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Introduction

« PFA-oriented high granularity sampling hadronic calorimeter:
* Several options in CALICE in past ~20 years.

* GS-HCAL is a variant of CALICE plastic scintillator AHCAL:

* BMR contribution: ¥20% from HCAL energy resolution.
* Replace plastic scintillator with bright scintillating glass.
* Larger density, larger sampling fraction, better energy resolution
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Introduction

* Enormous efforts in high granularity HCAL:
* RPC-based Semi-digital HCAL (prototype + TB) Typical energy_resolutoioni ~60%/VE @ ~3%
. PIastlc scmtlllator AHCAL (prototype + TB) Sampling fraction: ~ .
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Glass scintillator R&D

. A good candidate for HCAL. Details in Sen’s talk

Parameters Unit BGO BSO GS1 GS1+
Density g/cm3 7.13 6.8 6.0 6.0
Melting point °C 1050 1030 1250 1150
Radiation Length, X, cm 1.12 1.15 1.59 1.64
Moliére radius cm 2.23 2.33 2.49 2.50
Nuclear interaction length cm 22.7 23.4 24.2 24.1
Y -- 715 73.8 56.6 56.9
dE/dX MeV/cm 8.99 8.59 8.0 8.0
Emission peak nm 480 470 400 390
Refractive Index -- 2.15 2.68 1.74 176
Light yield, LY ph/MeV 7500 1500 C 985 2445
Energy resolution, ER %662keV 9.5 32.0 m ﬁ
Decay time ns 60, 300 100 36, 105 101, 1456
d(LY)/dT %/°C -0.9 ? ? ?
Cost $/cc 6.0 7.0 <1.0 <1.0>
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MIP response test for GS tile
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and density of GS * Typical light yield: i * Typical light yield: * Lightyield: * Light yield:
. 500-600 ph/MeV ' 600-700 ph/MeV ~750 ph/MeV ~1800 ph/MeV
* Prove consistency of LY : Y . :
d MIP * Typical MIP response: i« Typical MIP response: | MIP response: *__MIP response:
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Previous report about TB in DRD
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GS-HCAL design in CEPC
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GS-HCAL performance in simulation
< Afull geometry model is built with DD4hep in CEPCSW (Key4HEP based framework)
* GS1 (Gd-Al-B-Si-Cs): density 6 g/cm3, A; = 242.8 mm, attenuation length ~ 23mm
* Geometry: follow the mechanics design, with simplified supporting structures.
- GScell size 4 x 4 x 1 cm3, 2.7cm / layer, 48 layers, 64, in total
4 kinds of abnormal trapezoid cells are designed to minimal the dead region < 1%.
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GS-HCAL MIP response in
GS-HCAL barrel and endcap geometry in CEPCSW CEPCSW simulation:
consistent with beam test

Comparison: sampling
fraction in simulation
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GS-HCAL performance in simulation

S Single Two Four

« Readout scheme: SiPM on tile structure Gbunl, SRS, O e
* 1/2/4 SiPMs in 1 GS tile for better uniformity. B s . - "
* Optical simulation for GS+SiPM with MIP signal including: O B m

* Intrinsic light yield 2000+ ph/MeV, with emission spectrum. K
* Square groove on GS for embedding SiPM. Teflon wrapping.
* Attenuation length: from 1 cm to 4 cm.

* Significant impact from GS attenuation length. Response map
is used in energy resolution simulation.
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GS-HCAL performance in simulation

« MIP response and energy threshold: ~100 p.e./MIP, 0.1 MIP
* A balance between photon statistics (energy resolution), SiPM S/B (noise suppression) and
dynamic range (SiPM non-linearity effect).
* Attenuation length > 23 mm
* To ensure sufficient light collection and good GS tile uniformity.
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GS light yield: > 50 p.e/MIP

Threshold: 0.1 MIP (> 5 p.¢) GS attenuation length: >23mm Dynamic range: 0.1 ~ 100 MIP
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GS-HCAL performance in simulation

-"'E"Hadron Energy Resolution: o, /F = 3300

VE

* PFA reconstruction for ee - ZH — vvgg in CEPC reference detector:
* Tracker (Silicon + TPC) + Crystal bar ECAL + GS-HCAL, CyberPFA for reconstruction
* BMR =3.88+0.01% for |cos 8| < 0.85.
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Mechanics and cooling design
- Total weight of GS-HCAL: 955 ton (barrel) / 362 ton (one endcap)
* 16 sectors in ¢, steel as absorber and supporting.
* Connection between layers, sectors and ECAL-HCAL-Yoke
* FEA for stress and deformation is on-going.
* Plan to validate the design with a half-meter scale prototype.
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Mechanics and cooling design

Ambient temperature: 25 °C

* Power consumption: 15 mW/ch for SiPM+FEE (estimated)
* Considering air cooling vs. liquid cooling (preferred)
* Target temperature fluctuation: +1.5 °C. ie
* Impact to performance need to be studied with GS/SiPM/FEE F R
temperature dependence.

* Plan to validate the design with prototype too. Ty = 39.95°C, T = 36.43 °C

Eight-in-one pipeline design
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Impact from beam induced background

“& Haoyu Shi, Weizheng Song

* BIB estimation in CEPC: in CEPC workshop 2024
* Main operation mode: Higgs (Epoqm = 120 GeV, £ = 8.3 x 103*cm™2s71), Z (Epegm~45.5
GeV, L =95.2 x 103*cm™2s71), and low-lumi Z (£ = 26 x 103*cm™?s71).
* Considered BIB process:
» Single beam related: Touschek scattering, beam gas scattering, beam thermal photon scattering, SR.
* Luminosity related: bremsstrahlung, radiative Bhabha scattering.
* HCAL response simulation within CEPCSW, full detector geometry (w/ MDI)
* Assign time structure to BIB particles, count the rate from GS cell response.
* <50 kHz, <200 Gy/year in Higgs mode.
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Outlook: prototype construction

* Plan to construct a prototype in next two years
* 13X13 GS cells, 48 layers (64;), scale 50x50 cm, contain ~90% energy for 80 GeV pion.
* 1 or4SiPM readout in one GS cell, depends on GS light yield in mass production.
* Electronics: new ASIC developing for CEPC GS-HCAL, plan to have first tape-out & test in 2025.

* Mechanics and cooling: under design. Plan to use water cooling to validate the design in CEPC
reference detector.

* Plan: finish the construction by end 2026, and have cosmic ray (in IHEP) and beam test (CERN
if still available, or CSNS with 1.6 GeV proton beam).

SiPM LED

ssette cover SS Cover 2mm

GS+Reflector 10.2mm

| __ASIC | PCB+ASIC 3.2mm
Cassette cover SS Cover 2mm

Absorber 9.8mm
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Summary and conclusion

 Steady progress on GS-HCAL:

* PFA oriented high granularity HCAL with novel GS material.
* Key issues are addressed one-by-one:

* @GS properties: light yield, light attenuation length, decay time, irradiation, .
* Electronics and mechanics design.

* Prototype construction in under preparation.
* Performance evaluation in simulation.

* Plan in next years: follow DRD6 and CEPC Ref-Det TDR timeline
* Update on GS properties and quality in mass production.
* Preparation for prototype construction and test.
* Welcome to join! Connect: Sen Qian (gians@ihep.ac.cn)

Milestone Deliverable Description

Due date
Task 1.2: Hadronic section with optical tiles
[ Subtask 1.2.2: ScintGlassHCAL M1.9 cm-scale tiles 2024 |Steady progress
D1.10 15-layer BEM module 2025
Di.11 40-layer prototype >2026 WIP
2025/4/2
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Research team in GS-HCAL
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