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CEPC-SPPC

Booster energy ramp up
10 — 120 GeV

Booster

Collision Ring

lon Linac
Js ~240 GeV

» Electron-positron collision phase

- Higgs factory: collision at ~240 - 250 GeV center-of-mass energy, Instant luminosity ~ 2*10* cm?s™,
1M clean Higgs event at 2 IP over 10 years

- Z pole operation for precise EW measurement: 1E10 Z boson per year

* Proton-Proton collision phase
- center-of-mass energy constrained by tunnel circumference and high-field dipole

- Peak luminosity ~ 1*10% cm™s™ (ArXiv: 1504.06108, discussion on needed Luminosity)

« Tunnel circumference: 54 km in the baseline design. Longer tunnel to be evaluated.
14/06/2016 2



Higgs program at CEPC

108 b

Number of events

for Sab~!

10° |

o[fb]

0% e

Process Cross section Events in 5 ab™—!

\] fusioil J— Higgs boson production, cross section in fb
' ete” - ZH 212 1.06 x 108

LA e etem = voH 672 3.36 x 10"

45 10°

| ete™ = ete H 0.63 3.15 x 103

50- 1050 150 20:0 250 BDiD 350 40 Total 219 1.10 x 106
Vs [G\l\l]

Observables: Higgs mass, CP, o(ZH), event rates ( o(ZH, vvH)*Br(H->X) )

Derive: Higgs width, branching ratios & absolute value of coupling constants
14/06/2016



CEPC Conceptual detector, developed
from ILD

Higgs 4

qa, Strategy: make all the possible

ag measurements in each

different channel and combine
the result!

TT, UM
WW, ZZ, ~
ZyY, Yy
I W a9 Z boson
decay
Final state

A detector reconstruct all the physics object (lepton, photon, tau, Jet, MET, ...) with high
efficiency/precision

High Precision VTX located close to IP: b, ¢, tau tagging
High Precision Tracking system: 8(1/Pt) ~ 2*10°(GeV™")
PFA oriented Calorimeter System (~o(10°%) channels): Tagging, ID, Jet energy resolution, ect

14/06/2016 4
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DRUID, RunNum = 0, EventNum =1 "

From Hits to R .
Final State Particles A

Goal: ... Access the origin o
every detector hit ...

DRUID, RunNum = 0, EventNum =1
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Z—2 muon, |
H-2b

~ Z—2 muon

- H—-WW*—eevv
d \

\
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CMS Experiment at the LHC, CERN
Data recorded: 2012-May-27 23:35:47.2
Run/Event: 195099 / 137440354

e

Specific Final State...
. Overlap with lots of PU events
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Model-independent measurement of o(ZH)

10’
s CEPC Preliminary o ERASLN L I B A
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* Recoil mass method. Combined ,
precision: e E i r 7 € 7
BG(ZH)/O(ZH) =0.5% - \,J’J N : “ | b h N N r_J_»'"
oy — - 9 Py o S
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k\h ] .'I-.I . I
* In-direct measurement on g(HHH) 5240 — 100 (267 + 0.0148;,) %
* M. McCullough, 1312.3322
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Higgs rare decay

— S+B Fit

80| signal
Backgroud

Entries/).65 GeV

—4— CEPC Simulation

CEPC Preliminary
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Br(H—vy):
photon identification efficiency
& ECAL intrinsic resolution

Br(H—pp):

Muon identification & Track
Momentum resolution
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Higgs width measurement

g°(HXX) ~ T =T _*Br(H->XX)

H—XX total
Branching ratios: determined simply by
- 0(ZH) and o(ZH)*Br(H—>XX)

I'total : determined from:;

- From o(ZH) (~g*(HZZ)) and o(ZH)*Br(H—ZZ) (~g*(HZZ)/T " )

total
- From o(ZH)*Br(H—bb), o(vvH)*Br(H—bb), o(ZH)*Br(H->WW), o(ZH)
 Would be good to have sbme*data at E > 250 GeV

Therefore: at CEPC Higgs program (240-250 GeV operation), [ become

the bottle neck of the coupling fit once Br(H—XX) is measured more
precisely: Br(H—tautau, WW,bb,cc, gg)
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Higgs width measurement

80

| —#— CEPC Simulation CEPC Preliminary
L ::;:I“ wHH- 274 Mag; ILEIl:SnIJ'
- Background
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0 b bk | | | Y
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u CEPC Preliminary
6000 — WW Fusion; JL =5ab’
| _#— CEPC Simulation
~ = S+B Fit
% | = WW Fusion
U ZH Backgrounds J.
4000 — Other Backgroundsj
Q .
o§ B J
b
N L
= f
==2000 - .
- J
(0= «‘jl-'—-u_-rr | i —]
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bl;ss[Gev]

Br(H->ZZ): relative error of 6.9% achieved with ZH->ZZZ*->vv(Z)llqq(H) final states.
Extrapolation of TLEP result leads to 4.3% relative error

o(vvH)*Br(H->bb): relative error of 2.8%

A combined accuracy of 2.8% for the Higgs total width measurements

14/06/2016
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Higgs exotic

« Higgs — invisible via recoil mass spectrum

Di lepton channel: Zhenxing, Moxin (IHEP) & Kevin (Hongkong)

Di jet channel: Moxin

 Higgs — leptonic exotic mode

H — ee: Wanglei @ PKU

 Higgs — hadronic mode

14/06/2016

H — Flavor changing quark pairs: samples ready, no analysis effort

e H—tc, tu
« H— bs, bd
H — semi invisible: Jiawei, Kevin (Hongkong) & Zhenxing
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Higgs invisible decay
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Higgs leptonic decay

1000 —
et up 5 et I
(l;.‘ 300 __ : %E:Eh:]hgil:mlaliun
up -~ | --aes CBS :pe
4 % I : - ;:{:\l};grgfmd
z up ﬁ 600 5
ol
r
e L
e “p ” S 400+
+ ¢ .2 i
¢ MC sample parton level ,E
signal sample | Madgraph e = 200 B
ZZ Whizard W
ww Whizard z Vi - e
- ) 120 125 130
signal Z Whizard M?::;a“(GEV)’CZ)
e” uq signal W Whizard e It
single Zor W | Whizard The limit results is 0.1665%.0 at 95%
ZZ or WW Whizard confidence level
leptonic decay channel BR upper limit at 95% collaboration Journal
h->ee 0.19% cms Phys. Lett. B 744, 184
H — ee SM BranChlng rat|0 ~ 0(1 0-9) h->|,|.|,|. 0.15% CMs Phys. Lett. B 744, 184
0.16% ATLAS Phys. Lett. B 738, 68
Uplimit at CEPC: one order of magnitude h->ept 0.036% s OIS PAS-HIG-14-040
better than current LHC result h->et 0.69% cws CMIS-PAS-HIG-14-040
1.04% ATLAS unpublished
TO eXplore: H — e“, UT h->pt 1.51% cMs Phys. Lett. B 749, 337
1.43% ATLAS unpublished
14/06/2016 http.//indico.ihep.ac.cn/event/5592/contribution/12/material/slides/0.pdf 15




H—Exotic, hadronic

Benchmark Points

X1
X}
Scan over the parameter space for sensitivity:
1. Fixm s 0 GeV and make exclusion contours on the IRy and m 2
[
€ ’ pl ane with the r: ange:

10 GeV <m,, <60 GeV (15,25,35,45,55 GeV)
10 GeV < My < 125 GeV (20,40,60,80,100,120 GeV)

2. Fixm 0 =30 GeV and make exclusion contours on the Mo and
1

M3 plane, with the range:

0GeV < m <60 GeV (5,15,25,35,45,55 GeV)
10 GeV < Mg < 125 GeV (20,40,60,80,100,120 GeV)

Suggested by prof. Liu

« Typical process at NMSSM & 2HDM...

« Joint efforts of Hongkong Cluster & IHEP: Main analyzers, Jiawei, Kevin & Zhenxing

- Initialized at PreCDR, one parameter point explored with Fast Sim (Kevin)
- Full Simulation exploration during IAS meeting (Zhenxing visited Hongkong)

- Continue by Jiawei & Kevin (Jiawei stayed at IHEP for 3 weeks)
14/06/2016 16



H—Exotic, hadronic

Para: M(LSP) = 0; M(h0) = 15 GeV; M(NLSP) = 20 GeV

0.2

:_ Signal [ d — Signal —— Signal
wf = — 2 s
. - 04 L h
g ol Cutt: M: ’ § Cut2:M__ £ I Cut4: ijl:
i & | recoi = i
- (80 — 100 GeV), Wl (120 - 150 GeV) s (10 — 21 GeV)
0.05 — »
% 50 100 150 T = — :,'; 150 ot _../;'/ e
M., (Gevic?) My (GeVied) 0 50 RO 150
e l\ll'((;e\"fc )
:_ —— Signal : —— Signal
04 ; Hiun Backgrounds : Hi:'ga Backgrounds ObJect Cutl Cutz CutS Cut4
0l T ek 02| e found m  m, blkenes m
a - I . j
B LE B-likeness for ER B-likeness for Signal I7 g 15 12 10
- most energetic = .ff leastenergetic jet HEG M Wm0 4
af jet
v 1 J J ﬁ& ZZBGs 53790 21198 08H 0 4 ]
"n_- :-2_ 0.4 0.6 0.8 Jrr] ﬂh"’—“‘w~—=.~—=~en=- <o . —/JJJ .
‘ T, ‘ % 0z oa  os o3 ; Cut3: sum(B-likeness) > 0.9
' Pb)

95% CL. Uplimt set to be 5E-4; will be significantly improved by including di-electron/tau channel...

* ISR effect not included in the Signal sample. sigma(ZH) refered to SM Xsec of 200 fb. Effect on
uplimit setting could be ignored

14/06/2016 . 17
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Differential distributions

CEPC: reconstruct Higgs in a ultra-clean environment

Physics object can be measured to a great precision:

energy & direction

Leptons/Charged Particle: 1e-4 ~ 1e-5...
Photons: 1e-3 ~ 1e-4
Jets: 1e-3 in visible energy...

Highly depending on the detector design (Larger tracker
& Smaller Calorimeter Cells)

The direction information, represent the tensor form of

Higgs operator...

14/06/2016
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Higgs CP Phasein h — 777~ Decay 1303.1094J

=}

= © Angle ¥

. . E, .E_
© = sgn [FT+ - (E_ x E+)] arccos _,+—_,
|Ey|[E—|

et

-<-
5
O
-

e B

<2 Differential Distribution

Truth level ® and reconstructed @ for A =0 Reconstructed & for various A
o0 .

MNormalized yield

= Precision Measurement © CEPC CEPC preCDR

Colliders LHC HL-LHC CEPC1 CEPC5 CEPCI10
Accuracy(lo)  25° 8.0° 5.5° 2.5° 1.7°

Shao-Feng Ge @ CEPC Software Meeting, IHEP, 2016-3-26 Higgs Combination, New Physics Scales & Differential Dist.

14/06/2016 19



Detector-

Analysis

14/06/2016 20



Theory- Detector-
Pheno Analysis

Sample
Production
Validation

Full/Fast
Simulation

Model Building

Reconstruction

Interpretation

Analysis result
Conclusion

The Sim Group will provide the Full Set of SM Background, For any
14/06/2016 21



High Precision Calculation

CEPC is a very precise
machine...

Theoretical uncertainties for
various measurement and
Background sample validation is
essential

For example:

- Radiation effects (ISR)
- W line shape

- Zline shape...

14/06/2016
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400
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Generator Studies

* For any Pheno-expoloration, the Sim Group can provide
Full Set of SM Bkgrd (on the same footing) & more
realistic detector simulation.

* Generator: interface between Theory-Pheno And Detector
Studies

» Cooperations Interactions with Madgraph & Whizard

- Madgraph: ISR

| Generator

- Whizard 2.0: VTX position missing ...

- MC4BSM WS

« Our own generator development is more than welcome
« Validation @ precision measurement
« A fully operation chain, still need lots of efforts

MM — Feynman Rule —- UFO — Samples —
Validation—Sim/Reco/Analysis... — result &
documentations.

14/06/2016 23



Theory-Pheno: Physics motivation

« Unique/distinguishable advantage of electron-positron Higgs factory
e Higgs:
- Event Number Counting

« Absolute Higgs measurements

- Total generation Xsec
- Higgs width, Decay branching ratio & absolute couplings
» Exotic decay mode searching via recoil mass method

- Differential distribution measurements
 Higgs CP
« 05, O6 Higgs interaction operators
« EW: Z pole observables, etc

* Any new observables?

14/06/2016
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Impact on detector design?

« Optimization on going — propose your favorite Detector model — OBJECT
performance (solid angle coverage, finding efficiency & resolution...)

 For example: Muon chambers will enhance the sensitive region by one order
of magnitude... would any physics model — such as these with long lived
charged particle — appreciate it?

/ l.“‘g;"
Particle
Isolation

PFA oriented Detector & < -
Reconstruction ‘

-]

(2]
‘ 5-10% X, material before Calorimeter f
Octagon structure of Calorimeter Barrel 4

14/06/2016 25



Detector optimization: cepc _v1 ->
cepc 0 VvZ

Parameter CEPC v1 Performance adapted optimized*
Tracking: DO, Z0 | 10% 1t @ E < 20 GeV
LStar _zbegin 1150 1146.9 (VTX):
5% | @ E > 20 GeV
VXD_inner_radius 12 15 (B'Field),
VXD_radius_rl 12 15 Theta, Phi worse
VXD_radius_r3 35 37 Omega LEs
TPC_outer_radius 1500 1808
Matching ~10% |
Heal nlayers 0 8 Separation ~10% |
Ecal_cells_size 10 4.9 PID 3-59%, 1 @ E > 10 GeV;
10% | @ E < 10 GeV;
Field_nominal_value 3 3.5
JER 20% |
14/06/2016 | Yoke Lavers 2 3 Flavor Tagging | Improved up to 5%1 26
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e Team work...

- Theory-Phenology: Model Building - Interpretation

» Description of Physics model & motivations
* Propose newly observable/measurement

- Detector Simulation-Analysis: Common SM background sample & Realistic detector simulation
- Mutual: Maintain the interface

* Pheno: Generator development, NP sample production & Validation
» Detector: Integration into the full chain
» Standard CEPC generator format should be discussed

« Operational chain: MM->Sample->Simu/reco->Analysis->Interpretation
* Proposition:

- Pheno-Detector Forum,

«. At CEPC Physics-Software meeting (April, Aug & Dec, 3 times/year)
 Phenomenology Generator School/Workshops

- Manpower allocation: Recruit Joint PostDoc/Ph.D

- Support relevant works: short term visit, travel, etc

14/06/2016 27
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Cross-section (pb)

[—y
=
tn

[—y
=
=

[—y
=
5]

[—y
=
[

10

LI ] I 1 | I I L I 1 I I LI I I 1 1 I L | I I | I L] I L I | I | [ | I 1 1 | I | L 'E
= + - —
: e’e —hadrons ;
| CESR |
E DORIS | .
: PEP ]
- PETRA —— ' e
| KEKB TRISTAN — SLL.C i

PEP-II -

E | l | IJJEPII | | LEP I|I I 3
0 20 40 60 80 100 120 140 160 180 200 220

Centre-of-mass energy (GeV)

29



Status: from PreCDR study to now...

Higgs
qq,
g9
>
MM, YY
T
WW, ZZ,
Zy
] »
[ oY, qq £ boson Significant progress had been made on
decay Br(H->bb, cc, gg)
Final state Br(H->WW, 22)

Br(H->exotic)
Br(H->di tau, di muon)

14/06/2016
Measurements
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Outline

* Personal Perspective On Theory-Pheno

- Interpretation of analysis result
- Benchmark observable proposition:

« Higgs exotic searches
» Differential distributions
- Generator Studies

« Sample preparation & Validation

 This talk will also cover:

- Fast Simulation: FSClasser & Delphes
card

- Outlook & proposition

14/06/2016
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Core program: Absolute Higgs measurement

PreCDR Now
o(ZH) 0.51% 0.50%
o(ZH)*Br(H—bb) 0.28% 0.21%
o(ZH)*Br(H—-cc) 2.1% 2.5%
o(ZH)*Br(H—gg) 1.6% 1.7%
o(ZH)*Br(H->WW) 1.5% 1.2%
o(ZH)*Br(H—ZZ) 4.3% 4%
o(ZH)*Br(H—TT) 1.2% 1.0%
o(ZH)*Br(H—yvy) 9.0% 9.0%
o(ZH)*Br(H—pp) 17% 17%
o(vwH)*Br(H—2Zy) - -
o(vvH)*Br(H—bb) 2.8% 2.8%
Higgs Mass/MeV 5.9 5.0
o(ZH)*Br(H—inv)
Br(H—ee)
Br(H—bbxy, 4b) <10? 95%. CL = 3e-4

14/06/2016
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Higgs @ LHC

q

H° WW, ZZ fusion : HO

q

9 T w.Z
i . . HO q
ttfusion : W,Z
A
g
_ T HO
t q W, Z bremsstrahlung

PP collider: High productivity but low finding efficiency
~already 10° Higgs in Run 1 data...

Higgs signal: found via the decay final states.

o(AA—H—BB) ~ g{(HAA)g*(HBB)/I"

total

14/06/2016
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107

proton - (anti)proton cross sections
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EW
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» Afb(b) starts full sim analysis...
* More”?

14/06/2016
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< CP violating dim-6 operators
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At CEPC

 Higgs Run: 10 years, 1 M Higgs boson at 1 B

physics events wl z
: z
« Z Pole Runs: 10 Billion Z boson in 1 year ", S
1055— jt E =
« Perfect understanding of the nature of Higgs i WrwW-
. 45 ,/\; -
boson, precise EW measurements, probe for =" [ e
NP... Sl bz

10° | | r_\:?xl(}5

W fusion
10! 3

13 / 15 x 10°

50 00 10 20 B0 @0 a0 40
\/: [GeV]
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Higgs program at CEPC

« Absolute Higgs measurements
 Benchmark measurements

- sigma(ZH) determination

- Higgs width measurement: Yuqian's talk
- H->bb, cc, gg: see Baiyu's talk

- Higgs exotic

* Invisible

e Hadronic state

e Leptonic final state
* Next step:

- Data driven method for sys. control?...
- Differential distributions & loop hole at CEPC

14/06/2016
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Higgs analysis: Status at PreCDR

Higgs 4
qq,
. s
Fast Simulation
MM, YY
TT Extrapolation
WW, 27,
Zy
-
| A% qaq Z boson
decay
Final state
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o(ZH)*Br(H->bb, cc, gg)

« Strategy: Event selection + Template fit on the b-likeness Vs c-likeness plane

* 4 independent channels: Signal & Key background are processed with Full
Simulation

0.96% 11.0% 8.73%

tautauH

Baiyu, Boyang, 0.27% 4.4% 3.0% Notes
etc submitted

Result at 0.28% 2.2% 1.6%
14 PreCDR



o(ZH)*Br(H->bb, cc, gg)

« Key points

- MumuH: different template fit technologies need to be compared and
understood

- qqH:
« Complex analysis:
- Jet clustering algorithm,
- Hard gluon emission,
- Matching
- Systematic control
- EeH & tautauH: to be covered

- All channels: distinguish between H->gg events and H->WW/ZZ->4 jets
events is still challenging!

14/06/2016
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BLikeliness:CLikeliness {nhis==5} BLikeliness:CLikeliness {nhfs==4) .
Cut Definition Sig. qq ggnn  ggin  nnh Enies - 7I8 . Ees 002
Generated 16260 | 25M 183K 3681K T e 1| DU
FSClasser output 16768 | 25M 183K 3681K 7485 R I ' T e e e S
NPEO(E>04Gev) > 20 16748 | 23M 163K  3439K 4889
110 < Eoal < 150 14689 | 10M 126K 705K 3311
Pr > 19 13687 | 34K 116K 627K 3101
[solation lepton veto 13429 | 33775 115K 327K 2537
100 < My < 135 12827 | 9506 10420 162K 2269
70 < Myee < 125 12166 | 7521 10045 110K 2260
0.15 <yp <1 12093 | 7405 9702 101K 2211 e [ -
Yoz < 0.06 10902 | 6644 8456 69313 1220 e R 1y I RN
y34 < 0.008 10377 | 6504 7878 58532 519 T R i e
~0.98 < cos(d I ) < —04 | 10284 | 5766 5454 34823 485 s IS o AN
BDT > 0.04 8705 | 381 465 267 230
Significance 84.92
Efficiency 33.5%
Ree Abb Rag
Reo Rbb ]
Enbries 1000 300~ 3 Enimes 1000 ). Enkies 1000
5 s oowses E: e L AUS o0t
" s o
20| 100:— dU-—
L) sp:— l 2
14/06/2016 8508 07 0B 08 f 4 12 f3 14 18§ 3_5“'6_:3“'n'_l'.'ma'.lamé.lgm'? J;.If”;.Iz'“;_lam-:.!u“';.s ,55"‘6_'5"'6]7'“6.'5“ nla:11%tlzil:11|¢|5 42

Fitting result over fruth for cc, bb, gg respectively



H-> WW* && H->ZZ"

Various Final States! Any combination of leptons, missing E/P, jets...
Processed with Full Simulation:

- Final states with at most 2 jets

- Lepton id, Isolate lepton finding and total momentum/energy resolution:
key ingredient for these analysis

WW*

- Dedicated Isolation lepton finding algorithm has been developed,
compared & tuned

7"

- Tau related bakground could be largely suppressed once tau finder is
more mature

14/06/2016



H-> WW* && H->ZZ"

« Various Final States! Any combination of leptons, missing E/P, jets...
« Key measurement for achieving Higgs width
* Processed with Full Simulation:

- Final states with leptons

« Lepton ID & Detector coverage: intrinsic requirements

 Isolation condition for letpons: compromise between Signal
Efficiency & Bkgrd rejection rate

- Libo, responsible for general isolation framework design & H->WW
analysis

- Yuqian, responsible for ZZ analysis

14/06/2016
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H-> WW*

Table 2.8 Expected precision of the o(ee — ZH) x BR(H — WW?") measurement, assuming an inte grated
luminosity of 5 ab™!.

Channel Precision Comment

Z — pp, H - WW* — fuqq, blvy 4.9% CEPC Full Simulation Table from PreCDR
4 —ee, H—- WW* = fvqq, tlve 7.0% Estimated

4 = vv,H - WW* = gqqq 2.3% Extrapolated from ILC result

4 —=qq, H— WW* = fvgq 2.2% Extrapolated from ILC result

Combined 1.5%

4.9% accuracy, should be updated to 4.2% at the CEPC note, which is composed
Of 14.2% from llvv channel and 4.4% of Ivqq channel.

Full Simulation analysis, performed by Libo, is applied on Z->dimuon, H->WW?*->|lvv channel
Clean signal, tiny fraction: 0.1% of all H->WW™* events.

Category Total Signal Background
h=eb=u 105£10.2  105+10.2  0.0+0.0 9.8%
[ =u 58+7.6  52+7.2 6+2.4 14.6% In total:
I=e 40+6.3 36+6 4+2 17.6% 7.4%

WW* full leptonic decay 203+14.2 193+13.9 10+£3.2

Table 4: Statistic error of different flavor final state and H — WW* — [hi(l = e, u)

14/06/2016 Improved by a factor of 2 comparing to PreGDR



H-> WW*

Higgs Suggested Priority:
->
ww* Repeat zhenxin's analysis
6Q: target

. . 1: Z(vv) + H(llvv, 2qglv) (iso lepton)
4q For jet clustering (FlE + 3ry)

Di lepton: dR & mass, flavor classification,
Bkg: WW, ZZ, isrZ

2: v +4q; Il + 4q
JER (peak at 125 GeV);
mixed with Higgs backgrounds
Z->wll & H->2q, H->ZZ* -> 4q
B-tagging can be used to veto 40% of ZZ;
(+ BR% )
Bkg: Higgs noise

2qlv

llvv

>
I 1T wv qq Z boson 3:qq + 2qlv/llvv, Jet Clustering +

decay Iso lepton
Final state
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Entries/(1 GeV/c?)

[N}
wn

¥
<
I

.
(9}
\

[y
<
\

CEPC Preliminary

—— Signal

— Higgs Background
— 7.7 Background

—— SingleZ Background

| .I'FI\ \I'I|-| |-|LI'II_I\ 0 m

5

150

120 125 130 135 140 145
Hu 2
Mg, (GeVicT)

Category Signal ZH 4 Single Z

Total 348 34624 5499688 7788916
Nzpole = 2; Nisotep = 251 =t 71 129 5309 0
80 GeV < MAH < 100GV 73 124 4143 0
120 GeV < MEF <150 GeV 66 118 2548 0
Nremain < 3 66 56 2442 0
10GeV < MU <65GeV 58 46 411 0
40 GeV < Epissing < 100GeV 55 26 231 0

0 Z0

(o) + (Geg)? <5 54 7 226 0
Total Pr > 20 GeV 52 3 3 0

Table 2: Cut chain of yu final state

Obj Eff = 90%
Sig Eff = 60%

Entries/(1 GeV/c?)

[\*]
(V]

[\
<

o
n

[
(=)

H-> WW*

—— Signal

— Higgs Background

i — 7.7 Background

— —— SingleZ Background

CEPC Preliminary

| |-|-|-| | 0 0 | . |
120 130 140 150 160
up 2
M. (GeV/c?)
Category Signal ZH zZ Single Z
Total 348 34624 5499688 7788916
Nzpote = LNpgoiep = 2:1=¢ 61 114 4 1807
80GeV < MM < 100GV 53 105 2 1165
120GeV < MEF < 150GV 52 101 1 726
Nremain <3 51 60 0 692
10GeV < MO <65GeV 49 47 0 49
35GeV < Epjigsing < 100GeV 49 27 0 31
(op) + GEgg)? < 6 39 4 0 24
Total Pr > 20 GeV 36 4 0 0

Table 3: Cut chain of ee final state

Obj Eff = 70%
Sig Eff = 41%

Entries/1 (GeV/c?)

50 CEPC Preliminary
40l — Signal
— Higgs Background
i — Z7 Background
30— —— SingleZ Background
20—
10—
0 | ‘ -LLI-:-LLI-L N N . |
120 130 140 150 160
ML, (GeV/c?)
Category Signal ZH 7z Single Z
Total 348 34624 5499688 7788916

Nzpote = 25 Nisotep = 2:11 = e, = pt
80 GeV < M* < 100 GeV
120 GeV < M4 ™ < 150 GeV

NRemain <3
10 GeV < M}l < 65 GeV
35 GeV < EMix.ving < 110 GeV

DO 2 Z0 \2
(Sgp0)” + (Gigzm)?> < 4

147 136 32 1
134 119 21 0
130 117 15 0
130 89 3 0
123 79 3 0
123 68 2 0
105 0 0 0

Table 1: Cut chain of ey final state

Obj Eff = 85%
Sig Eff = 60%

7% accuracy achieved with counting: improved by 2 times Comparing to Pre-CDR

14/06/2016

Obj Eff: find 2 leptons from the Z pole and 2 isolated leptons.
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4 H->WW=*->lvqq analysis

. 5GeV < Epissing < 70GeV -

 15GeV < Mass® 7 < 95Gev

* No. Remain Particle >7

|E_jet1l-E Jet2|<50

2016/3/26

14/06/2016

Entries/(1 GeV)

Entries/1

60

-> \WW*

50—

30

20

10

0...|

5

CEPC Preliminary CEPC Preliminary

— Signal

80

60

— Signal

— Higgs Background

— Higgs Background

Entries/(1 GeV/el)

0 20

40 60 80 100 0 20 40 60 80 100 120
E.\r"_iﬁing {va] NI‘I':;‘;'“ (GEVH-‘Z)

S
ERRRRRE

=]
=
U

60
40k

20

CEPC Preliminary 60 CEPC Preliminary

— Signal sol —— Signal

— Higgs Background

— Higgs Background

Entries/(1 GeV)

0 5 10

15 20 25 30 35 40 0 20 40 60 80 100
NO. Remain Particles 16 Kyl (GeY)
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H-> WW*

4 H->WW=->lvqq analysis

Category Signal ZH
Total 2112 32291
Nzprole = 2: N.’sofep = 15 Njers = 2 1853 2524

80 GeV < M}, <100GeV 1665 2173
120 GeV < ML ' < 150GeV 1610 2109
(Y12 = 423)? < 0.005 1601 1687
Elepion > 15 GeV 1416 841

5 GeV < Epissing < 70 GeV 1325 464
15GeV < M3-7e1 < 95GeV <6 1289 156
Nremain > 71 1252 96

I6E jers| < 50 GeV 1217 55

Table 4: Cut chain of semi leptonic decay of H - WW*

2016/3/26 CEPC Physics Software Meeting

14/06/2016

Entries/(1 GeV/c?)
tw
=

=

n
g

o=
S

%)
g

—— Signal

— Higgs Background

| . ]

CEPC Preliminary

- l

120 130 140
M., (GeV/cd)

150 160

Z Decay
W Decay

Ivlv

Ivqq

qq99q

Tau+X

Green: undone
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Yugian's

Full simulation

14/06/2016

H->Z/Z"

AN
Z->| taus vV qaq

ZZ*->4q 888 444 2.64k 9.24k
2v + 2q 508 254 1.51k 5.29k
2| + 2q 170 85 508 1778

4v 73 36 216 756
2| +2v 49 24 145

4 8 4 24
X + tau 120 60 356 1246

/

Priority 1: isolated leptons.

Yang Xuan's
Fast simulation

50



H->Z/Z"

S/B =65/31 S/B = 94/21

Needs more optimise for better
result

Resolution ~ 40-50%

ZZA\IniZ | P

taus 'A% qq
444 264k 9.24k
508 254 151k 5.29
170 85 508 1778
73 36 216 756

49 24 145 puvy S/B =97/18
8 4 24 86 vVhH S/B = 82/30

120 60 356 1246 eevv S/B = 54/67

vvqq
aa

ZZ\IniZ

vvee

Result from ini-Z to di-muon/electron: 15% comb 11.4% = 9.0%
Result from ini-Z to invisible: 11% comb 13% comb 20% = 7.7%;
including W fusion contribution, should increase the statistic by 18%; thus 7%
(comparing to 6.9% accuracy we achieved with Fast simulation at Pre-CDR)
In total: 5.5%

Reference Num at PreCDR: 4.3%
NEXE'8eD: Including other channels with leptonic final states 31



H->di photon

 Feng & JianHuan

« Converted Photon recovery algorithm: proved to be efficient & save back ~
10-15% of statistic: need further polishment

« Dedicated Photon Energy Estimator & Photon ID has been developed and
adjusted to CEPC_v1 geometry

14/06/2016
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H->di muon

e Cui Zhenwei, (Wang Binlong)
» Test bed for event selection tuning

- Cut based;
- MVA-BDT based:;

« Carefully designed BDT seems could largely improve the analysis result.
Checking details

14/06/2016
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pre-section 217.7
124.2<Hmass<125.5 163.2
90.7<Recoilmass<92.5 105.6
-55<Pzsum<52 93.3
29.2<Ptsum<62 88.5
-0.29<cosup<1 55.2
-1<cosum<0.20 47.5
O<arguu<178 46.5
pre-section

32.3<(InvMass-RecMass)<34.2
215.95<(InvMass+RecMass)<216.66
-0.88<(cosup+cosum)<0.87
-1.92<(cosup-cosum)<0.40
-62.1<pzsum<58.5
10.0<ptsum<62.4
0<Ptuu<178

14/06/2016

10356245
30050

419

290

269

69

48

42
2142 285346
98.4 7008
79.1 158
78.9 157
48.9 40
41.9 37
47.6 37
46.5 34

Events / ( 0.125)

A RooPlot of "InvMass GeV"

ro ~
AllA—'—‘—f—‘—a—Lll‘||||\||||||||||||\
- &
y -
t

922 1225 123 1235 124 1245 125 1255 126 1265 127
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