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Di-Higgs Production: a step towards new physics

Higgs Physics = staircase for new physics
Di-Higgs production is of special interest
e non-resonant production: probe for Higgs self
coupling, EFT searches (Soumya’s talk)
e resonant production: Many BSM models predict

resonances with higher cross-section, it is easier to

observe with direct detection searches
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Di-Higgs Production: a step towards new physics

Talk focuses on Resonant di-Higgs searches

e Warped extra dimension (Spin-0 Radion Di-Higgs production is of special interest
and Spin-2 Graviton)
o Explains SM hierarchy problem
e 2HDM (2 Higgs-Doublet Model) and e resonant production: Many BSM models predict

MSSM (Minimal SuperSymmetric model) resonances with higher cross-section, it is easier to

o Provide candidate for dark matter observe with direct detection searches

searches

Mass range: 260 GeV to 3 TeV X #
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Di-Higgs decay modes

e Explore according to branching fraction (BR) Acklvi1700.00249

and purity of the channel 3 BRHH—xxyy ..

o bbbb/bbWW= large BR, high QCD/ ttbar 3. R

contamination % -

o bbtt = relatively lower BR, tau-tagging o

increases S/,/B =l L ”

o  bbyp/bbZZ = small BR, good selection | & 0-26%10.1% i »
efficiency T b ww g9 W zZ W | rrer

BR(H-YY)

From next slide: Overview of all resonant HH searches at CMS with 2016 dataset
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X— HH— bbbb

Analysis strategy depends on the probed mass range.

---------------- | 2

A

Resolved Semi-resolved Fully-merged
m, =[260, 1200] GeV m, = [750, 2000] GeV m, = [750, 3000] GeV

— 4 isolated b-tagged AK4 jets — one bb pair treated as — bb pairs are collimated=> 2
— Study in low and medium collimated = 1 AK8 jet and AKS jets
2 AK4 jets

mass region

AK4(8) jet = jet clustered with anti-k,
algorithm with D = 0.4 (0.8)
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X— HH— bbbb

Analysis strategy depends on the probed mass range.

————————— - 4‘~-_‘-————___
P iRl P Semeoe—= N NN ¥y T A
Resolved Semi-resolved Fully-merged
m, =[260, 1200] GeV m, = [750, 2000] GeV m, = [750, 3000] GeV
4 isolated b-tagged AK4 iets — one bb pair treated as — bb pairs are collimated= 2
- 49 ) collimated = 1 AK8 jet and AKS jets

Study in | d medi
— Study in low and medium 2 AK4 jets

mass region
Results are combined from both

Lata Panwar, Indian Institute of Science, India Higgs2020



X— HH— bbbb

Analysis strategy depends on the probed mass range.

————————— ” 'h--_-__—————_
o R o SN N ¥y = A
Resolved Semi-resolved Fully-merged
m, =[260, 1200] GeV m, = [750, 2000] GeV m, = [750, 3000] GeV
4 isolated b-taaaed AK4 iets — one bb pair treated as — bb pairs are collimated= 2
- 49 ) collimated = 1 AK8 jet and AKS jets

Study in | d medi
— Study in low and medium 5 AK4 jets

mass region
Results are combined from both

e Bump-hunt searches on m, observable

® Multijets background is modeled using data for m, side-bands
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JHEP08(2018)152 X—> HH—> bbbb (resolved)
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https://link.springer.com/article/10.1007/JHEP08(2018)152

X— HH— bbbb (semi-resolved, fully-merged)
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Phys Lett B 788 (2019) 7 X—) HH_) bb’}"}’

CMs =[e)al | 35.91b7 (13 TeV)
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https://www.sciencedirect.com/science/article/pii/S037026931830827X

Phys. Lett. B 778 (2018) 101

X— HH— bbtt

Low (resolved bb) and high (merged bb) mass analyses
3 channels: (rh,re/“/ r,) along with 2 b-tagged AK4 jets (high mass: 1 b-tagged AK8 jet)
Main backgrounds: ttbar (MC), multijets (data)

D / : . CMS 35.9 b (13 TeV)
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https://www.sciencedirect.com/science/article/pii/S037026931830008X

JHEP01(2018)054 X_)H H—)bbl IW

e Events from W(lv)W(lv) and Z(ll) Z(vv) final state along with bb final states
o two isolated and opposite sign leptons along with 2 b-tagged AK4 jets

e 3 channels: py, ee, pe/ep

e Parametric DNN to scan different m,
values.

e DY from data-driven method

e final discriminant: DNN output in different

mass bins
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https://link.springer.com/article/10.1007/JHEP01(2018)054

JHEPO1(2018)054 X—HH—Dbbllvv

e Events from W(lv)W(lv) and Z(ll) Z(vv) final state along with bb final states
o two isolated and opposite sign leptons along with 2 b-tagged AK4 jets

e 3 channels: py, ee, pe/ep e 2 channels: py, ee

e Parametric DNN to scan different m, e Main background : DY and ttbar
values. e Low and medium mass region BDT

e DY from data-driven method discriminant to increase S/,/B

e final discriminant: DNN output in different NOTE: bbZZ analysis is also used in
mass bins combination with X— HH— bbZZ—

bbllqg analysis (upcoming slide)

Additional constraints are used in the analyses to have statistical independence for combined results
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https://link.springer.com/article/10.1007/JHEP01(2018)054

JHEP01(2018)054

Events

Data / sim.

X—HH—bbllw

Results are combination of both bbWW and bbZZ analyses keeping the
orthogonality
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https://link.springer.com/article/10.1007/JHEP01(2018)054

reference

X— HH Combination results

. CMS 35.9 fb™ (13 TeV) cMS 359 b (13 TeV)
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e Results are from combination of bbbb, bbllvv, bbtt, bbyy final states
e No deviation is observed from standard model background expectation
e Next 2 slides:other resonant HH search at CMS=> not part of combination
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryResultsHIG

JHEP10(2019)125 X—>HH—>bbW*W—> (bblqu,)

e bb pair: subject b-tagging to tag as H-jet (AK8 jet) o ttbar main background

and qq’: jet substructure to tag as W-jet (AK8 jet) o Limit extraction: 2D-fit in m,-m,,, plane
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https://link.springer.com/article/10.1007/JHEP10(2019)125

Phys. Rev. D 102, 032003 X_)HH_)beZ —> (bblqu)

e same flavour and opposite sign isolated leptons.
e Db-tagging helps to tag b-jet pair; jet pair is selected to have mass (lljj)~m,
e BDT discriminant to suppress background contribution
e Limit extraction: fit on BDT distribution (bbllgqg) & hh pseudo transverse mass (bbllvv)
CMS . S . SBOTD (1S TTRV)
- O—————. L wp e o
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SRR, N T Exclude [360-610] | 2
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>
T L 1\ 0.5 J
P Eearrme e ] Q I4F —
£ R 8 odf 1 i .
“ o e e T B T

700: 800 200 1000 BDT discriminant (m, =500 GeV)
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http://dx.doi.org/10.1103/PhysRevD.102.032003

Summary and Conclusion

e Resonant di-Higgs production is important for new physics searches
e At CMS, we study these signatures in various final states based upon its branching
fraction and purity
o Machine learning tools and object identification algorithms are used to
enhance the analysis sensitivity
o Results are consistent with the SM background expectations.
o Provided stringent bounds set on large part of BSM parameters space using
resonant HH searches with 2016 data

e We look forward to have more results using full Runll data. Stay tuned!

Thanks for vour attention!
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X— HH— bbbb
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X— HH— bbbb

35.9 fb™ (13 TeV)
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X— HH— bbgg

CMS 35.9 b (13 TeV)
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X— HH— bbzr

CcMS 359" (13 TeV) CcCMS 35.9 b (13 TeV)
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m, with kinematic fit, used for limit extraction, resolved and semi resolved .



X—HH—DbDbllvv

Events can come from W(lv)W(lv) and Z(ll) Z(vv) final state along with bb final states

Required to have two isolated and opposite sign leptons along with 2 b-tagged jets

3 channels: pu, ee, ue/ep
Constraint not to select m; from Z-decay =

m <mz—15GeV

i
Parametric DNN is used to scan over different
m,, values.

DY from data-driven method, other background
contribution from MC

DNN output is used as final discriminant in

different mass bins

2 channels: uyu, ee
Completely orthogonal to bbWW analysis by
keeping constraint of m, > 76 GeV
MET selection thus m; + MET + m, ~ m,
Main background : DY and ttbar
Cut on BDT discriminant to increase S/VB

o BDT training is performed in two mass

regions: [250, 450] and [500, 900] GeV



X— HH— bbllvv

CMS 35.9 b~ (13 TeV)

s 10 —— Observed 95% upper limit
= Expected 95% upper limit

< BN 68% expected
'a 95% expected 5
& Rs1 KK graviton, KL =35, k/Mp. 0.1 :
T : :
= :

’X\ 102 ] [—— .........

T :

T

1

§

=<

1

(=%

=

S L

S 101 4 : ........................................

.E 8

i ]

O "

= '

S

300 400 500 600 700 800 900
Mx_ spin 2 (GeV)




X— HH—bbWW?*— bblvqq’

B(X — HH) [fb]
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X— HH—bbZZ*— bbllqqg

CMS 35.9fb" (13 TeV)
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X— HH—bbZZ*— bbllqqg

35.9 fb' (13 TeV)
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