

Epeor = 3.5 GeV

Spatial resolution for photons
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Constant_1 123.7+ 5.1
Mean_1 0.02223 + 0.00604
Sigma_1 0.1789 + 0.0061
Constant_2 6.724 + 1.063
Mean_2 0.145 + 0.062
Sigma_2 0.8575 = 0.0809
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Experiment

oc=1.8 mm

5

Events / 0.04°

3500
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2500
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- %2 ndf 440.2/74 [
— Constant_1 3352+ 26.0 [
- Mean_1 -0.001102 + 0.001151 [
— Sigma_1 0.1839+ 0.0014 [
- Constant_2 132.8+ 8.4 [
— Mean_2 3.884e-05+ 1.121e-02 []
o Sigma_2 0.7209+ 0.0212 [
il FWHM = 0.444 —
:. i R | i R T i RSP P ':
5 2 15 1 05 0 0.5 1 1.5 2 2.
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OueHKa NpPOCTPaHCTBEHHOrO paspeleHnsa no mo

3axoapl N210360-11155. Muk W(2S). E, =500 £ 100 MeV

50

40

¥* I ndf 1281143
Ampl 5826+ 28.7
Mass 129.5+ 0.6
Sigma 7.603 = 0.398
Skewness -0.0416 £ 0.0630

3.08+310
p5 -0.07906 + 0.07459
pé 0.0009139 £ 0.0005458

p7 -2.629e-06 + 1.250e-06

Mpwn paBHOM 3HepPrMm GoToHOB

)
m,=2w-sin-=w -6

(%) = (=) - ()

(52) = 5.9% () = 4.3% =>
() >
Ana o0Ho20 pomoHa (%p) ~ % % ~

2,9% =>
My
~—-0,029 = 0,0078 rad

G(p o
~ 0,45



OueHKa NpPOCTPaHCTBEHHOrO paspeleHnsa no mo

3axoap! Ne 21762-23114. Nuk J/W. E, =500 + 50 MeV

141.5/126

794.6 + 33.7

1373+ 05

7.491+ 0.359

-0.07746 + 0.05910
-7.376 + B.6B9

0.1285 £ 0.1823
-0.0003836 + 0.0011947

=1.324e-08 + 2.499e-06

Mpwn paBHOM 3HepPrMm GoToHOB

)
m,=2w-sin-=w -6

(o) = () - ()

0 m w

(52) =5.6% (22) = 4.3% =>
(%) ~ 3.5% =>

Ana o0Ho20 pomoHa (%p) ~ %5 % ~
2.5% =>

mT[
el 0.025 = 0,0068 rad

~ 0.39°

¢

O



Spatial resolution for photons

Directly, the spatial resolution for photons was only measured in the experiment with a
prototype of the calorimeter on a tagged photon beam. The dependence of the spatial
resolution on the photon energy is shown for two layers of strips. The first layer is the
layer where the photon conversion took place. The second layer is the one following it.
The strip width is 1 cm.

E 5 :_ ....... A .................... .................... ................... ................... ................... ................... ...................
E B : : : : : o} Ia;s,rer 2, exp :
S - & layer 2, MC :

gL S ................... ................... ................... ....... - |ayer1!exp ..................
: : : : : layer 1, MC :

t ——
ﬂ' 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
0 200 400 600 800 1000 1200 1400 1600
ET , MeV
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Events / 0.04°

DNeKTPOHbLI. [1pOCTpaHCTBEHHOE
paspelleHune.

PacnpeaeneHna no pasHuue yrsios ¢ n 0 mexkay Knactepom B KaJIOPUMETPE U TOUKM
nonagaHuA B KAIOPUMETP PEKOHCTPYMpoBaHHOro B [IK Tpeka. B peKOHCTpYKLUUU
TPEKOB UCNo/b3yeTca MHPopMaLma co CTPUNos Kanopumetpa. E, ..., = 3500 MeV

||||||||||||||||||||||||||||||||||J_ r [ rr o[ 1T T T T T T T T T T T T T T T T T T T ]

7000

:_L ¥2 ! ndf 281.2/44 og 6000 :— %2/ ndf 74.96 | 44

C Prob 0 [ o - Prob 0.00248

6000 Constant_1 5418 + 42.1 [ ~ C Constant_1 5274+ 39.5

C Mean_1 0.01042+ 0.00085 [] *g 5000 Mean_1 0.01323 + 0.00095

5000 Sigma_t 0.1369:+ 0.0012 [ 2 C Sigma_1 0.1763 + 0.0013

C Constant_2 988.8+ 33.4 [] 1] 4000 . Constant_2 626.5+ 35.0

C Mean_2  0.009636 + 0.002867 [ L Mean_2  0.003246 + 0.004315

4000 = FWHM = 0.357 Sigma_2 03988 + 0.0048 | - FWHM =0.442 sigma_2 0.4339 4 0.0086
C 7 3000— ]
3000 ] C _
2000 = 2000~ =
1000~ - 1000 —
0:—‘—4i : Tl b Ly ! ] O: i | L --|||||:
2 15 1 05 0 05 1 15 2 2 15 -1 05 0 05 1 15 2
q)tracl-( ) q)cluster’ ° etracl-( = ecluster’ °

o=2.2 MM o=2.7 MM




Events / 0.04°

DNeKTPOHbLI. [1pOCTpaHCTBEHHOE
paspelleHmne

PacnpegeneHuna no pasHuue yrnos ¢ 1 0 mexkay Knactepom B KaJIOPUMETPE N TOUKU
nornagaHnA B KAaJIOPUMETP PEKOHCTpynposaHHoro B [1K Tpeka. B peKoHCTpyKummn
Tpekos HE ncnonb3syetca nHpopmauma co ctpunos Kanopumetpa.  Ep...,, = 3500 MeV

LI LI LI LN O R R R B =] [ I | L T T T 1 T T T 1 rT T 1T 11t rrrorprrriJ

] <
L %2 f ndf 42.34 144 || o 2500 1 ndf 4544744 [
3000 :_ Prob 0.543 ; o : Prob 04118 |
- Constant_1 2085+ 50.1 . ‘a B Constant_1 1328 = 143.0 ||
2500/~ Mean_ 1 0.01731:0.00230 *g 2000 Mean_1  .0.0008988 = 0.0045537 H
- Sigma_1 0.2313 + 0.0047 : = B Sigma_1 0.2047 =0.0152 ||
2000 - Constant_2 1042+ 54.6 E w : Constant_2 1134 = 149.2 :
C Mean_2  0.02871: 0.00468 |_| | an_ ' =0. =
= FWHM = 0.688 Sigmaz __ 05784+0.0149 |7 1500 - FWHM=10.935 ::m,_zg ’ :::s :::::: i
1500 - N _
- ] 1000~ .
1000 - N ]
500 o - 500 :_ _:
0 : | T | | L1 11 | | I T | | 111 1 | 1111 | L1 1 1 | : O I | | | I T | | 111 | 111 | | T | | L1101 | 111 1 | 11| I_
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2 -2 -1.5 -1 -0.5 0 05 1 1.5 2
q:’tracl-( ) q)cluster’ ° 9tracl-( - E}cluster’ °

[Mocne BbluMTAHUA pa3peweHna [K
Oy ~ 0.27°=>0 = 3.7 Mm



dE/dx measurement

The presence of 8 strip layers in the electrode system allows the measurement of

ionization energy loss for MIPs.

Distribution on the energy loss of cosmic muons

25000

20000

15000

10000

5000

%2 I ndf
Constant 2.382e+04 + 57 [
Mean

Sigma  0.3397 + 0.0007 H

299.3/19 [|

3.364 £ 0.001 |]

23.05.2025

E 2 3 4

Ogeqy/ dEdX = 10.1%

5 6
dedx, MeV/cm

1000

800

600

400

200

MC

| T T T T T T T T T T T T | . htemp
| Entries 13241
= Mean 3.051
F RMS 0.308
r %2 I ndf 90.23/20
B Constant 1004 £ 11.2
L Mean 3.051+0.003
L Sigma 0.2931 + 0.0024

| - R R 1 1 1 | 1 1 1 i & J_J_ L i _t_l L

1 2 3 4 5 6

dEdx, MeV/cm

Ogeay/ dEAX = 9.6%
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UToro no pesynbtatam KE/1Pa

* JHepreTU4YecKoe paspellueHue:
o 7.8% Ha 100 MaB
o 3% Halb5T02B
* [lpocTpaHCTBEHHOE pa3pelueHne ana GOTOHOB:
o0 0.13° (2 mm) pna sHeprmum 3.5 B
o OueHKa u3 wupuHbl °: 0.39° (6 mm) ana sHeprmumn 500 MsB
Pa3spelueHne no nHBapuaHTHOM macce 1t° 6.5%
Paspelwenmne no dE/dx B cTpunosom cTpyktype: 10%



Bo3MOKHble NyTH yay4lleHMA NapameTpos
Ka/IoOpUMeETpa

1. C Tekyuweun snekTpoaHon CTpyKkTypoun - KapamHanbHas
MOJEPHU3AUMA STEKTPOHUKMN,
2. Perncrpauma CUMHTUNNALMOHHOIO CBETA, BO3MOXHO

COBMECTHO C MOHU3aLUMeNn. 2?77

23.05.2025
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MoaepHU3aUnA 3N1eKTPOHUNKH

dakTopbl onpeaenatolne paspeLlleHume:

e  dnyKTyauum npoaonbHbix yTeyek: 1.1% (1 B), 1.8% (5 B)
* daykTyaummn nonepeyHbix yteyek: (0.7//E(I'aB)) %

e Sampling-dnyKTyaumu: (0.4/,/E(I'aB)) %

* LLym 3N1eKTPOHMKM U paamoakTusHocTb: (0.19/E + 0.24/VE)%

* [eomeTpuyecknii adPekxr: (1.2/{/E(I'aB)) %

Ana 100 MaB nonyumm: ol

e  dAyKTyauMm NpoaoabHbIX yTeYekK: 0.5% ’ : RN

e  ®dayKTyaumm nonepeyHblx yTeyek: 22% o

e Sampling-dnykTyauum: 1.3% 2087

e LUym 3neKTPOHUKKN U pagmoakTUBHOCTb: 2.7% o | R

e [eomeTpunyeckumn sadpPekT: 3.8% 0.4 N
e

23.05.2025

T ,US

3aBUCUMMOCTb LWYMOB M PAgMOaKTUBHOCTM OT
BpemeHn GopMUpPOBaHUNA AN oAHOM BallHW.
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MoaepHU3aUnA 3N1eKTPOHUNKH

[eomeTpuyecknit 3pPeKT — 3To 3aBUCUMOCTb CUrHaNa OT
pacnpeaeneHmna MoOHM3auUmMm B 3a30pe Kamepbl

I

i
d

A~f i(t)dt = %h = F(Q,h)

Tint t=h~v Tmax=d~

o /E %

23.05.2025

[eomeTpuyeckmnin abPeKT 3aBUCUT
OT BpeMeHn GOPMMNPOBAHUA U
AJIMHbI cBoboaHoro npobera.

o/E~+/T
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MoaepHU3aUnA 3N1eKTPOHUNKH

Pe3tommpyem, 4To KAOYEBBLIM NMAapaMeTpoM ANA yaydlleHun
pPa3peLleHMA NMPU ManbliX SHEPTUAX ABNAETCA LUYM SNEKTPOHUKM.
Mpun Hannymm naeanbHoro (6e3 Wwyma) TOKOBOro yecuamnTens
dopmmnpoBaTesnem ¢ NOCTOAHHOW BpemeHun nopaaka 100 Hc,
reomeTpuvyeckn apPeKT u Wwym oT PaJgN0aKTUBHOCTU NPONaaatoT.
B aTom cnyyae v BAMAHME NONEPEYHbIX yTeyeK KapaAnHanbHO
YMEHbLLAEeTCA.

Ho...
[Mpumep ATLAS: ENI =50 nA gna npeaycnnntena ¢ BXogHbIM TOKOM
1 mA, Cd =330 pF, umneganc 50 Om.

B KanopunpmeTpe TOK PpaIMOaKTUBHOCTU B OAHOM DalluHe nopsaKa
0.5 nA.



MoaepHU3aUnA 3N1eKTPOHUNKH

[MoaaBneHue LWyMoB C NMOMOLLbIO n3mepeHmna Gopmbl CUrHana.

Hvers m3veperna opyel DMIVILCA OPOMSBOIATES B i TOUKAX [0 Bpeyenn 1 ob
PAIVIOT BEKTOP H3MepPeHHLIN 3Hadennid =, (i — 1....¢n). a wif) MOJE3HBIT CHT HAL

I'l:llI'['II["['I"['II_“.'IEJ]1[I]Iu] CHOMHAYHOMY DQHepProBRLITC IO, ||]J[‘,‘lI]lJ.']lJ}E~LI]Z‘-.J CHaMada, TTo0 [m3s1e

PEHHA CHHEXPOHNZ0EAHBL O MOABRTeHIeN CHTHaTa, 11 SHAYCHIA OTHEINKEAS B TeX RKe
TOURKAX IO BPReAenn, "TTo 1 o5, Torma, oueBnano, ¢ TOTHOCTLIO 10 HIVMOBE, 5 = _-1-'-!'... riae
A QHePTOBELITe ICHIIe, Beamanpna A n oneHka TOTHOCTH 26 COIOpedae el SI0seT OBITE

HAlleHa OVTER SMIHMHIMISAIINNN CJOeIVEIIICT 0 BhIphaske i

v2 = Z[ — Aw,)V,(s; — Aw;) = sVs — 24AwVs + A2wVw.

3neck sVs = 3 s Vs, wVs =3 w;Vigs;, wVw =3 wViw;, V KOBAPHATIOHHAS

g r ra— i |'"| K
» | ¥ 4
vatpuna, npnaes Vo= B a Ry = R, —1,)  aprokoppeaaunoniag qiyvHK g Iy MonR
HPadmoakTHEHOCTI, ROTORAH l.r:lf.';'l["[' QIpede IeHa HIeEe, {}'['['IU;IE:I CTAHIAPTHLRIN CIIOCO00M
HaxomaTed A u oy
wl's v 1
_‘1 == 'IT.'I = =

wV A2 ] wl

23.05.2025
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amplitude, arbitrary units

amplitude, arbitrary units

0.8

0.4

MoaepHU3aUnA 3N1eKTPOHUNKH

T

T T T | T T T

amplitude, arbitrary units

amplitude, arbitrary units

23.05.2025

0 2 4 6 8

10

time, us

a) — dopma curHana

b) — aBTOKOpPpPEnAUMoHHaA PyHKLUA
LIYMa 3N1EeKTPOHMUKM

C) — aBTOKOppenaumMoHHan GpyHKUMA
PaAMOaKTUBHOCTU

d) — cymmapHan aBTOKOppenAuMoOHHas
bGYHKUMA WYMA SNEKTPOHUKU U
PaAMOaKTUBHOCTU

1 — Bpemsa }Kun3Hu anekTpoHoB 10 MKc,
Bpema ¢opmupoBKku 0.9 MKc

2 — BpeMA XU3HU 31eKTPOHOB 1 MKC,
Bpema GOpMUPOBKU 2.3 MKC
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MoaepHW3aumA 3NEeKTPOHUKHU

".5 J
i CyMMapPHbI BKNAA, LYMOB 3/TEKTPOHUKN U
PaZINOAKTUBHOCTU B 3aBUCUMOCTU OT
BpemeHu GopMmnpoBaHmMA B cayyae 1
> T 1 nsmepeHuns (Kpusaa 1) n npu 9 nsmepeHuax
— ’ dopmbl curHana (Kpusas 2).
o I
0.5 F
i BpeMA }M3HU dNeKTpoHOB 10 MKC
| |
90 w 2 3
1.5
1 2 1
>
[
E—.
o BpeMsA }KU3HU INEeKTPOHOB 1 MKC
0.5
90 1 p) 3
T ,US
23.05.2025

36



MoaepHW3aumA 3NEeKTPOHUKHU

BbiBoa.
N3mepeHune popMbl CUTHANA MOMKET YAYYLLUTb SIHEPreTUYECKOE pa3peLleHmne
KaZIOpUMETpPa Ha Mablx sHepruax He 6onbwe yem Ha (20-30)%
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Perncrpauma CUMHTUANALMOHHOIO CBETA

HKuakne bnharopogHblie rasbl ABAAOTCA CULMHTUANATOPAMM.
O NNHbI BONH N31Yy4YeHUA:
LAr: 128 nm; LKr: 150 nm; LXe: 175 nm.

CseTtoBbixoa: 40000-60000 ph/MeV
OnvHa nornoweHuna gna LKr: 100-200 cm

Ecnun B LAr nnm LKr pob6asutb Xe Ha yposHe 1-1000 ppm, TO A/1MHA BO/IHbI
caBuraetca K 175 nm, 1 cBeTOBbIX0A, 3aMeTHO YBe/INYNBaAEeTCs (B aproHe noyTu
B 2 pa3a).

as MNoka3aTtenb npenomneHun (nD)
AproH ~1.45
KpunTtoH ~1.52
KceHoH ~1.55
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Perncrpauma CUMHTUANALMOHHOIO CBETA

Bpema BbicBeYMBaHUA

Counts
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s o o b o P P
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23.05.2025
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Perncrpauma CUMHTUANALMOHHOIO CBETA

LXe kanopumetp ana MEG

The time resolution of the Lxe detector is
65 + 6 ps at Ey = 55 MeV.

The intrinsic energy resolution of a

LXe detector equipped with full size (5 cm
diameter) silicon photodiodes was measured
using ion beams from the Ring Cyclotron at
Riken, Japan [3,5]. The observed energy
resolution was 0.6% rms for 1 .64 GeV

14 N, and 0.7% for 2 .65 GeV 40Ar.

23.05.2025

Entries / (0.2 MeV)

2 MeV)

Entries / (0

On the inner face are 4092 (15 x 15)mm2 Multi-
Pixel Photon Counters (MPPCs) operating at the
LXe temperature (~ 165K) to detect the
scintillation light emitted isotropically from LXe
in the VUV range (A ~ 175 nm). The other faces
of the detector are equipped with 668 PMTs.

= T T T T | T T T T fl T T T T I T T T T -
-(a) lily
600 J i ¥F ! mdf (AR O I
r W< z cm '.. "[ Constant BRLG 95
: Resolution 2.0% r_l \ Mean 5495 +003
400- I ] Sigma i ez ||
L ’I Transition —0.5853 + 00575
i iy ;
200~ o~ ! 7
L L] el ‘LL
0 i AR R N N AN SRR SN SR S N N LI‘\_ TR R T T
= T T T T | T T T T | T T T i I T T i T
B {h) &
L AN 31 i ndf 18,38 18
N w>2cm | -L Conatant 1278 £ 132
101]0_— Resolution 1.8% T Mean ssat0nz | |
L 7 T Sigma 102 £0.01
L J;'-' | Tramsition  —ng438 + 00511
- { II.
500 1 -
i rI ! ]
; " N ]
e i M |-r T N NN N N N LR I T BT
45 50 55 60 65
E‘f [MeV]

Fig. 41 Energy response to 55 MeV y-rays hitting a central area of the
detector (i € [—10cm, 10cm] A v € [=30cm, —10cm]) in different
w ranges. The fitting function of Eq. (23) is shown in red
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Perncrpauma CUMHTUANALMOHHOIO CBETA

Hy»Ha 6bonblwaa nccnegoBaTtesibckaa pabora

* Yem perncrtpuposaTb CBET?

e [1nvHa nornoweHna u ee ctabuibHOCTb B 6obloMm 0bbeme

* [lpnmecb KCEHOHA — Haao MAn HeT? Kakaa KOHUeHTpaumua?
KaK nosy4yaTb U KOHTPO/IMPOBATL?

 TemnepaTypHble 3aBUCMMOCTHU

* [lpumecn. KaK 3aBMUCAT NnapamMmeTpbl OT NpumMecen?

 CermeHTtaumna? Perncrtpaums MoHn3aumumn?

*  IJNEeKTPOHMKaA?

* [loNIHOpPa3MepHbIN NPOTOTUN

* KoHCTpyKTOpCKasa npopaboTka
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