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DI-HIQQs searches

SM (non-resonant) di-Higgs production: ::::‘>___
h

e Direct measurement of An

e |nterference with box diagram ‘0000
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DI-HIQQs searches

SM (non-resonant) di-Higgs production: m> A

A ---@_
e Direct measurement of An G000 |
* |nterference with box diagram 0000 —>—T -~ "-
+ Potentially within reach of HL-LHC ‘

e BSM modlflcat|ons could enhance Ohh

HH productlon at14 TeV LHC at (N)LO |n QCD 1
R M,;=125 GeV, MSTW2008 (N)LO pdf (68%cl)
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MadGraph5 aMC@NLO




DI-HIQQs searches

SM (non-resonant) di-Higgs production: m> M

e Direct measurement of An 5000

e |nterference with box diagram ‘0000
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SM (non-resonant) di-
e Direct measurement of An 5000

e |nterference with box diagram ‘0000

DI-HIQQs searches
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 Benchmark models: 2HDM (spin-0 H)
and Randall-Sundrum (spin-2 Gkk)

* Boosted topologies can be used
. Bac;kground suppression
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 Highest BR channel
« ATLAS-CONF-2016-049 - 13.3 b1
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 Highest BR channel
« ATLAS-CONF-2016-049 - 13.3 fb1
 Resolved analysis

* 4 b-tagged small-R jets
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Highest BR channel
ATLAS-CONF-2016-049 - 13.3 fb-
Resolved analysis

* 4 b-tagged small-R jets
Boosted analysis

o 2 large-R jets matched to > 1 b-tagged jet(s)
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Highest BR channel
ATLAS-CONF-2016-049 - 13.3 fb-
Resolved analysis
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* 4 b-tagged small-R jets
Boosted analysis
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 Small BR but clean yy signal
« ATLAS-CONF-2016-004 - 3.2 fb
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Nh — yybD

 Small BR but clean yy signal
« ATLAS-CONF-2016-004 - 3.2 b
e > 2 yand exactly 2 b-tagged jets
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Events /2.5 GeV

— {s=13TeV,3.21b" Single Higgs

>

3

w 40

a C 0O-tag control region ----- Continuum Bkg. 1
0 35— s

2 = — Sum

[}

>

i

Nh — yybD

Small BR but clean yy signal
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Data - Fit

Fit data in myy sidebands to estimate background

* Shape in 0 b-tag region, normalization obtained in
the signal region
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Events /2.5 GeV

Data - Fit
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Fit data in myy sidebands to estimate background

* Shape in 0 b-tag region, normalization obtained in
the signal region Obs. non-res limit:
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hh = yyWW’

 Small BR but clean yy signal
« ATLAS-CONF-2016-071 - 13.3 fb-
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hh = yyWW’

 Small BR but clean yy signal
« ATLAS-CONF-2016-071 - 13.3 b1
e >2v, >1lepton, MET, > 2 jets and 0 b-tagged |ets
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hh = yyWW’

Small BR but clean yy signal
ATLAS-CONF-2016-071 - 13.3 b
>2vy, >1lepton, MET, > 2 jets and 0 b-tagged jets

Fit data in myy sidebands to estimate background

Shape in O-lepton region, normalization obtained in
the signal reglon
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Events / 0.5 GeV

Data - Fit

hh = yyWW’

Small BR but clean yy signal
ATLAS-CONF-2016-071 - 13.3 b
>2vy, >1lepton, MET, > 2 jets and 0 b-tagged jets

Fit data in myy sidebands to estimate background

Shape in O-lepton region, normalization obtained in
the signal reglon
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Displaced lepton-jets

» Search for dark sector (FRVZ model)
 ATLAS-CONF-2016-004 - 3.4 fb
* Coupling to SM via vector and Higgs portals
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Displaced lepton-jets

Search for dark sector (FRVZ model)
ATLAS-CONF-2016-004 - 3.4 fb-

Coupling to SM via vector and Higgs portals

Production of 2 or 4 yq4 (MeV-GeV mass range)
* Decay to lepton or light quark pairs

e Search for displaced muon/hadronic jets
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Displaced lepton-jet

LJ Typel

Search for dark sector (FRVZ model) /5 .
ATLAS-CONF-2016-004 - 3.4 fb-" LK
N

Coupling to SM via vector and Higgs portals &g

Production of 2 or 4 yq4 (MeV-GeV mass range)
* Decay to lepton or light quark pairs

e Search for displaced muon/hadronic jets

20



Displaced lepton-jets

Search for dark sector (FRVZ model) /5 .
ATLAS-CONF-2016-004 - 3.4 fb-" LK
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Production of 2 or 4 yq4 (MeV-GeV mass range)

* Decay to lepton or light qua
» Search for displaced muon/
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N/Z = Oy

 Rare decays to ¢y are allowed in SM
 Probe Yukawa coupling to light quarks
 Phys. Rev. Lett. 117, 111802 - 2.7 tb1
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N/Z = Oy

Rare decays to ¢y are allowed in SM
 Probe Yukawa coupling to light quarks
Phys. Rev. Lett. 117, 111802 - 2.7 tb-1

Novel trigger requiring 1Y and 2 tracks with mi~me

® - K'K™ reconstructed using single tracks
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N/Z = Oy

Rare decays to ¢y are allowed in SM

 Probe Yukawa coupling to light quarks
Phys. Rev. Lett. 117, 111802 - 2.7 tb-1

Novel trigger requiring 1Y and 2 tracks with mi~mg

® —» K'K™ reconstructed using single t

Limits set on mkky
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N/Z = Oy

Rare decays to ¢y are allowed in SM

 Probe Yukawa coupling to light quarks
Phys. Rev. Lett. 117, 111802 - 2.7 tb-1

Novel trigger requiring 1Y and 2 tracks with mi~mg

Limits set on mkky

Observed limits:
BR(h—-¢y) < 1.4x10-8

BR(Z— dy) < 8.3x10-6
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n — aa — 4D
 Eur. Phys. J. C 76 (2016) 605 - 3.2 fb-
» Search for light scalar or pseudoscalar “a”
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n — aa — 4D
 Eur. Phys. J. C 76 (2016) 605 - 3.2 fb-
» Search for light scalar or pseudoscalar “a”
e 20 GeV < ma <60 GeV
* h produced in association with W (single lepton decay)
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n — aa — 4D
Eur. Phys. J. C 76 (2016) 605 - 3.2 fb-
Search for light scalar or pseudoscalar “a”
e 20 GeV < ma <60 GeV
* h produced in association with W (single lepton decay)
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n — aa — 4D
Eur. Phys. J. C 76 (2016) 605 - 3.2 fb-
Search for light scalar or pseudoscalar “a”
e 20 GeV < ma <60 GeV
 h produced In association with W

single lepton decay)
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Conclusion and Outlook

* Ongoing searches for hh production
* Resonant and non-resonant
* Many channels under investigation
 Combination expected soon
e Searches for rare and exotic higgs decays
* Direct measurement of coupling to light quarks

e Search for evidence of new physics
 Many exciting possibilities in the near future
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Probing the Higgs Potential

Higgs potential: V(¢) = —p*¢* + A¢*

Expand around the minimum:
Vi) =V(ib+e) 7 o

V:VO+>\v2h2+>\vh3+Zh4 v:\//%
1 _1/2
= Vo + gm” @ 3 @ 4 = (V2Gp)™"/? ~ 246 GeV
, ,w A\ — m,
hhh — 2
------- o D Eenl CCREERE 2
\hhl ) \ >\4h — mh

Sv?

Measuring hh and hhh production helps us understand V
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Channel Combination
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MSSM Interpretations

ATLAS (s=8TeV, 20.3 fo' hMSSM
[ Observed exclusion [ Expected exclusion
Constant m, (GeV) o + 10 expected
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Two MSSM
scenarios considered

ATLAS \s=8TeV, 20.3 fb”' low-tb-high
[__] Observed exclusion [__] Expected exclusion
Constant m, (GeV) o + 10 expected

m, <122 GeV
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Prospects for Observation

Will we observe SM hh production at the HL-LHC (3000 fb-1)7

Maybe....
From the theorists:

From the experiments (0/0sm):
ATLAS CMS

Simulation |Extrapolation

4b 2.0 (11.5) | 2.9 (7.0)

Channel

bbyy - (2.6) 1.3 (1.3)

bbtT - (4.3) 3.9 (5.2)

WWbb - 4.6 (5.8)

stat-only (stat+syst)
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Prospects for Observation

~ Snowmass estimates ~30% precision after |
' combination of all channels and experiments|

—

From the theorists:

From the experiments (0/0sm):

ATLAS CMS

Channel Simulation |Extrapolation
4b 2.0(11.5) | 2.9(7.0) 30 n Hopeless
bbyy - (2.6) 1.3 (1.3) 50 50
bbTT - (4.3) 3.9 (5.2) 50 Hopeless
WWbb - 4.6 (5.8) n<3 50 Hopeless -

stat-only (stat+syst)
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