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Outline

—Preliminary design of CEPC-Detector ;
—The options of CEPC-HCAL;

—The progress of three options of HCAL
e SDHCAL based on RPC;
 SDHCAL based on GEM/THGEM:;
e AHCAL based on scintillator;

—Summary



Preliminary design of CEPC-Detector
-

Requirements of CEPC Calorimeter

T L—s 7240mm

* Jet energy resolution (ECAL
combined with HCAL and tracker):

og/E = (3% — 4%)

Yoke/Muon

e Detailed information of showers

—— ECal
> 1810mm

e High granularity, Compact
showers(small radiation length X,
and small Moliere radius R,,), _ | =
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The options of CEPC-HCAL

LC PFlow Calorimetry options

* Various options for high granularity sampling calorimeters...

PFA Calorimeter

From ILC TDR (CALICE)
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* A number of interesting issues... .



SDHCAL Based on RPC ¢ IPNL, SITU, Tsinghua and several groups within CALICE)
B

SDHCAL Prototype

€ Total Size:1.0x1.0x1.3m3

. The first technological prototype among a
¢ Total Layers: 48 family of prototypes of high-granularity
€ Total Channel(pads):440000 calorimeters

€ Power consumption:10 microw/channel —_,
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Developed by the CALICE collaboration



Structure of per Iaxer

(0.121;,1.14X,)

Stainless steel Absorber(15mm)

Stainless steel wall(2.5mm)

Stainless steel wall(2.5mm)

Anode  PCB(1.2mm)  peadout  Supporting

Resistive plate pads structure
(glass)(0.7mm) (2.5mm)
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Mylar layer
Cathode (total 0.2mm)

Resistive plate  Ceramic ball spacer TFE(93%),C0,(5%),

(glass)(1.1mm) SF¢ (2%)

143/ASICs= 9216 channels/Im?%

Ty ) O O

=
i
— DIE £
ASIC HARDROC(64 channel)

three-threshold (Semi-digital)
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Analysis of beam test

Data sample:SPS_Oct_2015 Particle: pion
Energy:10, 20, 30, 40, 50, 60, 70,80GeV

selections
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Optimization of SDHCAL Layers

CEPC at 240GeV

0.05

Multi-thr. mode

A 03 (0.122,,1.14X,)
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=>»40-layer SDHCAL yields decent
energy resolution.
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=> Also apply BDT to improve pion/e/mu identification, see Haijun Yang’s talk




DHCAL based on GEM

» Advantages: Typical parameters
" - Cu: t=5um

1. assembling process Is easy gnd fast Kapton: T = 50

2. no dead area inside the active area Diameter: d = 60pm

3. uniform gas flow | D = 80pum

4. detachable pitch:  140um

S

Self-stretching technique (from CERN) |

Readout PCB Inner frame
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GEM foils screw



Readout Scheme
T ——————

* Schematic of the System

Microroc SDHCAL DAQ
Test Board
ASIC OSC DDR3 GBE
1 _ - e — — —
Detector] .|| - asic| ZIZNCLC SFP
I SR B A FPoA
| USB2.0
ASIC ADC Power UART
n

O Readout Board: GEM detector Readout composed by 900 1cm? pads.
[0 MICROROC Test Board: Mounted 4 Microroc ASICs, controlled by daisy
chain.

O DIF Board: Microroc control, test and data acquisition



Readout ASIC

Readout ASIC Channels Dynamic Range Threshold Consumption

GASTONE 64 200fC Single 2.4mW/ch

VFAT?2 128 18.5fC Single 1.5mW/ch

DIRAC 64 200fC for MPGD Multiple 1mW/ch, 10uW/ch(ILC)
DCAL 64 20fC~200fC Single —

HARDROC2 64 10fC~10pC Multiple 1.42mW/ch,10uW/ch(ILC)
MICROROC 64 1fC~500fC Multiple 335uW/ch, 10uW/ch (ILC)

Considered the multi—thresholds readout, dynamic range and power
consumption, MICROROC is an appropriate readout ASIC

MICROROC Parameters

Microroc Test Board

=
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o omen | . - O Thickness: 1.4mm
BHCRORSICE: 55550 64 Channels
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- 3 threshold per channel

128 hit storage depth
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Minimum distinguishable
charge:2fC



Test of MICROROC

e Calibration curve

e Uniform
between 64
channels

Minimum distinguishable
charge: 2fC

DAC Code
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T
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Noise Test

Diagram of noise test

[ GEM

Test system

Std of Noise (mV)

Structure of GEM Detector

Cathode

Drift gap 3mm
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Transfer gap 1mm
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Induction gap lmm

RMS of Noise
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Uniformity results
IS BB BB BB BB BB BBBBBBAAAASSSS———————————————

uniform_30cmx30cm_GEM

Uniformity Distribution N
“1{ [ ] § Entries 440
“} ¢ ’ 70— Mean 0.7276
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Crosstalk Test result

Utilizing Cosmic-Ray as Test Source

Trigger

h 4

GEV Start Control

A

* the ratio of nearby pad response is

—— Scintillator

Microroc

I Signal Data 1.54%
% Scintillator .| Data

Readout

Coincidence




Preliminary research on THGEM-DHCAL
ISSSSSSSSSSSSBBBBBBBBBBBBBBBBB—__BBBMmemeBSm—mmm—ai_iiia-—-.-—_—__—_“_S——S“—S“—S[—S_S—S—[IS[I—€—Z—h__“"—‘_[—_[[[_[—.I—=.[.—§“—.—————————————

— three structure can be selected;
® Double THGEM;

. Cathode == == - - - .-

® Single-THGEM; Drift

® WELL-THGEM;

4mm

sfer

THGEM T’ai‘
Anode

— WELL-THGEM is the-best selection. Induction
® thinner, high gain, lower discharge _
The thickness of WELL-THGEM<6mm

<« 0.3mm
<+«1.6mm

: . : : . : : . : : 100%
8000 = Gain I
] —b— Res
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3000 4 n
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Gain result of 20cmX20cm WELL-THGEM
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GEM DHCAL Next Step
,,,,,,,,,,S,TSTSTSYTSYTSYTSTSTSTSTSTTSTT

* Integrate ASIC to the back-end of Detector

 Design and assemble 50cm X 100cm GEM detector with
3mm drift gap. 1mm transfer gap and 1mm induction

gap.

 Test performances of the 50cm X 100cm GEM detector



The progress of scintillator AHCAL

Reflective foil SiPM
a A‘\s a N

 The absorber: 2cm Stainless steel;
e Detector cell size: 3cm X 3cm (baseline),

4cm X 4cm, 5ecm X 5em

* Readout chip: ASIC SPIROC2E

T AT T | I
E_ - 14— 10"10 cm 1 1cm2\ .
* The sensitive detector : Scintillator(PSor 5 | § " -
=
. . .. W35 |- ., .
inorganic scintillator ); 5 | Katja's talk _ ey s
& |,@CHEF2017  —100Gevjes

—— 180 GeV jets

* 40 sensitive layers, total readout channel | 250 GV jots

=5 Million (3cm X 3cm)

— -

=2.8 Million (4cm X 4cm) 0 20 20 o

Nearets [Millions]




Detector Cells Research

— Via mechanical drilling and polishing, a dome-shaped cavity in the
center of plastic scintillator was made

— The sizes of 30X 30X 3mm?3,30X 30X 2mm?3 , 40X 40 X 3mm?3and
50X 50 X 3mm?3 were made.

— SIPM or MPPC(surface-mounted )

— Scintillator(BC408) were wrapped by ESR foil

E | . .. .
Scintillator = T E ' Scmtlllatcfr tile wrapped
by ESR foil was glued on
MPPC D=6.0mm the PCB

SMD-MPPC__




Readout electronics

@ Electronic readout board is Hamamatsu C12332-01
€ Temperature compensation keep amplitude of the SiPM stable

= Hamamatstireadout board
C12332-01

$12571-025P

il

S13360-1325PE  S12571-025C

Low voltage 9.

Digitizer
MPPC | |Readoutboard | .= 220 [PC |

S12571-025P parameter : S13360-1325PE parameter:
Sensitive area :1 X 1mm?2 Sensitive area :1.3X1.3mm?
Pixel size :25X 25um? Pixel size :25X25um?

Pixel number:1600 Pixel number:2668

Gain: 5.15E+05 Gain: 1.1E+06 B




Uniformity measurement

Sr-90 .8/57p e.
Step motor controlled &5 m ) I /’ AP : .
‘\x"\-\.x ‘.l#—'.'j" ] “NH."'I kf‘i ’;5 2 "‘_,_ﬁ -“";, . H'-‘ ’ . %;">-y-‘~/~( J ‘ Wik )
‘ /."*\ scintillator sl Mean 34 29|O e.®
; \ 30x30x3mm?3 5= Q 225 ;
PCBIR ii [ o L, 50x50x3mm uniformity
5x5x3mm? \5\5,,:";';‘

30x30x2mm? uniformity
MPPC S13360- 1325PE

Uniformity scans (MPPC: S12571-025P and )
Scintillator tile under study can be moved in a step size of 5X5 mm?
30x30x3mm?3, 30x30x2mm?3and 50x50x3mm?3 were measured .

The mean response can reach 100%,94% within 10% deviation
from the mean value, respectively.
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Cosmic-ray measurement

20 %20 X3mm?

MPPC

PPC

=

p.e.

5 10 15 20 25 30 35 40 45 50
A

MPPC cross talk spectrum

Entries 19900
Mean 7.437
RMS 491

DC

Counts

30x30x3mm?3, 30x30x2mm3,
40x40x3mm?3,50x50x3mm?3
plastic scintillator were tested
MPPC type: $12571-025p and
S13360- 1325PE

Lahdauiconvoluted

45 E— Entries 503
b Mean 43.61

= RMS 20.11
35— X2 / ndf 39.35/40
30E- Width 3.755 + 0.590
S MP 31.39 £ 0.65

- Area 1144 £ 54.2
20 Gsigma  6.919+1.012

| II|-|I|III|III|III
100 120 140 160 180 200

result of 30X 30X 3mm3 scintillator:

o
n
o
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o
@
o
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The result of AHCAL detector cell

ISSSSSSSSSSSSBBBBBBBBBBBBBBBBB—__BBBMmemeBSm—mmm—ai_iiia-—-.-—_—__—_“_S——S“—S“—S[—S_S—S—[IS[I—€—Z—h__“"—‘_[—_[[[_[—.I—=.[.—§“—.—————————————
Table 1 Cosmic-ray measurement results of detector cells with different sizes+

No+ Detector Celle  MPPC Typer  Reflective Foil Typer Mean Ny v Polishing Methods+
1+  30=30=<3mm’s §12571-025P« ESR«~ 31.39+£065¢ Ultra Precise Polishing+
2 30x30x3mm’s S12571-025P« ESR«~ 22535207« Precise Polishing+
3¢ 30x30x3mm’s S12571-025P« ESR«~ 18.92+0.39¢ F.ough Polishing«
4o 30x30x%3mme  S12571-025P« TYVEK~ 13.63+0.33+ Precise Polishings
¢ 40=40x3mms $12571-025P« ESR«~ 14 89+0.73¢ Precise Polishing+
6 S0x30x%3mme  S12571-025P« ESR+~ 9. 87x0.430 Precise Polishings
7o 30x30«2mm’s S13360-1325PE~ ESR«~ 33.89+0 49+ Precise Polishings

e The detector cell:

50X 50X 3mm?3 and 30X 30X 2mm? was tested;
* MIPs response of them is meet the requirement of HCAL,;
* Which kind detector cell will be used depend on the simulation
result;

30X30X3mm3, 40X40X3mm3,

22



Chinese EQR SiPMs (Developed by Beijing Normal University)

 Chinese Beijing Normal University (BNU) has developed silicon
photomultiplier (SiPM) technologies with epitaxial quenching resistors (EQR).

* NDL EQR-SiPM is easy to implement owning to its unique structure featuring

intrinsic continuous and uniform cap resistor layer, thus reducing the cost of
the fabrication.

High Field region Anti-reflection Coating

....................

\ 1 | Epitaxial | | Epitaxial :
! | Gap | e ' N-epitaxial ' |
| \ / \ / Resistor
. . : Layer \
\ / N/ \ / \
) (7] \u o ".
N+ Substrate

Schematic structure of EQR SiPM



Chinese EQR-SiPM performance

NDL SiPM
. i 11-3030 B-5 22-1414 B-5
Effective Active 1.4x1.4mm? * Chinese SiPM already can
Area 3.0x3.0 mm? :
(2x2 Array) work  with some good
Effective Pitch 10 um 10 1um performance
Micro-cell [ 90000 19600
Number
Eill Factor o 20% e Some performance need
more improvements
Breakdown 23.740.1V 2374+ 0.1V
Voltage (V,)
Measurement 3.3 i .
Overvoltage (V) 3.3 : Higher dynamic range
Peak PDE 27%@420nm 35%@420nm ngher fill-factor
Ch."la:u:. [:{ark < 7000 <1500 \
ount (keps) . 2 High Dark count rate
Gain 2x10° 2x10°
Temp. Coef. For 17mV/° C 17mV/° C A little low Gain

Vi
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CEPC-AHCAL Next step

-, T
* ASCI chip readout research;

e Test Chinese (GNKD) plastic scintillator;
e Test the Chinese EQR-SiPM;

e Scintillator mega tiles test;

Chinese SiPM
Mega tiles

ASIC chip Spiroc2E

Cathode 3
vepoyied

Active Area

Cathode 1

25



Summary and next

—CEPC-HCAL have got some progress;

—Now we have three options, RPC-SDHCAL, GEM-
DHCAL, Scint-AHCAL;

—The CEPC-HCAL-CDR is on way;

—Apply new funding for HCAL prototype;

Welcome to join us!

26



Thanks for your attention!
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Backup!



Counts

Chinese plastic scintillator test

Domestic Plastic Scin.

- Entries 1675
80— Mean 31.9
= RMS 9.809
?0:— %2 / ndf 37.15/39
- Width 0.5177 + 0.0704
60~ MP 29.86 + 0.18
- Area 1630 £ 41.7
50— Gsigma 7.983+0.184
40— . .
- Chinese Scin. 1#
30
20—
10
0 :I .—l"—| 11 1 1 1 1 1 1 1 1 1 hl | I 1 it | 111 |I‘l Bl 11
0 10 20 30 40 50 60 70 80 90 100

2 tiles of Chinese scintillators were tested;
Sr-90 results: 29.86p.e. & 30.8p.e;
* The result of Bicron BC408 tiles is 26 p.e.;

p.e.

Counts

Domestic Plastic Scin.

- Entries 1310
sol— Mean 33.27
= RMS 10.38
- 2/ ndf 4712/ 46
50— Width 1.003 £ 0.228
C MP 308+05
: Area 1252 +37.4
40— Gsigma  7.529 +0.386
30— . .
- Chinese Scin. 2#
20—
10
0: 11 1 1 1 1 1 1 1 1 1 | 1 |l‘| 1 11 | 1 11
0 10 20 30 40 50 60 70 80 90 100
p.e.

Chinese Scin.ﬂ

Bicron BC408




NDL EQR-SiPM VS Hamamatsu MPPC

NDL SiPM Hamamatsu MPPC
) . 11-3030 B-S 22-1414 B-S S$13360-3025PE | S13360-1325PE
Effective Active T a.12 >
Area 30x3.0mm2 | oMMl 30X%3.0mm2 | 1.3X1.3 mm?
(2x2 Array)

Effective Pitch 10 um 10 pm 25 um 251um
Micro-cell 90000 19600 14400 2668
Number
Fill Factor 40% 40% 47% A47%

Breakdown 23.74+01vV | 23.7+0.1v 5345V 5345V

Voltage (V,)

Measurement

: 3.3

Overvoltage (V) 33 > >
Peak PDE 27%@420nm 35%@420nm 25%@450nm 25%@450nm
Max. Darl

ax. wark < 7000 <1500 1200 210

Count (kcps)

Gain 2x10° 2x10° 7.0x10° 7.0x<10°

Ti . Coef. F . o o

Emp\fm °"1 17mv/° C 17mV/° C 54mV/° C 54mV/° C

o)
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