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At CEPC
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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

* Leptonic final state
* Next step:

- Data driven method for sys. control? MC/theoretical uncertainties, ...
- Differential distributions

2016/04/07-08 CEPC-SppC Workshop, IHEP



Higgs analysis: Status at PreCDR

Higgs 4
qq;
a9
MM, YY
T
WW, ZZ,
Zy
>
| A% qaq Z boson
decay

Final state
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Fast Simulation

Extrapolation




preCDR -> present

A
Higgs
qq.
a9
>
MM, vy
TT
WW, ZZ,
2y
>
I vV qq Z boson Significant progress had been made on
decay Br(H->bb, cc, gg)
Final state Br(H->WW, Z2)
Br(H->exotic)
2016/04/07-08 CEPC-SppC Workshop, IHEP Br(H->di tau, di muon) 5
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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 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%
20 PreCDR



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

« Key points
- uuH: different template fit technologies to be compared and understood
- qqH:
 Complex analysis:

- Jet clustering algorithm,
- Hard gluon emission & jet correlation
- Matching
- Systematic control
- eeH & tautauH: to be covered

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

2016/04/07-08 CEPC-SppC Workshop, IHEP



Cut Definition Sig. qq ggnn
Generated 16260 | 25M 183K
FSClasser output 16768 | 25M 183K
NPFO[E}UAGQV} =20 16748 23M 163K
110 < Ega < 150 146589 | 10M 126K
Pr>19 13687 | 34K 116K
[solation lepton veto 13429 | 33775 115K
100 < M,y < 135 12827 | 9506 10420
W0 M. <125 12166 | 7521 10045
0.15 <y <1 12003 | 7405 9702
yaz < 0.06 10902 | 6644 8456
yiy < 0.008 10377 | 6504 7878
=098 < COS(H:.E::;M) <=04 | 10284 | 5766 5454
BDT = 0.04 8705 331 465
Significance 84.92
Efficiency 33.5%
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H->WW* && H->ZZ"

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

- Final states with at most 2 jets

- Lepton ID&lsolation and total E/P resolutions: key ingredients for these
analysis

WW*
- Dedicated Isolation lepton finding algorithm has been developed & tuned
7"

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

2016/04/07-08 CEPC-SppC Workshop, IHEP 9



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

- Yugqian will talk on ZZ* analysis

2016/04/07-08 CEPC-SppC Workshop, IHEP
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H-> WW*

Higgs
> A
ww*
6q: challenges
4q jet clustering

2qlv
lIvv
I 7T wv qq Z boson
decay
Final state

2016/04/07-08 CEPC-SppC Workshop, IHEP
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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 < MAH <150GeV 66 118 2548 0
Niemain < 3 66 56 2442 0
10GeV < MU <65GeV 58 46 411 0
40 GeV < Epgissing < 100GeV 55 26 231 0
(o) + Ghgg)? <5 54 7 226 0
Total Py > 20 GeV 52 3 3 0

Table 2: Cut chain of yu final state

Obj Eff = 90%
Sig Eff = 60%
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M. (GeV/c?)
Category Signal ZH zZ Single Z
Total 348 34624 5499688 7788916
Nzpole = 2 Nisotep = ;1= ¢ 61 114 4 1807
80GeV < MM < 100GV 53 105 2 1165
120GeV < MY <150GeV 52 101 1 726
NRemain <3 51 60 0 692
10GeV < M <65GeV 49 47 0 49
35 GeV < Epigsing < 100GeV 49 27 0 31
(op) + GEgg)? < 6 39 4 0 24
Total Py > 20 GeV 36 4 0 0

Table 3: Cut chain of ee final state

Obj Eff = 70%
Sig Eff = 41%
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ap 2
M., (GeV/e?)
Category Signal ZH 7z Single Z
Total 348 34624 5499688 7788916
NZPale = 2; N]m[g[, = 2; l| =e, 12 =u 147 136 32 1
80 GeV < M* < 100 GeV 134 119 21 0
120 GeV < M4 ™ < 150 GeV 130 117 15 0
Nremain < 3 130 89 3 0
10 GeV < M#* < 65 GeV 123 79 3 0
35 GeV < Eptigsing < 110 GeV 123 68 2 0
GRR + G < 4 105 0 0 0

Table 1: Cut chain of eu final state

Obj Eff = 85%
Sig Eff = 60%

7% accuracy achieved with counting: improved by a factor of 2 to pre-CDR

2016/04/07-08
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Table 5: Cut chain of semi leptonic decay of H - WW”* — puvqq
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H->di photon

M,, without geometry correction Mw with 6 & ¢ correction 8(Brxo)/Brxc vs SE/E
5 fullinit_barrel F50 fullphi_barrel s 350
_50 ullini_barre _ © __
2°(—Full 2 |—Full 2 %L
c Mean 120.6 = Mean 1245 s} A
300 RMS 4211 L%UU F RMS  3.17 g sof
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* Feng, JianHuan(UChicago), Binsong & Dan

» Fast Sim result (9%) is under validation with Full simulation.

* Expected accuracy parameterized as Photon Energy resolution (at Fast Sim level)
» Dedicated algorithms developed:

- Converted Photon recovery: save back ~ 10-15% of statistics

- Photon Energy Estimator: adjusted to CEPC_v1 geometry
2016/04/07-08 CEPC-SppC Workshop, IHEP 16
- Photon ID



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

2016/04/07-08 CEPC-SppC Workshop, IHEP
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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

2016/04/07-08

A RooPlot of "InvMass GeV"
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H->di-tau

* Yu Dan

« Test bed for PFA: a straight forward tau finder use #Track & #Photon & MVA
information has been developed & Tested on inclusive Higgs sample

- Eff: 98.5%

- Purity: 74% (remaining is mainly H-WW/ZZ—lepton/tau events)
 Goal:

- Develop tau finder in Jet environment;

- Tag tau decay modes;

- Explore differential measurements with Tau decay final states

2016/04/07-08 CEPC-SppC Workshop, IHEP
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2016/04/07-08

H->dI tau

#— Tagged ns (o evenis dofy
— S+ Fii

800 — ,
| :;ﬁtHMMnEdﬂtﬂ lﬂ{l'ﬂ |
600 — upH - o - vvH
$
:E i
= S00
-5 0 0 fommms
Iung(D02+Z02}

Without other SM background, relative accuracy

- MMH channel: 2.6%

- vvH channel: 1%

Common background samples will soon be provided...

CEPC-SppC Workshop, IHEP



Higgs exotic

Higgs — invisible via recoil mass spectrum

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

Higgs — leptonic exotic mode

- H — ee: Wanglei @ PKU

Higgs — hadronic mode

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

e H—tc, tu
« H— bs, bd
- H — semiinvisible: Jiawei, Kevin (Hongkong) & Zhenxing

2016/04/07-08 CEPC-SppC Workshop, IHEP
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Higgs invisible decay
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ZZ line shape used
to control
background
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H — ee: SM Branching ratio ~ o(107°)
Uplimit at CEPC: one order of magnitude

up

up

up

up

g

Higgs leptonic decay

MC sample parton level
signal sample | Madgraph
zZ Whizard
ww Whizard
signal Z Whizard
signal W Whizard
single Zor W | Whizard

ZZ or WW Whizard

better than current LHC result

To explore: H — ey, ut

2016/04/07-08

1000 -
800 -
600 -

400

Entries/(0.125 GeV/c?)
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125
M (GeV/cd)

INVIMass

—4— CEPC Simulation

—— (Global Fit

-«--- CBShape
CBShape

—  Background

The limit results is 0.1665%0 at 95%
confidence level

leptonic decay channel

BR upper limit at 95%

collaboration

Journal

h->ee 0.19% cMS Phys. Lett. B 744, 184

h->pp 0.15% cms Phys. Lett. B 744, 184
0.16% ATLAS Phys. Lett. B 738, 68

h->ep 0.036% cms CMS-PAS-HIG-14-040

h->et 0.69% cms CMS-PAS-HIG-14-040
1.04% ATLAS unpublished

h->ut 1.51% cms Phys. Lett. B 749, 337
1.43% ATLAS unpublished

http://indico.iheprpe: yeverddadS/aantribution/12/material/slides/0.pdf 73




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)
2016/04/07-08 CEPC-SppC Workshop, IHEP 24



H->Exotic, hadronic

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

0.2
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£ i
z M0 Cut1: M : =
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Cut2: M
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e _
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Higgs Backgrounds
— 77 Backgrounds

B-likeness for

_

—— Signal
Higgs Backgrounds
—— L7 Backgrounds

0
0

0.2

0.4 0.6
P(b,)

0.8

g Cutd: M,
B o8 (10 — 21 GeV)
g
L KH_P__
00 50 100 150
M, (GeV/c?)
Object Cutl  Cu2  CGut3  Cutd
found | m m, blkenes m,
Signal 17 15 15 12 10
ZHBGs 3409 3072 30030 1602 4
ZZBGs 53790  28119% 08B 4 il

Cut3: sum(B-likeness) > 0.9

« 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

« Todo: a fifi¥eamrsvrprdspdEdE Harameter space

2016/04/07-08
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Core:

2016/04/07-08

absolute measurements of Higgs
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—Z2) 4.3% 4%
o(ZH)*Br(H—TT) 1.2% 1.0%
o(ZH)*Br(H—yy) 9.0% 9.0%
o(ZH)*Br(H—pup) 17% 17%
o(vvH)*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—bbxx, 4b) 95%. CL = 3e-4

<103

26



It's time to consider systematics

» All possible resources of systematic
uncertainties should be investigated and
evaluated

« Beam energy:

- O(MeV)@240GeV
- 0(0.1MeV)@91GeV

 Integrated luminosity O(10-3)
» Jet correlation/hard gluon emission

2016/04/07-08 CEPC-SppC Workshop, IHEP
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ISR and Born cross section

250

B CEPC Preliminary
400 — —+— w/i ISR

- == BORN

etes — ZH(y)

L 200
=

150

Ly . s[(sé?\?/cz)z] conn
0.5% precision
o need not only MC,
200 300 400 S00

[s(GeV) but a reasonable
data taking plan

2016/04/07-08 CEPC-SppC Workshop, IHEP 28



Detector optimization

« Understand the motivation and carefully modify/edit the geometry accordingly

« Validate the detector geometry

 Tune/optimize the reconstruction & Understand the detector performance

Single particle level: reconstruction/PID efficiency
Overlap particle level: separation performance, essential for PFA
Multi-particle object: Tau & Jets

Tech. oriented, Time consuming & need strong experts (see Mangqi's talk)

« lteration of the benchmark physics analyses

2016/04/07-08 CEPC-SppC Workshop, IHEP 29



Summary

* Profound understanding of detector performance with PFA. Details in
Manqi's talk

* Lots of analyses covered by full simulation, more to be covered

« Systematics under consideration

Beam energy/Luminosity/MC(theoretical inputs) ...
Jet clustering algorithm
Tracking, PID and jet flavor tagging

Data driven method for the syst. Control is under discussion

 Plan for CDR;

Serval detector geometries and performance curves

Reasonable experimental strategy

2016/04/07-08 CEPC-SppC Workshop, IHEP
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Backup

CEPC-SppC Workshop, IHEP
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Non Higgs Topic

 EM measurements:

- TGC (#i3K)
- Wmass + Width

- Neutrino generation

FB

e New Physics ( =5 )
 Systematic controls (8L, EF, Z=HD
« Reconstruction oriented

e Detector optimization
- Calorimeter ( &, BFRA )

2016/04/07-08 CEPC-SppC Workshop, IHEP



CEPC Higgs Analysis: Status at Aug 2015

di-muon

o(ZH)

MH

o(ZH)*Br(H—bb)

o(ZH)*Br(H—cc)

o(ZH)*Br(H—gg)

G(ZH)*Br(H—WW)

o(ZH)*Br(H—Z2)

di-electron di-neutrino

di-jets

di-taus

0(ZH)*Br(H—TT)

o(ZH)*Br(H—vy)

o(ZH)*Br(H—up)

o(vwH)*Br(H—bb)

Br(H—invisible)

Br(H—exotic)

CEPC Fast Simulation

2016/04/07-08

CEPC-Snn( Waoarkshon THEP
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Newly formed Working groups

B¥ i + T (i
+ Wi
a9, > - 7 7Ry =S\YA
ag W + Z=H + 29+ R
MM, YY
T T + & + I+ B
WW,ZZ, .----------
I Il B BB BB I N BB BN =N =
>
| A% qaq Z boson
decay

Final state
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H -> WW* &8& H->ZZ*

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

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

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

2: v +4q; Il + 4q
JER (peak at 125 GeV);
mixed with Higgs backgrounds

2qlv Z->w/ll & H->2q, H->ZZ* -> 4q
B-tagging can be used to veto 40% of ZZ,
(+ B%F)
livv Bkg: Higgs noise
-
| TT wv qq 7 boson 3: qq + 2qlv/llvv, Jet Clustering +
decay Iso lepton

Final state
2016/04/07-08 CEPC-SppC Workshop, IHEP 35



vvH

e I I LN

Truth 7419.1 326.6 971.0 329.9
Mean 7419.0 3250 969.4 3300
RMS (fitTo) 88.1 28.4 38.8 -
RMS (ToyMC) 87.1 30.1 39.6 -
Relative emor 1.23% 2.3% 4.2% -
1/sqrt(Truth) 1.16% 5.5% 3.2% -

2016/04/07-08 CEPC-SppC Workshop, IHEP
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