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Outline

¢ Introduction of AHCAL

¢ AHCAL Design and Optimization

¢ Scintillator and SiPM

¢ Readout Electronics and Mechanics
*** Prototype Assembly and Test

¢ Preparation for TB at CERN

** Summary




G2l Introduction

|JER = 0.6/VE — S
I CEPC CDR

CEPC as Higgs/W/Z boson factories

<» H/W/Z decay into hadronic final states are dominant, o

>
it is crucial to design high granularity calorimetry o
=
system (ECAL and HCAL) to separate them. il ]
¢ Required Jet Energy Resolution 6/E: 3-4% at 100 GeV :
% = 120
Physics Measurands Detector Performance
process subsystem requirement | JER = 0_3/\@} K S
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Requirement of CEPC baseline detector  grxiv:1811.10545 M, [GeV]



https://arxiv.org/abs/1811.10545
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Introduction

https://itwiki.cern.ch/twiki/bin/view/CALICE/

| PFA Calorimeter

ECAL: Scintillator+SiPM
See Yunlong'’s talk
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AHCAL: Scintillator+SiPM




AHCAL Prototype based on Scint+SiPM+Iron

“* Sampling Calorimeter AHCAL Structure
o 40 layers
o Each layer: 72 cm X72 cm
** Absorber
o Iron, 2 cm thickness / layer

+* Sensitive Detector
o Scintillator + SiPM

o Cell size: 40 mm X40 mm X3mm
o SiPM: HPK S14160-1315 and NDL-22-1515

+»* Electronics with analog readout
o SPIROC2E ASIC Chip (36-ch) N N
o 12960 channels |

-




6, Design and Optimization

Accuracy(v/S + B/S) vs BMR (Boson Mass Resolution)
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= ~ 4 % BMR is required for CEPC detector to well separate the S/B.



Optimization of AHCAL: Cell Size

“* The Hgg channel (ete™ —» ZH,Z — vv, H —gg) is used for optimization

¢ The Higgs mass (m,,;;ipie) is calculated by summing up the 4-momentum of
all visible particles in the detector

CEPC ACHAL cell size vs BMR Cell size 40mm: BMR
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¢ Optimization of AHCAL: Thickness & No. of Layers

*s* The BMR vs absorber thickness = baseline: 20mm
*s* The BMR vs scintillator thickness = baseline: 4mm

¢ The BMR vs number of layers =» baseline: 40 layers
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v Design of AHCAL Prototype JINST 16 (2021) PO3001

=>» Design Parameters of the AHCAL Prototype o Enorgy 80Gav |
o 40 layers, each layer 72 X 72 cm? | Entries 9661 =8
o Steel absorber: 20 mm | | Mean 1326
o Scintillator size: 40 x 40 X 3 mm?3

| |StdDev  329.8
=» K; Performance of the AHCAL Prototype i .m”j{
o Energy Linearity: +1% OM

o Energy Resolution:

3
|
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G2 Scintillators

+*»» >15K scintillators are produced with injection molding technique

It is wrapped automatically with ESR films

+*»» Using scintillator batch test platform (with Sr-90)

Wrapped Tiles || Reinforce Wik




220 Scintillators JINST 17 (2022) P05006

Sr-90 Spectrum
=» 14219 out of 15524 scintillators are within 10% 50

of Light Yield window, selected for construction. R R A

250 — ¥ peak722.26:7.3
<*The batch test system (I} peakase 3750
o HPK 13360-1325PE SiPM + SPIROC readout i peakesad 563
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vzl SiPM NIMA 980 (2020) 164481
+ HPK-SiPM < NDL-SiPM
o Low PDE, dark rate and crosstalk o High PDE, dark rate and crosstalk
o High breakdown voltage o Low breakdown voltage
o Better quality control o Low price
o 38 layers (38 X 324 =12312) o b5layers (5 X 324 =1620)

3; HPK 13360 1325PE 3

o
|
|

§

Company NDL
Type 13360-1325PE 14160-1315PS 22-1313-15S
Light output [p.e.] 13 17 20
Crosstalk[%0] 1.59 1.17 4.4
Dark Counts [kHZ] 120 290 550

Breakdown[V] 53 38 27.5 12




SIPM

**LED calibration
o Both SiPMs can separate single photon
o ADC value of a single photon can be calibrated
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- | | 100 peak:389.5 c:4.
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LED spectrum for NDL (left) and HPK (right) SiPMs
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& Electronics

s*Each layer is composed of 3 HBUs and 1 DIF
o Each layer has 324 SiPMs, hence has 324 channels
o Each SiPM has a LED side by side for calibration
o The 324 channels are readout by 9 SPIROC chips
o There are 48 temperature sensors on each layer



L

A\

Electronics

**The HBUs after welding were tested

Channel ID
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DAC Calibration

LED calibration for SiPM
Temperature sensors response
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ceo Electronics

*¢+ The temperature of single-layer HBU is ~ 1 °C

Temperature Ref

higher than the room temperature, and it can

keep stable for a long time
¢ With LED, SiPM p.e spectrum is visible
*+ High/low gain ratio of each channel is ~ 30 times

Reference temperature
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e ) Assembly of Scintillator, SiPM and HBU

+* Assemble the scintillator on HBU

o Fix the scintillators on the HBU with glue
o Press them with cover plate for solidification

+»» 38 layers with HPK and 5 layers with NDL SiPMs
*»* All assembly has completed in early August

Glue for Scintillators Scintillators on HBU HBU finished 3 HBUs in 1 cassette

17



& Mechanics: HBU Cassettes

.

** HBU cassettes: Size 76cm X 82cm & 14mm thick
o Up and bottom iron plate: 2mm each ron Cassette g
o Scintillator thickness: 3mm / Z
o HBU: 2mm PCB + 4mm electronicparts @~~~ ~"—"—=~~"~—3 - =1

] ﬂll !
“* Choose iron as the cassette support material, ' - -/ -=-=----=----/~
Scintillator, 3.5 mm PCB, 2.5 mm

it is considered as part of the absorber
HBU Cassette




e, Assembly of AHCAL Prototype
**The assembly of the AHCAL prototype

o Prototype structure based on cassettes (14mm)
o HBU cassette can be easily inserted into the gap

between neighbor absorbers (14.5mm)

19



**Cosmic Ray Test
o It was divided into two groups to carry out
cosmic ray testing
o Preliminary results indicate it works well
o Temp. monitors (48/layer) show that HBU

temp is ~2 °C higher than room temperature.

Layer: 9 Time: 134*60 s
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Simulation has been done using ANSYS according to HBU design
Heating sources per layer: ~ 5523mW + 2162mW (DIF)
The SiPM’s temperature with or without fan

SiPM’s temperature is quite stable with fan, AT < ~ 2°C

SiPMs At [°C]

o H N W & U O 9N OO VW
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12
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SiPM Temp. vs No. of layer
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) Preparation for Test Beam

¢ The adjustable platform is designed for Test Beam at CERN
o The platform can support AHCAL and Sci-W ECAL prototypes at the same time

o Horizontal movement is +£20 cm, vertical movement (up/down) is +15 cm

22



SR Trigger Logic Unit (TLU)

** DAQ system for ECAL and AHCAL Prototypes
o ECAL has 30 DIFs, AHCAL has 40 DIFs

cA
o Using TLU to synchronize two systems . “
G

ged™

Clock&Trigger&Trigger ID

|| |
' Data Busy || Busy Data I
| Server |« DAQ | | DAQ »| Server |
I E-Link + Trigger + Busy J I I L E-Link + Trigger + Busy | | E-Link + Trigger + Busy J I I L E-Link + Trigger + Busy |
| f X30 ] | I f X40 ] |
: DIF DIF g DIF | : DIF DIF e DIF |
|

X ) X ' T N T
I Contrnl{ | |clock Data Cnnlml[qi‘ lclock | Data Cuntmll[ | [lock Data I l Cm‘lmllr | |clock Data  Control [[4| ccccc paa ... (Control { | [lock Data I

l Signal | Signal | signal I I Signal | Signal | Signal |
| A v bIN | | A A v A |
ASIC ASIC ASIC ASIC l ASIC ASIC I
| X6 X6 X30 nE | l = g X40 © I
: Detector Array _ Detector Array calib, 335 % Detector Array i l : Detector Array i Detector Array — R Detector Array Calib. I
System System System l System System System I

Temp. Temp. Temp. Temp. Temp. Temp.

| |EBU [wemer]l || |EBU EBU | vonter | | |HBU L | [HBU [ HBU [wome]l || |
| I

ECAL Prototype AHCAL Prototype
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Preparation for Test Beam

starting on Oct. 3, 2022, now arrived at

Geneva airport.
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GEP ) Preparation for Test Beam

*** Two weeks of beam testing at SPS H8, PPE168 (Oct.19 — Nov.2)

o The H8 beam line is a high-energy, high-resolution secondary beam line.
o Proton beam: up to 400 GeV/c

o Secondary mixed hadron beams: 10-360 GeV/c.

o Electron beam: with purity (10 — 99 %), max. Ap/p acceptance is 1.5%

SPS: October 2022 M‘

schedule issue date: 30-May-2022 Version: 1.10
Mon| Tue [Wed Fri |Sat |Sun [Mon| Tue [Wed Fri | Sat |Sun |Mon| Tue [Wed Fri | Sat |Sun|Maon| Tue [We Fri |Sat |Sun|Mon| Tue [Wed Fri | Sat |Sun
26|27 |28 112|345 718 |9 |10)11]12 14115116 |17 | 18| 19 21 (22123 | 24 [ 25| 26 26129 30
Sep|Sep|Sep Sep |Oct| Oct|Oct | Oct | Oct Oct |Oct|Oct| Oct|Oct | Oct Oct |Oct|Oct| Oct | Oct | Oct Oct |Oct|Oct| Oct | Oct | Oct Oct |Oct| Oct
Week 30 40 41 42 43
Machine
iEh idh idh
. NAGS CMS HGCAL LHCf LHCb ECAL
T2 - H2 Calice sdneaf A. Ariga D. Lazic Y. ltow H. Schindler
PPE172 PPE172 PPE172 PPE172
NAb4de Place-holder . o GIF RD51
T2 - H4 V. Gninenko EB. Holzer M.R. Jakel, E. Oliveri
PPE134+PPE144 PFE134, FFE154
ATLAS i1k pixev ATLAS AFP MONO LITH| RD50 NAG62
o T4 - HB main user CMS PIXELS| A Rummler A. Rummler Dannheim Dao E.Figueras H. Danielsson
E PPE146 PPE156 PPE156 PPE13I._3
< | ATLAS AFP BCM ATLAS ik pixeL| _ ATUAS MALTAEP PIRELNAG2 ATLAS HGTDI i AL T
= |T4- H6 parallel usdeP hybrid| A Rymmler A. Rummler V. DaoD. Dannheim H. Dapi -
-g PPEl46 PPE146 PPE1446, PPE156 6, PPE146 f
=z UA9 _ _ LHCHEREST TN (SO0 Iy - Calice scwecac NAGO+
T4 - H8 VA9 Totem|\W. Scandale H. Schindler, N. Neri J.Liu, E. Scomparin
FPE128 PPE128, PPE138, PPE158, PPE1GSE 158 or 168, PPE138
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Summary and Plan

» AHCAL and ScW-ECAL prototypes are built and tested by cosmic
ray events

» By using high energy hadrons, electrons and muons, we can make
performance studies on AHCAL & Sci-W ECAL prototypes

» We are preparing for TB using CERN SPS H8 beamline between
Oct. 19 and Nov. 2. Hope we have successful TB in coming weeks.

[ Please stay tuned, thanks !!! }
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