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Abstract

The CMD-3 detector have been operating at the eTe ™ collider VEPP-2000 in the Budker Institute of Nuclear Physics since 2010. CMD-3 is a general purpose detector designed to study ete™
annihilation into hadrons in the wide energy range, Ec.m.s = 0.3 = 2GeV . The calorimetry at the detector is based on three subsystems: closest to the beam pipe barrel Liquid Xenon
calorimeter, outer barrel calorimeter based on Csl scintillation crystals and endcap calorimeter made of BGO scintillation crystals. We will describe the structure of the calorimeters, their electronics
and the energy calibration procedures with cosmic particles and using e e ™ scattering events. The calorimeters characteristics will be also reported.

VEPP-2000 collider CMD-3 detector

lfl;h;r:i\é @ ﬁﬁﬁﬁ | rfffffff 1 - Vacuum chamber

m Design luminosity L = 1032em™2s71 at
2 GeV c.m.s.
m C.M. energy: 0.3 -2 GeV

m | ime between collisions: 82 ns

RN 2 - Drift chamber

3 - BGO Electromagnetic calorimeter
V7= 7> 4 -/ chamber

| 5 - CMD3 SC solenoid ( 13 kGs )

6 - LXe Electromagnetic calorimeter

7 - Csl Electromagnetic calorimeter
8 - Yoke

9 - VEPP-2000 solenoid

NN

m Integrated luminosity: ~ 60pb—1

T

N

convertor

| Xe calorimeter

1

m Solid angle 0.8 X 4

m 8 cylindrical anodes: 264
towers

m LXe + Csl calorimeters m Passive material thickness between calorimeters 0.25 X

m Full thickness 13.5 X m Passive material before LXe 0.35 X
mop/E =

m 7/ cylindrical cathodes:

2112 strips m Strip structure of cathode electrodes provides spacial resolution for

0.034 1 .02 _ |
m | hickness 5.4 XO \/E/GeV . “y-conversion point of about 2 mm
8. 0.008\ Angular resolution @ E PR Boen B0 M barrel Epxe/Eqot V8 Epa (simulation)
. be - $ 4000 barrel calorimeter i R LA 8 0.86F
0.007 4 P Mean 697.8 w ce
Csl calorimeter T s 2 |- I o on e
TUUE e LR g o T 3000[ 7 Ixe W ¢
Structure 0.005=~2 m ‘ vean 4579 oref .
= . 0.004F 2000 RMS  109.6 0.76F ® .
- . = 00035 +experiment i csi 0.74¢ *e
B “‘l‘lllm?“’\v H SOlId angle 0.7 X 47 0.002F ~- simulation 1000: ,,Z;Zn 962_22 067.35 Py -
| . g ! .68 “e,
==k m 1152 counters based on 0'00; I P e oL S N 0-66:100200300400500600700808900'\;01({;)
R 200 400 600 800 1000 —
§ CSl(Tl) and CSl(Na) E,, MeV Energy deposition, MeV
crystals

Barrel calorimeter calibration

m Crystal sizes

6 X 6 X 15¢m? Cosmic calibration Bhabha calibration

m Thickness 8.1 Xy m Cosmic particle events in experimetal runs mete™ — eTe  events
m Tracks in LXe are used 2 - (BL(0,0) — X Er'k; — ERp)*
. X = Z 2

2 .
Structure m Distribution of € = E /L o x> — min
y : e ¢ . -

6 AnO b . o — ‘ m Calibration coefficients k; = EMC /EEXP ok, 07 > ki Qij = R,
m Polar-angle range 16749~ B o ah *: peak/ ~peak i j
_ 131°-164° g @ o = f’: B B} . _ N~ ETEL,
; i : ‘ _§ C | hixe Y 2 YTt T 2
= Solid angle 0.3 X 47 L8, € 30000 Jﬁﬁ‘ no SR n=1 7 n=1 7
: - | ] Epea 0.3668 —
m 680 BGO crystals =0 ’; - ki=>; Ri(Q™")y;
20000 i o8l
. E 'l A 3.173e+04
O Cry5t3| SIZES 15000F ll\ o onor n - event number, 2, 3 - LXe channel indexes
r ' c 0.08265
Silicon PIN photodg::tal 70 0.25 X 0.25 X 15cm3 . 8 ——— 10000? "!‘
m T hickness 13.5 X - - 5°°°T AN ¥ |
% 02 04 06 08 1 12 1.4
dE/dx, MeV/mm
Calibration of BGO calorimeter
Wb eteyy n '-LJO'12 bhabha energy resolution
. . PO 174645002 6.979190+00 ~w 0.14 experiment . i : : ‘ :
m Select events with vertical : R B " S o
. asof : o cwewsomen ] 0.2 — simulation - 3 3 |~ simulation
muons passing through ) RN i 0_08;}% N
- 250F L - - = : : . i j : i t
BEO) esllaiimea: S ! / o5 m Preliminar calibration with pulse generator oog 4&% |+ experimen
. S WL TR : : : : i
m Select crystals if only e ol m Calibration with cosmic particles of LXe and Csl calorimeters 0.04" T
adjacent upper and lower f‘ \\“w% 02} m Calibration of LXe calorimeter using eTe™ — eTe ™ events RSN R N N
. B b T N ob— -
crystals are hit e 200 400 600 800 1000 S IV DA DA D
y . Socam: MeV 0O 200 400 600 800 1000
Eycam MeV

Readout electronics

Photon energy reconstruction

tLXe = 04 MS
. . | : : :
te = 1 uS Cluster Ey = f(Edep, 0, ®), Egep = f~(E~, 8, @) - from simulation of single ~y
tgco=1UuS : n invariant mass - e 3 =
finder - S - £ °% " Photon energy resolution o (Kinematic fi |5
- NS S I o IR P 0 B e St
0—> C S P trlgger A 2@50 e 1040 E [ : : : : : E ntegral 8183
—> Cixe = 0.4 us di 2000 L [ goo2h 100}
— - ‘ ‘ ‘ Entries 2438 buJ E | v experiment, e+e-—9'Y'Y i
BGO P | tCS| 018 HS ISC r- 150F - | - Z,\jasn 1?2: 0.15:, - o simulation, single 80:
UF0-32  NDAM
I T T WT: 0700 200 300 400 500 600 700 800 et
0 50 100 150 200 250 E yammas MeV % 100 200 300 400 500 600
70 mass, MeV vy invarian mass

Shebalin V.

Calorimetry at the CMD-3 detector



