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Physics Motivation

Search HH with bbup

* The trilinear self-coupling of the Higgs
boson Ay 1s only directly accessible
via HH production

102

aygLolo]

Contains information about the shape of
the Higgs potential

100

* bbuu is a brand new di-Higgs decay

" HH production at 14 TeV LHC at (N)LO in QCD
My=125 GeV, MSTW2008 (N)LO paf (68%cl)

MadGraph5 aMCRNLO

channel currently

H — bb : The largest BR
H — pp : The excellent resolution of m,

U : B
The dominant bkg of this process is
DY + jets. e
Other bkg, such as tt, single Higgs, o s <

which contains ggH, VBFH, ttH, ZH
and bbH are also considered.
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Higgs Potential 2022 Search HH with bbyp

Analysis Strategy

Object selection

Event selection

All Events . )
In addition, in the two

} ggF categories, also used

BDT approach (XGBoost)

to suppress the bkg

No

Pre-ggF

Yes

m VBF

PF < 880 2

m¥BF > 880

A

ggF category

y \ 4

ggF SM
category
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ggF BSM
category

In each signal category, do the bkg rejection to optimize the
signal sensitivity vs bkg
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Search HIH with by
Object selction and event selction

Object selction

For muon candidates: Event selction
* pr>20GeV
« Inl<2.4 * at least two oppositely

charged muons
* 100 GeV <m, <180 GeV
* at least two bjets
For jet candidates: * 70 GeV <my, <190 GeV

* pr>20GeV
* In| <4.7 (2.4) for jet (b-tagged jet)
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Searh it b
VBF and ggF categorization
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VBEF as signal, ggF as bkg, use ﬂg}/ BF yar to do optimization in order
to maximize the separation of VBF and ggF signal
(SM VBF and SM ggF as benckmark)

m/P" > 880 GeV as VBF category
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Higgs Potential 2022 Search HH with bbyp

Categorization in each VBF and ggF category
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In VBF category In ggF category
split the signal into 2 catrgories: split the signal into 2 categories:
<680 GeV : VBF SM category <400 GeV : ggF BSM category
> 680 GeV : VBF BSM category > 400 GeV : ggF SM category

Mg = Mua — (Myy, — 125) — (my, — 125)
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Seart HE with by
Bkg rejection in ggF SM category (cutbased analysis)
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Seart HE with by
Bkg rejection in ggF BSM category (cutbased analysis)
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T __
Bkg rejection in VBF SM, BSM category (cutbased analysis @
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Bkg rejection(cutbased analysis)

Category  Variable Cut Signal € DY ¢ Category m),>"(GeV) mis(GeV)
|Anga| < 1.9 gegF SM < 880 > 400
P /mps > 1.1 ggF BSM < 880 < 400

ggF SM  pht/m,, >11 583% (ka=1) 11% VBF SM > 880 < 680
P /mpy > 0.3 VBF BSM > 880 > 680
Ht > 320 GeV

An™eT| < 2.3 Summary of the event categorization

ub
ggl BSM |Anes| < 1.6 55% (kx =5) 21%
ET* < 40 GeV

m$E > 370 GeV

VBF SM |Anzm| > 1.5 39% (kav =1) 6% Summary of the optimized cuts for
|Anps| < 1.7 background suppression and the
|An| > 0.7 corresponding efficiencies in all the

VBF BSM  C(gy ) > 0.8 69% (kay = 10) 16% four categories.
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Search HIH with by
Bkg rejection(BDT analysis)

tupiit Visiabie ogF SM ggF BSM The training setup includes 2500
T P P trees, the tree depth of 3 and a
0, s v learning rate of 0.08 (0.1) for ggF
bl h? ; SM category (ggF BSM category).
L b2 / y The MC samples are splitted into
VBT p 64%, 16% and 2.0%. for training,
B Eys e 10,058 Oy 05 Ot P testing and application.
P PT M iy v v
THH, M 1 v
pE /mun,pF [ pF /Mo P /s P2 M Summary of input variables for
DT [, P e Py /Py v v the BDT training in the two ggF
Hr.pr P /pY 4 o categories.
25 i 4 |Anmes| s the maximal |An
| Anmm |, Anus |, | Amg ]| Angye” v v between muons and bjets, while
| Anp || AT 4 v |Anotte”|  is for the left muon and
|ARuH|,|ARub|,| ARy |,| AR v v bjet.
|ART™ | AR ]| ARSPT v |IAR;Y"| and |ARZ"| are
|Apuu,|Adus,| Ades|,| AT | v v defined accordingly.
|Aduul v
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Search HH with by
Bkg rejection(BDT analysis)
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10 4 B background (train)
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Higgs Potential 2022

Fitting femplate
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110 GeV < m,, < 140 GeV

- %F HH SM *1000
B
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gz bbH
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N

Search HH with bbup
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Search HH with by
Result (cutbased analysis)
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g Lumi=3000 fb ggFsMm VBFSM E F Lumi=3000 i ggFSM VBFSM
ggFBSM == SM prediction ggFBSM = SM prediction

10°

95% CL limit on o(pp — HH) (fb)
95% CL limit on o(pp — qqHH) (fb)

10° ¢ 3

10 E E

NS Y S S S S L 1l | | L @l | 1 | | A .
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L =1 = SM prediction ----- Median expected | [ oxy=x=1 ~ SMprediction  ==--- Median expected ]
lumi=oo0 6" == . 10°F Lumi=3000f6™ == BE%; expectad
0 95% expected E pm= 95% expected

95% CL limit on o(pp — HH) (fb)

- / The expected exclusion is
A j

95% CL limit on o(pp — qqHH) (fb)

N, ) K, <-13.1 and K, > 18.4
i The expected exclusion is
: sz< 2.1 and sz>4.2
B N R I R

The expected upper limit is corresponds to 42 times the standard
model prediction(Lumi=3000 fb-1).
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Search HH with by
Result (BDT analysis)
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The expected exclusion is
K?x <-10.1 and KX >16.1

The expected upper limit is corresponds to 25 times the standard
model prediction(Lumi=3000 fb-1).
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Higgs Potential 2022 Search HH with bbpp

Conclusion
«  We presents a comprehensive Analysis Type 300 fb~" 450 fb~' 3000 fb~!
study of the. Higgs boson pair ggF HH (0/osm)
production in the rare decay of
HH — bbrtu~ with both the ggF Cu-based A& L 4
and VBF production modes BDT 92 73 25
included for the first time. VBF HH (0 /osm)

With a luminosity up to 3000 fb-!, Curhassd 2340 ko e

the channel HH — bbutp~ can

not lead to the observation of HH
with the cut-based or the BDT Analysis Type 300 fb~! 450 fb~' 3000 fb~*

approach. K scan

e Itis still able to contribute in a Cut-based  (-25.7,31.1) (-22.9,28.3) (-13.1,18.4)
sizeable way to the HH search BDT (-21.6,27.2) (-19.0,24.7) (-10.1,16.1)
combination and can be sensitive Koy scan

to BSM enhancement given its
small rate and excellent di-muon
peak.
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Cut-based  (-6.4,8.6) (-5.4,7.5) (-2.1,4.2)
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Thank you |
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Back Up
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MC sample

goF POWHEG
s1gnal
VC VBE MGS5 o | Pythia && Delphes
sample 31gna1 i
MGS5
\.[ DYand ] delphes-format
other bkg root file
Other HH process with HH to bbWW analysis framework
and bbtt where WW or 11 decay to pup

in their final state are also tested, but are
found to have negligible contribution
analysis root file

due to their soft di-muon mass.
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Higgs Potential 2022 Search HH with bbyp

Process m+,-[GeV] o[fb] NEZ . (x10°)

events

Drell-Yan [100,150] 5481 9.98
Drell-Yan [150,200] 384 10.0
Drell-Yan [200,4+00] 201 1.0
it — 4864 2.0
ggH — 82836 1.0
VBFH — 4058 1.0
ZH = 1775 1.0
t4H — 86 10 HL-LHC is expected to have
b — By 1D 23 events that HH to bbpp.
geF signal

Ky =-5 — 599 0.55
ka=10 — 70 0.55
wy=1 = 31 0.55
Ky =24 — 13 0.55
Kx=25 — 95 0.55
kx =10 — 672 0.55
Kx =20 — 3486 0.55
VBF signal

Koy = —10 — 2365 0.50
Koy = —b — 722 0.50
Koy =0 — 27 0.50
Koy =1 — 1.73 0.50
Koy = — 14.2 0.50
Koy =5 — 279 0.50
Koy = 10 — 1479 0.50

TABLE I. Summary of Monte Carlo samples.
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