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Introduction

Physics program of the symmetric electron-positron collider
VEPP-2000 includes high-precision measurements of the
e* e ¥ hadrons cross-sections in the energy range from the
production threshold to 2 GeV.

o VEPP-4M & c-t-factory & K500

S::r-u NSL 13 \ VEPP-2000
The high collider luminosity (up to 1 10%2cm 2s 1) is provided
by a special feature that involves using the round beam cross
section concept.
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CMD-3 detector

Magnetic field: 1:3T
Track reconstruction:
100 pm
2 2-3mm
=p

(4:4p[GeV])? + 0:62%

Combined EM-calorimeter:

Barrel: 5:3 Xg LXe +
~— st 8:1XgCsl =13:5Xp

?.r' o End caps: 14:4 Xo BGO

gl
TOF: ¢ 1ns

Compact multipurpose detector comprising magnetic
spectrometry with high resolution calorimetry.
The barrel calorimeter is outside the magnetic field.
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Motivation Energy

calibration and

data processing

1. Accurate measurement of photon energy and coordinate Silie PRyl

improves the resolution for determining the neutral hadrons caorimeter of
mass ( © and ), thereby improving the cross-section detector

measurement of neutral processes.

A. Semenov,

Momentum B. Shwartz,
2. Particle identification. i A ' T. Kuznetsov on

{ behalf of the

The recent result of the CMD-3 collaboration §m, CN.ID_3
~ calorimeter

< [ — group

ez
< <

e

SM: o+ P World Average

T.. White Paper (2023)
(2020)

SM: eve- HVP
using only CMD-3
data below 1 GeV
175 18.0 185 190 195 20,0 205

210
a,%10° - 1165900

Measurement of the e e~ ¥ ~ cross !
section from threshold to 1.2 GeV with the
CMD-3 detector Energy deposition

https://arxiv.org/pdf/2302.08834 Two collinear tracks
Precise calibration is extremely important for hadronic cross
sections measurement as well as for
reducing systematic uncertainties.
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Barrel calorimeter
LXe calorimeter

Calorimeter sketch

Alternating 8 anode and 7 cathode cylindrical layers.

The anodes are divided to 264 cells (33 by azimuth angle and 8
along Z-axis). The cathode layers have orthogonal strips on the
both sides (2112 strips). The total thickness is 5:

Commor
HV412kV | wire
1

Layer structure

n

[ Property [ Xe [ LKr | LAr ]
Atomic number (Z) 54 36 18
Atomic mass (A) 131.29 83.8 39.95
Density, g/cm® 2.95 2.42 1.40
Rad. Len. Xp, cm 2.87 4.7 14.0
Moliere radius, cm 5.22 5.86 9.04
dE/dx, MeV/cm 3.71 3.28 2.11

Strip width is 2mm

4X,.
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arrel Ca Orlmetel’ calibration and
) data processing

Csl calorimeter of the LXe/Csl-

Calorimeter sketch combined

calorimeter of
the CMD-3
detector

A. Semenov,
B. Shwartz,
CsI(Na) IWM T. Kuznetsov on
behalf of the
PIN PD

Crystal structure

\ \ CMD-3
eflon aluminized mylar

calorimeter
15cm3 group
Hamamatsu PIN PD

The calorimeter consists of 1152 scintillation crystals compiled to
the 8 octants. Around 60% of the crystals are doped by Tl and
the rest by Na. The total thickness is 8:1Xg.

Property CsI(TI) [ GCsl(Na)
Density, g/cm® 4.51
Rad. Len. Xp, cm 1.86
Moliere radius, cm 3.57
dE/dx, MeV/cm 5.6
max, hm 560 420
, ns 1000 600
L, ph/MeV 45000 30000 | L
% ~"7000 2000 3000 4000 3000 6000 7000 8000

Light output (ph.e./MeV)
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Barrel calorimeter

Overview
LXe calorimeter Csl calorimeter
Type BGO LXe Csl
264 towers | 1152 crystals
Structure 680 crystals 2112 strips | 6 6 15cm
Xo 14.4 5.4 8.1
0.3-0.8
2.34-2.84 0.8-2.34
Z 2:4% 20 3:4% 0
e=E pﬁ 2:3% pm 2%
6mrad by strips
28 mrad 40mrad by towers
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Energy calibration
Description

Energy in a channel E =k (A p), where A — ADC amplitude,
p — ADC piedestal and k — conversion factor.
Assuming that ‘(‘1—5 of the cosmic muons (MIP) does not depend on
the position of the channel, measure E¢n=D¢y = ",

nmc

Csi:Lxe = 0:604;0:3725MeV =mm

(Runs + processing |«—| Adjust

Iterate
A
Y
LXe+CsI calibr
by cosmic rays kfosm
absolute
kcosm — »mc —neXp
peak ~ peak

The calibration requires 1000 events per channel ¥
LXe — 3 hours, Csl — 2 days.
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Energy calibration
Description
Approx energy deposition for one particle E;,, 90 MeV in the
case of transverse flight (relative to the beam).

Preselection: Selection:
I DCNTracks < 2 I NLXeTrk 2 NDC
I LXeEnergy < 300 MeV I' Ecsinit > 30 MeV
I CslEnergy < 300 MeV I' Distcginie > 40mm
I LXeNClus < 3 I Ej xenit > 5MeV
I CsINClus < 4 I Dist xehit > 5mm

The precise calorimeter geometry description was made.
The distances into the both calorimeters were measured by strip
track. The track from LXe was extended for Csl.

Csl channel LXe channel
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calibration and

Energy calibration ration

data processing

Final results of the LXe/Csl-
combined

calorimeter of
. .. the CMD-3
Selecte*e ¥ MIP* MIP events ¥ fit energy deposition detector

¥ get distribution mode A. Semenov,
B. Shwartz,

LXe deposition from emeas Csl deposition from emeas LXe deposition from emeas Csl deposition from emeas
0. . B T. Kuznetsov on
£ £
f “Ed Soxf behalf of the
- - . CMD-3
2 o
o Y o ozst] b : calorimeter
o 4% o k\“ ; 0.2Hs \ group
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Energy calibration i

calibration and

) data processing

Final results of the LXe/Csl-
combined

calorimeter of

Selecte*e ¥ e*e events ¥ fit energy deposition ¥ o
get distribution mode

A. Semenov,

LXe deposition from emeas Csl deposition from emeas LXe deposition from emeas Csl deposition from emeas B. Shwartz,
s 0. 0 T. Kuznetsov on
behalf of the
Bonl H Bonl H iy

CMD-3
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. . Energy
Energy calibration S -
) data processing
Final results of the LXe/Csl-

combined
calorimeter of

. a the CMD-3

Selecte*e ¥ e*e events Y fit energy deposition ¥ i

get resolution A. Semenov,
B. Shwartz,

LXe resoluton from emeas Gl resoluton from emeas
; 5 o T. Kuznetsov on
[
i N3 behalf of the
i) b CMD-3
L] ] .
o g o 12k i calorimeter
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H Ener,
Clusters reconstruction calibration and
data processing
Standard procedure of the LXe/Csl-
LXe or Csl cluster combined
cluster border calorimeter of

Strip cluster the CMD-3

| [m[m

2 MeV< E < 5 MeV Charged track

A. Semenov,
B. Shwartz,
T. Kuznetsov on
behalf of the
CMD-3
calorimeter

————————————— group

| (.
i | |

Cluster
<« uster

% BGO
BGO|

“Oa
V4

Add all Csl clusters and crystals with Blue — first layer, red — second layer

E>2MeV within 0:2 rad around towers
Also SGO = 0:05 rad, iGO = 0:1 rad
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Photon separation T e
Preview :fa ::::.EZZS’CI:F
The tower angle size is 0:2rad. A ) ci:‘orig\&tgr_;f
3 _—— e
To separate two photons the /g’;m‘s detector
angle distance must be more %%ﬂ;;‘\\k A. Semenov,
than 0:4rad. P T L 3 T. Kunetaoy on
In process © ¥ the overlap- ?/Mﬁ‘\\\% bl
ping is obtained for E o above M f V2 calorimeter
600 MeV. group

Parametrization Filtering and clusterization

direction + direction -

W w0

(R) [7o tg()+I[mn Zo] g +O(gs)
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Photon separation calbration and
Approach gfa Eﬁepiofgxscsg-g
combined

Mlnlmlzmg of calorimeter of
the CMD-3

P 2
In = i & mln(] i O(Ri)Jv'-'] i N 1(RI)J) . detector
A. Semenov ,
B. Shwartz,
T. Kuznetsov on
behalf of the
CMD-3
calorimeter
group

. . p_—_—P
Classi cation parameter: N = Jv= & Ru.

Energy of the LXe tower is divided by fraction of the strip amplitudes.



Energy

Photon separation calibration and

data processing

Results of the LXe/Csl-
- combined
Improve angle reconstruction  Improve e[fore*e ¥ © calorimeter of
angle to track stand angle to track New detection efficiency comparison the CMD-3
£ “F detector
E . . : B RRED A. Semenov,
I M S B. Shwartz,
s 5 * T. Kuznetsov on
E - behalf of the
E o ¢ CMD-3
. strips, 3ph, 100MeV<Mass<170MeV * ca Iori meter
10 o standard method, 1004M<170 Wev ° S group
5| * w0 °e
P s o o ox be i “havesouer o6 te ou-cd —
-, o [RERE Eray, cev
Kinfit for © mass reco Kinfit for mass reco
12 Mev
« 4MeV
30 MeV
« 10 MeV
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Photon energy calculation
Standard procedure

Shower leackage

Energy
calibration and
data processing
of the LXe/Csl-

. combined
- correction calorimeter of
o H the CMD-3
. . . % 0.95F §
1. Using the simulation get a * o MC : detector
function: EdEP = f(E : ) 0.85] . =50 MeV. A. Semenov,
08 —E, =100 MaV. B. Shwartz,
. . 0.75 T.K t:
2. Invert function (numerical) - o behalf of the
. ] —G-eoky CMD-3
and get energy' 0:2 calorimeter
E =f 1(Edep; ) 0.55 BGO group
0204 06 08 T 12 74 16
Ri2- ), rad
w; % 0'75 —~+-E,=100Me
r ur 0.6; E, = 300 Me
o 0_53_ ~}-E, =800 Me

1712

}’n PR IS B S RS B
%02 04 06 08
W2 - @, rad

o 02 04 06 O

8 1 12
/2 - 9, rad 17/ 21



Photon energy calculation

Preview of ML method

A large number of photon param-
eters are recorded.

I Energy depostion in
calorimeters (x3)

I Angles (x2)

I Radius on conversation

(x1)

The idea is to use MLP to fit and
search for hidden dependencies.

energy in csi versus energy in Ixe (Regression)_Id

300 400 500 00
energy in Ixe [MeV]

For the initial task, consider
the barrel calorimeter
parameters only:

Eixe: Ecsii convs

Simulate the single photon with a uniform angles distribution
and uniform energy distribution in range 700-800MeV .
Topology: 5 ¥ 5 8 10 ¥ 5 ¥ 1, actv. func: LRelLU.
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Photon energy
Study and test

P
L= 20t vty Pk
where x — input parameters, w — NN weights, f — final

function, y — answer, sum over B is a batch sum, sum over
K is a sum over neighbours of i-th event.

rec - simen {abs(rec - simen)<150}

[Ca—
E By, MeV

M
il
HH‘" il

]iuﬂwt"

il

:13:1 ¥ 3:2MeV.

.

" w2l rad

Improve: :33:2 ¥ 29:7MeV;

K(FOs;) Yi)g2,
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Energy

Photon energy calibration and

) data processing
Experiment of the LXe/Csl-
combined
calorimeter of
the CMD-3
detector

Select events et e ¥ , where we know true photon
. . - A. Semenov,
energy. Each energy points have a different statistic. B. Shwartz,

T. Kuznetsov on
‘5""3 " s behalf of the

1278

CMD-3

—— Standard .
—wp calorimeter

group

9000

o
I I I I 5000

f [ |
-

I I I I o
720 740 23 0

5 3
I

Enwiss

Eyer MeV.

B MV

2 s
10-3.141512]

Improve: :38:2 ¥ 33:1MeV; :45 1 b5:6MeV.
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