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Scintillator HCAL: setup in Geant4 simulation

HCAL geometry
* Transverse plane: 108 X 108cm?
* 60 longitudinal layers, each with

- Scintillator: 3mm
- PCB: 2.1mm

- Absorber (steel): 20mm

Scintillator materials

e Plastic scintillator (polystyrene) as baseline reference
* Scintillating glass: 425i0,-5A41,05-22BaF,-9NaF-3CaF,-3Gd,05-9GdF5;-7TbF;

References: https://doi.org/10.1016/j.jeurceramsoc.2021.05.064

Note: HCAL with 40 layers in CEPC CDR as baseline.
Hereby use 60 layers to evaluate leakage effects
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HCAL with scintillating glass: sampling vs homogeneous

* Birks’ constant not included
* Incident particle: kaonOL (1-100GeV)
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Resolution of Energy

| homogeneous, % ® 3.94%,x°/ndf=479.4/4

sampling, % @ 4.13% x%ndf=21.69/9
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Resolution of Energy
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Threshold=0MIP, %8—57_/ ® 3.95% x/ndf=479.4/9
Threshold=0.05MIP, &\IEO% ® 4.55% y2/ndf=390.1/.
Threshold=0.1MIP, % @ 5.21%,x%/nd{=345.0/9

Threshold=0.25MIP, % ® 6.89% yndf=369.7/9

Threshold=0.5MIP, &\'Ee% ® 7.89% y/ndf=437.9/9

2021/11/24




HCAL with scintillating glass: 1m vs 5m

* Birks’ constant not included
* Incident particle: kaonOL (1-100GeV)

Resolution of Energy

~ 40
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oI [ : + 108*108*60layers, % ® 4.13% )/ndf=21.69/9
- + 540*540*300Iayers,% ® 3.10% ?/nd=28.22/3
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HCAL: plastic scintillator vs scintillating glass vs BGO

Resolution of Energy e Preliminary performance comparison
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—F——  Plastic Scintillator, &\(EO% ® 2.95%52Indf=46.12/9 |.

——F—— Scintillating Glass, %VEQ% & 5.11%5%/ndf=28.86/9 |

BGO, S8.10% o 8.60%;Indf=145.5/9 |

* Scintillating glass: better hadronic energy
resolution in low energy region (<20GeV)

5 : | : : * Note that majority of hadrons in jets at
e e s s s CEPC are with low energy
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* Further issue: constant term
e To be further understood

* Could be due to the “non-compensation”
effects

* “Software compensation” technique is
ready to be applied
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HCAL: plastic scintillator vs scintillating glass

At the same density (7 g/cm3)

e Birks’ constant not included

* Incident particle: kaonOL (1-100GeV)
Resolution of Energy
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St Scintillating Glass, &\(E?% ® 4.13%%/ndf=21.69/9

Plastic Scintillator, M‘é’% ® 0.09% /ndf=531.3/9
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HCAL with scintillating glass

Impact of Gd for energy resolution
e Birks’ constant not included

* Incident particle: kaonOL (1-100GeV)

Resolution of Energy Resolution of Energy
) T TS 3 ; o L :
S | —F— withGa, 3TAT% @ 4.13%2ndf=21.69/9 ST 40 dnt| ——F—— wihGa <tooms,  4L8% o6 .azin16.089 |
35 __ .......................... Wlthout Gd 38v0_90/0 @ 395% xZ/ndf=6333/9 35 :_‘ _________________________ A with Gd, <10 ps, &VE‘I/O ®4'23%’X2/ndf:15'68/9
- : ’ E ’ = é
- : : [=: 2 + with Gd, without TimeCut,&\{g% ® 4.13%4/ndf=21.69/9
- 0] EESY OO . }
- = ) + without Gd,<100 ns, %%34 @ 5.36%,3¢/ndf=65.58/9
25 E_“ """""""""""" ' + without Gd,<10 s, &é% ® 4.08% x2/ndi=55.30/9 |
20 _— B : without Gd,without TimeCut,%Eg% ® 3.95%2/ndf=63.33/9
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HCAL with scintillating glass

Impact of timing cut for energy resolution

e Birks’ constant not included

* Incident particle: kaonOL (1-100GeV)

Scintillating Glass
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Plastic Scintillator
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