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B Requirements of CEPC-AHCAL prototype

B Optimization of AHCAL energy resolution and tiles

M Scintillator testing platform and KLauS chips

B summary
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Background introduction

BMR
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BMR better than 4%
Requirement , 4o
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- 69 3% 0.04:—
E ﬁ OAOSS:—
Structure R =
HCAL CeliSize (mm)
e The absorber: 2 cm Stainless steel (0.12A,, 1.14X,); BMR - HCAL Cell Size

BMR: Boson Mass Resolution at
di-jet final states
BMR*sqrt(2) = Jet Energy Resolution

* Detector cell size: 3 cmx3 cmor4 cmx 4 cm;

* The sensitive detector : Scintillator;

* SiPMs: HMAMMATSU or NDL;

* About 40 sensitive layers, total readout channels:
11560 (3cmx3cm) , 12960 (4cmxacm)

* Transverse Dimension:

51 cm™*51 cm (3cmx3cm), 72 cm*72 cm (4cmx4cm)

CEPC Meeting 05/06/2020 3



Energy Resolution
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Energy Resolution

Leakage Energy Compensation 0221
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energy deposition layer
» Tail description:
Landau or formula function
» Compensation layer:
Layer>40

Constant term comparison

No Compensation:8.0%

Leakage Energy Compensation : 7.0%
Software Compensation: 5.3%

SC+LC : 4.9%
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AHCAL Tiles

o scintillator type: BC408
» 0ld structure of 3cmx3cmx3mm o SiPMs type:S6N1904-1010-15um
c o Breakdown:19.5V
/F T hi=1.5mm E o Overvoltage:4V
| D=6.0mm ‘ Test uniformity of detector cell

5.50
19

v’ Less light output for
larger size of tiles

v" Flexible application
of NDL SiPMs

=2 -15 - 05 0 05
X fem]

m Scanh step size:lcm
m Mean=20.4

m mean deviation : +12%

1 15 2
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AHCAL Tiles

Injection moulding tiles

Injection craft:
Massive production
High efficiency
Consistency

Tile Dimension: " | Wraped with ESR films
4cmxdcmx3mm

* Cavity Dimension:
5. 1mmx5.1mmx1.6mm

905_ 2 ndl ATA4042 r 2%/ ndf 238.3/36
E Width 05197 + 0.1102 - ] -0 1 1
sof i 05107 £ 0.1102 1205 i 05545 <0062 m The fl.rSt batch of PS tiles
?0;_ Area 120 +35.4 100 Area 367 =128 LOW I|ght Output.
s0F Golgma 5553 4 0203 L.k GSigma  1.432 =0.147
260} 2 80 = |mprovement
Ssof 3cmx3cm < F 4 4 .
Saok 5 60 cmx&cm Ratio of solute and solvent
F Mean:20.09 M -3 55 . . .
sof 40 ean:s. Time of mixing
20F 20
10F
Oty it dugdon 00590 15 20 25 30 35 40
Light Output Light Output[p.c.]
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AHCAL scintillator testing platform

STP of AHCAL Quickly check the uniformity among detector cells

e

o 4w \1adtRERET
: '4 SPIROG2E chips™~
,,,,, 2 7 e %
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— Mean 43.13 . 100_0 B __peak3 625.33]
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KLaus$ chips

SP2 and KLau$S
Used in AHCAL

By Omega, University Heidelberg

Transistor 180nm (SP2 350nm)

Power consumption : full operation 3.6mW

sum = 3.6mW * 36 chns = 130mW (SP2 =300mW)
Auto/Ext Trigger

36 channels b
Dynamic Range : 450pC (SP2 320pC) S

Pe/Noise Ratio = 35 (SP2 11) __Baseline and 5td. distribution
ADC : 10/12bits | ) |

4 Gain modes (SP2 2 gain modes)
Dead time 500ns (SP2 ~ms)

YV VYV

YVVVYVVYYVY

channel counts

AN

The KLausS testing board can work
Now.

i =
320 325 330 1.2 13 14 1.
baseline charge ADC std ADC
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Summary and plan

B The energy resolution of AHCAL prototype can be improved by
leakage energy compensation algorithm.

M |njection moulding tiles can be produced but light output is low,
the craft is optimization.

M Scintillator testing platform have been built up and the batch
testing is processing.

B Klaus testing board can work now and some parameters will be
measured next.
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Backup
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Performance Different Structure
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Performance with Selection

h
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Events Fluctuation

Fitting parameters: Constant,MPV,Sigma
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Leakage Energy Compensation

0.035—
. . oy
Reduce the fluctuation of estimate leakage sk
energy st o 10GeVm~
I
» Average energy deposition in the last 4 @"m;‘
layers as estimate energy é’”“‘;‘ %
» Correct constant term of parameters ooiES
F &
event by event oS gew,
[ ]
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MEDL: maximum energy deposition layer
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Leakage Energy Compensation

Compensation Condition

Estimate from the last 4 layers For MEDL above 30 > MEDL >5
o Energy deposition in the last several > Cut Events( MEDL>35)
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Simulation of detector cells

Sipm parameters adopted:NDL 1010 series
SiPM size:1.4*1.4*1.mm

Number of SiPM:4 Scan step size:5mm Number of SIPM:3

Simulate uniformity of detector cell Simulate uniformity of detector cell
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Simulation of detector cells

Scan step size:1mm

Simulation new structure of detector cell
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The p.e. value is proportional to
the number of SiPM



KLaus$ Chips

Diagram of
Control logic

Analog (5ampled)
trigger output #
trigger reset

sample

prestart
start
busy
syst. clock T WU U WYY UWYUUWUULT
Phase 9] pling_ Y handover ) Conversicn e

Figure 3.2: Timing diagram illustrating the analog-digital handshake between the
hit-logic and the channel control logic.

ADC

HG/LG select N control Data
> hit —
e ——

logic

_b Trigger _I'L= —

Figure 3.1: Block diagram of the KLauS channel in auto-triggered and auto gain-
selection mode.

HGH f shaper
E rdy
ADC =
Channel |«gu—
N GH | [ shaper T 10b/12b & ack
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