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Introduction

Higgs physics in CEPC
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Review of previous analysis

H — yy physics analysis in CEPC CDR(2018):
Design point at CEPC_v4, /s = 240GeV, L = 5.6ab™!

Whizard 1.95 + MoccaC generator, dedicated fast simulation + smearing
function based on parametrized detector response.

Considered H — yy signal and 2 fermion dominant background
Result: 6(Br(H — yy) X 0(ZH))=6.84% in 3 combined channels.
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Physics at the CEPC
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https://arxiv.org/abs/1810.09037
https://arxiv.org/abs/1810.09037

MC samples and simulation

MC samples: Whizard 1.95 + MoccaC, 3 sub-channels
o Signal: ee = ZH - qqyy/uuyy/vvyy, 10k events for each channel.

> Background: 2 fermion process ee — f f+radiation photons

Simulation:
° Background:

Fast simulation: smear the objects with the resolution and efficiency with
parametrized detector response to obtain a continuum spectrum.

° Signal:

Full CEPC detector V4 simulation. Photon reconstruction & Isolation, jet
clustering, etc.

define: y,/f; as photon/jet with lower energy, and y,/f, as higher energy one.
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MC samples and simulation

qqyy channel sample: gﬂﬂog— cercanms
;8000_— 5.6 ab”, 240 GeV ——  Fastsim.
qqYY eff Mass width ;I:GOODf— 2o Fom ——  Fullsim.
Fast sim | 99.9% 1.98GeV 140001
12000—
Full sim | 85.6% 2.81GeV -
10000
8000 —
uuyy channel: 6000
Lepton PID efficiency:87% 4000
== uuyy final state eff=70% 2000
(also ~100% in fast sim.) P e . I e
P15 T3 120 125 130 135 T20
m,,[GeV]

m,,, shape for fast and full simulation in

ZH — qqyy channel.

Fit shape: Gaussian for fast sim, Double-side
Crystal Ball(DSCB) for full sim.
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MC samples and simulation

Background cross section validation in gqyy channel
> MadGraph_aMC, ete™ — qqyy process, truth level MC.

> Whizard 1.95, e*e™ — qq + ISR, reconstructed with smearing.

Apply the selection(next page), compare the weighted event number in signal
region.
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Di-photon invariant mass in signal region,
Madgraph and Whizard sample.
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MVA based 6 (o X Br)
measurement

Pre-selection

E, 1 > 25GeV E, > 35GeV E, > 30GeV
35GeV < E,, < 96GeV |cos6, | <0.9 |cos6, | <0.8
cos6,, >-0.95, 10GeV < pT,; < 70GeV pT, > 20GeV

cosHjj>-O.95
pT,1 > 20GeV,

30GeV < pT,, < 100GeV
110GeV < m,, < 140GeV

Mmissing > 60GeV
110GeV < m,, < 140GeV

pTy1 > 30GeV 84GeV<MJ £ <103GeV 120GeV<E,, <150GeV
110GeV < my, < 140GeV | 125GeV<E,,<143GeV i
EVV > 120GeV i i
min|cos@,;|<0.9
Signal background i Signal background i Signal Background
Total eff 61.51% | 0.02% i 45.69% | 0.01% i 57.08% | 0.002%
gcg';g to | 766.64 | 26849.38 13932 | 2662.77 | 335.88 | 3640.20
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MVA based 6 (o X Br)
measurement

MVA analysis
o Base variables: 4-vector of 4 particles in final state.

o Considered variables for MVA: constructed with 4-vector

P, pT, E, cos@, recoil mass, missing mass(for v channel) for photons, fermions,
systems.

AP, AE, AD, AcosB, AR for 2 objects or systems.

. 1 (7s(y) gb(y))z
o n . §2>= = dy.

y: discriminating variable
Vs(y)andyg(y): the distributions of the variable for signal and background samples
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MVA based 6 (o X Br)
measurement --—-qgyy channel

Variable correlation matrix in gqyy channel

Correlation Matrix (signal) Correlation Matrix (background)

Linear correlation coefficients in % 100 Linear correlation coefficients in %

100
80

60

First step: remove high m,,, -related variable |Corrv_mw|<30%
Second step: remove high co-related variables |Corr, _,, |<40%
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MVA based 6 (o X Br)

measurement --gqyy channel
Remain variables’ separation power

Variable Definition (52)
pTy1 /Ty pT of y1 ory2 0.39/0.30
cos0,,, Cosine polar angle of y2 0.39
|AD,,, | |AD| between 2 photons 0.30
minAR,, ; Minimum AR between photon and jet 0.09
costq Cosine polar angle of j1 0.08
pTj, pT of j2 0.08
E; Energy of j1 0.03
cos0,,_i, Cosine value of the angle between y2 and ;2 0.03
c0s0.,1_j1 Cosine value of the angle between y1 and j1 0.02
|AD,,,_;] |AD| between yy and jj system 0.01
cosB,,,_;; Cosine value of the angle between yy and jj system 0.01
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MVA based 6 (o X Br)
measurement --gqyy channel

BDT training
TMVA overtraining check for classifier: BDTG
overtra g check 1or ciassiie TMVA
© 3 [ 1] signal (test sample] ' ' | | « Signal (trhining sample)’ ©
E :@ Background (test sample) = Background (training sample) ]
; 25 | Kolmogorov-Smirnov test: signal (background) probability = 0.167 (  0) ]
2 :— _: £
- 12
15— -] 3
n 12
- 18
1 s
:
0.5 e
: g
B o
0. =

08 06 04 02 0 02 04 06 08 1
BDTG response

BDT response distribution for signal and
background

Training parameter:
“BDTG”,“NTrees=900:nEventsMin=>50:
BoostType=Grad:Shrinkage=0.06:UseB
aggedGrad:GradBaggingFraction=0.6:n
Cuts=20:MaxDepth=3"

Perform the training in 3 sub-channels
separately.
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MVA based 6 (o X Br)
measurement --gqyy channel

Signal strength extraction u = ﬁlifw/ H—>w

° Individual 2-D fit on m,,, and BDT response.

Fit function for m,,,,: DSCB for signal, 2nd polynomial exponential for Bkg.
Model for BDT: binned PDF for signal and Bkg
PDF,p = PDFy,, X PDFgpr (|Corty,,—ppr| = 3%(15%) for signal(Bkg) )

Fit m,, in qqyy channel BDTout distribution in ggyy channel
8000
oo 2000
3 L N_bkg = 26855 = 174 g oo N_bkg = 26855 + 174
%200 L mh = 124.54 + 0.23 2500|— Zv—:;ﬁ, f"*—)W € mu_VBF = 0.995 + 0.063
- L cEPC 2010 mu_VBF = 0.995 + 0.063 N
1000[—  ssab", 240 Gev qqyy Signal - qayy Signal
- Zosag Homy 2 Background 2000— ——  2f Background
800 } Signal +bkg O Signal +bkg
_ 1500 —
600— -
- 1000}
400— e
200/ 500
C I_mum ol | | R R | |
fo 115 120 125 130 35 140 -1 -08 -06 -04 02 0 02 04 06 08 1
m,,[GeV] BDT
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MVA based 6 (o X Br)

measurement
Results
Channel Full sim + MVA | Fast sim + noMVA Change
(New) (CDR)
qqyy 6.31% 9.84% 36% improved
UULYY 39% 23.7% 64% decreased
4% 4 18% 10.5% 71% decreased
combined 5.70% 6.84% 16% improved
FCC-ee case:

* 3% @240GeV, 10ab™1, based on CMS ECal resolution, TLEP physics, 2013
* 9% @240GeV, 5ab™ 1, FCC-ee CDR, 2018
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https://arxiv.org/abs/1308.6176
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ECal resolution influence

Smear photon energy to different resolution %E =A EB
distribution to extract Su(H - yy)

NG and fitm,,,

% 0_3 _f LI I T T 17T | T 1T T T T 7T 1 T 1T 177 | T T [ UL | TT l_ g\; 24 E | T 1T ‘ T 1T ‘ LI ‘ T 1T T 1T T 1T T 1T T 1T T 1T T 3
EI r CEPC 2019 Ecal photon resolution E?E = A® % ] E 22 ? CEPC 2019 E
‘g_ 0 25; 5.6 ab”, 240 GeV Fix A=1% B & 205_ 5.6 ab™, 240 GeV E

. Z-qg Hoyy . % 18— Z—qa, H—yy =
0.2 — 5 16 ;* *;
- ] 2 14 E
01 5 - (0.16, 13.2%) - 8 1 2 :_ _:
| F;t Function: _ c 1 0 i j
- (0.14, 12.4%) 7u = PoB(p1 X x) ] T‘g = =
0.1 Po=0.090,p; = 0570  — om 8 =
8.64% C a
(9.04% fitted)|_ ] 6:— —;
0.05 el point — aF- =
C Y Design point in CDR 7 2 ; é
0_ 11 | 1111 I | - | | I - ‘ 111 I I T | ‘ I | | 1 I_ 0: | 11| ‘ 11| ‘ ‘ 1 | 111 ‘ 11| ‘ 111 ‘ 11| | 11| | L1 h

0 0.05 01 015 02 025 03 0.35 02 04 06 08 1 12 14 16 1.8 2
Ecal Resolution Statictic Term Ecal Resolution Constant Term(%)

Su . . .
il po®(p; X B) , py represent constant term contribution in du, p, represent

statistics term.
Critical point(A-B balance) definition: Su(B,) = V28u(B = 0), €= po = p1B
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Extrapolation for 360GeV

upyy Whizard MC @ /s = 360GeV + 240GeV simulation.

Difference: g"“"
mw width: j_aj}ooo ——  360GeV
2.84GeV@240GeV w000 ——  240Gev

2.34GeV@360GeV
=) Better photon resolution

6000

* Efficiency: 4000
80%@360GeV, 85%@240GeV "
* Mass peak:
126.03GeV@360GeV. Pro st 2t s e 1 4o

=) Re-calibration for detector
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Conclusion

Full simulation + MVA analysis for H — yy channel

o Improvement from MVA + decrease from full simulation. combined precision
5.7% in 3 sub-channels.

> Photon correction like photon conversion was not included in full simulation,
lepton PID efficiency need further study.

ECal resolution and precision
o 14% statistics term ~ 1% constant term.

o CEPC baseline detector still has improvement space.

CEPC @ tt (360GeV)
o Several topics need further discussion. (Reconstruction, calibration, etc. )

° g X Br precision @360GeV is in plan.
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Thank you

2020/1/18 Fangyi Guo, guofangyi@ihep.ac.cn



Back up
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Full cutflow in 3 sub-channels

signal bkg signal bkg signal bkg
qqyvy 85.56% | 69.57% Uuyy 70.18% 5.18% vwyy 85.51% | 0.337%
E, > 25GeV 100.00% | 2.35% E, > 35GeV 99.21% 8.39% E, > 30GeV 99.81% | 20.131%
E,, € [3596]GeV | 98.37% | 35.33% cos6,| <0.9 83.79% | 38.14% cosf,| <0.8 70.48% | 11.558%
Y Y Y
cosB,, >-0.95 95.20% | 68.01% pT,, € [10,70]GeV 99.84% | 86.30% pT, > 20GeV 99.97% | 99.260%
c0s6;;>-0.95 90.86% | 85.54% | | pTy, € [30,100]GeV | 99.96% | 95.59% || Mmissing > 60GeV | oo oo | oo 2110
pTy, > 20GeV | 93.42% | 56.94% | |m,, €[110,140]GeV | 98.08% | 37.62%
- - 80.12% | 21.29%

m,, € [110,140]GeV| 97.50% | 21.14% € [84,103]GeV ? ? E,, € [120,150]GeV | 99.16% | 99.577%
E,, > 120GeV 99.47% | 98.41% | | Eyy € [125,143]GeV | 99.88% | 95.86% Total eff 57.08% | 0.002%
minlcos@ _|<0 9 71.67% | 48.05% Total eff 45.69% 0.01% Scaledto 5.6 fb~1 |335.8863 (3640.1967

Y|<O0. . .
-1
Total eff 61.51% | 0.02% Scaledto 5.6 fb 39.32263 | 2662.774
Scaled to 5.6 fh~1 | 766.6433 | 26849.38 puyy channel vvyy channel
qqyy channel
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MVA based 6 (o X Br)

measurement

---qqyy channel

Input variable: pT

-
pT  [GaV]

Input variable: DeltaPhi_yy
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MVA based 6 (o X Br)
measurement --gqyy channel

Input variable: CosTheta_y1j1 Input variable: CosTheta_y2j2 Input variable: E_j1
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= 1= 3 =4
.} g -g 0.015 g
02 ' omE
! é p.005 F é
0B-0F 0402 © 02 04 06 OB 098 06 0402 O 02 04 06 08
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