Performance for Ecal
reconstruction
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Ecal reconstruction

A crystal bar design 3D EM calorimeter: £
o Stepl: Clustering, cluster splitting and shower formation in
each layer.
-20
o Step2: Link the showers in all layers. o

Cone-based clustering algorithm. 100
140160180200220240260280300320

Cone angle: 30° x/mm

step-back layer: 2.
. E, Eq Eg
Define good cluster: Nopower 2 3 && ((2>38&&2>12) || 2> 2).
1 2 2

N

Define bad cluster: |GoodCluster.
Iteration: Use good clusters to predict the Ngj, e and position in each layer,
then repeat Stepl. (Can add predicted energy in addition).

Merge bad clusters into closest good cluster. °

° End. Create PFO from good cluster. | X o % o
MESN
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Single Photon

Generate single photon process to check the energy and angular resolution.

> Note: single photon would not be influenced much by Step2.
o Energy: 1~20GeV. Hit at the central of 40*40*28 block vertically.
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Could calibration fix this bias?

Resolution

0.05

0.04

0.03

0.02

0.01

gamma- Energy Resolution

Resolution/%
>

b~5%

From Zhiyu:
Energy resolution
in SiW Ecal
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Single Photon

Angular linearity and resolution for £}, = 5GeV

Angular linearity Angular resolution
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Angular reconstruction is well, and energy has nearly no dependence with theta.
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Di-photon

Case 1: two photon in parallel.
° E, = 3GeV, distance=5cm, 300 events (~600 photons). * 1

Energy resolution <Sem” Reconstructed Theta
hist_EgamRes _ h_theta

C Entries 594 - Entries 594
50— Mean -0.08288 25— Mean 90.17

B Std Dev 0.0633 - l Std Dev 3.882

- Prob 0.815 B Prob 0.2419
40— Constant 39.79 +2.18 20— 4 (M) = 3.65% Constant 20.2+1.3

- Mean  -0.08279 +0.00245 N O Mean 90.21+0.14

B Sigma 0.05705 + 0.00209 - Single gam case: 1.78% \ Sigma 3.049 +0.140
30— 15— \

. Efficiency: 99% - l
20— Single photon resolutign 10—

- for 3GeV: 0.024 B
1o SiW Ecal for 3GeV s

- photon(b=16%): 0.092 -
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Di-photon

|
Case 2: 2 photons in diagonal position. 'EI'—*%
° E, = 3GeV, distance x=5cm, y=5cm, 300 events (~600 photons). VL
i b
Energy resolution Reconstructed Theta " em
_ hist. EgamRes 0= h_theta
70— Entries 592 - Entries 592
C Mean -0.0832 - Mean 90.2
sol— Std Dev 0.04462 ol Std Dev 4.027
C Prob 0.293 = Prob 0.00308
C Constant 52.58 +2.92 - Constant 18.31+1.34
50— Mean  —-0.08365 + 0.00186 b & (M) = 3.68% Mean 90.22 +0.15
- Sigma 0.04288 + 0.00159 - Sigma 3.164 +0.188
s0F- C Single gam case: 1.78%
- 15—
30 C
sol- Efficiency: 98.6% 10—
n A bit better than casel -
10~ due to different algorithm. 5
:I Ll I Ll Ll I Ll | I | I 111 I 1 I Ll I Ll I Ll Ll I | I | B L n L - 1 1 1 I 1 1 1 1 I 1 1 1 1 Irrl 1 1 11
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n° - yy

. . Npfo
Single 10 GeV Pi0, 700 events. :
(¢} 1Ci —_—— — [0) 500:— “s"tiaSev 0.413'22 25i — Recon
Efficiency(Npfo==2)=79%. : : .
° My, No peak. : ]
> Right: Energy and theta for 2 ] 3
photons, MC truth vs. “F 1
Reconstructed- 007 ‘ ‘O.‘S‘ = 1 = ‘1.‘5‘ = é = ‘2.‘5‘ = ‘(‘3 = ‘3.‘5‘ ‘ I‘\lp‘fo4 007” -
o 0(6,0.) = 3.36°, only a bit
larger than di-photon case. j:é: of- .
> Need to further check pi0 mass. wof- o e Tt
(2)0‘ ‘ ‘02‘ ‘ ‘04‘ ‘ ‘06‘ ‘ ‘08‘ = 1 = ‘12‘ ‘ 14’J-‘n1|lr| ﬂn‘n"‘" 2;§nH ‘rﬂmgho_rﬁﬂ ‘8‘5 ‘ = 90‘ ‘ ‘95 = 100

1.8 2 105
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Higgs in vWH — yy

From Zhiyu: Higgs mass h_mass

h_mass
o Full crystal cube Ecal only. - . =57
. - Mean 122.4
o Reconstructed with Pandora. B Std Dev 6.253
. - Prob 0.0844
o Correct the momentum with energy (to have 80— Constant ~ 97.69 + 6.62
. . L M 1256.3+ 0.1
Mys, = m, = 0. After Pandora reconstructionit [ i = Didcione
ism : -
neutron) 60—
§ooo:— :
S F CEPC 2019
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Higgs in vWH — yy

Fit m,,, in Asimov data to get signal strength and precision based on smearing.

Fit m,, distribution in vvyy channel Fit m,, distribution in vvyy channel Fit m,, distribution in vvyy channel
FF N_bkg = 5387x79 F oeoF N_bkg = 5387 81 FooF N_bkg = 5387 + 84
£ C = _bkg = £ _bkg
2 aso mh = 124.9910.11 : 30 mh = 124.98 + 0.17 z %0 mh = 124.98 + 0.27
z mu = 1.000+0.085 Z 300 mu = 1.000 + 0.096 Z 300 mu = 1.00+0.11
T 300 : ;
250 250
250 = C
o 200[— 2001—
200F- E =
1503_ 1502— 1502—
100 100 1002—
50/ 50/ s A
E PR T N TN O T [T WO S TS Y NS Y R M B e s o b s L by E PRI R R R RN PRI R R
‘?10 115 120 125 130 135 m [Ge\1/i10 ?10 115 120 125 130 135 my[Ge\‘l/itO ?10 115 120 125 130 135 m [Ge\1/f0
B=5%(Exp. crystal) B=10%(Full sim. crystal) B=16%(SiW in CEPC-v4)
6Br(H — yy) = 8.5% 6Br(H - yy) = 9.6% 6Br(H - yy) =11%
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Summary

Performance in ParticleGun events:

. . o 5%, . . .
o Energy resolution is close to expected value for crystal (FEN FI;) in single particle case.

° E,.. has some shift with E;,.,,;;,, not sure if it could be fixed with calibration.

: : : : 56 : : :
o Angular linearity and resolution look fine, 0( ) < 5% in barrel for single photon case, and a bit

) truth
worse in 2 photon cases.

° Di-photon case would have some confusion term.

In 10GeV PiO:
o Can not reconstruct a pi0 mass. Need to further check energy and angular reconstruction.

In Higgs:
° No results from crystal bar Ecal.
o From smearing: 23% improvement comparing with SiW in 6 Br(H - yy).
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