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> Motivation : PFA and Imaging Calorimetry
» ECAL Unit Study and Optimization

» Simulation and Optimization
» Photon sensor
> Scintillator strip

» Readout Electronics
» Single Layer Prototy

» Summary
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— e Requirements for CEPC ECAL:
aemen /o Energy resolution of v:
or/E ~ 16%/VE ®1%
« Jet energy resolution
(combined tracker, ECAL and
-,  HCAL):
< TPC O'E/E ~ (3%”4%)@10066[’

> 329mm
| Yoke/Muon | HCal l QDO  LumiCal P Vertex

— SRR S CEPC preCDR: http://cepc.ihep.ac.cn/preCDR/volume.html

- Simulation of WW and
ZZ separation for the
events in 4jets
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http://cepc.ihep.ac.cn/preCDR/volume.html

Particle Flow Algorithm(PFA) calorimetry concept proposed:
Reconstruct each individual final state particle in the most

suitable sub-detector

*Good shower separation

*High granularity HCAL f
*Good energy resolution "j, TIVR
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ECAL Options

v" Scintillator-tungsten ECAL

* Larger detector PFA

- Sandwich structure

- Absorber + SD + Electronics
+ Smaller Moliere radius

- Tungsten
» Larger dynamic ranger

- Scintillator + SiPM

- SPIROC Chip
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ECAL Optlmlzcmon

ECAL crucial parameters:

+ Absorber thickness: 24 X,
* Layers number: 30 layers

+ Cell size: <10mm™*10mm

- Dynamic range: 1 MIP~800 MIPs
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Struct

YV V VYV

A\

Scintillator strip:45mm X 5mm X 2mm
High pixel SiPM: 10k

Frontend electronics chip: SPIROC B
Assemble scintillator module in the
other side of EBU R
Orthogonal arrangement of adjacent N\
layers: achieve 5mm x 5mm cell é‘z"‘”‘

mm
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Hamamatsu S12571-010P

« Area: 1mm X 1mm o AR

e Size: 10 um 8000: K :

 Pixels: 10 k [ P ]

6000

—fitfing

single photon distribution 40007 — predicted .

S , [ |

: Gain=1.34 x 1 ./ f

1200_* L -

tooo- 505 Totos 000 dosa 23000

800~ photon

0o SiPM response can be described well with
o0 the theoretic formula

200} - Enabling dynamic range larger than 16,000

Oy e 500 58000 s 00 phOTOhS Thr'ough correction

channel(QDC)
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Scintillator COUpliﬂg mode aE AN

3!

w
o

5 E

]

SiPM output [p.e.

=
=}

=] w

35 c 50
g t
- 30 2 45
....... o, 5 40
ooooooo = ? 75 E a5
*5& P7) AR S R R L b S 300
g i i P
. . 3 . . g
Non-uniformity: 21.5% . Non-uniformity: 33.9% | = _ _
: @ 10 5. Non-uniformity: 11%
] 107
; 5 /4 !
# % 7 2 g 7
: 0 | R S N RS S S S S AT S S i S
0 5 10 15 20 25 30 35 40 45 0O 5 10 15 20 25 30 35 40 45 -20 -10 o 10 20
Distance from SiPM [mm] Distance from SiPM [mm] distance from SiPM{mm]

- Three classes coupling mode i.e. side-end, bottom-end
and bottom-center

- Light outputs along the length of the scintillator strip is
non-uniformity, degrades the energy resolution

+ Bottom-center coupling have the minimum non-uniformity
- Avoiding the dead area between scintillators
- Simplifying scintillators assembling process

- Enabling to extend the SiPM area with more pixels
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Readout Electronics

Measurement is also relative with not

only Qinject, but also waveform

Tfall = C: * Rjppq Sameto tgipy~3.5ns
(S12571-010P)

Qinject = AV * C¢ (@ Tsipm~3.5n5)

Ripaq = 20092, C, = 18pF
High Gain 92fC — 19pC (3% INL, §/N=—//

Low Gain ~ 350pC+2%

ASIC BOARD
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El

 Working in high gain mode
+ SiPM without H.V.

+ SiPM with H.V.

* Long time work stability
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Side-end ESR wrap

H_channel40 |

Mean

Entries 325677

Std Dev 11.85
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Std Dev

Slde end Teflon wrap
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» For side-end coupling mode, almost all channels separate
pedestal and MIP peak well except two
- Signal noise ratio are all larger than 10
+ Wrapped with ESR signal larger than wrapped with Teflon
- Bottom-center coupling mode strips test is ongoing......
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* Thanks for the funded by MOST-1 CEPC R&D in 2016
+ Optimized ECAL absorber thickness, active layers and
cell size

* Improved uniformity of scintillator strip light output
*+ Achieved SiPM response function for nonlinearity
correction

+ Assembled single layer prototype and obtained
preliminary cosmic ray test results

* Great progress has been made, but much more needs
to be done ......
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* Thanks for the funded by MOST-1 CEPC R&D in 2016

+ Optimized ECAL absorber thickness, active layers and
cell size

* Improved uniformity of scintillator strip light output
*+ Achieved SiPM response function for nonlinearity
correction

+ Assembled single layer prototype and obtained
preliminary cosmic ray test results

* Great progress has been made, but much more needs
to be done ......

Thanks for your attention!
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Higgs production and decay
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How much is the effect of uniformity on energy reconstruction?
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SlPM Lmear'n‘y

46000/

TesT with different Pho’ron WldTh(PW)
SiPM B ////i‘/
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SPIROC2b chip

- SiPM front-end with ASIC SPIROC2b of |
. 36 channels i
- FPGA (Artix-7 200T) |
' - DIF is compatible for FEB |
- USB for data upload & cmd sending i
' - USB for single DIF, and serial port for |
. DAQ when using multiple DIF i

' - Switched capacitor array store
. charge measurement -
. - 12 bits ADC conversion -~
. - Variable Gain due to: -7 /

adjustable Cfof p pre-amplifer | @ Dyngmic range: NlOOfC~3OOPC
- Rload on #He board
._________-____§h9_rzfn9_i{t‘?ﬁ_9_'1§_§?_'9x _______________ ° C')‘{““e'& 36
® Dead time: 2ms
’/Polar': positive
/® power: 8mW/channel
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S1 [ m  SiPM
absorber N
S2 [ H SiPM
B
channel3
| Pedestal MIP peak e e
A + Sr-90 source provide 8 ray as MIPs
E * Wrapped with ESR or Teflon
Eﬁk it 1
ﬂﬂ_l—II IEDI]‘- 11-[:l|]I I I1':iIZ:IIJI I IBIZ!IIJI I IIIZIIIIJIIJI I IIZEIJIIJI I II‘I-!IJIIJI I IIE»'I][J ISUDI -:'EDlDD I SCIntIIIator: BC-408 I
channeld . . I
ILight-Yield: ~25 p.e. :
| - .
 Dispersion: ~12% :
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Readout Electronics Aﬂﬁﬁﬁ

- Signal generator for electronic testing
- Sci+ SiPM detector with cosmic triggers
- Power supply, oscilloscope and PC

_____________________________________________________________________________

o

gy == %—?ﬁj ~ PR 3
Detector « 7

ASICBOARD| | | rower | DIF

System schematic
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