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The properties of Higgs boson Higgs
Precision test of SM
What are dark matter and dark energy?
Supersymmetric particles
Why is there more matter then antimatter

Symmetry breaking
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Number of 1Ps

7

Energy (GeV)

30

Circumference (km)

100

SR loss/turn (GeV)

0.34

0.036

Half crossing angle (mrad)

16.5

Piwinski angle

7.74

238

N /bunch (10'")

)

8.0

Bunch number (bunch spacing)

1220 (0.27us)

12000
(25ns—10%gap)

Beam current (mA)

879

461

SR. power /beam (MW)

30

16.5

Bending radius (km)

10.6

Momentum compaction (10-3)

.11

3, X/v (1m)

0.36/0.0015

0.36/0.0015

0.2/0.0015

Fmiltance x/v (nm)

[.21/0.0031

0.54:0.0016

0.17/0.004

Transverse o, (um)

20.9/0.068

13.9/0.049

5.9/0.078

. .J'I \:‘:L"".I P

0.051/0.109

0.013/0.12

0.0041/0.056

Vi (GV)

0.47

0.1

[ pe (MHz) (harmonic)

650 (216816)

Nature bunch length o (mm)

2.98
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Bunch length o. (mm)

6.53

8.5

HOM power/cavily (kw)

0.87(2cell)

1.94(2cell)

Encrev spread (%)

0.066

0.038

Energy acceptance requirement (%4)

Lnergy acceptance by RIY (%)

1.47

Photon number due to beamstrahlung

0.44

Lifetime simulation (min)

100

Lifetime (hour)

0.67 (40 min)

F (hour elass)

().89

3T->2T

0.2/0.001

/
— (.17/0.0015
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Number of events

for Sab™}

_ Process Cross section
Sx10°
Higgs boson production, cross section in fb

Events in 5 ab™!

ete” = ZH 212 1.06 x 10°

o’ ete™ = vvH 6.72 3.36 x 104
1S x 1

ete” - ete  H 0.63 3.15 x 10°

CEPC: 1M Higgs events, 10B+ Z boson

raimll= L FFRE Higgs 45, BERES—T=2N

EREXESHRINERETEEI — T =4

Flavor physics at Z pole + X3 F 3 1E




PFA: particle flow algorithm
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CEPC detector

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

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




Vertex & Silicon Tracking system

e \VTX: Inner most layer Radius: ~16 mm, Spatial resolution: 3~5 um

e Massive usage of silicon pixel/strips in the tracking system & VTX:
ensures good accuracy in Impact parameter & momentum
measurement
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Imaging calorimeter iy 8-D tor even
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Role of calorimeter

DRUID, RunNum = 0, EventNum = 23

10c
20 GeV Klong reconstructed @ ILD Calo i



IFrom Hits to Final State Particles
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CEPC software

Generators
Simulation
Reconstruction
Calibration
Analysis
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PFA oriented Detector &
Reconstruction

SEEMRE Y BN, SR, SESHXEMENS




SCRAC

Stdhep w0

GDML/Root

. co root
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Generator
Whizard, PYTHIA
(ref samples
Available)
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i\!'«r.‘espondence
Realistic: recon. \h\ys\ics Objects
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Performance: R \\‘
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Photon & Separatio
Lepton

Composed objects
JET/MET

Higgs analysis at e+e-
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Z—2 muon
H—-WW*—eevv
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E=: jet (tau)
Jet-clustering
Jet-substructure
Jet-flavor-tagging, gluon ID



Reconstruction Flow

|

Primary Vertex Finder

o

Vertex finding first,

Secondary Vertex Finder Jet finding second

U

Jet Finder

could go here

Flavor Tagging

Current procedure

4

s U G R i Y G Y G

Apply TMVA Weights

Jet-Vertex Refiner H_ Vertex charge optimization
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% BB ZHYFFAIE

WA SMAANAAAA S NN AAANAAANAAS

AN NNNANT NN NN N NN NN

B 395567 83099 156094 76239 80135
C 396692 223238 169400 3392 662
uds 393310 382522 10511 171 106




nvtx=0 trk1dOsig trk2dOsig trk1z0sig trk2z0sig trklpt_jete trk2pt_jete jprobr5sigma
jprobz5sigma dObprob dOcprob dOgprob zObprob zOcprob zOgprob nmuon
nelectron trkmass(17)

nvix=1&& trk1ldOsig trk2d0sig trk1z0sig trk2z0sig trklpt jete trk2pt jete jprobr jprobz

nvtxall=1 vtxlenl jete vtxsigl jete vixdirangl jete vtxmoml_jete vtxmassl vtxmultl
vixmasspc vtxprob dObprob dOcprob dOgprob zObprob zOcprob zOgprob
trkmass nelectron nmuon(25)

nvix=1&& trk1dOsig trk2d0sig trk1z0sig trk2z0sig trk1lpt jete trk2pt jete jprobr jprobz
nvtxall=2 vitxlenl jete vitxsigl jete vixdirangl jete vtxmoml jete vtxmassl vtxmultl
vitxmasspc vtxprob 1vtxprob vtxlen12all jete vtxmassall (19)

Nvtx>=2  trk1dOsig trk2dOsig trk1z0sig trk2z0sig trklpt jete trk2pt_jete jprobr jprobz
vixlenl jete vtxsigl jete vtxdirangl jete vtxmoml jete vtxmassl vitxmultl

vixmasspc vixprob vixlen2 jete vtxsig2 jete vtxdirang2_jete vixmom2_jete
vixmass2 vixmult2 vtxlen12 jete vtxsigl2 jete vtxdirangl2 jete vtxmom jete
vixmass vtxmult 1vtxprob(29)



b tag with ¢ background b tag with uds background

xoboost(area=0 014€62]
odt{area=0.021653)
dnn(area=0017/063)
GEDT(arca=0014719)
gcforestiarea=0,020932)

xgbocst{area=0.05825€)
bdt{area=0.,07£850)
dnn{area=0.067752)
GEDT(area=0.060556)
gcferest(area=0.085€49)

0.7 0.8

Tagging efficiency Tagging effic ency

C tag with b background C tag with uds background

xghoost(area=0 125426]
adt{area=0.142513]
dnn{area=0.131730)
GEDT(area=0126424)
— gclforestiarea=0.1416C5)

xghoost{area=0.101787)
bdtiarea=0.126417)
dnn{area=0.117811)
GEDT{area—0.105818)
geforest{aream0.139254)
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CEPC physics

Higgs
W
Z&flavor

Top



Model-independent measurement of o(ZH)

<12’

CFEPC Preliminary o PR BRI L B A ]
. | CEPC Prehmmar_v (\\] - D;:\ r:_ __"j GeV polie, C') = (0,0) -
L pus | L&t =5ab i =D v Q009 ' .
3000 - — SuBFH & = 250 GeV 2 [ S [Lat=5ab"
_ i(.”‘(. Simwlation —— Signal ‘Lat=5 " w [ DZZ - aall ]
& 'y 2000 2~ - 1
. i — S - Backzround 2i— e*eH 200 -1
& . [ RBackground : 1
»
~l % — / ”~ —i; |
£12000( 0.9% 2 2 1 o/, b 0.656% ]
; : i 0 - ]
< | | = ' , [ ]
E | - 'fm b :
£ | \ 1000} o
= 1000 t -
mh " \ - [~ \ = [
- \ - \ 50 |
- \ \
N\ - _
ob—u / T e 9 l T ‘ 0
120 125 130 135 140 20 130 140 150 100
nu a y c'e - y
M, _alGeV] M [GeV]

* Recoil mass method. Combined
precision: |2
0o(ZH)/o(ZH) = 0.5% - ‘ ¢ X ‘
og(HZZ)/g(HZZ) = 0.25% o2 , | Lo Rel ( . )

* In-direct measurement on g(’HHH): . - ) v
~60% in 7 para fit and ~ 70% in 10 Oa = 10020z +0.0140%) 4

para fit
« M. McCullough, 1312.3322



Higgs width measurement

e g(HXX)~T = [ _*Br(H-XX)

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

e I |:determined from:

tota

- From o(ZH) (~g°(HZZ)) and o(ZH)*Br(H~22Z) (~g*(HZZ)IT )

- From o(ZH)*Br(H—bb), a(vwvH)*Br(H—bb), o(ZH)*Br(H—=WW), 6(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, ab,cc, gg)

total



I
Higgs width measurement

_ —#— CEPC Simulation CEPC Preliminary CEPC Preliminary

WW Fusion; | L=5%5ab"

wHH»Z2% 5 Myq; | Ldt =5 ad' 6000 -

—&— CEPC Simulation
w— S4B Fir

? > = WW Fusion
r= ,G: ZH Backgrounds I
et - 4000 Other BackgroundsI
= A, i
£ ks |
S -
E = | |
s = 2000 ‘

- J

: 0 .E-—J’j"?"’ '
110 120 130 140 50 _ 100 150
M[GeV] M [GeV]

Br(H->ZZ): relative error of 6.9% achieved with ZH->ZZZ*->vv(Z)llqg(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



Event rate & Branching ratio
measurements

Table 3.12 Estimated precisions of Higgs boson property measurements at the CEPC. All the numbers refer

to relative precision except for My and BR(/ — 1nv) for which AMy and 95% CL upper limat are quoted

respectively.
AMy 'y og(ZH) o(vvH) x BR(H — bb)
5.9 MeV 2.8% 0.51% 2.8%
Decay mode o(ZH) x BR BR
H — bb 0.28% 0.57%
H — cc 2.2% 2.3%
H — g9 1.6% 1.7%
H— 1T 1.2% 1.3%
H—->WW 1.5% 1.6%
H—- ZZ 4.3% 4.3%
H — 7 0.0% 9.0%
H — up 17% 17%
H — inv — 0.28%




GENTLE

W mass scan

Theoretical uncertainty still missing

With the configurations :

If we taking data at:

A. One points: MeV (162.5 GeV)
B. Two points: MeV, MeV (E,=157.5, E,=162.5GeV, F,=0.3)
C. Three points: MeV, Aly,~ ~ MeV (E;=151.5,E,=162.5,

E3=161.5G8Vr, F1=O.3, Fz=0.9)



The 1ni1tial state radiation in e” e collider

ﬁ + . C

Na 4
70 "t
>

10 7}

369 37  3.71
E_ (GeV)




The ISR correction factor

The experimental observed cross section:

0% (s) = / | F(z,s5)0(s(1—2x)) da
J O
"L'm | : | B —] _‘
= / Fl(z,s) 7 (s{1=7)) dx,
J ()

L=TI(s(1—x))

The ISR correction factor is defined:

14+8(s) = o%(s)/o°"(s)

The factorized born cross section:

O.u]_ls (S)

o”(s)=(1+4+46(s)) A.

1/[1—T(s)]?




The line shape of a(e” e—Z H)

200 , 250
sqrt(s) (GeV)( e'e— u*u'H)




Model dependent fit

The parameters in the
formula are Z mass, Z width, o

higgs mass and the weak Born
mixing angle 8,

" Dala

The four parameters are
float in the fit to propagate
the uncertainties of the
observed cross section.

| 200 250
Fit result shows that by sqrt(s) (GeV)( e'e— u*H)

collecting data sets list on
the right table, the Scan data above ZH threshold

uncertainty of 1+ is 0.5% Vs (GeV) 220 230 250
L (fb™) 50 50 500




Measure the line shape iIs an issue

Direct measurement

e | ine shape from data
necessary

e Scan from threshold

e |t needs a lots of data-taking

38



Summary

CEPC is a very challenge project for theory, experiment,
and politics

Higgs simulation in good shape
EW has only a few simulation studies
Flavor physics missing at present

Precision calculations are more than appreciated

39



