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- Motivation and goal

d Calorimeters

o ECAL with Silicon and Tungsten

0 ECAL with Scintillator and Tungsten

o HCAL with RPC and Stainless Steel

o HCAL with ThGEM/GEM and Stainless Steel
o HCAL with Scintillator and Steel

3 Future plan for CEPC-Calo R&D

a CEPC preCDR documents :
http://cepc.ihep.ac.cn/preCDR/volume.html
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http://cepc.ihep.ac.cn/preCDR/volume.html

Requirements for CEPC Detector Design

Critical Physics Benchmarks for CEPC Detectors design.

Physics Process Measured Quantity Critical Detector Required Performance

ZH — (71— X Higgs mass, cross section Track A(1/pt) ~2x107°
racker

H— ptp~ BR(H — ptp™) &1 x 1073 /(pr sinb)

H — bb, cé, gg  BR(H — bb,_cc, gg) Vertex orp ~ 5@ 10/(psin®/? §) pm

= 4q. VTV~ BR(H — ¢7. VTV ™) ECAL, HCAL oS JE ~ 33
H — vy BR(H — ) ECAL op ~ 16% /VE & 1% (GeV)

Goal: Jet Energy Resolution 3 —4 % or 30% / VE @ 100GeV
based on Particle Flow Algorithm (PFA)
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PFA and Imaging Calorimeter

Particle Flow Algorithms and Imaging Calorimeter

The idea...
Charged particles Tracker
measured with the
Neutral particles Calorimeter

Particles in jets Fraction of energy Measured with Resolution [07]
Charged 65 % Tracker Negligible
Photons 25% ECAL with 15%/NE 0.072 Ej 18%/E
Neutral Hadrons 10 % ECAL + HCAL with 50%/NE | 0.162 Ejet
Confusion | Required for 30%/\E > =0.24°E,
L—
Requirements for detector system
O 0Y%0 DY%6

— Need excellent tracker and high B — field
— Large R, of calorimeter
— Calorimeter inside coil }
— Calorimeter as dense as possible (short X;, A))
— Calorimeter with extremely fine segmentation




Imaging Calorimeters

...................................
H |
isiiiiiiiiiiii,

Particle Distance ~5cm

Two electrons ~5cm apart ~20 muons in 1m? area
CALICE SiW ECAL CALICE RPC DHCAL

This is exactly what PFA needs: distinguishing individual showers
within jet environment, in order to get excellent jet energy/mass resolution
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CALICE: Imaging Calorimeter

P https://twiki.cern.ch/twiki/bin/view/CALICE/CalicePapers
CAu(eo S ———

Calorimeter for ILC

Micro
megas

Technol ] Scintillator + Scintillator + Gas detectors Silicon Silicon Silicon (MAPS)
echnology:. SIiPM/IMPPC  SiPM/MPPC  Silicon
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CEPC ECAL: Silicon-W

o The ECAL consists of a cylindrical barrel system and two large end caps.
o Two detector active sensors interleaved with tungsten absorber
o silicon pixel 5 x 5 mm?; PCB with VFE ASIC

Endcap1
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o 45 GeV jets
= 100 GeV jets
+ 180 GeV jets
o 250 GeV jets

o
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AHCAL (Lol)
- 45GeV jets
-=+- 100 GeV jets
--A-- 180 GeV jets
-57-- 250 GeV jets

AHCAL (recent)
o 45 GeV jets
~<p 100 GeV jets
- 180 GeV jets
wafe 250 GeV jets

sDHCAL
-~ 45 GeV jets
-u- 100 GeV jets
—— 180 GeV jets
-+ 250 GeV jets
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Active Cooling System

> CEPC is designed to operate at continuous mode with beam crossing
rate: 2.8x10° Hz. Power pulsing will not work at CEPC.

> Compare to ILD, the power consumption of VFE readout electronics
at CEPC is about two orders of magnitude higher, hence it requires an
active cooling
- Evaporative CO, cooling in thin pipes embedded in Copper exchange plate.

- For CMS-HGCAL design: heat extraction of 33 mW/cm?, allows operation
with 6 x 6 mm? pixels with a safety margin of 2

PCB /VFE ASIC Cooling pipe
=» Transverse view of the slab with ; A !
one absorber and two active layers. .
=» The silicon sensors are glued 3 I
to PCB with VFE chips, cooled by the

copper plates with CO, cooling pipes.
Copper cooling plate
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ECAL: Scintillator-W

A super-layer (7mm) is made of: Zhigang Wang et.al.

o Plastic scintillator (2mm) + Tungsten plate as absorber (3mm thick)
o A readout/service layer (2mm thick)

2
18
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12f
lof

Resolution (%)
Resolution (%)
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Electron Energy (GeV)

S'WV 45 mm

2 mml

—
1 l 1 1 L I 1 L 1 ] L L 1 I 1 1 il I 1 L I
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= N B N oo
T TTT[TTT [T

MPPC
Scintillator + W + Scintillator

» The energy resolution of 25GeV electron is about 3.3% (cf. CALICE TB results)
» To achieve required energy resolution, the number of layers should be ~ 25.
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Test of SiPM (IHEP, USTC)

= SiPM linearity range depends on number =~ SiPM Enearty
of pixels. M e

ic ; / . Lo . /:‘
=» Photon detection efficiency for SiPM : g //
(10um) is about 1/3 of that for SiPM (25um). " /4° VN

100 f / // . 1000: pi:el SiPM
Scintillator strip irradiated with B R B A S B
COIIimated (1mm) from Sr_90 0 10000 20000 30000 40000 P5I‘:$00

' | Scintillator

| N\

S ; MPPC
2
—t] Ix1mm
e ~
R otrip counter
\

Trigger counter

MPPC
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Test of SiPM (IHEP, USTC)
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Excellent photon counting
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Number of p.e.
K

=
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e

MPPC 1x1mm’

Optimizing geometry & connection of scintillators.

Normal

Wedge

Tapered wedge

SiPM area: 1 X1 mm?2 = 0.25X4 mm?;
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Scintillator strip light output

5mm X 45mm scintillator strip 10mm X 90mm scintillator strip

E 100: _§1UUE
e 5 90F
S sote ;22, 80
E_F E nof
2 70 = =
E -‘.""-oi - PP T & S F
60 60—
B i » e sy g0 A -
50F 508 Non-uniformity: ~32%
405 - 3 40; - = e "
woF Non-uniformity: ~ 23% WE
20} 20
102 102
007| 1 \5| 1| \10| 11 |15| 11 |20| 11 |25\ 11 Iso\ 11 |35| 11 |40\ 11 |45\ 11 | 007 L1 |10\ L1 \20\ Ll |30| L1 |40| L1 \50| L1 |60| L1 |70| L1 \Bol L1 |90| | -
distance from MPPC[mm] distance from MPPC[mm]
SiPM Scintillator strip SiPM Scintillator strip
Strip: 5mm X 45mm X 2mm Strip: 10mm > 90mm > 2mm

Scintillator: BC408, SiPM: 1mm X 1mm,25um pixel size

The uniformity of scintillator strip light output needs to be optimized.
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Calibration for Scintillator and SiPM

The ScW ECAL consists of ~8 million channels of scintillator strip units. The stability of
the light output has to be monitored. A light distribution system is under study to

monitor possible gain drifts of the SiPMs by monitoring photoelectron peaks.
Scintillator

LED

Side view Chip
LED

Scintillator strips

0.8 mm ¢ notched fiber

LED - Fiber calibration system:
- A pulse generator, a chip LED connect to fibers
- Notched Fiber distribute lights to scint. strips
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Electronics Board of ECAL (USTC)

B The PCB Board of ECAL ,which
based on the SPIROC2b chips,
has been designed & produced

B The FPGA firmware is being
designed
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CEPC HCAL

> The HCAL consists of a  Active sensor

. . » Glass RPC
» a cylindrical barrel system: . Thick GEM or GEM
12 modules

o Readout ( 1x1 cm?)
-~ two endcaps: 4 quarters . Digital ( 1 threshold)

» Absorber: Stainless steel - Semi-digital (3 thresholds)
CEPC DHCAL OPTIMIZATION SIMULATION - PRELIMINARY By Shi CHEN (UCAS)
> To full fill the requirements of CEPC PFA, the DHCal is optimized o

- 2.2 GeV photon
by the following:
gmﬁj B e s
3 pr
[

[] L
a []
I fDHCa dh 201 0 481; ° : -- _
ayers o al, scanned romm ayers to dayers. " - 'j‘_lﬁﬂ " ‘q
]
]

v
Oe

> gize of each cell, scanned from 10 mm to 80 mm.

> digitization (Q spectrum, spatial resolution, semi-Digi, etc..)

Barrel Endcap " ,
% he
» The HCAL consists of oy, ;,J‘
~ acylindrical barrel system: oy | @ \ | Re] \ e ' d o ¢
12 modules N Rl )
» two endcaps: 4 quarters | Jypical” jet: (Tjet) 2
» Absorber: Stainless steel ~ 60% charged particles tracking = (Oyacks)
~ 30% photons EM calorimeter + (Oemcalo)
— ‘ ~ 10% neutral hadrons HAD calorimeter + (OHaocal)’

e : 2. 2
~—1t%neutrincs + (Ojes” + (Tconfusion)




Schematic of RPC

Readout pads

Mylar layer (50p) (1cm x/s1cm)

PCB interconnect

Readout ASIC
(Hardroc2, 1.6mm)

l Gas gap Q \
\ Cathode glas:}.lmm)\

Ceramic ball spacer (1.2mm) + resistive coating
Glass fiber frame (=1.2mm) Anode glass (0.7mm)

Ran Han (BISEE)  Haijun Yang (SJTUJ" "esistive coating

PCB (1.2mmM+ASICs(1.7 mm)
PCB\support (polycarbonate)

Mylar (175p)

Large area gRPC.:

v Negligible dead zone
(tiny ceramic spacers)

v Large size: 1 x 1 m?

v' Cost effective

v’ Efficient gas distribution system

v' Homogenous resistive coating
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DHCAL with RPC

Prototypes of DHCAL based on RPC

o ANL (J. Repond, L. Xia et.al.) —
1m3, 1 threshold, TB at CERN/Fermilab

o IPNL (I. Laktineh et.al.)
1m3, 3 thresholds, TB at CERN since 2012
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DHCAL with RPC

Collaborating with Imad Laktineh at IPNL B. Liu, H. Yang, Imad
to analyze TB data of SDHCAL since 2016.
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Energy Resolution vs No. of Layers

SDHCAL has 48 layers which aims for ILC Detector | Bing Liu, Haijun Yang, Imad |

- layer: 6mm RPC and 20mm Stainless steel absorber
=» Optimization no. of layers for CEPC at 240GeV
40-layer is quite optimal based SDHCAL TB data.

A 03
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DHCAL based on THGEM

I Double-THGEM [3mm
7.5mm

» Three THGEM options are explored:
® Double - THGEM

® Single - THGEM 7
. WELL - THGEM I Single-THGEM Iamm 6

. . . Absorber
» WELL-THGEM is optimal choice —
ey
Thinner, lower discharge
> 40 x 40 cm? of THGEM (below) was wewmeem | sl g
produced in China (UCAS, GXU, IHEP) —
' 10* — RIS Bl T B s e e 1.0
'[‘ 'd ga:"(l).3mm °
f oA e (0.5mm » ° 1 0.8
= [ Coem £ 3 s 06 g
5 10 F o05mm = o 3 2
f - 408mm 7 & 04 &
[ THGEM 5w b
| thickness «F 402
102 ................... 0
0 1 2 3 4 5 6 7 8 9 10

V(THGEM) in volt (x10%)

Status of CEPC-Calo @ HKUST-IAS by H. Yang

2017/1/24




WELL-THGEM Beam Test @ IHEP

®m 7 THGEMs ware installed, and 5 of Hongbang Liu, Qian Liu (UCAS)

them were used, and flushed with
Ar/iso-butane = 97:3.

m 1 threshold, binary readout
® 900 MeV proton beam was used
m 5x5cm?2 sensitive region

— 20 x 20 cm?2 (in progress)

Event [Hit | Eff |

Event_ID=152, T=21.68s

Sle 8|
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Large-area GEM @ USTC

GEM assembly using a novel self-stretching technique  Apyv25 GEM readout INFN APV25 chip

\\

Sector1~6
* Large-area GEM (0.5x1m?) is one of main
deteCtor R&D focuses at USTC recently' 10’: i : i .
* Technology has been developed and R L R
matured to produce high-quality GEM 3 Resolution uniformity ~11%
detectors as large as ~1m? that are also =>» Gain uniformity ~16%
applicable to CEPC DHCAL. =» Can reach gain of 10* at 4000V
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HCAL Based on GEM (USTC)

B Design of readout electronics by USTC

Iy

Front-End Electronics
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HCAL Based on Scintillator + SiPM

Zhe Wu, Boxiang Yu (IHEP)

m Considering HCAL basedon . . SiPM
scintillator with SiPM. gl T

®m SiPM can be mounted on a
readout PCB and fully placed
inside a cavity. Polished
surface of the tile and cavity
can improve response
uniformity.

HCAL inside magnet: Technological Prototype:
compact design fully s

A

hist_sub

. . . [T el
High-granularity Calorimeter TAascintilatirtiles ) ) % S ¥ 0=
L ' hat % £

optimized by PFA: Foo:
challenge of ~ 8 million T L.
1488 SR o |
lige -7
(=] Bio0

channels in final design
30x30x3 mm* | smp.sipM

Electronics fully integrated
into active layers
(6 readout boards in a slay
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ECAL Geometry Setup

Thickness Absorber | Dimension Cell size
(mm) (mm) (mm) (mmA2)

Barrel 5.25 (L0-19) 2.1 R, 1843 -2028 5.08x5.08
7.35 (L20-29) 4.2 Z, 0.00-2350
Endcap 5.25 (LO-19) 2.1 R, 226.8-2088 5.08x5.08
7.35 (L20-29) 4.2 Z, 2450-2635
Si plate(orange) Side shadow(grey and blue) Vo
| ECAL Barrel
N |
1‘

/

PCB

&-m.

W plate (2.1 mm) N
N

10.5mm  14.7mm One Tower (sectional view)
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Calorimeter Optimization

Jifeng Hu, Jing Li, Liang Li, Haijun Yang (SJTU) 3 ':é_ « Layer=16
'§ B‘_ +» Layer=20
m Software versions, R e
o Simulation: Mokka-08-03 ’ °E
o Reconstruction: Arbor KD 3.3 plus track- j; ; x @
related processors sE-2 s A
o Digitization : G2CDArbor 2—
H Samples, of B S S S TR R PR R R
o e~ /y single particle, s 10 - Cenﬂ:l::mm\
energy@5,10,20,50,100 GeV = %F s Gellu5xS mm?
o ee - llyy@+/s = 250 GeV, 1000 Events. ;% i3 © Cell=10x10 mm?
g E A4 Cell=20x20 mm’
m Geometry: cepc_v1 using SiW ECAL, °©
o Cell size @ 1X1, 5X5, 10X10, 20X20 mm j: : p . )
o Number of layers @ 15, 19, 25, 29 3 .
o fixed total material. 21:
o other parameters will be investigated. A P P N U S U B S

Number of Layer
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Calorimeter Optimization (ECAL)

— Cell=1
— Cell=5
—— Cell=10

40 —— Cell=20

30

20

10

.
=)

135 140

M, (GeV)
[ hm

- Entries 1000

- Mean 123.6
35— | RMS 4.869

=
30—
25F
20—
15}
10—
5|

- L

L o AW LS =) g a1y llJAJ |

‘POO 105 110 115 120 125

ggg_ « Layer=16
8 F + Layer=20
i % o Layer=26
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- i A
SE o o
4E—§ o . °
-
1E-
E. ol b s by e by w v by by by by by w o by

0lt) 2 4 6 8 10 12 14 16 18 20
Cell Size (mm)

Higgs = yy mass resolution is quite
Stable for cell size between 1x1 mm?
and 20x20mm?
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ZH, Higgs > WW

=>» Using H>WW—2>Ivgq events to understand jet energy resolution
requirement for HCAL.

} 16000

9000

3 htemp - htemp

- Entries 62985 14000— Entries 60120
8000 = Mean 89.51 = Mean 129.6
7000 RMS 7.409 12000— RMS 7.568
6000 10000— .

- - M(Z) in (60, 120)
5000 — N

= 8000— oge
40001 : rGCOIllng M(H)

= 6000(—
3000 o

= 4000—
2000— -
1000 = 2000—

EII T ol N AT N T Y S I R B B | 0_"|"—JI""| """"""" ———— | S N

E— 70 80 20 100 110 20 120 125 130 135 140 145 150 155 160
M(Z) (GeV) Recoiling M(H) (GeV)

M(Z) in (60, 120) GeV
m (Left), Z mass, (red) line indicates the nominal mass.
= (Right), the recoiling mass, M = \/E2 — (P;1 + P12)?,
lepton 1 and lepton 2 are coming from Z.
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Higgs Signal vs. Background

— cutA, sig eff=52.64%, Nm=401 7
— culB, sig eff=17.34%, Nobs=1323
—— cutB, H->bb, eff=1.37%, N Db5:281
——— cutB, gqq, N cms=l2)6

---------- cutB, Single Ze, Nm=3793
---------- cutB, Single 2v, Nobs=04
""""" cutB, 1r, Nobs=16
---------- cutB, WW, N =23
---------- cutB, ZZ, N =23

cutB, WWor ZZ, N nhs=37

120

100

80

60

40

20(1

e *ﬁﬁﬁdﬁmﬂh i TP

0o 20 40 60 80 10 120 140 160
M(diJets) (GeV)
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Calorimeters R&D Plan

Supported by MOST, NSFC and IHEP seed funds, about $ 1M

1. CEPC ScW ECAL simulation and optimization

- Optimization of ECAL: layers, Cell size, Scintillator thick etc.
- SiPM test and performance of scintillator strip

- Design of readout electronics

- Preparing for ScW ECAL module construction and beam test
2. CEPC DHCAL performance study and optimization

- Optimization of HCAL: layers, cell size

- Comparison of different technologies: RPC, GEM, Scintillator
- SDHCAL (RPC) TB data analysis for performance study

- Design of readout electronics

3. Call for international collab. for CEPC Calo studies !
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Many thanks to all members of

the CEPC Calo working group.

We need more manpower,
more concept designs,
more dedicated efforts

for the CEPC-CDR !

2016/01/19 CEPC Calo Detector - H.Yang @ SITU



Backup Slides
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Manpower for Calorimeters R&D

m|HEP: Zhigang Wang, Hang Zhao, Tao Hu
o ScW ECAL optimization
o SiPM Test and scintillator strip optimization

m USTC: Yunlong Zhang, Shensen Zhao, Jianbei Liu
o SiPM linearity test
o Electronics board design and test for ECAL and HCAL

®m SJTU: Haijun Yang, Liang Li, Jifeng Hu, Bing Liu, Jing Li
o SDHCAL (RPC) TB performance study, PCB design
o Calorimeter design based on benchmark H=>yy and WW

®m |[HEP+UCAS: Boxiang Yu, Zhe Wu, Qian Liu, H.B. Liu
0 Thick GEM study with large active area (20x20cm?)
o HCAL based on Scintillator + SiPM
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® DM
Readout Electronics for I%nﬁaﬁ'Laktineh (IPNL)

4.7 mm

ASICs : HARDROC2

64 channels

Trigger less mode

Memory depth : 127 events
3 thresholds

Range: 10 fC-15 pC

Gain correction - uniformity

4.3mm

v

Printed Circuit Boards (PCB) were designed
to reduce the cross-talk with 8-layer structure
and buried vias.

Tiny connectors were used to connect the
PCB two by two so the 24X2 ASICs are daisy-
chained. 1x1m? has 6 PCBs and 9216 pads.

DAQ board (DIF) was developed to transmit
fast commands and data to/from ASICs.
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DHCAL Simulation

Boxiang Yu (IHEP)

> Absorber: 2cm stainless steel
» Drift gap: 3mm =37 L
» No. of layers: 40, 50 i I
> Ecell =1, 5and 10MIP if the charge ] . L .
is above the thresholds typically = 1x1cm2 50 Layers- 1OOGeV .
placed at 0.1, 1.5 and 2.5 MIPs T AN
B oo 1 threshold-40 layers
02 n 2cm-steel-3mm-drift nn@nn 1 threshold-50 layers
0.18 :_ o/E Of 7t+ === 3 thresholds-40 layers
- —¥— 3 thresholds-50 layers
8 0.16:—
=
2014
012
0.1
TETETETENE PRI FEETI R ET] AR FRETE FEETE RN Y
10 20 30 40 50 60 70 80 90 100

Energy(GeV)
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SiPM light output

SiPM type No.: $12571-010C Light output of 45mm strip coupled
with 10um SiPM

g 30

Peakl1=67.1 S asf

Peak2 = 120.1 2

Peak3= 173.5 =

Peakd4=224.1 15I_Em‘t-—_._ D e T,

| -t* 10—

iy r

| L

i S
AW AT ERY EANLS . I | l |
0 e “ distance from MF'F'Cqmﬁ]

Al W
50 100 150 200 250 300 350 400 450 500

ADC Channel

SiPwv Scintillator strip
Pulse helght SpeCtrum Strip: 5mm > 45mm >< 2Zmm

Photon detection efficiency of 10um SiPM is about
23% photon detection efficiency from the 25um SiPM
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HCAL Based on GEM (USTC)

® Construction of GEM at USTC

gain_uniformity 2350V Energy Resolution 2350V

v' Gain: ~4000
Non-uniformity ~15.6%

Energy resolution: ~24.1%
v" Non-uniformity: ~5.4%
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Design of PCB for RPC

Bing Liu, Haijun Yang (SJTU)

24 strips with 1cm/strip,
gap = 1mm, length = 40cm

* PCB Output: 3 bins x 32 column = 96 pins
* Molex DIN 41612 connectors (receptacles)

MBhbbAABARAR L L L LA
Bhbbb bbb b b b
s LN N NN N . . . . .

* NINO Input:
— Molex DIN 41612 connectors (headers)
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Energy Reconstruction for SDHCAL

Energy reconstruction

Energy reconstruction formula:

Ereco = aNy +ﬁN2 + YN3

a, B,y are parameterized as
functions of total number of

hits(N1+N2+N3)
a=ay; + ayNptar + “SNtaml

ﬁ ﬁl +ﬁ2Ntotal +ﬁ3Ntotal
Y =71 + ]’ZNtﬂtaI + ]’3Ntotal

2017/1/13

2017/1/24

_Et 2
Ebeam E‘reca)

i=1 I

Mz

N is the number of total events.
and o; = ’E}',mm. 4 First step

After the first step:

JPO Ebeam +p1 + pz ! Eheam E;lbeam
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Definition of Y/N Category

Data sample:SPS_Oco_2015 o - - e
Particle: Pi+ s:: 4 Cﬂ‘r?gory e N;?
Energy:10-806eV with uniform m_ — "{a:f% j
10 GeV energy gap TZE Shower is fuTIy contained 2

wl
g
e
8

Electron Shower start >=5 or 100 s
rejection Nlayer > 30 so | Emies 954 -
Plean x 27.57 T
Muon rejection Nhit/Nlayer > 3.2(previous is O G bave 1418 - 6
2‘2) 0 Slﬂuﬂ“l‘ B.161
Physical - - ="
hz;ca Radiative muon & - B . - )
rejection Nlayer(RMS > g - = )
5¢m)/Nlayer>20% 40 - - = . 3
- - -
30 -
Neutral Nhit(belong to first 5 2 Shower is not fully contained
rejection layers)> =4 " N C ﬂ'l' e OI"
Artificial Beam position . o : S g Y 3
cut cut r<r(given)
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Improve the Muon Rejection

Bing Liu, Haijun Yang, Imad

. Update .
Nhits/Nlayer > 2.2 ) Nhits/Nlayer > 3.2

g L I I B
E : : gj 1:I | T TT 11T | mTTT |I 1T 1T TT LI LI I:
c (00 oo e oo R 1R AR RS R '— E - SDHGAL .
8 C L 3 E L f—
% osFe. .. SDHCAL ... .. ¥ v ] S -
§ L = - v v
[+ . ¥ v al-} u_a__: ......... : ¥ -
0.7 v n M .
B ¥ e T o B e —]
e — —e— ¥ category DATA E . v .
C Y i v —»— N category DATA 06 ‘[—=— Y category DATA [
0.5} —e— ¥ category MC = : v —=— N category DATA |3
E v 2 N —=— M category MC f 3.5: & - —s— Y category MC E
7 —] C v . —r— N category MG ]
F . ] 04F i .
(1 | P . o 3 C . ]
B . ] [ Mo = -
Y e —————— R L T 3 F v - . ]
5 . * 02— * . -
{I.i:— ....... L T ——————————— ‘_: E . E
- ] L Multi-thr. mode -
I}_IlllllllllllIIII|IIII|IIII|IIII|IIII|I_ - ]
10 20 30 40 50 60 70 80 0_|||||||||||||||||||||||||||||||||||||_

Ehm[GEV] 10 20 a0 40 50 i) 70 B0

EpeanlGEV]

After updating , the difference between

<ol .
There is a large difference between MC and data MC and data is very little
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Energy deposited in every 4 layers

e 0.2 T LI B I B B UL B E -
5 C —— 10GaV o
B [&]
E 048 | /‘\ ..... s 20GeV E e e e R AR R R S AR e e et gl e
@ UL o -
o - = 30GeV -
F o418 e 4GeV = i
2 r 50GeV a
@ B m ﬂ.ﬂ P R e
T 04— —+— G0GeY s B
N o T0GeY .
02— —s— B0GeV — ’
B SDHCAL _ QB[ 1= 10GeV
u-l __ .................. __ - - . z{lﬁﬂv
B ] : —a— 30GeV
e A . A = T | Y 0 S |—=— 4GaV¥
00BE AU ] S0GeV
- ] — & G0GeV
08— ] ~ —o— TOGeV
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deposit before a part you
choose;

Percent of energy deposit in
per parts
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Cutflow of the SDHCAL TB data

Cut flow for 2015 TB data
After After After After
Energy(GeV) E.:-/c:et:tls Electron Muon Radiative muon Neutral
rejection rejection rejection rejection
10 123974 82223 10810 9685 9675
20 92053 68981 10250 9710 9701
30 49299 38134 7715 7319 7313
40 247428 190603 31329 29582 29544
50 97496 74933 14556 13644 13627
60 97988 76819 13629 12642 12625
70 101626 78547 10914 9865 9852
80 249478 196340 18884 15577 15541
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Signal VS Background

— cutA, sig eff=52.64%, Nm=4017
— cutB, sig eff=17.34%, N‘,IJ =1323

120 cutB, H->bb, eff=1.37%, N _=281

cutB, qq, cms—lﬁ)ﬁ
---------- cutB, Single Ze, Nm=3793
---------- cutB, Single Zv, N_ =04
---------- cutB, 1, N =16
---------- cutB, WW, N =23
---------- cutB, ZZ, N 5-23
cutB, WWor ZZ, N nhs=37

100

80

60

76<M(Z)<106 GeV 40
120< M(H) recoil < 150 GeV
E(iso lepton) > 10 GeV

20
82.32GeV 5.47GeV M(diJets) (GeV)
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Signal Production

Table 17: The information of the Higgs signal samples

Process Final states o [fb] ILC result [fb] Events expected Events generated
fth_X h f,f 211.01 208.77 1065619 1065111
qqh_X h,q,q 143.39 141.99 724097 723755
uuh_X h,u, i 24.52 — 123802 123733
ddh_X h,d,d 31.45 — 158830 158742
cch_X h,c,c 24.51 - 123766 123711
ssh_X h,s.5 31.46 — 158891 158803
bbh_X h,b,b 31.18 — 157479 157412
elelh_X h,e”,e* 7.60 7.19 38357 99938
e2e2h_X hou 1™ 7.10 7.03 35849 09952
e3e3h_X h, 7, 1" 7.08 7.02 35770 09951
nnh_X hoVeyrsVeur 48.96 48.43 247273 247167
nlnlh X h,ve, Ve 20.91 — 105574 105533
n2n2h_X h, vy, vy 14.03 — 70862 99961
n3n3h_X h,ve, v, 14.01 - 70773 99944
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Background (2 fermions)

Table 18: The information of the two fermions background samples

Process Final states o [fb] ILC result [fb] Events expected Events generated

uu u, i 9995.35 10110.43 50476527 50476526
dd d.d 9808.71 10010.07 49533965 49533961
cc c,C 9974.20 10102.75 50369725 50369718
SS 5,5 9805.39 9924.40 49517234 49517231
bb b,b 9803.04 9957.70 49505372 49504516
qq q.q 49561.30 50105.35 250284565 250283714
e2e2 ot 4967.58 4991.91 25086253 25086255
e3e3 T 7" 4374.94 4432.18 22093447 22093445
bhabha e e’y 24992.21 24937.95 126210660 126210654

4 fermions background not listed here

Table 2: The value of the cross section at 250GeV

Process qq wpu—  Single Z  Single W Bhabha
o[tb] 50216.20 4404.69 4733.74 5144.28 25060.22
Process WW /77 /ZH Z fusion W fusion
o[tb] 1548395 1033.38 212.13 0.63 6.72
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