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A is abaseline SMopic
A allows to measure theliggs settoupling &)

_______________________________________________________________________________________________________________________________

4
4

SM Higgs pairgroduction in pp collisions at HC:

A mainlyviagluon-gluon fusion

{ -~
A small prod. cross sectiodue to destructiventerference among diagrams ’ ¢ g 2
*SM. (p-p 13Te\) = 33.53b 11 g ho >~y
A SM measurements possible starting from 3tab
A BSM effectsvould lead to: Y 70000) -=-=h
0 the presence ofesonanthh process LY
o the enhancement of theon-resonant 9 70000 ---h

“SM.(p-p 13Te\j = 4858b
“SM.(p-p 8Te\j = 10.16Hh
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| Physics motivations _BSMeffects 1
RESONANT |  AMSSM/2HDM(250400 GeV) oBinglet model(250-1000 GeV)
AWarped Extra Dimension§250-3000 GeV): [1] WarpedGravitonsat LHC |
spin2 (KKgraviton)! and spir0 (Radior) [ resonances {g} Eﬁsfrggﬁng;&fé;qrf.sfﬁ%gggtal

NON-RESONANIT | A General extension t8SM effectds modelled in EFT adding droperators?],
the process can be described whhparametersan the followingLagrangian

ke kr G G Gy

1 ny - . Where
— LWL, - - !
L), = 2811 o' h thh Agﬂ,{[t} h? (v +h +—hh) (t tr + h.c.) k= < < M

]- Xs (v i kt:yT/yTSM;
4370(.’1’ -’I’I)G’ Guv - | <g=m2(2v?) = 0.129.

9 ok .fffﬁm ——-h Lo hg

t _f_—.: {" "'.'
) ! -~ -~
g ~h o g o000 -=-=h ~h g T~ h

Tri-linearcoupling Yukawainteraction ttHH interaction Higgsgluoncontactinteractions
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A" and kinematics of the final stat = M =20 |4 b Moo = 448
vary in the 5D phasspace. , 100
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Tri-linear coupling Yukawainteraction ttHH interaction Higgsgluoncontactinteractions
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Final States RESONANT | NON-RESONANT

1

i di-Higgssearchesan beperformedlooking at severalfinal states

\,

Due to therelativelylow production crossection-->
one Higgsis searchedor in bb decayto exploit the higher branching ratio.

’;‘“ wl T T T T Ty Fourmain decaychannels
I rprosoory) 2% 17 Aobbb->highestBR, high QCR/bkg
oC 99 10
= af ( 410°  AbINA-> high BR, largereduciblett
10
0 Ab _ ->relativelylow background
10° Adb+ > highpurity, verylow BR (shownfor
107 m the first time
. : .. to public)
w2y 2 e oo W o H10° Studieson-goingon additional channels
BR(H— XX)
On each channel: Stronglyimprovedsensitivitywrt Runl
Modelindependent search afiarrowwidth resonancer interpretations but combination is still competitivél,
Upperlimit on SM noAresonantproduction +searchedor BSMeffects [1] 8 TeV-bb__ pluscombination
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RESONANT | CMSPASHIG16-002

A On-line cut: >= 3 btagged antk; R=0.4 jets

A Bkg multijets QCD andt (2-10%)

AFirst 4 jets sorted ibTag+ selection orjet/di-jet pRjm
A Bkgshape from sidebands on data in 2D mass plane
A Signal search on mdistribution

Exclusion: KiGraviton ofmass [350-725]GeV ; [775-850]GeV

2.3fb" (13 TeV)
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HH — bbbb OBJECTS: 4 resolved anthgged jets |

2.3 b1 (13TeV) 7

Bothsearcheswill be updatedsoon

NON-RESONANT | CMSPASHIG16-026
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1001

A First analysis performed on 2015 data

ABDT to improve significance

A4l SYA aLIKSNBE VY Atkektsad €
bkgtemplate(seet¢ ® 5 2 Nk at@CDaparalll

A Signal search on 2D plamg; vsmy

hemisphere
mixing

\ @/
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HH — bbbb

RESONANT é BOOSTED TOPOILOG

CMSPASB2G16-026

—————————————————————————————————————————————————————————————————————————————————

for My > 800GeVHiggs bosons arkeorentzboosted,
NEO2yaiNHzOUSR Q&

_________________________________________________________________________________

A 2jetswith highestp; selected

A Veto onisolatedmuon. Techniqueo get WleanedIn,, (soft drop mass)
A b-taggingfor fat jet: double btagger. (Detailsin C.+ S Ny fal®)NR Q&
A ' (jj)<1.3 (searches for scal@avoured
A Multijets background templatefrom
m,<1200GeV datadrivenBIiphabefdmethod (ABCD with morsideband

m,>1200GeV levelledexponentiafunction

————————————————————

AY
1
1
1
1
1
1

’

Normalizationextractedfrom sidebandsn b-tag and M.

A Signalextraction fromm;® = M;; — (Mj, — My) — (M;, — Mp)

No signal excess.

Events / bin

S(pp — X) x B (X — HH — bbbb) [fb]

Forr = 3TeV Radionof mass between 970 and 14%eV excluded.
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Decays from both W and Z consider@gth 12<m;<m,¢ 15GeV. ;
3 channels:e*e-, >*>, (e> and e>*).
~OBJECTS: 2tagged Jets && 2 oppositely charged leptons. ]

____________________________________________________________________________________________________________________________

CMSPASHIG17-006

Dileptontriggers ng(jl) >0.3.

Main backgrounds:tt, DrellYan single top
Templates fronsimulationsbut DrellYan(data-drivenfor ete-, >*>").
BDT to discriminat®rellYan+bb,ccfrom DYassociategrod.

2 DeepNeuralNetworks toimprove S/B (for resonantand for nonres)

TheParameterisednachinelearningtechniqué!! isused

inputs: my;, ARy, AR;j, Ay, pr, p, min(AR;;), and Mr,
pluspysicgarameters(e.g.my, k_, k).

It ensuresoptimal sensitivityon widesignalrangewith onesingle training.

Threecategorieson M(j)) to enhancesensitivity

Signalextractionon DNNdiscriminant

[1] Phys J. C76:235(2016)
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Events

Data / MC

Events

NON-RES.

Data / MC
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CMS Preliminary 36 b (13 TeV)
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35.9 b (13 TeV)
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A SingldeptontriggersOR_,, ., at triggerlevel 102

Isolationfor both leptonsand _,,. RSN 1 FOTIROIT e

M recontructedviadynamicalikelihoodtechnique M [GeV]
35.9 0" (13 TeV)
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-7 0] - preliminary channel -tCtJCD
=~ 10
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A Main backgrounds:tt, DrelFYan QCD (datadriven). G| & | s Ot i
_ 2| 3 A
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. . o : 107°
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- non-resonant $transvers® Ylaa Y 10
min 1 10°

2
Mr; irﬂr{max[mi" (mm: rrh, My pTl): mr(myz, P72, Myis) Prz)]}
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Double photon trigger. MVA to identify vertex (same as single H).
Selection on £ m, , m;, pT, nR(j,*)>0.4.
2 leading jets on {hag. Jetsenergyregressionapplied
Toimproveresolution HH masspproximatedby:

Mx = M(jj¥¥) - M(jj) - M(yy) + 250

BDTto classifyeventsin purity categories
Trainedon b-taggingvariables helicityangles pT(jj)/m(..).

For nonresonant 2 additional categ my < 350GeVORmM, > 350GeV

Backgrounds: +Jets from QCD (dathiven), single B ittH, bbH, VH.

Describedhroughpolynomialan the Bernsteirbasis

Signalextractionfrom 2Dplane: m, ,, m;,

Martino Dall'Oss@q EPSHEP2017

CMS Preliminary
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c(pp—X) x B(X—>HH-—bbyy) [fb]

RESONANT

No signalexcess

HH — bb
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## AssumingSMHiggsbranchingfractions[1]

~

2.3-36 fo' (13 TeV
T T

/_5~-107 S T T T T E
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T g0 L Assumes SM Higgs BR ] observed
T'VE bbrt (CMS-PAS-HIG-17-002, 36 fb™) = (excluded
O o 1 . HH to (expected hase PAS
A bbbb (CMS-PAS-HIG-16-002, 2.3 b N k950 CL P
£ 0 = SM space
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o ]
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1 ' ' — 153 | ' 2.3 foot 35.9 fbt * just submitted to arxiv

Fromcombinationof 8 TeVresults(arXiv:1707.00350
non-resonantSMobserved(expected = Kgy 95% Climits = 43.
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LHC Run 2 (2016 data):

A Searche®n all main decaychannelsbut bbbb, performed on 2016 data
Analysigechnigueimprovedwith a impressivencrementsin sensitivitywrt 2015.

A No signal excesi searches for resonant production.
Mass ranges excluded fBadion KkGraviton and MSSM hypothesis.

A Nonresonant SM process still not accessible but upper limit set.
Best constraints obtained from bbandbb_ (~20times SMexpectation).

A No evidence of signal with variation of Higgs couplingsSM values.
k.= 2excludedwith k. = 1hypothesis

Prospects:
A Update searches ibbbbchannel
A Extend searches on other decay channels
A Combinationof all the channeland further studies on BSM with neesonant HH
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CMS Preliminary Simulation (13 TeV)
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HH — bbbb RESONANT 3 BOOSTED TOPQILOGY
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