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1.Introduction

2.Signal and background
3.Cut-base optimization
4.BDT optimization

5. Summary



95% CL limit on Hy

“Search for the Standard Model
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PID Efficiency

0.8

&
=)

lcos(0)] < 0.98

— ui

—

— 1t

P (GeV/ec)

» Shape information

v'Depth: CluDepth
v'Width: avEnDisHtolL

'Pion > Hit information

v'"Numbers: NH_ECAL, NH_HCAL
v'Energy: Eclu, EEClu, EHClu,
EEClur

v'Position: SDTheta
v'Distribution: Fractal Dimention

% »Track information: dE/dx



MC sample

Signal: Higgs > p*+u

full

Bkg:
fast

af 77

4f WW(SW)

4f Sz

4f 7ZZorWWw

2f

Event generator:WHIZARD 1.95

Detector simulation: MOKKA(cepc_v1 model)

Particle reconstruction: arbor_v1
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cosup polar angle of pu*
cosum polar angle of
Ptuu the angle between the muons’

transverse momentums
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Divide the signal equally
with random number.

Part A : Find sections.
Part B : Get test result.

All vars in Part A:

Pre-section

Find the max Z

Section
(End:Z,,,>Z or
(cutl,4-cutl)<e)

Part B: test and fit

Nsig : 250,000 fb!
Nbkg : 5000 fb-
L=5000 2z
pre-section 390775
122<Hmass<127 4653

90.7<Recoilmass<92.5 466

-55<Pzsum<52 363
29.2<Ptsum<62 322
-0.29<cosup<1 155
-1<cosum<0.20 113

O<arguu<178 112

ZZOrww

463361

31617

769

607

526

74

40

40

Sz

101164

1130

65

47

42

15

ww

183751

9016

318

226

191

16

9

2f

9217194 10356245

96095

436

141

128

46

31

17

bg

142511

2054

1384

1209

306

202

187

signal

217.64

196.77

110.29

96.73

91.18

56.62

48.93

47.75



Events/(0.125)

A RooPlot of "InvMass GeV"
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RecMass 90.7| 925 90.6| 924 90.6| 924 90.6| 924
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fb 580.0 562.7 460.0 570.0
fb+fs 584.2 567.2 464.0 575.0
Significance 243 2.54 2.35 271
Nsig 47.7 48.1 453 48.0
Nsig_fit 23.4+8.3 21.44+8.0 18.7+7.6 22.3+8.1
Nbkg 187 182 155 184

Thrid order Chebychev for Background pdf
Gauss for Signal pdf

A RooPlot of "InvMass GeV"
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RecMass
Ptsum
Pzsum
cosum
cosup
Ptuu
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InvMass
BDT

Correlation Matrix (signal)

argpt

Linear correlation coefficients in %
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Correlation Matrix (background)
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TMVA overtraining check for classifier: BDT

(1/N) dN/ dx

Background (test sample)

Ti77] Sighal (test samplé) | |« Signal (training sample) '
‘ « Background (training sample)—

ov test: signal (background) probability = 0.085 (0.071)
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The important variables
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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
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Higgs > ut+u at CEPC

1 Cuts: Significance is less than 2.5
2 BDT: Signal and Background can be distinguished well
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Back up
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A RooPlot of "InvMass GeV"
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P, Rectangular Mesh Cut and DT

Decision tree’s Construction
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@  Rectangular Mesh Cut and DT

Decision tree’s cut
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So,

Decision tree(DT) 1.Smooth

2.Random

Statistical fluctuation

Boosted Decision Trees(BDT)

Describe the shape

Rectangular or triangular mesh I FDM, BDT, FEA...

No mesh or background mesh PDE approach, k-NN, MLM,...
And kore function

Statistical fluctuation

Other methods or new methods

20



Decision tree
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a Xseg o

—4 (R + BE) A, F/ETANH NS ERFEA T SRR e
IBURIE 1 BUA BB, T4 r AR T 70 AR BB B LR S s
Hp¥, SWE AT HAREFRS

n
Al=1- (—111 + Efg) N Tint = N1 + Na. (4.2.6)
Ting Tint

K, 1,1, T YRR SR SRR nine, na, g 9518 A
BT RIS HIL
fb(x) >0

Fs(a)=0

Xseg makes n1=n2

/ Like normal cut.

— Regression
Multiclass

d1>d2

!

Adaptive Algorithm.

Reduce the overtraining effect.
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InvMass 122.0
RecMass 90.6
-53.0
31.6
-0.2
-1.0
0.0

127.0
924
53.0
62.0

1.0
0.2
178.0

Significance

122.0
90.6
-55.0
29.2
-0.3
-1.0
0.0

127.0
924
53.0
62.0

1.0
0.2
178.0

Nsig_fit
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TMVA overtraining check for classifier: BDT &

D
« » JMVA, L X

TMVA overtraining check for classifier: BDT
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TMVA overtraining check for classifier: BDT ®
bvars v

7] Sighal (test sampié) | '|'« Signal (trhining sample) |
5 -] Background (test sample) | « Background (training sample)—
ov test: signal (background) probability = 0.085 (0.071)

:Rolmogorov-Sm

(1/N) dN / dx

lllllllllllllllllllllll

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%
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= TMVA overtraining check for classifier: BDT
\ _ TMVA
(77 ignal (tesf sample) ' | | « Signal (traiing sample) = | J
:@ Background (test sample) = Background (training sample) o

TMVA overtraining check for classifier: BDT

'] Signal (teSt sample) ' | | » ‘Signal (training sample) |
:@ Background (test sample) = Background (training sample)

X

~Kolmogorov-Smirnov test: signal (background) probability = 0.351 (0.065) [ Kolmogorov-Smirnov test: signal (background) probability = 0.314 (0.057)
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[ Kolmogorov-Smirnov test: signal (background) probability = 0.358 (0.058)
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4vars

TMVA overtraining check for classifier: BDT

(1/N) dN / dx

7] signal (test dample) '~ | '« Signal (trainirig sample)

5 -] Background (test sample) | | = Background (training sample) _

:Kulmngnru\r&mimuv test: signal (background) probability = 0.261 (0.256)

04 -03 02 -0.1 0 0.1 02 03

U/O-flow {S,B): (0.0, 0.0)% / (0.0, 0.0)%

0.4

BDT response
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