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easy access

300 km from Beijing
3 h by car

1 h by train

“Chinese Toscana”

Google earth
: , o Yifang Wang
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PFA-HCALRY [E BRAF 78 HIIR

PFA: current status

+ Relevant jet energy scale

Vs #fermions Jet energy
250 GeV 4 ~60 GeV _
500 GeV 4-6 80 - 125 GeV ILC - like
1TeV 4-6 170 - 250 GeV
3 TeV 6-8 375 - 500 GeV CLIC - like
+ PFA performance: PandoraPFA + ILD + uds jets
e oe/E = alVE; E
T |cos8|<0.7 /5| % Equivalent stochastic term
45 GeV 25.2 % 3.7 % shown for comparison, PFA
rms,, 100 GeV 29.2 % 2.9 9% resolution is not stochastic,

CONFUSION
180 GeV 40.3 % 3.0 %

250 GeV 49.3 % 3.1 %

ILC Goals: ~3.5 % jet energy resolution for 50 — 250 GeV jets
CLIC Goals: ~3.5 % jet energy resolution for 100 —- 500 GeV jets

Credit: Mark Thomson, CALOR’'2010 talk

20 2% CERC HCal D - Boxi Yu@IHEP . ’
PFAis up to the task i we DO have an imaging calorimeter system



LC PFlow Calorimetry options

*Various options for high granularity sampling calorimeters...

Absorber:

Readout:

Active :

* A number of interesting issues...
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ILDZE TS AR 25 ¥ DHCALEY, # SDHCAL

o FERIETRPCEHAGEMIITE, .4 A prototype [ Wit S2Us 4

ASIC (HARDROC)
PCB

Pads (copper, 1 cm2)
Insulation (Mylar)
Anode resistive coating
Glass plate (0.7 mm)

RPC4E 14 i —
,///_
(Gas mixture

77
.\ i\E Chamber wall (1.2 mm)
Glass plate (1.1 mm)
. Cathode resistive coating
Spacer (1.2 mm)

GEM-BASED DHCAL CONCEPT

GND

NOT TO SCALE
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CEPC Preliminary
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PID @ Different Granularity
Preliminary Simulation result from Manqi and Dan Yu’s talk (IHEP)
HCALJZ UL~ 5 7] 1) 52 1)
CRGU T 1 AEAS [ RURLE B mE REAs T B 42 1250 ] it

hical 20 layers haal 30 layers

tagped e %0
Eagged el %)

= glactron
30 Iayers— mucn

= picn

20 layers

& £
T 100 s
B B
: :

- ==glectron = glectron

* e [TILICITY — ALY

40 Iaye rs _Pinn f— Fliﬂl'll
48 layers
M 5"] [} 1 | |
2016/08/22 10 CEPA®fCal Detector - Bbxiang YU@IHEP 14 1F 11

Energy Energy



PID @ Different Granularity

Preliminary Simulation result from Manqi and Dan Yu’s talk (IHEP)
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tapped eft] %

different ECAL & HCAL Layers

Preliminary Simulation result from Mangqi and Dan Yu’s talk (IHEP)
eval 2§ layers

ecal 20 layers

L ed eff % |

1 10 10°
Energy

Table 3 ¢ pH events muon pid efficiency

el et 5 )

ecal 30 layers

Geom | Geom 2 Geom 3
ECAL M layers 30 30 2
ECAL cell size 10 0 20
HCAL N lavers 48 43 20
HCAL cell size 10 Ll ]
MUH efficiency (%) gr.og9 L0444 06,48 4+ 0.58 Q5. 1T L0L73
# channels compare to ILD:
ECAL 1/4 1/16 1/24
2016/08/22 HCAL CElC HCal Detector - Boxiang Y&éﬁ(EP 1/10 13
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» The HCAL consists of

~ a cylindrical barrel system:

12 modules

~ two endcaps: 4 quarters

» Absorber: Stainless steel

' Barrel

Q©

0 RPN ZE
> Glass RPC
> Thick GEM or GEM

S 4
2 (1x1cm? or3x3cm?? )

Digital ( 1 threshold)
Semi-digital (3 thresholds)

Endcap

oy
K\ﬁ* \

i
Ry
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o RPCHRMI 28 B AH M 7T

Mylar layer (50u) PCB interconnect (1cm x/1cm)

Readout ASIC
(Hardroc2, 1.6mm)

PCB (1.2mm)MASICs(1.7 mm)
PCB\support {polycarbonate)

Gas gap ‘ \
\ Cathode glass\(l.lmm)\

Mylar (175p)

Ceramic ball spacer (1.2mm) + resistive coating
Glass fiber frame (x1.2mm) Anode glass (0.7mm)
Haijun Yang (SJTU) + resistive coating
- s —

Large GRPC R&D

v Negligible dead zone

(tiny ceramic spacers)
v Large size: 1 x 1 m?
v" Cost effective - oy 25
v Efficient gas distribution system -
v' Homogenous resistive coating — WL | .

Ve

05 08 (016
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* THGEMEZR I &% F)AH BT 72
m Detection efficiency of well-THGEM was measured with BEPC
pion / proton beams.

m Efficiency: Qian Liu, Hongbang Liu (UCAS)
o Ne/CH4 (95/5) ,Gain ~ 9000; Eff (proton) > 99%; Eff(Pion) > 94%

2016/08, ittt ittt OF B 1 17
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WELL-THGEM Beam Test in Oct., 2015

ian Liu, Hongbang Liu (UCAS
m 7 THGEMs ware installed, and 5 of Qlan Liu, Hongbang Liu | )

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

m 1 threshold, binary readout
® 900 MeV proton beam was used

m 5cm x 5cm sensitive region
m ASIC: Gastone (From INFN)

Event |Hit | Eff |

Event_ID=152, T=21.68s

/

Sle 78|
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Gain

HCAL-THGEM (current work)
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Boxiang Yu (IHEP) Qian Liu (UCAS)
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> GEMERIMN 28 BIAE Bt 73 Jianbei Liu (USTC)

e Detector size: 1Im*0.5m, limited by GEM foil size

* Double-GEM structure (3mm-1mm-1mm) adopted to minimize
the thickness of detectors to accommodate the compactness

requirement of DHCAL.

* Double-GEM can still produce reasonable gain under safe
operation condition according to our measurements and

experience.

Mechanical design already finished ! .
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Jianbei Liu (USTC)
GEM assembly using a novel self-stretching technique  Apyv25 GEM readout INFN APV25 chip

S

Sector1~6
§, . ® Soctort :
10 @ Sector2 R ; 2
I Sectord e i i
L. Sectord &
: Sector5 s !
¥ Sectors - : g
- — 104
- - o i b
* Large-area GEM (0.5x1m?) is one of main
detector R&D focuses at USTC recently. s s
3700 3800 900 4000 4100 4200 4300 ‘:ol;aigi(()\u‘”
R m%mg $ﬁ50cm x 100cm *ﬁ*}:{ =» Resolution uniformity ~11%

GEM E(]%ljﬂ;:[:g, %%,riﬁgm% =» Gain uniformity ~16%

=» Can reach gain of 10* at 4000V
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