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Energy range: 320 — 2000 MeV in c.m.

Planned luminosity at 1000 MeV is 10*', at 2000 MeV is 10°* 1/cm’s.
Total integral luminosity for 2010-2013 is about 60 pb™.
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1 - Vacuum pipe 5 - Superconducting solenoid 9 - LHe supply
2 = Drift chamber B - LXe calorimeter 10 - Vacuum pumpdown
3 - BGO endcap calorimeter T - Csl barrel calorimeter 11 - VEPP2000 superconducting
4 - Z-chamber 8 - Yoke magnetic lenses




EndCap BGO Calorimeter

General parameters of the EndCap BGO Calorimeter
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BGO crystals
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BGO crystals from the Institute of Inorganic Chemistry

A modified Chokhralsky method
characterized by low temperature
gradients and developed at the Institute
of Inorganic Chemistry (IICh, Siberian
Branch, Russian Academy of Sciences)
was used to grow BGO crystals;

Most crystals come from CMD-2
detector, but about 5% of them were
substituted with new ones, produced in
IICh (Novosibirsk) with better
parameters in respect to old ones and
high radiation hardness;

Crystals' sides are polished and light is
collected at photodiode with full inner
reflection;

Optical attenuation length is 7-10 m at
A=480 nm.



The layout of the BGO electronics
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e Charge-sensitive preamplifiers (CSPs) are placed inside the detector near
photodiodes (PDs) to decrease noise;

e Shapers and digitizers are outside on a common board;

e The shaper has 2 shaping times: 4 [s in energy channel and 0.3 [s in trigger
channel (summed by 15 channels);

e Gain of the shaping amplifiers can be varied up to 4 times via computer
control for equalization of the channel responses.



Module of BGO calorimeter
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Layout of module of BGO calorimeter The assembled module of BGO calorimeter

Crystals are combined in modules for easier placement into the detector.

2 types: 116 modules of four crystals and 36 modules of six crystals.

The cover of the module is made from 20 pm aluminized mylar for optical and electrical screening
and 70 pm mylar for mechanical protection;

The crystals and electronics holder are fixed together by thermal shrinking of the mylar bag.



First assembly of the BGO calorimeter

e After module production a
test assembly was performed



Calibration procedure

Three types of calibration

1 1 i bg_ufo[5] {bg_ufo[5]>380.&&bg_ufo[5]<520.}
* Pedestal callbrathn pgdestal
measurement — no input signal, random e asas
. : 5.347
trigger from pulse generator;

e Electronic calibration — measurements of
electronic gain — input signal from pulse
generator. Dispersion values are used in
reconstruction procedure;

bg_ufo[5]

: Cosmlc.callbrat.lo.n —ADC to MeV Typical spectrum of an electronic
conversion coefficients measurements — no calibration signal is fitted with the
accelerator work, special BGO based Gaussian distribution.
trigger, 2-3 hours of data taking are
enough for statistical precision of 1%.

Another procedure to calibrate calorimeter is using the passage of cosmic rays during
data taking.



Calibration procedure

Cosmic calibration during data taking

» The main background is from shower events. To extract passage of cosmic muons through the
calorimeter we use special parameters of BGO clusters (shape and energy deposition distribution);

e To distinguish cosmic events
from beam events we use the
ratio of the main moments
of inertia of the cluster shape
(in analogy with a solid body)
and the average crystal
energy deposition and the
energy deposition dispersion
between crystals within each
cluster. The residual
contamination is <1%;

Typical cluster from cosmic Typical cluster from * Only events without charge
event shower event trigger are used to suppress
muons and pions with large
* FElongated cluster with e Compact round cluster angle to the vertical direction.
average energy in the with most enerqgy deposited
crystal 20 MeV in the central crystals

» The efficiency of cosmic rays selection is evaluated at the level of 90%; 2 days of data taking is
enough for statistical precision of 1%.



Calibration procedure II1
Face-to-face (f2f) algorithm

* Select signals in crystals from vertical cosmic muons — to reduce

fluctuation of muon path length in crystals;

e Select crystals for calibration only if adjacent upper and lower

crystals are triggered while lateral ones are not;

e Used to suppress noise in spectrum;

p0 1.74645e+02 6.97919e+00 I

pi 1.24204e+02 4.62183e-01

p2 9.55408e+00 3.57724e-01

The result of f2f algorithm: spectrum of cosmic
signals before and after f2f algorithm applying.

The idea of f2f
algorithm. Only
hatched crystals are
selected.

F2f selection algorithm is applied to
crystals of cosmic cluster to reduce
track length fluctuations;

Spectra are fitted with the
approximation of the Landau
distribution around most probable
energy deposition.

Fitted peak corresponds to 22.7 MeV
(value taken from MC).



Energy resolution — events selection

Energy resolution was calculated
using two-photon annihilation

and Bhabha events in BGO
calorimeter.

Selection cuts:
Number of clusters 2 or more;

2 most energetic clusters are in
different endcaps;

These 2 clusters are collinear;
Sum energy of 2 clusters > E_beam;

No clusters in barrel calorimeter.

100 150 200 250 300 350 400 450
Beam energy, MeV

Spectrum of the energy deposition is fitted
with the logarithmic Gaussian
distribution.
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Preliminary energy resolution

Energy resolution gg Energy resolution ee

Experiment 2012-2013 Experiment 2012-2013

— MC Simulation —— MC Simulation

Energy resolution, %

800 1000 800 1000
E_beam, MeV E_beam, MeV

Two photon annihilation Elastic Bhabha scattering

Energy resolution vs beam energy

* The energy resolution was measured in all energy points where data was collected — wide
range from 160 to 1000 MeV per beam;

e Resolution at the level of 3-3.5% at 1 GeV per beam is reached;

» Some disagreement between experimental data and MC is under study.



Conclusion

* The endcap calorimeter has been installed in the detector and
participated in data taking which started at 2010;

 The calibration procedure has been developed and used during all 3
physical seasons. More than 400 calibrations were performed to
increase quality of the data;

e The data analysis is undergoing.

Thank you for your attention!



Selection cuts to distinguish cosmic events from beam events

E<35MeV
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The comparison of energy resolution between special cosmic
calibration and cosmic calibration based on CMD3 trigger

b

L
=
=
=
=

%
-~
-
-
~
w
6
o~
™
=
N
S
S
=
=
=

=
=
=

Yoo~ 500 60 700 800 900 1000 1100 1200
Energy deposition, MeV

Energy deposition in clusters for elastic Bhabha
scattering



}

4021
4025 §

o

i
4M5
4017

4029 |}

4033 4
4037

4041 4

4043 }

>

4045 }

4010 4
4013

4007 4]
}
}

4020

4003 4]
4024 |
4028 4

4032 |
4036 |

4040 4

4048

4051
4055 4]

}
1
4057 4]

|
4006 4 |
4009 §

2001 4]
4012 |
607
609

801
603
|

Endca

J 8

611
613
4047 §
4050

4054 4 |
4
H

4058 § |

616
618

2

]+ 4005
604

5

606
608

}
}

b 401G
boA023
} 4027
} 4031
4 4035
} 4039

|
[+ 4002

610

612
614
615
]+ 4053
617

I

i
i

|
[
[+ 4056 |

[+ 4004
}
}

§ 4008
§ 4011

} 4014
416
{4018
V4022
4 4026
4 4030
} 4034
§ 4038

137132128

e 142 138 133 129
171,168 164 1604135 134 130
174:172:168:165 16 ] 1200135 131

o 18773 170 1661630 1211364751 2|8

202198 154 192NETSRG 583 580 577
A5 54T SR 5E1 57
SR GE2 576

05:20r3:199:185-18
234204 2001 S5l 16 61208

1 _5
2 6
1 -7

12
13

[V 4052

4046
§ 40458

i

} 4042

b 4044

14 s
3z 56 40 43

13 37 41 44 46

34 3p 42 45 fao 73

513518618
514517620
515618521

AR

523 524]65 l67 71 75 77

S44-548 552068 T2 TH 04

236233 E202IE ag4 IR 1T B g0
737 234 250/ 227 22506 15 614 610
o095 51 2 0ERA00 10 515611
ne5 262 2438 245)607 636 632 2a]
54 251 247 244 2420635631 627
253-250 246 243 2410634 /630 626

X

Endcap 1
..‘_

545 54g 6506 98 101 105108
546550 554027 _an 102 06 108
547 551 6555560100103 107 110

P

]
4075 |

4073 4

4075
4083 4
4087 4

}

4103 }

4005 4
4000 4

4091 4

4101

40638
4071

4065 4|
]
]

4078 |}

4061 |
4082 |}
4086 4
40a0 4

4106 4
4106 4

4113 4|

4115 4]

i
]

4004 |
4008 |

|

i
4064 4 |

4059 4]

4067 |
4070 4
G625
627

619
621
|

Endcap

y

629
531
4105 4
il

4116 4]

49108 |}

4112 } |

N
]

|
636

632
633
635

620
I} 4083
522
623
2
626

)

)
+ 4077
} 4081
I 4085
} 4089
4083
} 4087

I
[} 4060

G628
630

14 2111

i
}

I

i
]

[+ 4114

4066
4069

|+ 4062

i
i

b oa0vz
} 4074

+ 4076
} 4080
} 4084
} 4088
4 4082

b 4096

265260258

201| 270266 261 257
200206 292 2ad267 262 258
302 300207203 260)268 263 250
1296 204 200360 2640040

sa0 326 52z az0poalesn 647 6a4 641

25°325

33:331-327 :323: 321 J59 651 1448 £45 842

[+ 4110

o410
V4107

44100
} 4102

B4:38E 363
385 3p0 304 T 41

185 300 305416470 424 437

387! 351 3060417421 425 428 430

o4f302 307)418 422 426 420fuss 457
705 708 711 714 |429448 450:454 458
TOE 709712 715.7 160440 451 455 459 451

G032 338 12 ARRANCORTE BT

o 646 B4 ANT0T 710- 71307 36 7a0 44452 456 460 4 8

164381 357 354 ‘a5 6A1 67T 673
365,362 358 35525 a2 674 674
g5:363 350 3560684 EA3 70 875

564568 572117 1201124127
B63 567 6710114116119 123125

562 5eg:570]113 115 118:122: 1254

aglzan iz 7 213]E33 Bon B25d R0 Ban 58
222 230 216 212 2100605 604 601 598 55

219 215,211 200d1 sl 3 GO0 55T 58
218:z14]190°1a7 183 17081 5415359

161180 186 182 1760157 15214

632535 538
531 554 837,
30533536

520405

20 4

an

9

166 1650181 177]156.151 147§ 19 23 2@

1B04169-155:150: 14
154148 14

B2
721

7
28

E61565-860kas (a0 a3 |12
sa0541le2 ‘84 B8 92 o4
53afes |B1 A3 a7 94
51 56 59 B2 JaE 80
B0 54 58 61 &3

4o 53 57 60

93 160 376 373001 700 696 gog
A2 37D 375 372 A70 600 605 Ao

381: 378374 371 :JECRAAAGO4 BE0

7T 741 TAS|4B0 482 4B5 459 49

738742 746|481.483 456.400. 493
Endcap 2 ok

TE TS 747 T48]4R4 4E7-491.40

756 760 764 TEEJ501 504 508 511

’X 755 750, 763498 500,503 507 51

T54:758: TA2]497:400: 802 50850

77)349:345 341|607 a3 BRAaRG 66T 660
350 345 344 340336669 F6E 665 62 65
47 343330 337)51 JA6T 664 G61 650

sa6-3420318:315 311 07 feae 201|557
318317 514 310 306 aps 280 276
5165135 309 3050084 279 275

SOEZHT 285276 274

283277 271

724 727 7007 ERTST TR |4se 475 477 |50
723 726 720 732 7468 468 472476 47
722725 728 731

B5 467.471.475
raifaoe 1l asigaeddidanfarodTd
04408 413 :I,aqus,_-mz_us 447
03407 412 13437 441 444

02 406411 4154483

1:405°414



CMD-3 Detector
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1 — beam pipe; 2 — drift chamber; 3 — BGO endcap calorimeter; 4 — Z—
chamber; 5 — superconducting solenoid; 6 — L. Xe barrel calorimeter; 7 — TOF; 8

— Csl barrel calorimeter; 9 — yoke.
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