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Motivation

 Standard Model Higgs physics is one of the major topic in the 2 | ;

CEPC A L RS U -

. CEPC project m.s_. é’ :?
Electron-Positron collider, operate as Higgs Factory ~ || | ; 5
Hope to have more precise measurement in Higgs-relative
parameters. _dsx107

* In center of mass energy \/s~250GeV in lepton collider, the

Higgsstrahlung(ZH) process is the main production mode s’
W fllsioil — ]

* Design point: g
preCDR(CEPC_v1): /s = 250GeV, magnetic field B=3.5T, etc. 1 / T
Present(CEPC_v4): v/s = 240GeV, magnetic field B=3.0T, etc. 2 | 5

50 IDiD 15IEI EDiD 25;0 3IJID 35ID 400
V’:[GeV]
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Motivation

* Br(H - yy) = 0.227%, low branching ratio but clean final
state topology.

The measurement should achieve a relative high precision.

e [ %

* Present results from LHC ATLAS group: fw i

_ +0.14 [ _ -1 S 49190 ok

Hgiobar = 0.99g713 (L = 36.1fb7") 5= :

— ]

Arxiv:1802.04146 e :

107 =

Complex background components 0°EZy E
Low Br(H — yy) VS. Large background process XS

L T PSR

My [GeV]
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https://arxiv.org/abs/1802.04146

Monte Carlo Samples

(Generated with Whizard1.95, include ISR)

 Signal
ee - ZH - llyy
ee = ZH — qqyy
ee > ZH - vvyy

100k events
per channel

ee > ZH, H - yy,Z = inclusive 400k totally



Monte Carlo Samples

* Background Components
Similar final states with ISR photon

m Background Dominant one(chosen one) Generated event number

ee —» Z — ee/uu/tt+ISR photon ee > Z — eef/uu/tt+ISR ~26M(uu)+10M(77)
- ll + yy ee - WW — [lvlv+ISR photon photon
ee = ZZ — llvv+ISR photon
ZH ee - Z — qq+ISR photon ee - Z — qq+ISR photon 20M
= qq +vyy ee > WW - qqyy
ee - ZZ — qqvv+photon
ZH ee = Z — vv+photon ee = Z — vv+photon 200M
- vV +yy Other ee — invisible
process+photon

2018/5/24 gfy@mail.ustc.edu.cn 6



Simulation

* Full simulation
Use Geant4-based tools to simulate the detector response
ee > ZH, H - yy,Z = inclusive signal sample

* Fast simulation
Smear the objects with the resolutions and efficiencies from full simulation
ee - ZH — ll/gq/vv + yy signal samples
All background samples

2018/5/24 gfy@mail.ustc.edu.cn



Event selection ——ggyy channel

Signal: ee = ZH — qqyy Whizard1.95+Fast simulation,
Background: ee — qqyy B=3.0T, /s = 240GeV

Photon: 2 on-shell photon whose invariant mass is closest to my = 125GeV

Jets: Force the other particles into 2 jets

Define:
* v1/J1:photon/jet with lower energy
* v»/j2:photon/jet with higher energy



Event selection ——qqyy channel distribution

- IR o B LA N A B B e e A REAR= - S o A A A B e m m e e
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Event selection ——qqyy channel selection criteria

E,, > 35GeV

35GeV < E,, <96GeV

COSHW > -0.95, COSHJ-J->-O.95 Cosine polar angle between two photons/ two jets
pT,, > 20GeV, pT,; > 30GeV

110GeV <m,,, <140GeV | The selections are

not optimized

125GeV < E,, < 145GeV

min‘cosHW- ‘<09 Minimum cosine polar angle between the photon and jet



Event selection ——gqgyy channel cut flow

qq signal gq background

generated 100000 20000000
qqyy 99893 99.893% 13914611 69.573%
E,1>35GeV 99025 99.131% 120726 0.868%
35GeV<E);,<96GeV 97922 98.886% 55583 46.041%
cos6;;>-0.95 93631 95.618% 44012 79.182%
cosb,,,>-0.95 84930 90.707% 36794 83.600%
pT,1>20GeV 79339 93.417% 22481 61.100%
pT,,>30GeV 73929 93.181% 11733 52.191%
110GeV<m,,,<140GeV 73927 99.997% 4316 36.785%
125GeV<E),,<145GeV 73571 99.518% 3912 90.639%
min|cosB,;|<0.9 53088 72.159% 1972 50.409%
53.088% 0.010%

scaled to 5 ab-1 824.38 26674.65

2018/5/24
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Fit mOde|——qqyy channel

Fit variable: di-photon invariant mass

 Signal model
Double-side Crystal Ball PDF

'.-_'!'Qj}ll2

e if — Qlow < T < Qhigh

1. 2
g’f,_Qu:{UT_L'

if 1 < —ayuy

CB(my,) =N x § 7

" low
| m {R{vw _(-tiuw_'!:]]
1 2
ET-__QQ high

. Mhigh
Rhigh (Bhigh—0high—t)

ift > Qhigh

\

t = (my, — Ucp)/ocs
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Events / (0.27 ) (e

Pull

Z—0q, H—vy, Signal Events

CEPC, [L=5ab™, [s=250GeV
Signal Events, 824.33
= 196, Gp= 196

115

740
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MW[GW]



Fit mOde|——qqyy channel

* Background Model
2" polynomial exponential PDF

Z—qq, H—vy, SM bkg Events




Results——gqyy channel

— SM
PDFyym = u X N3 x PDF,
52200 -
S F CEPC CDR
= [Ldt=5 ab ", [s=250GeV
%1800 — Z—qq, H-yy
Elﬁl]'ll
141}0
121}0
100'0
wt L
ol T F}_
: H
200 -
— 1;5 — 140
M,, [GeV]
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+ Npig X PDFpyg

u= 09967

0.104
0.103
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Events /0.8 GeV

Results——all channels

Repeat the former process in the other 2 sub-channels

* CEPC Simulation

CEPC CDR
jl.d|=5 ab™, {s=250GeV
Z-u*, H—yy, 3T Fast

[ —S+BFit

[ = Signal

C '"%SMbkg

L1 | 1.1 |
116 118 120 122 124 126 128 130 132 134
M,, [GeV]

2018/5/24

Events / 1.2 GeVY

£

g

300

200

100

® CEPC Simulation

CEPC CDR
— §+B Fit
' [Ldt=5ab", /5=250GeV
— S'
renal Z—-vv, H-vy
----- SM bkg

?lol L1l

L1 1 L1 1 L1 1 |
115 120 125 130 135 140
M., [GeV]
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w30 tats

llyy
qqvy
142444

combined

0.9971%4%%
0.99613103
0.99719 138

0.9961J%%%
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Comparison due to different magnetic fields
——uuyy channel

Magnetic field design: 3.5T(preCDR) — 3.0T(present)

Effect: charged particle reconstruction and resolution

o
w

50.16— . = ! o -
S 04t E 5025 | CEPC - =
- 012_ — 35T _i % 02:_ — 3.5T _:
0.1 - - -
0.08 - 015 A =
0.06 - - 0.1 =
0.04 - - .
. 0.05 =
0.02F = : i
%o 70 B0 0 100 110 120 20 125 130 135140 145 150 155 160 165 170
m,, M
width(double-side CB) width(double-side CB)
3.5T: 1.01+0.73GeV 3.5T: 0.21+0.07GeV
3.0T: 1.05+0.69GeV 3.0T: 0.334+0.08GeV
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Comparison due to different magnetic fields

Measurement precision in 3.5T
fast simulation by Feng Wang

Measurement precision in 3.0T
fast simulation present

Channel 6(Br X 0)/(Br X o)
ZH - puyy 41.11%
ZH - t1yYy
ZH - qqyy 10.35%
ZH - vvyy 13.65%
Total 8.09%

Channel 6(Br X 0)/(Br X o)
ZH - puyy 30.04%
ZH - tTyy 32.14%
ZH - qqyy 13.56%
ZH - vvyy 14.26%
Total 9.0%
2018/5/24
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I Not completely repeat
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Further work

e Simulation method:

fast simulation
Include photon conversion,
track reconstruction, etc.

full simulation

Photon conversion:

High- energy photon converted to di-electron, which
is not considered in fast simulation

» Lose 7.5% events
» Broaden the m,,,, peak

Precision: 10.6%(fast sim.) vs. 12.8%(full sim.)

Events

Pull

Pull
- m ow R o o®m o @ o®
r = W3 & o & & &8 & & & &8
III|H—k—HI|IIHII|IHI|IIII‘IIII|II\\|IIII|IHI|IIII‘IIII|II\
=

Z—qq, H—77y, Signal Events

CEPC
[Ldt=5 ab”, ¥5=250GeV
Z—qq, Hoy
Signal Events,844.55

T)LT T/L
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JIIIlIII \II|IIII\I‘I\I‘III|III|II\|\II|III

Ty
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L
Y
130 135
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Z—qq, H—77y, Signal Events

My ,[GeVT”

e

GEPC
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L—qq, Ho7
Signal Eventsi§28.08
6= 3.15

Moo A

H o AL &

il

N
EER A

1

Full sim. Width=3.15GeV
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Further work

* Measurement variable (fast sim. uuyy channel for example)

recoil
My, Myy

Z-p*w, H-yy, 3T Fast

£

& 100

o * CEPC Simulation

CH - s CEPC CDR

% gg— — S+BFit p

S h [Ldt=5ab", 5=250Gev
[ = Signal

E

@

-

=

=
=

- +SM bkg

L

10—

&
T TT

Ll L L Ll
T3 118 120 122 124 126 128 130 132 134
M,, [GeV]

my,
Precision: 47.2%
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Events/0.56 GeV

recoil

» My My

CEPC CDR
jl.dt=5 ab™, /s=250GeV

I —
8 &

g
T T 17T

80

‘§6 88 90 92 94 9% 98 100
M [GeV]

recoil
myy
Precision: 93.8%
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nts / 1.6 GeV

600 > 200
. CEPC Somat . —
CEPC Simulation CEPC CDR é E CEPC Simulation C EPC C DR
— S+B Fit . & [ —S+BFit .
[Ldt=5ab", {s=250GeV = o [Ldt=5ab™, (s=250GeV
so0| — Signal P F — Signal
SM bkg 5 160 — SM bkg
F 4 =
00— F
l 120
1 L
300 — ] 100~
! [
]

s

20— 1 r
C % 60—

100; ! 40} 1: by
C ) .
C ' 0
L ; e L
.:MWHMA_JMII\QT*H-tAJKL\ Gt v b b by JI0 T I
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ﬁ@r’ﬁr*

-
. Lol
% 95 100 105 110 ‘?05 110 115 120 125 130 135 140 145
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My p
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myy
Precision: 81.6%
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Conclusion

* The present §(Br X d)/(Br X g) for H = yy reaches to 8.09% with
the results combined with 3 sub-channels, and can be approved by
optimizing the selection methods.

* The change of magnetic field has limited influences in the
measurement precision.

* Next step: apply the full simulation into all sub-channels for a more
credible simulation.



2018/5/24

Thank you

gfy@mail.ustc.edu.cn

21



Back up
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[lyy channel cut flow

Select uuyy final state from Il samples

puu signal 7T signal uu background t1 background
generated 100000 100000 26930165 10000000
Uuyy 138039 | 138.039% 3274 3.274% | 1393678 | 5.175% 6204 0.062%
E,>35GeV 100602 | 72.879% 2980 91.020% | 149107 | 10.699% 1045 16.844%
|c059y| <0.9 83759 83.258% 2470 82.886% 58507 39.238% 369 35.311%
10GeV<pT  <70GeV 83740 99.977% 2470 100.000% | 55978 95.677% 358 97.019%
30GeV<pT ,<100GeV 83509 99.724% 2466 99.838% 48173 86.057% 327 91.341%
110GeV<m,,<140GeV 81610 97.726% 2449 99.311% 16799 34.872% 126 38.532%
84GeV<M]’;f,C0”<1O3GeV 71416 87.509% 2180 89.016% 3174 18.894% 37 29.365%
125GeV<E,,<143GeV 71409 99.990% 2180 100.000% 3048 96.030% 35 94.595%
min|cos6,,[<0.9 71248 99.775% 2172 99.633% 2704 88.714% 35 100.000%
71.248% 2.172% 0.010% 0.0004%
scaled to 5 ab-1 55.43 1.66 2677.23 83.18
2018/5/24 gfy@mail.ustc.edu.cn 23




vVyYy channel cut flow

vv signal vv background

generated 100000 10000000
VVYyy 109362 109.362% 339131 3.391%
Ey>3OGeV 107475 98.275% 241700 71.270%
|cos6, | < 0.8 71613 66.632% 31037 12.841%
PT],>ZOGeV 69172 96.591% 10351 33.351%
120GeV<E,,<150GeV 68731 99.362% 3783 36.547%
110GeV<m,, <140GeV 68727 99.994% 1752 46.312%
68.727% 0.018%

scaled to 5 ab-1 360.82 4436.2

2018/5/24
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Results from Feng Wang ——vvyy channel

* Cutl: E,>35GeV

* Cut2: ‘COSgyl < 0.84

* Cut3: MJ£°"<110GeV

* Cutd: pT,,1>37GeV & pT,,,>48GeV

Channel Generate cutl cut2 cut3 cutd
nnH aa  Efficiency  100%  82.94% 61.22% 57.45%
nnH_aa 557 557 462 341 320

nnaa 1276400 401626 105008 16182 13231

2018/5/24 gfy@mail.ustc.edu.cn



Results from Feng Wang ——qqyy channel

. Cutl:Ey>356eV
e Cut2: |c059y| <09

* Cut3: 20GeV<pT,1<97GeV & 26GeV<pT,,<100GeV

* Cutd: 85GeV<M;£°"<100GeV
* Cut5: pT,,>118GeV
* Cut6: 130GeV<E),, <150GeV

Channel Generate cut2 cut3 cut4 cuth cutb
qqH_aa  Efficiency 89.41% 75.81% 54.38% 34.78%  34.78%
qqH_aa 1460 1238 3888 268 268
qqaa 11011914 2027271 803856 228018 93878 24390 19184
WW 42455430 20339 6616 17 0 0
77 5805561 2913 990 o1 17 11
WWOI'ZZ 19700221 8723 3630 14 14 14
2018/5/24 gfy@mail.ustc.edu.cn
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Results from Feng Wang ——tiyy channel

* Cutl: Ey>3SGeV

e Cut2: |c050y| < 0.9

* Cut3: 20GeV<pT,1<93GeV & 30GeV<pT,,<100GeV (uu channel)
30GeV<pT,1<93GeV & 36GeV<pT,,<100GeV (T channel)

* Cut4: 86GeV<M] £ <100GeV

* Cut5: 136GeV<E), <148GeV (uu channel)
130GeV<E,,<148GeV (uu channel)

* Cut6: min|cos6,;|<0.9

Channel Generate cutl cut2 cut3 cut4 cuth cutb
pp~H_aa Efficiency  100%  91.56% 72.28%  55.42%  54.21% 42.17%
T H_aa 83 83 76 60 46 45 35

utu"aa 1135659 214725 66703 23786 6427 1887 1026
777 H_aa Efficiency 98.67% 89.33% 61.33% 48.00 % 46.67% 41.89%
T+~ H_aa 75 74 67 46 36 35 31

7" aa 429975 146922 49424 14533 3562 1778 1410

2018/5/24 gfy@mail.ustc.edu.cn
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Fast

Full

After: UnCut Cutl Cut2 Cut3 Cutd

Run: 39997 39183 29304 25274 22378

Signal Weighted: 1632 1599 1196 1031 914

914 Efficiency: 100% 97.96% 73.27% 63.19% 55.95%

Run: 11300000 99092 91418 51406 33601

Bkg Weighted: 11011914 96565 89087 50095 32744

32744 Efficiency: 100% 0.88% 0.81% 0.45% 0.30%

After: UnCut Cutl Cut2 Cut3 Cutd

Event: 37154 36540 27597 23821 20296

Sig Weighted: 1516 1491 1126 972 828

828 Efficiency: 100% 98.35% 74.28% 64.11% 54.63%

Event: 11300000 92362 85041 51049 29900

Bkg Weighted: 11011914 90007 82872 49747 29137

29137 Efficiency: 100% 0.82% 0.75% 0.45% 0.26%

Sig: Fast:914 * 92.5% = 845, Full: 828

Bkg: Fast:32744 * 92.5% = 30288(could be different) Full: 29137

2018/5/24
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Results from Yitia N——gqyy channel fast sim. VS. full sim.

Cutl: E,>35GeV,

COSHY| < 0.99

Cut2: (cosfy, + 1) (cos@Yz — 1) < —0.07
(cosB,; — 1) (coséyz + 1) < —0.07
|0059y1 + C089y2| <09

Cut3: cos(py1, Precoir)> -0.95
COS(per precoil)< 0.70

Cutd: E,, < 0.48M,, + 41GeV
E,, > 0.74M,, + 41GeV
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