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CMD3 dete
tor

1 � beam pipe, 2 � drift 
hamber(DC), 3 � BGO end
ap 
alorimeter, 4 � Z-
hamber,

5 � super
ondu
tion solenoid, 6 � Liquid Xe(LXe) barrel 
alorimeter, 7 � TOF, 8 � CsI barrel


alorimeter, 9 � Yoke

Magneti
 spe
trometer, B = 13kGs

Thin 
uper
ondu
ting solenoid is mounted in the same vessel with LXe 
alorimeter.

Passive material in front of barrel 
alorimeter is 0.35X
0

(6.27g/
m2

)

3 
alorimeter systems: barrel LXe and CsI 
alorimeters and end
ap BGO 
alorimeter
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Combined barrel 
alorimeter

Tasks

Measurement of photons energy in

wide range from 10MeV upto 1GeV

Measurement of photons


oordinates

Form a signal for neutral trigger

Advantages

LXe strips stru
ture

provides high spatial

resolution, allows

measurement of spe
i�


energy loss and shower

pro�le

Full thi
kness of barrel


alorimeter is 13.5X
0

and

provides energy resolution of

8% for 200MeV and 4% for

1GeV energy deposition

Disadvantages

Passive material between

LXe and CsI is 0.25X
0
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LXe 
alorimeter

HV +1.2 kV

Common

wire

Anode pad

Anode pad

Cathode strips

Calorimeter stru
ture

14 
ylindri
al ionization 
hambers

devided by 15 ele
trodes with

10.2mm gap

8 anodes and 7 
athodes

Anodes are devided into 264

towers provide energy

measurement:

8 towers along Z axis

33 towers along azimuth angle

Cathodes are devided into 2112

strips to measure 
oordinate

Strips on opposite sides of 
ylinder

are mutually perpendi
ular

Thi
kness � 5.4X
0

LXe 
alorimeter is des
tibed in details in K.Mikhailov poster
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CsI 
alorimeter

Calorimeter stru
ture

8 o
tants × 9 modules × 16 
ounters

1152 
ounters in total

Counters are made of CsI(Tl) or

CsI(Na) 
rystals

S
intilation light is read out by

Hamamatsu PIN PD mounted on the

surfa
e of the 
rystal

PIN PD sensitive area is 10× 20
m

2

A
tive material thi
kness � 8.1X
0

PIN PD

Preamplifier

teflon aluminized mylar

CsI(Na) 6x6x15cm3
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Calorimeter ele
troni
s

ADCCSA

CSP

SA32 ADAM

CSP

HV

BIAS

CSI

ADAM

DAQ

SA32

τ = 160 ns

τ = 400 ns

τ = 180 ns

τ = 1 μs

discr.

discr.

trigger

trigger

Cluster

finder
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Calibration of energy deposition

Task

E

i

= k

i

(A
i

− p

i

)
k

i

is to be determined

Calibration steps

Calibration with pulse generator:

p

i

determination

ele
troni
s stability monitoring

Calibration with 
osmi
 parti
les of LXe and CsI


alorimeters

Final LXe 
alibration with events of e

+
e

−
elasti


s
attering (Bhabha 
alibration)
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Cosmi
 
alibration

Method

LXe tra
k 
rosses only one LXe

tower or CsI 
rystal

3× 3 matrix with the 
enter in

the 
rossed tower(
rystal)

E


enter

> 20MeV

(E
3×3

− E


enter

) < 10MeV

ǫ = E

3×3

/L

f(ǫ) = Ae

−ln

2(1+η(ǫ−E

p

)/σ)

2σ
0

k

i

= E

MC

p

/Eexp

p

hlxe
A         3.214e+04
     η  0.493

 peakE  0.3668
   σ  0.04501

dE/dx, MeV/mm
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hlxe
A         3.214e+04
     η  0.493

 peakE  0.3668
   σ  0.04501

hcsi
A         3.173e+04
     η  0.3629

 peakE  0.5912
   σ  0.08265

LXe and CsI cosmic spectra (exp)
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Cosmi
 
alibration

Cosmi
 events from

standard experimental runs

that pass the trigger are

used. Cosmi
 events rate

ν ≈ 70Hz

Calibration for ea
h 
hannel

with statisti
al error of

about 1.5% for LXe and 3%

for CsI. Data taking takes

about 2 weeks.

Day-by-day 
alibration �

normalization 
oe�
ient for

8 LXe towers(same azimuth

angle) or for whole CsI


alorimeter is measured.

Before day-by-day 
alibration:

Time, days
20 40 60 80 100 120 140 160 180 200

, r
el

. u
ni

ts
pe

ak
E

0.98

0.99

1

1.01

1.02

Stability of cosmic peak position
LXe

CsI

Stability is better than 2%

After day-by-day 
alibration 
oe�
ients

are applied the stability is better than

0.5%
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Bhabha 
alibration

Events sele
tion

2 tra
ks in DC

|θ
1

+ θ
2

− π| < 0.05

|φ
1

− φ
2

| < 0.05

|p− E

beam

| < 3 · σ
p

E

beam

/2 < E

1,2 < 1.05 · E
beam

, MeV1E
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2
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beam
, E2 vs E1E

-e+e

, MeV/c1P
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Momenta of collinear particles, E
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-π+π

-µ+µ
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Bhabha 
alibration

LXe 
oe�
ients

χ2 =
N∑

n=1

(Ej

m


(θ, φ)−
∑

E

n

i

k

i

− E

n

CsI

)2

σ2(θ)

χ2 → min

∂χ2

∂k
i

= 0 ⇒
∑

j

k

j

Q

ij

= R

i
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Q

ij
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E

n

i

E

n

j

σ2
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E

n

i

E

n

m


σ2

k

i
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j

R

i
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n - event number, i, j - LXe 
hannel
indexes

After the 
alibration is done:

, MeVbeamE
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ex
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/E
M

C
E
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beam vs EEXP/EMCBhabha E

, MeVbeamE
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/E
Eσ

0
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0.12 beam
Bhabha energy resolution vs E

simulation
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Cluster re
onstru
tion

Be
ause of the 
ombined stru
ture of 
alorimeter the 
lusters in

diferrent subsystems have to be 
onne
ted by some algorithm

2 MeV< E < 5 MeV

E > 5 MeV

cluster border

Algorithm(both subsystems)

For elements with E > 5 MeV,

neighbour elements are added to


luster if its energy > 2 MeV

Elements de
ided as

'neighbours' if they have


ommon sides

LXe

BGO

CsI

LXe-CsI 
onne
tion

CsI 
rystal is 'neighbour' to LXe

tower if its 
enter is inside the

tower solid angle

If CsI 
rystal neighbour to tower

is hitted, than it is 
onne
ted to

the 
orresponding LXe 
luster
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Photons energy 
orre
tions

γ energy

E

gamma

= f(E
dep

,Θ, φ)

f(E
dep

,Θ, φ) is determined from simulation

of single photons energy deposition

genΘ
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γγ→-e+experiment, e

γsimulation, single 

 energy γEnergy resolution vs 

Energy deposition E

dep

is tabulated

for 50 points of photon energy and

200 points by polar angle θ

For measured energy deposition

E

dep

the photon energy is

determined by linear aproximation
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Photons 
oordinate 
orre
tion

γ angles

If the gamma 
onversion point is

measured using LXe strips - no


orre
tion is needed (∼95% of photons)

If there is no strips data:

x

i

=
N∑

n=1
x

n

i

E

n

, N - number of LXe and

CsI 
hannels in 
luster

Corre
tion fun
tion for gamma angles

w/o strip data is determined from

simulation

h_strips
Entries  52154

Mean   -0.001887

RMS    0.01176

, radΘ∆
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 distribution (Bhabha)LXEΘ - DCΘ

h_towers
Entries  52154

Mean   -0.00184

RMS    0.02859

LXe strips

LXe towers

No strip data for a 
luster:

recΘ
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, radgenΘ - γΘ
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 angle resolution (w/o conversion point in LXe)γΘ

h1
Entries  115187

Mean   8.371e-06

RMS    0.03909

h2
Entries  115187

Mean   0.0001465

RMS    0.02933

Integral  1.151e+05

LXe towers

LXe towers and CsI crystals

LXe + CsI with correction
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π0

and η mass resolution

e

+
e

−
→ π+π−π0, π0 → γγ

E


m

= Mφ

sim
Entries  4271

Mean    136.2

RMS     10.42

 mass, MeV0π
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 invariant mass0π
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e
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E
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, MeVγInvariant Mass of 2
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M
σ

 m
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η

 = 1019 MeVs, γ 3→ -e+e
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Con
lusion

Combined barrel 
alorimeter is working and shows good perfoman
e

Energy 
alibration pro
edure of LXe and CsI 
alorimeters is developed

Calibration a

ura
y is about 1% and 3% for LXe and CsI


orrespondingly

Energy and 
oordinate 
orre
tion fun
tions for photons are determined

The π0 mass resolution is measured to be 8.5%
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E

L

XE/E
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ratio

, MeVbeam E
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Photons energy and 
oordinates resolution

, MeVgammaE
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