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Parameters

CEPC v1 Optimized Comments
(~ ILD) (Preliminary)
Track Radius 1.8 m >=1.8m Requested by Br(H->uu) measurement
B Field 35T 3T Requested by MDI
ToF - 50 ps Requested by pi-Kaon separation at Z pole
ECAL Thickness 84 mm 84(90) mm | 84 mm is optimized on Br(H->yy) at 250 GeV,;
90mm for bhabha event at 350 GeV
ECAL Cell Size 5 mm 10 — 20 mm Passive cooling request ~ 20 mm. 10 mm
(5 mm) should be highly appreciated for EW
measurements — need further evaluation
ECAL NLayer 30 20-30 Depends on the Silicon Sensor thickness
HCAL Thickness 1.3 m 1m -
HCAL NLayer 48 40 Optimized on Higgs event at 250 GeV;

Margin might be reserved for 350 GeV.
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Tracker Radius & B-Field: the
optimized value

 Detector cost is sensitive to tracker radius, however, | recommend TPC
radius >= 1.8m:

- Better separation & JER

Expected Accuracy of 6(XH)*Br(H->up)

- Better dEdx s 5f Io.22
S f
- Better (H->di muon) “asp .,
measurement )
E 0.18
350 CMS 3ab™
3:_ 0.16
251 14 f ATLAS 3ab™

v
L 0.12
, P P I I e

Inﬁssﬁe'f M 12 14 16 18 2 22 24 26 28 3
Rrpc/m

Y Default TPC Setting: B=3T&R_ = 1.8
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B-Field VS JER

3.5T & 48 Layers 3T & 40 Layers 3T & 48 Layers

vvH event with ISR & Neutrino vetoed and Icos(©_j)l < 0.85

_ IE'“AES T T Ll 12:,79- = T T T T I T T T T I T T T IE[“*ES T T T ]2579—
C s 10° | “r‘J“!‘ Mean 2454 10° = 7Y Mean 12457
B Entries 6458 o “ :: RMS 5.0857] E Ji !I RMS 5.0435
N y ¢ . E I .
102 | Mean 125 | I | x*/ndf 216.6/ 55 = 1 l; ¥/ ndf 1958/ 51
F RMS 5.122 I I Constant 1077 = 12.77 B IJ li Constant 1074 = 12.67]
C [ !
O |x/ndt 106.8/85 100 | | Mean ERLTE ey : |: Mean 125 + 0.0
E = 3 | E
Prob 0.0548 o Hcal40Lay_B3T '] Sigma 4727 + 00377 Hcald8Lay_B3T | Sigma 4747 =0.037]
r Constant  263.9 + 4.3 E ] 7
Mean 125+ 0.1
10 !
F |sigma 4.802+0.050
B RMS90 10 4 wE =
©  [Entries 5814 : S F 3
- Mean 125
RMS 3.796
TE
R RN R R j.xl..uu 1E || || ERLE 3
0 20 40 60 80 100 120 140 160 180 200 R TR k! R Nt Pt teaie: P H 27 A8 i ot ey i | EAien Wt o Joof g e T
m/GeV ]
0 50 100 150 200 0 50 100 150 200
M,/GeV M,/GeV

 Marginal Impact on JER (from 3.5T -> 3T)
« 3 Tesla even turns out to be better than 3.5 Tesla (~only 1 sigma)

- At 5 mm Cell size
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ECAL Absorber (W) thickness Via H->yy

H->vy Energy Resolution

'S
200 - E
)
8 -
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B
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2 g
8 100 — E I
90 mm W %
i =4
21.65 -
o
0 PaRIErs AT e T 5 | L | ! | | |
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Energy [GeV] W Thickness [mm]
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30 Layers, each layer with 0.5 mm Si + 2 mm PCB
ECAL only performance

Optimization on the in-homogeneous longitudinal structure (i.e,
Absorber thickness at different layer) not applied



HCAL thickness (#Layers) Via JER
~ vvH, H->gluons
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4
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number of hcal layers

Reducing the #Layers from 48 -> 40
(same layer thickness)
A degrading of 2% (relative) in JER

Performance depends on the version...
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Calorimeter Optimization: Cell Size

Liao libo, H-WW*—lvqq, Z—l
* No Power Pulsing + Passive Cooling o/ CEPC Preliminary
Calorimeter a0l — Higgs Background \

— L7, Background w

- Number of channels reduce
by~10 times, test Geometries
with 10-20 mm ECAL/HCAL Cell
+ reduced layers

Entries/(1.2 GeV/c?)

- Percentage level degrading in
signal reco. efficiency on Higgs
Benchmarks

* Photon & H->photons 800“[“?’“—“ ‘ O

| — E30L_E10mm_H48L_H10mm |
600~} g30L, E20mm HASL H20mm |

* Lepton & Higgs recaoill

e Jets & H->gluons,
e H->WW*

No lose in the object level efficiency:
JER degraded, ~ 5/10% at 10/20 mm Mg
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Entries/(1 GeV/cz)
=
=
S

200:_ .......... I ........ ......... "! .................................... I L I ..... ........................




Key performance: Separation

Figure 11. Event display of reconstructed di-photon.

Separation power/Crucial Distance:
~ 2*Cell with Cell Size <= Moliere Radius;
~ 1 Cell with Cell Size > 1 Moliere Radius.
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Impact of Separation: Z->tau tau @ Z pole

Imm Smm 10mm 20mm B .
u 3 Pl gl
AR 40 - e g L lﬁr;
i g4 AL e
L % :I“.. gy '| {:l) "il:"l :I.lu ll"l’f\ﬂlz}‘H':.
) U ~ .'II 'll,l,. :FJ'\:F ;.i.ls'\l”? '|._|' l*' "
T
© 500 5 20, .8 AL,
m i 'II II lll l | , b
_::I ,:"m
e . o o T
00 1 2 3 4 00 1 2 3
Log(Closest Distance) [mm] Log(Closest Distance) [mm]
Cell Size/mm 1 5 10 20
Crucial Dis/mm 4 9 16 37
Percentage of potentially 0.07% 0.4% 1.7% 18.6%

overlap photon

5 -> 20 mm: May severe degrade Tau physics performance
20/4/2017 -> to be investigated
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Conclusion & Todo

PFA oriented detector design: OK at CEPC
- 3 Tesla Solenoid
- TPCis OK
- Passive cooling Calo:
* No significant impact on Higgs physics
« EW Physics: to be further evaluated
Several key R&D issue identified

Converged to an set of reference number.
To be covered at CDR
- Converge the MDI/FWD concept design

- Full Sim Analysis on Physics Benchmarks at Conceptual geometry

« Signal Sample is READY
* Ildentify people to study them in details!!!

20/4/2017

10



20/4/2017

Back up

11



PFA Oriented concept: A preliminary
design

Dedicated ToF
Or
ECAL Layer with TDC
Equipped Chips

delta(T) ~ 50 ps

To balance the efficiency &
Purity of time measurement...

Tracker, TPC:R=18m

20/4/2017 12



Optimization

 PFA Oriented Concept: Optimizing Via Sim-Reconstructions

- Layout:

« VTX: High precision S'rlic%Pixel placed close to the IP

e Main Tracker: -

- Silicon Tracker
- TPC
« Calorimeter: Ultra-high granularity
- Feasibility Study
« TPC
« Passive cooling Calorimeter
- Parameter optimization

 The Alternative Concept: Dual Readout + Wire%amber

- To be implemented in Full Simulation &

20/4/2017
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TPC Feasibility

—— CEPC benchmark
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« Voxel occupancy: 1.0* —1.0° level
« Distortion induced by lon charge:
- 1/10 of the intrinsic TPC resolution if k (IBF*Gain) =5
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* BSM interest: models with Higgs decaying
preferably to muons

 ggF VBE VH, ttH production
* Backgrounds: Zjets, tt, WW

M-hat error
% (fb'") | Scenario | | Scenario 2
ATLAS 300 + 0.39 + 0.38
CMS 300 + 0.42 + 0.40
ATLAS | 3000 +0.16 =012
CMS 3000 + 0.20 +0.14

ATLAS scenarios: 1- full sys 2- no theory sys
CMS scenarios: 1- run-1 sys 2- reduced sys

ATL-PHYS-PUB-2013-014

H—up

> 5000 — .
8 40005_ ATLAS Simulation Preliminary_f
Te] -:.. wv=14 TeV 1
330005—- dez =3000fb"
2000 Sl :
3 10008 |+ ha ¢ 1b 113
E . | Wi Ta .‘
] Ofr . P Y ARICS S
m 1 | %’ ..
@.1000f |
m L]
© 2000 + S4B toy Monte Carlo
—3000 ~ S+B model

4000 — B-only model
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F.A. Dias - CIPANP 2015
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Benchmark measurements

Higgs A Lepton & Momentum

resolution: Br=6.7%

Flavor Tagging & JER:
Br=14%

qq, Composition of
99 Jet/MET, lepton: Br = 4%

Jet Clustering: Br = 50%

Photon/ECAL: Br = 0.2%

MM, YY
T

qqH, H->inv. MET & NP:
SM Br=0.1%

WW, ZZ,

> EW, Br(tau->X) @ Z pole:
| vV qq Z boson Separation

decay

20/4/2017 Final state 17




CEPC Preliminary

Separation

VS =250 GeV
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Impact of Jet Clustering: Significant
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Jet energy Scale

e'e—=2Z—-vvqq CEPC Preliminary VS =250 GeV e'e -ZZ—-vvqq CEPC Preliminary VS = 250 GeV
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Jet Energy Resolution

e'e»ZZ—-vvqq CEPCPreliminarylLeading (250 GeV) e'e»ZZ—vvqq CEPCPreliminarySubleading (250 GeV)
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CMS Reference: CMS-JME-13-004,

Jet energy scale and resolution in the CMS experiment in pp collisions at 8 TeV
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