Electromagnetic Calorimeter (EC)
options for SPD:

1. SPD layout

2. Electromagnetic Calorimeter options
1. Cristal calorimeters
2. Sampling calorimeters

3. Possible EC Production
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These crystals make light!

Crystals are basic components of electromagnetic calorimeters
aiming at precision as well as of many medical imaging devices
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Scintillating Crystal Calorimeter: Lead-Tungstate (PbWO, )

|deal calorimeter qualities: Non-ideal qualities:
» Total absorption calorimeter * Expensive

Short radiation length and Moliere « Small light output

radius, X;=0.89cm and R=2.1cm « Temperature dependent (~2.2%FC)
Very dense

Very fast

Radiation resistant
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Fast light emission: ~80% in 25 ns
Peak emission : ~425 nm (visible region)
Short radiation length : X, =0.89 cm
Small Moliére radius : R, =2.10 cm
Radiation resistant to very high doses.
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Temperature dependence ~2.2%/°C
— Stabilise Crystal Temp. to < 0.1°C

Formation and decay of colour centres
in dynamic equilibrium under irradiation
— Precise light monitoring system

Low light yield (~1% Nal)
— Photodetectors with gain in mag field
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Barrel (EBY: Endcap (EE):

- 61200 crystals total - 14648 crystals total

- 36 Supermodules (SM), - 4 Dees, each 3662 crystals
each 1.7k crystals « Crystals combined into

Crystals are
projective and
positioned pointing
slightly off the IP
o avoid cracks.

1 Endcap
Super-Crystal

Pb-5i Pre-shower
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Inter-calibration {(1C) with electron beam

* O SMs intercalibrated with electrons @ 120 GeV H4
* 1 SMs pantially calibrated with electrons @ 50 GeV H2
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- 7680 EB + 3640 EC BGO crystals A change of scale is pnssil;le!
« PIN diode read-out (no gain) BGO: Bi;Ge,0q, |
« Ey range 0.5 — 100 GeV about 1 ms3, 7 ton !
SLUM Hadron Calorimeter T ——

Endcaps HC1

10 T T T i T

i i

- BGO Resolution T \I[ HC3 | HC2 _ |
! e Test Beam == _— "_
B o LEP i ]7EI|:
6 — |

LE L = L

L

E | !
. 24  Systematic use of BGO in medical imaging

B A ) could only be made possible through the

2 o large effort of the L3 collaboration to develop
B . . low cost mass production technology for
ol el BGO, with the help ofthe Shanghai Institute
107 ‘ 1 1o of Ceramics in China.
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COMPASS EC modules production:
Kharkov 2011
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COPMASS Ecal0 — Lead Plastic sampling calorimeter
194 modules x9 cells(1746 ch.)
2011-2017
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Number of pixels
Bias voltage, V
Gain - 10°

PDE, % (#=320 nm)

Technology Shashlyk

Scintillator Polystyrene Kharkoer
Lhanther Lead

Hureber of laye rs 109

Sc /b plates thickness, mm | 15302

PoiGe plates dimension, cm | 12.0x12.0/4.0x4 0

Ivloliere radins, cm 35

Radiation length, cm 1,64

Mumber of tower 9

Fiber KYRARAY V110150 orl75)*

Hurber of fibers per tower

lé

Diam . of hundle, frrm

6.5

Light g wide Winston core glued to photodetec tor
Photode tector WAPD -7 cotel type willbe de fined)
Total thickness, cro A 15E0

Al MEADC

Thermostabilization Pelter cooler

Zecotek MAPD-IN

Hamamatsu S12572-10F

3x3
8 (size: 5)
135 000
0
3-5
30

3x3
10

90 000
70
14
10
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Fig. 1. The Shashlyk module design.
precision of U4mm. Ine beam hne 2B of the U70 accelerator,

described in detail in Ref. [12], was used to study the performance
of the prototype. The secondary beam of negatively charged
particles with momenta of 1-19 GeV /c contained more than 70%
11/22/ electrons mixed with muons and hadrons (mainly 7~ and K™).
Particle identification was not available at this beam line. The

ttimg function parameters for the energy resolution.
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Table 1

Physical properties of the module.

Lead plate thickness 0275 mm

Scintillator plate thickness 15 mm

Number of layers 380

Effective radiation length, Xq 34 mm

Total radiation length 20K,

Effective Moliére radius, Ry 59 mm

Module size 110 % 110 x 675mm?

Module weight 18 ke
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Sampling EC : KOPIO

Molding mashie in IHEP facility
I

— , I P , = 34

"

14 |
g O.Gavrishuk S
2 > |



Sampling EC
In IHEP facility

-umv

‘" | KOPIO 1.5x5.5x5.!
S8 PHENIX 4x5.5x5.5
PANDA 1.5x5.5x5.
COMPASS 1.5x4x:
giral shashlick

Experience:
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Sampling EC : IHEP facility for housin
production for PWOA4 Cristalls




Experimental testin muon beam at U-70, IHEP Protvino

The module test was performed at THEP U-70 accelerator in muon beam. The test aria is shown
on fig.14. The calorimeter module was assembled directly on place to avoid the lifting this heavy
(~200 kg) device.

Fig. 14. Photos: left — test beam setup, right — module inside view during assembling: 64 layers
of 10 mm thick led and 4 mm thick scintillator plates are stacked in box.
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MPD model
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SPD model
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SPD Electromagnetic Calorimeter
with tor magnet option
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SPD EC : tor magnet option

| Barrel — B Sectors

Y L Sectlon - 08B superkl (2=

8 Sectlons — 4704 superkli2=z2)
i1
1
: Endocup 400 superkl (4x4) = 5400 % 2 = 12400 cells
/ Barrell = 18816 cells
/

Totall 18B1& Borrel + 12400 = 31216 cells
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SPD solenoid option
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SPD EC : solenoid option
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CONCLUSIONS:

. SPD EC design not possible without final Experimental setup drawing:

Solenoid or Tor magnet ?

. The Cristal Electromagnetic Calorimeter not discussed yet but:
. The Crystals housing production is developed in IHEP from carbon plastic material

1. BGO crystal production possible in Novosibirsk : the price 480.000 Rub/kg
2. BGO crystal can be produced in China too
3. PWOA4 crystals production possible in Bogorodick (Belarus)
Lead Plastic EC production possible now as possible soon in IHEP:
1. Choice of cell size: 5.5x5.5 or 4x4
2. Geometry: strain or projective
Beam test possible: e+ up to 10 GeV - IHEP — Giperon (18 Channel)
Beam test possible : muon 1-20 GeV - IHEP test beam facility
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Thanks everybody
for attention !
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