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The size of the module is 400x400x420 mm?. Structure is shown in the
Picture. The electrons/gamma beam enters in the center of front edge. The Scintillator
range of its energy is from 50 MeV to 8 GeV.
The purpose is to research how light attenuation (L) length of the fiber
influence to calorimeter energy resolution and to check method is suggested
by Oleg Gavrishchuk for improvement of calorimeter energy resolution. oo
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Longitudinal energy distribution. The light attenuation (L) Longitudinal energy distribution.
Beam energy 1 GeV. The light length = 500 mm (no mirror) Beam energy 1 GeV. The light
attenuation (L) length = infinity attenuation (L) length = 500 mm
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The first point of interaction
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Energy resolution

Electron

Tver. No mirror. ¥/ ndf = 22.050250 / 16
0.038838 + 0.000244 /VE @ 0.028224 + 0.000276
Tver. Black. 2/ ndf = 25.721819/ 16

0.041091 + 0.000263 /VE ® 0.029613 + 0.000306
Tver. Mirror. x? / ndf = 22.611179/ 16

0.038053 + 0.000184 /VE @ 0.019124 + 0.000216
Kuraray. Mirror. 2 / ndf = 25.106126 / 16
0.037185 + 0.000140 /VE ® 0.008347 + 0.000202
No attenuation. x2 / ndf = 17.198565 / 16
0.036236 + 0.000114 /VE ® 0.008000 + 0.000210

Beam energy, GeV

Energy resolution

Gamma

Tver. No mirror. 2 / ndf = 22.378242 / 16
0.040149 + 0.000345 /VE @ 0.035247 + 0.000432
Tver. Black. 2 / ndf = 20.206868 / 16

0.040215 + 0.000380 /VE ® 0.038197 + 0.000432
Tver. Mirror. 32 / ndf = 25.151100/ 16

0.039075 + 0.000241 /VE ® 0.024833 + 0.000319
Kuraray. Mirror. x? / ndf = 25.882897 / 16
0.037894 + 0.000147 /VE ® 0.010699 + 0.000178
No attenuation. x?/ ndf = 24.581031 / 16
0.036337 + 0.000116 /VE ® 0.009304 + 0.000219
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Beam energy, GeV
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Energy resolution

)lution. Correction. Electron

No mirror

No attenuation. x? / ndf = 17.198565 / 16
0.036236 + 0.000114 /VE @ 0.008000 = 0.000210
Tver. Not corrected. %2 / ndf = 22.050250 / 16
0.038838 + 0.000244 /VE ® 0.028224 =+ 0.000276
Tver. Corrected. 2 / ndf = 19.778746 / 16
0.037848 +0.000128 /VE @ 0.007206 + 0.000247
Kuraray. Not corrected. %2 / ndf = 24.597294 / 16
0.038171+ 0.000134 /VE ® 0.012045 + 0.000167

Beam energy, GeV

Energy resolution

107"

Black
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No attenuation. %2 / ndf = 17.198565 / 16
0.036236 + 0.000114 /VE @ 0.008000 + 0.000210
Tver. Not corrected. x? / ndf = 25.721819/ 16
0.041091+ 0.000263 /VE ® 0.029613 + 0.000306
Tver. Corrected. 2 / ndf = 24.180255 / 16
0.038818 + 0.000124 /VE @ 0.007251 + 0.000232
Kuraray. Not corrected. x? / ndf = 26.287099 / 16
0.038212 + 0.000142 /VE ® 0.012927 + 0.000161

Energy resolution
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Beam energy, GeV
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Mirror

107"

No attenuation. 32 / ndf = 17.198565 / 16
0.036236 + 0.000114 /VE & 0.008000 + 0.000210
Tver. Not corrected. ¥? / ndf = 22.611179/ 16
0.038053 + 0.000184 /VE @ 0.019124 + 0.000216
Tver. Corrected. %2 / ndf = 24.415704 / 16
0.036739 + 0.000127 /|E ® 0.011842 + 0.000210
Kuraray. Not corrected. x2 / ndf = 25.106126 / 16
0.037185 + 0.000140 /VE ® 0.008347 + 0.000202
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rity. Correction. Electron vs
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action of the attenuation
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Energy resolution

lution. Correction. Mirror.
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Electron

No attenuation. %2/ ndf = 17.198565/ 16

0.036236 +0.000114/ VE @ 0.008000 + 0.000210

Tver. Not corrected. 2/ ndf =22.611179/ 16

0.038053 +0.000184 / E @ 0.019124 +0.000216
Tver. Corrected (100, 85, 56%). %2/ ndf = 24.415704 / 16
0.036739 +0.000127/ FE @ 0.011842 +0.000210

Tver. Corrected (100, 85, 65%). %2/ ndf = 26.238858 / 16
0.036765 +0.000122/ E @ 0.008932 +0.000217
Kuraray. Not corrected. 2/ ndf = 25.106126 / 16
0.037185 +0.000140/ ) 0.008347 + 0.000202

Beam energy, GeV

Energy resolution

Gamma

No attenuation. %2/ ndf = 24.581031/ 16

0.036337 +0.000116/ VE @ 0.009304 +0.000219
Tver. Not corrected. 2/ ndf = 25.151100/ 16

0.039075 +0.000241/ VE @ 0.024833 +0.000319
Tver. Corrected (100, 85, 56%). 32/ ndf = 22.267093/ 16
0.036630 +0.000131/ VE @ 0.014609 + 0.000234
Tver. Corrected (100, 85, 65%). 32/ ndf = 23.564830/ 16
0.036596 +0.000145/ VE ® 0.011863 + 0.000242
Kuraray. Not corrected.
0.037894 +0.000147 / VE ® 0.010699 + 0.000178

%2/ ndf = 25.882897 / 16

. 2
N i o r—E—
L L 1 ' L L L L I L L L I L
2 4 6 8

Beam energy, GeV
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0.9 No attenuation
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Tver. Not corrected
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dlution. Correction.
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ro n + SCi nti I Iati O n Em um. B. . >xenenoea ) uccnenoBaHuii

No mirror Black Mirror

S c (=

2 <] S |

5 5 5 [—r a9, %/ ndi= 21654361/ 16

S Tver. Not corrected, %2/ ndf = 20.747853 / 16 = m—  Tver. Not corrected, %2/ ndf =21.619396/ 16 =2 ver. Not corrected,  x*/ndf = 214

2 3 B . [ 0066258 +0.000201/ VE @ 0.020596 + 0.000235

o 1 +0 4 +0] S— %), 72/ ndf =

= 0.073765 +0.000260/ VE @ 0.028633 + 0.000332 2 , o Tver. Comrected (100, 85, _56% ), x°/ndf = 4.449738/ 16

3> > Tver. Corrected (100, 85, 56%), x?/ ndf =9.904201/ 16 > 0.066105 +0.000239/ VE ©0.015913 + 0.000360

% ———————  Tver.Corrected (100,85, 56%), x?/ ndf = 3.324102/ 16 g 0.073100 +0.000234/ VE ® 0.010330 < 0.000278 g ——————— Tver. Corrected (100,85, 65% ), %2/ ndf = 6.625928 / 16

c c K N vod 1) ndf - 12.304085 ) 16 c 0.066570 +0.000210/ VE ®0.011706 + 0.000411

w 0.073696 +0.000239/ VE ® 0.010361 * 0.000551 w uateyNotooriacted,  x/ ndji=12 w Kuraray. Not corrected, 2/ ndf = 10.094934 / 16
0.062489 +0.000205/ VE ® 0.013026 + 0.000338 0.056440 + 0.000182/ VE_® 0.008820 + 0.000390

Kuraray. Not corrected, %2/ ndf = 6.947074/ 16
= | ” —1 —1
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w Kuraray. Not corrected, %2/ ndf = 22.958080 / 16 w Kuraray. Not corrected, %/ ndf = 24.591144/ 16 w Kuraray. Not corrected, %2/ ndf = 24.349190 / 16
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+ scintillation
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[ = c (=4
= O 9o :
= = =
% Electron. Not corrected, %/ ndf = 20.747853 / 16 % Electron. Not corrected,  x?/ ndf = 21.619396 / 16 % Electron. Not corrected, % / ndf = 21.619396 / 16
3 0.073765 +0.000260/ VE © 0.028633 +0.000332 2 0074287 +0.000301/ VE ® 0.029589 + 0.000393 2 0.074287 +0.000301 /VE @ 0.029589 + 0.000393
s 2 2
a Gamma. Not corrected, 2/ ndf = 26.278998 / 16 3 Gamma. Not corrected, 2/ ndf = 22.373826 / 16 3 e Gamma. Not corrected, 2/ ndf = 22.373826 / 16
@ 0.075088 +0.000370/ VE ® 0.039335 + 0.000504 I} 0074798 +0.000379/ VE ® 0.042271 * 0.000531 ? 0.074798 +0.000379 /VE ® 0.042271+ 0.000531
[ = (=
7] Electron. Corrected, 2/ ndf = 21.077582/ 16 w Electron. Corrected, %2/ ndf = 9.904201/ 16 w Electron. Corrected (100, 85, 65%), x? / ndf = 6.625928/ 16

0.074023 +0.000245/ VE © 0.009943 + 0.000598 0073100 +0.000234/ VE ® 0.010330 +0.000278 0.066570 +0.000210 /VE @ 0.011706 +0.000411

1071 Gamma. Corrected, %2/ ndf = 7.076435/ 16 10 Gamma. Corrected, %2/ ndf = 6.500403 / 16 10" Gamma. Corrected (100, 85, 65%), 32 / ndf = 5.836081/ 16
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No mirror Black Mirror

Electron a, % b, % a, % b, % a, % b, %

Not corrected (tver) 7.37+0.02 2.86+0.03 7.4310.03 2.96+0.04 6.63+0.02 2.06+0.02
Corrected (tver) 7.37+0.02 1.04+0.06 7.31£0.02 1.0310.03 6.66+0.02 (65% 1.1240.04 (65%)
Not corrected (Kuraray) 6.13+0.02 1.23+0.03 6.25+0.02 1.30+0.03 5.64+0.02 0.88+0.04
Gamma a, % b, % a, % b, % a, % b, %

Not corrected (tver) 7.51+0.04 3.93+0.05 7.4810.04 4.23+0.05 6.71+0.03 2.72+0.04
Corrected (tver) 7.37+0.03 1.34+0.05 7.3410.03 1.27+0.05 6.63+0.02 1.60+0.04
Not corrected (Kuraray) 6.24+0.02 1.6810.03 6.30+0.02 1.78+0.03 5.66+0.02 1.161£0.03

T
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Simulation with the experimental data of the light attenuation length:

y)
2)

3)
4)

Simulation for electrons and gamma beams (Tver’s and Kuraray fibers; no mirror, black, mirror)
Improvement of the energy resolution of ECal module by the correction of the light attenuation by using

scintillation layers with different efficiency;
Found the best efficiencies for scintillation plates to reach the best energy resolution for module.

Showed this method can improve the energy resolution.
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Do you have any suggestions?
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Setup details

« 200 layers of shashlyk: 0.5 mm Pb/1.5 mm scintillator
* 50 MeV cell energy threshold, 4x4 cm cell

* L= 1.0 m, R =0.9, 5000 photoelectrons per 1 GeV in
scintillator

dy — exp(-d¢/Lag)

— Reflection coefficient

Andrei Maltsev. SPD ECAL energy resolution 318



Resolution

Effect of corrections on ECAL resolution

SPD ECAL resolution

SPD ECAL resolution
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All other corrections are also applied

Bigger contribution is from photoelectron statistics

Andrei Maltsev. SPD ECAL energy resolution 839
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Yucno cteneHewn ceoboabl k YpOBEHb 3HAYMMOCTHK a

0,01 0,025 0.05 0,95 0,975 0.99
1 6.6 5.0 3.8 0.0039 0.00098 0.00016
2 9.2 7.4 6.0 0.103 0.051 0.020
3 11.3 9.4 7.8 0.352 0.216 0.115
4 13.3 11.1 9.5 0.711 0.484 0.297
5 15.1 12.8 1.1 1.15 0.831 0.554
6 16.8 14.4 12.6 1.64 1.24 0.872
7 18.5 16.0 14.1 217 1.69 1.24
8 20.1 17.5 15.5 2.73 2.18 1.65
9 217 19.0 16.9 3.33 2.70 2.09
10 23.2 20.5 18.3 3.94 3.25 2.56

e
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[Tocuurate xkamopumetp 200 cinoeB (1.5 mm Ciu.+0.5 mm CBHUHEN) - NOTYYUTh SHEPTETUUECKOE Pa3peIICHUE B
nuana3zoHe sHepruit 50 MeB - 8 1B, xak dynkumst 1/sqrt(E). Sueiika moxkeT ObITh O€CKOHEUHOM, HANpUMEp
200x200 MM - T.e. HEe yuHuTbhIBaTh rpanyiasipHocTh 40x40. Ho 3amouTh 3aTyxaHue cBeTa BIOJIb MOIYJS IO 3aKOHY
HKCIOHEHIMAIBHOMY.

1. beckoHeuHas IJMHA 3aTyXaHUs - T.€. PABHOMEPHBIA MOJYJIb.
2. JnwmHza 3aryxanus = 200 cm

3. Jlnmna 3aryxanus = 100 cm

4.  Jlnuna 3aryxanus = 50 cm




