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Motivation —Why HH

@ Di-higgs search is important to

o Measurement of Higgs self-coupling.
e Search of Heavy Higgs, X particle in the diagram, in 2HDM and etc.
e Anomolous coupling could enhance HH production.

@ This study is searching for non-resonant and resonant HH production.
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Motivation —Why WW~~y — [vjjyy

@ Public result

channel | Branching ratio | ATLAS result | CMS result
4b 33.6% 36.1 b1 35.9 fb 1
WWbb 24.8% 36.1 b1 35.9 fb 1
vy, 4.6% 36.1 fb 1 -
bbrT 7.3% 36.1 b1 35.9 fb 1
bby~y 0.26% 36.1 /b1 35.9 b1
WWn~y 0.098% 36.1 fb 1 -

@ The advantage is :

o Good mass resolution from diphoton and nice sideband to extract

background in signal region.
e Large branching ratio from WW
o Good background rejection from semi-leptonic decay.
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Event Selection

@ Diphoton selection
e Diphoton trigger

03¢ ; T T

FATLAS 4 Datasideband ]
i - i 0.25( ——Non-resonant ]
o Two tlght ID, isolated F 8=13Tev, 36.1 17 =-m =260GeV 1

-

m, =300 GeV/
—m =400GeV
- m, =500 GeV'

photons
° PT1(2)/Myy >
0.35(0.25),105 < my <
160 GeV
°o WW — IUJJ % 100 e

p.(vy) [GeV]

1/N dN/d p!' / 10 GeV

e B-veto and at least two jets
o At least one lepton with

pT > 1(_) G.eV. @ Data sideband is used to model
@ Further optimization continuum background.
® pryy > 100 GeV for my = @ SM Higgs is more boosted in
400 GeV,myx =500 GeV and mx = 400, 500 GeV and
non-resonant. non-resonant.

Yu Zhang (IHEP) Search for HH — WW~~ in semi-leptonic cl Dec 20th 2018 5/1



Signal estimation

o Signal efficiency : signal with higher mx has higher efficiency.

No pJ” selection p > 100 GeV
mx [GeV] 260 300 400 400 500 Non-resonant
Acceptance X efficiency [%] 6.1 7.1 9.7 78 10 8.5

@ Signal shape : Double-Sided Crystal Ball (DSCB)
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Background estimation

e Background shape : 2nd-order exponential which has best y?passes
spurious signal test.
e Spurious signal is the fitted signal when perform a S+B fit to

background-only sample. This is used to estimate the modeling
uncertainty.

@ Background yield in Higgs mass region is extracted from a fit to data

sideband.

Process Number of events
No p27 selection pJ’ > 100 GeV

Continuum background 2245 5.1+£23
SM single-Higgs 1.924+0.15 1.0£0.9
SM di-Higgs 0.046 +0.004 0.038 £0.004
Sum of expected background 2445 6.1+2.5
Data 33 7
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Systematics

@ Spurious signal
° 0 . 46 (0 . 26) With (Wit hout) Source of uncertainties Non-resonant HH X—+HH I,?:xlf{;ul{u \();k‘g\’ \ily,%kclz(ttih

Luminosity 2015+2016 2.1 2.1 2.1 2.1
cut Trigger 04 04 0.4 04
p Ty Event sample size 17 22 16 13
. . Pile-up reweighting 05 0.9 07 06
@ The dominant systematics are nionion 7 s os
Photon Solation 08 07 0.4 04

. . energy resolution 01 0.1 02 <01

° SpurlOUS Slgnal, e/’y energy encrgy scale 02 <01 02 <01
. ot energy scale 40 99 24 26
sca |e a nd resol ut|on e energy resolution 01 16 0.5 1.0
bhadron jets <01 <01 38 36
Dtageing hadron jets 15 10 07 06

UABENE  light-flavour jets 0.3 0.3 0.1 0.1

extrapolation <01 <01 0.1 <01
electron 05 07 02 02
Lepton o 0.5 0.7 0.3 0.5
PDF on @ 2.1 - 34 34
asona 23 - 13 13
seale on o 6.0 - 09 09

Theory  HEFT on o 50 - - -

scale on ¢ x A 258 25 - -

PDF on e x A 30 24 - -

parton shower on ¢ x A 78 206 - -

B(H-7y) 21 2.1 21 21
B(H-WW*) 15 15 15 15
Total 136 318 71 68
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Results

@ Observed 36.1 fb~! data and fit
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Figure 1: Left plot is without pt,, cut and right plot is with pr., cut. The fit
includes all the components and systematic uncertainties.
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Upper limit

@ Expected upper limit on pp — HH is 7.7pb for non-resonant and
varies from 17.6pb (mx = 260 GeV') to 4.4pb (mx = 500 GeV') for
resonant.

@ The jump at mx = 400 GeV is due to pr,, cut.
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Discussion on the results

@ Compare with other HH channel
o WW+~~ is not the best!
@ Next step : We need improvements!
@ Re-optimize semi-leptonic channel
@ Include full-leptonic channel
o Investigate other model like pp —— X — S(— WW)H(— ~v).
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o Review the 36.1 fb~! WWr~y analysis
e Upper limit is set and the study has been published at Eur. Phys. J. C
78 (2018) 1007
@ Discuss the plan
o Re-optimize semi-leptonic channel
o Include full-leptonic channel

e Investigate

other model like pp — X — S(— WW)H(— ~v).
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