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Sidenote: ECAL simulation in SPDROOT

e Endcaps (SpdEcalQEC): construction/simulation implemented,
to be integrated into SPDROOT very soon

e Barrel: module placement algorithm to be finalized (this week)
(optimize cell size to avoid gaps)

Picture of O.P.Gavrishchuk
Equal-sized modules:
not the most optimal setup?

also consider space for electronics?
(how large is ECAL-RS gap?)




Resolution

ECAL sampling studies

e Standard sampling: 0.5mm lead + 1.5mm scintillator
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SPD ECAL resolution

0.0000 @ 6.3865/VE @ 2.3285/E | 8PD, 200 layers, 1.5/0.5mm., electrons, 10 degrees | 50 MeV threshold,

2.0250 @ 7.0441/VE @ 2.2655/E | SPD, 200 layers, 1.5/0.5mm, electrons, 20 degrees | 50 MeV threshold,

——— 7.5164 ® 8.1705/ /E @ 0.0000/E | SPD, 200 layers, 1.5/0.5mm, electrons, 45 degrees | 50 MeV thr

e —— -0.0000 ® 8.4866(E ® 2.0881/E | SPD, 200 layers, 1.5/0.5mm, electrons, 0 degrees | 50 MeV threshold, 5.5 cm cell, NPE: 5k per 1 GeV., Lalt = 1m, R = 0.9

5.5 cm cell, NPE: 5k per 1 GeV, Latt=1m R =09

5.5 cm cell, NPE: 5k per 1 GeV, Latt=1m, R =09

——— 0.0001 @ 7.9348/VE @ 1.1029/E | SPD, 200 layers, 1.5/0.5mm, electrons, 30 degrees | 50 MeV threshald, 5.5 cm cell, NPE: 5k per 1 GeV, Latt = 1m, R = 0.9

eshold, 5.5 cm cell, NPE: 5k per 1 GeV, Latt = 1m,R = 0.9
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Energy resolution at 300-400 MeV:
~12%
too bad for x.1/X, analysis
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Edep [a.u.]
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ECAL sampling studies

energy deposition in scintillator layers

hist_scint_04
Entries 200000
Mean 7032
Std Dev 43.41

0.4 GeV
2.0 GeV

Try using finer sampling at
the front and rougher at the
back of a module
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Resolution
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SPD ECAL resolution

1.7241 % 6.8362/VE & 2.0168/E | SPD, 200 layers, 1.5 scint, 70x0.4 lead, 130x0.55 lead, alecirons, 0 degrees.

200 layers, 1.5mm scint., 0.4x70 + 0.55x130 lead

-0.0000 & 6.5214/VE & 2.0530/E | SPD. 200 layers, 1.5/0.5mm, elecirons, 0 degrees | 50 MeV thrashold, 5.5 cm call, MPE: 5K per 1 GeV. Lalt= 1m, B = 0.9
.
200 layers, 1.5mm scint., 0.5 lead

6.4234 ® 1.5013VE @ 245520 | SPD, 200 layers, 1.5 scint, 130x0.3 lead, 70x0.8 lead, slecirans, 0 degress | 50 Me' threshold, 5.5 cm cell, MPE: 5k per 1 GeV, Latt = 1m_ A =09

200 layers, 1.5mm scint., 0.3x130 + 0.8x70 lead

6.5418 @ 6.0020/VE & 2.0404/E | SPD, 200 layers, 1.5 scint, 100:0.3 lead, 70x0.7 lead, slecirons, 0 degrees | 50 Me' threshold, 5.5 cm cell, MPE: 5k per 1 GeV, Latt = 1m. A =09

200 layers, 1.5mm scint., 0.3x100+ 0.7x100 lead

50 MeV threshold, 5.5 cm call, NPE: Bk per 1 GeV, Lall=1m, B =08
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No significant improvement
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Resolution
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SPD ECAL resolution

0.0000 & 6.4970/YE & 2.1390/E | SPD, 200 layers, 1.5/'0.5mm, efecirons, 0 degraes | 50 MeV thrashold. 5.5 cm call, NPE: Skper 1 GeV, Lall=1m,R=0.9

200 layers, 1.5mm scint., 0.5 lead

-0.0000 @ §.5350/VE © 2.1175/E | SPD. 200 layers, 1.5 scint, 100x0.45 lead. 100x0.55 lead, elacirons, 0 degraes | 50 MeV thrashold, 5.5 om call, NPE: 5k per 1 GeV, Latl=1m, R =09

200 layers, 1.5mm scint., 0.45x100 + 0.55x100 lead

2.7440 @ 6.1231YE & 2.2816/E | SPD, 200 layers, 1.5 scint, 100004 lazd, 100x0.6 lead, slectrons, 0 degress | 50 MeV threshold, 5.5 cm cell, NPE: Bk per 1 GeV. Lalt=1m R =08

200 layers, 1.5mm scint., 0.4x100+ 0.6x100 lead

6.7372 @ 5.7496/YE ® 2.0437/E | SPD, 200 layers, 1.5 scint, 100%0.3 lead, 100x0.7 lead, elecirons, 0 degraes | 50 MeV thrashold, 5.5 cm cell, NPE: 5k per 1 GeV, Lalt = 1m, R =09

200 layers, 1.5mm scint., 0. 3x100 + 0.7x100 lead
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No significant improvement
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Resolution
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SPD ECAL resolution

L0.0000 @ 64308 YE @ 2 2050/E | SPD, 200 |layars, 1.5/0.5mm, elacirans, O dagrees | 50 MaV threshold, 8.5 em cell, NPE: Sk per 1 GeV_ Latt = im, A = 0.9

200 layers, 1.5mm scint., 0.5 lead

318246 © 54163 VE @ 2.3050E | BPD, 200 layers, 1.5 scimi, 1302035 lead, Mx0.7 leed, elecirons, 0 degrees | 50 MeV threshald. 5.5 cm cell. NPE: Sk per 1 GeV, Latt = 1m, R = 0.9

200 layers, 1.5mm scint., 0.35x130 + 0.7x70 lead

2655 @ 6.0873 YE © 21442 | SPD, 200 layers, 1.5 scint, 20505 lead, 80x0.35, 30305, 7040.7 lead, electrons, 0 degrees | 50 MeV threshald. 5.5 cm call. NPE: 5% per 1 GV, Latt =

200 layers, 1. 5mm scmt O 5x20+ 0. 35x80 + O 5x30 + 0. 7x70 le

200 layers, 1.5mm scint., 0735520+ 0 5X807+F U7BX30™F 6-7X70 le
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No significant improvement
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Resolution
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SPD ECAL resolution

-0.0000 @ 6.5432VE @ 2.0940E | SPD, 200 layers, 1.50,.5mm, elecrans, O degraes | 50 MaV threshold, 5.5 om cel, NPE. Sk per 1 Gav, La

200 layers, 1.5mm scint., 0.5 lead

t=1m A=09

38360 @ 5.5022VE © 23800/E | 8PD, 200

200 layers, 1.5mm scint., 0.35x130 + 0.7x70 lead

layers., 1.5 stind, 1302035 lead, 70x0.7 leed, elecirons, @ degrees | 50 MeV threshald. 5.5 cm cell. NPE: 5k per 1 GeV, Latt « im, R« 0.0

1.9665 @ 6.7342/VE @ 1.8417/E | SPD, 200

layers, 1.5 scint, 50x00.35 + S0aD.45 + 5000.55 » S0x0.65 lead. electrons. GeV, Latt= 1m, R = 0.9

200 layers, 1.5mm scint., 0.35x50+ 0.45x50 + 0.55x50 + 0.65x5

, 0 degrees | 50 Mel threshaeld, 5.5 cm cell, NPE: Sk per 1

217 @ 6.4337VE © 21937E | SPD, 200 layers, 1.5 scint, 502045 + 50

200 layers, 1. 5mm scint., 0.45x50+

0.55 = lead. electranz, O degreas

0.35x50

| 50 MeV thresheld, 5.5 cm cell, NPE: Sk per 1 GeV, Lati = 1m, R = 0.9

+ 0.55x50 + 0.65x5
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No significant improvement
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Resolution
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SPD ECAL resolution

— -0.0000 @ 6.3990/E @ 2.0538/E | SPD, 200 layers, 1.5 scint, 200x0.5 lead, electrons, 0 degrees | 50 MeV threshold. 5.5 cm cell, NPE: 5k per 1 GeV, Latt=1m R =09

. 200 layers x 0.5 mm lead, 1.5 mm scintillator

: £.0000 @ 5.6260/E @ 2.3309/E | SPD, 400 layers, 0.75 scint, 400x0.25 lead, electrong, 0 degrees | 50 MeV threshold, 5.5 cm cell, NPE: Sk per 1 GeV, Latt=1m, R =0.9

- 400 layers x 0.25 mm lead, 0.75 mm scintillator
= —y— e

— Significant improvement!

[ | | | | | | | | | | | | | | | | | | | | | | | | | | |
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Resolution
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Effect of cell threshold on resolution

SPD ECAL resolution

% 1.0151 @ 3.0463//E @ 0.6195/E | SPD, 200 layers, 1.5/0.5mm, electrons, 0 degrees | no additional correction

) 0.9775 @ 4.0557/VE @ 0.5669/E | SPD, 200 layers, 1.5/0.5mm, electrons, 0 degrees | 0 MeV threshold (test), 4 cm cell
— -0.0000 © 5.0535/VE ® 2.4791/E | SPD, 200 layers, 1.5/0.5mm, electrons, 0 degrees | 30 MeV threshold, 4 cm cell
—

— §

— 1.0619 @ 4.8039/E @ 3.8937/E | SPD, 200 layers, 1.5/0.6mm, electrons, 0 degrees | 50 MeV threshold, 4 cm cell

— -0.0000 @ 5.5321/VE @ 4.7266/E | SPD, 200 layers, 1.5/0.5mm, electrons, 0 degrees | 70 MeV threshold, 4 cm cell

— —— —

— e .
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Electron energy [MeV]
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NO CORRECTION

30 MeV THRESHOLD
50 MeV THRESHOLD
70 MeV THRESHOLD

for low energies,
low threshold is
very important
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Shower reconstruction

 Lednev's method: NIM A 366 (1995) 292-297
 Determine transverse shower shape using data:
1) correct transverse position of shower

hist_trueX_meanX hist_trueX_corrX
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Shower reconstruction

 Lednev's method: NIM A 366 (1995) 292-297
 Determine transverse shower shape using data:

2) determine cumulative energy distribution across
transverse variable

hist_cumulativeY

3) use the cumulative distribution
to fit showers in data

sumEdep [-», X]

X [mm]



Shower reconstruction

 Lednev's method: NIM A 366 (1995) 292-297
 Determine transverse shower shape using data:

histogramsEdep_energy8_corr0_setup0 histogramsEdep_energy8_corr1_setup0
histogramsEdep_energy8_corr0_setupd histogramsEdep_energy8 _corri_setup0
120 — Entries 4000 100— Entries 4000
— Mean 399.6 - Mean 464.3
- . . StdDev  16.65 L . . StdDev  19.26
. Not using fit - using fit
B 80—
F 2.5 GeV e- - 2.5GeVe-
B 60—
60—
B 40—
40— B
L 20—
20— e
07 | | | | ‘ | | | | | | | | Il |n il allh | | | uwl | ‘ | | | | 07 | | | | | | | | | | | | | | | | | I nf |\|‘||||'|J|I | | | ‘ \’Lmll | |
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Shower reconstruction

 Lednev's method: NIM A 366 (1995) 292-297
 Determine transverse shower shape using data:

histogramsEdep_energy3_corr0_setup0

220
200
180
160
140
120
100
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Mean
Std Dev

Entries

rgy3_corr_setupd
4000
73.02
7.74

not using fit
300 MeV e-

o
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1
600
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histogramsEdep_energy3_corr1_setup0

using fit
300 MeV e-

histogramsEdep_energy3_corl_setupd
Entries 4000
Mean 116.1
Std Dev 21.09

400
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Conclusions

 ECAL simulation in SPDROOT will be ready soon (worst
case - next week)

e Lower cell energy threshold would significantly improve
energy resolution at low energies

e Finer sampling with increasing number of layers (same

module length) would be favourable for low energy
resolution

e Fitting algorithm requires further work



BACKUP
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Resolution

SPD ECAL resolution

02

0. 1 8 M 0.8776 ® 4.0118/E ® 0.2598/E | SPD, 2000 layers, 1.5 scint, 200x0.5 lead, electrons, 0 degrees | no additicnal correction

0.16 200 layers

0.14 H

0 12 ™ -0.0001@3.981?EIIE®0.3141EE|SPD1 2000 layers, 1.5 scint, 2000x0.5 lead, electrons, 0 degrees | no additional correction
= 2000 layers (“infinite” calorimet
0.1

0.08 no corrections (cell size, light attenuation,

e photoelectron statistics)

0.04 —

0.02 :— —— :

0 : I I | I I | I I | I I | I I | I I | I I |
0 1000 2000 3000 4000 5000 6000 7000
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Resolution
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SPD ECAL resolution

= 200 Iayers x 0 5 mm Iead

= 150 Iayers X O 5 lead + 50 Iayers x 1.0 lead

— with all corrections

— L more lead at the back -> worse at high energies
: I | | | I | I | | | | | | | | | | | | | |
0 1000 2000 3000 4000 5000 6000 7000
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Resolution

SPD ECAL resolution

0.2
0.18 — o
— 0.9337 @ 0.7141/VE ® -0.0280/E | SPD, 200 layers, 1.5 scint, 200x0.5 lead, electrons, O degrees | scint + absorber info, no additional correction
0.16 — 200 layers x 0.5 mm lead
0.14 —
1 2 : 0.4204 @ 0.7863/E ® -0.0000/E | SPD, 200 layers, 1.5 scint, 150:x0.5 + 50x1.0 lead, electrons, 0 degrees | scint + absorber info, no additional correction
e 150 layers x 0.5 lead + 50 layers x 1.0 lead
0.1—
— using info on absorber + scintillator:
0.08 — remove effect of sampling fluctuations
— effect of leakage is dominant
0.06 — result is reasonable
0.04 |
0.02 —
0 - | | | | | | : | l[ | | .I | | l| | | T | | T
0 1000 2000 3000 4000 5000 6000 7000

Andrei Maltsev. Studies on ECAL sampling Electron energy [MeV] 20



SPD ECAL resolution

c 0.2
je |
3 0.18 _ |
% — -0.0000 & 5.4124/\E & 1.6511/E | SPD, 200 layers, 1.5 scint, 200x0.5 lead, electrons, 0 degrees | 50 MeV threshold, 5.5 cm cell
T 6 200 layers x 0.5 mm lead
0.14
0 12 :— -0.0000 @ 5.7774/1E @ 1.4082/E | SPD, 200 layers, 1.5 scint, 150x0.5 + 50x1.0 lead, electrons, 0 degrees | 50 MeV threshold, 5.5 ¢m gell
eE 150 layers x 0.5 lead + 50 layers x 1.0 lead
0.1—
0.08 :_ only cell size effect is included
o -> worse resolution also at low energies (?)
0.06 —
0.04 —
0.02—
0 : | | | | | | | | | | | | | | | | | | | | |
0 1000 2000 3000 4000 5000 6000 7000
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SPD ECAL resolution

c  02p
kS
= —
8 0. 1 8 — -0.0000 & 5.6561/ \'E(B 23325k | SPD. 400 layers, 0.75 scint, 400x0.25 lead, elecirons, 0 degrees | 50 MeV threshold, 5.5 cm cell, NPE: Bk per 1 Ge¥. Lall=1m, R =0.2
O - -
T 400 layers x 0.25 mm lead, 0.75 mm scintillator
0.14 —\\,
: -0.0000 & T.6966/ \'E(B 1.2751/E | SPD. 400 layers, 0.75 scinl, 400x0.25 TUNGSTEN, elecirons, 0 degrees | 50 MeV threshodd, 5.5 om cell, NPE: 5k per 1 GeV, Latt=1m, R =0.9
Ut — 400 layers x 0.25 mm TUNGSTEN, 0.75 mm scintillator
0.1—
0.08 —
0.06 —
0.04 — :
0.02 — * ' :
0 | | | | | | | | | | | | | | | | | | | | | |
0 1000 2000 3000 4000 5000 6000 7000
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