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Introduction

Higgs physics in CEPC

[¢]

240GeV e*e™ collider.

o H — yy could be studied in 3 sub-channels,
depends on Z decay(leptonic, hadronic and

invisible).

(e]

measurement in CEPC

(e]

2019/11/19

Higgs production: ee = ZH process @

A good channel for Higgs precise

Fangyi Guo, guofangyi@ihep.ac.cn
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Previous review

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

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

o Considered H — yy signal and 2 fermion dominant background
o Result: §(Br(H — yy) X 0(ZH))=6.84% in 3 combined channels.

CEPC Physics Workshop in PKU, July 2019

o Applied MVA method in ZH — qqyy channel, and gained ~30%
improvement. Combined precision with MVA: 5.39%

o Expect to have similar improvement in all 3 sub-channels
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https://arxiv.org/abs/1810.09037
https://indico.ihep.ac.cn/event/9832/session/9/contribution/19/material/slides/0.pdf

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.

o 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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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
c0s6;;>-0.95 30GeV < pT,; <100GeV . 110GeV < m,, < 140GeV
pT,1 > 20GeV, 110GeV <m,, < 140GeV ' 120GeV<E,,<150GeV

pT,1 > 30GeV
110GeV <m,, < 140GeV

min|c050yj |<0.9
84GeV<M£°<103GeV

Eyy > 120GeV 125GeV<E,,, <143GeV
min|cos@,;|<0.9
qqyy channel. - ppyy channel. vvyYy channel.

Final eff: 61% for signal, ' Final eff: 46% for signal,
0.02% for background ' 0.01% for background

Final eff: 57% for signal,
0.002% for background
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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, A®, AcosB, AR for 2 objects or systems.

o Correlation requirement for variables:
|C0rrv_myy|<30%, |C0rrv1_v2|<40%

Linear correlation coefficlents in % Linear correlation coefficients in %
"
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MVA based 6 (o X Br)
measurement

Signal strength extraction u = ﬁlifw/ H—>w

° Individual 2-D fit in 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
3000
oo £
S F N_bkg = 26855 = 174 g ceecane N_bkg = 26855 + 174
2200 C mh = 124.54 + 0.23 2500 Zv—:;ﬁ, "'HW e mu_VBF = 0.995 + 0.063
= mu_VBF = 0.995 + 0.063 -
[ CEPC 2019 —
1000 —  56ab’, 240 GeV I~
E mtiom 2000(—
800 — .
- 1500
600— -
- 1000}
400? =
200, 500[
C I_mum D:" | | R B |
fro 15 120 125 130 35 14 T 08 -06 -04 -02 0 02 04 06 08 |
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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
https://cds.cern.ch/record/2651299

ECal resolution influence

Smear photon energy to different resolution %E = AP EE, and fitm,,,
distribution to extract Su(H - yy)

% 0_3 _f LI I T T 17T | T 1T T T T 7T 1 T 1T 177 | T T [ UL | TT l_ ::é'h 24 E | T T T | T 1T | T 1T ‘ LI T 17 T 1T LI T T T T 1T T B
EI r CEPC 2019 Ecal photon resolution E?E = A0 % 7 E 22 ? CEPC 2019 E
‘g_ 0 25; 5.6 ab”, 240 GeV Fix A=1% ? ° 205_ 5.6 ab”, 240 GeV =

- Z-qg, Hoyy ] % 18- Z—qq, Hovyy E
0.2 — = 16;— —;
- ] B 14 E
01 5 :_ (0.16, 13.2%) —: § 12 } {
I F;;Funetion: _ g 10:_ _:
L (0.14, 12.4%) W Po® @ xx) ] = F -
0.1 po = 0.090,p, = 0.570  —| © 8 —
8.64% ] m C ]
(9.04% fitted)|_ ] 6:— =
0.05— S — 4= =
C Y Design point in CDR 7 2; é
0_ 11 | 1111 I | - | | I - ‘ 111 I I T | ‘ I | | 11 I_ 0:\ | I . | | | L1l ‘ L1l ‘ L1l ‘ L1l | I | ‘ I . | L1 | Ll 3

0 0.05 01 015 02 025 03 0.35 02 04 06 08 1 12 14 16 18 2
Ecal Resolution Statictic Term Ecal Resolution Constant Term(%)

Su . . .
e po®(p1 X B) , py represent constant term contribution in u, p; represent

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

If one day we want to see 360GeV @CEPC...

uuyy Whizard MC @ /s = 360GeV + 240GeV simulation

Difference: g‘f’ *  360Gev
myy width: %000 ——  240GeV
2.84GeV@240GeV 8000

2.34GeV@360GeV

= Better photon resolution 0

e Efficiency: 4000
80%@360GeV, 85%@240GeV oo
* Mass peak:
126.03GeV@360GeV. o s e s et

=) 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 have improvement space.
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Thank you
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