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Different strategies: 6 x B normalized to SM value
Indirect - probe for small deviations in properties (CP, couplings,...) of SM

particles
Direct through decay - SM particles decaying into BSM particles

Direct through production - Explicitly look for BSM particles produced at
the LHC decaying into SM particles

Focus of this talk °



BSM Scenarios

- 2HDM model - 2 Higgs doublet in the Lagrangian

- 5 bosons: h, H, A & H:

- Several types based on coupling - Type-ll ~ MSSM SUSY
- 2 parameters at tree level: tanf3 and Ma

- Rich decay phenomenology
- Higgs triplet model (HTM)
- Includes additional H+

- A curated list of results to cover
the different decays
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Heavy Neutral Higgs Boson

» Dominant production at LHC: Heavy Higgs production
+ gluon-gluon fusion (ggF) @ LHC
+ b-associated fusion (bbH) g”oaaa%
> o
- For Type-ll, coupling to down-type fermions
enhanced at large tanf3 e
-+ p—TT has large branching ratio g r
- For low tanB and My = 2Mrop, @—tt decay is - - - ¢=h/A/H
accessible
g b

Latest ATLAS results

Search BSM A/H/Z—-1tt | HIGG-2016-12 13 TeV, 36/fb

A/H—tt with interference | EXOT-2016-04 8 TeV, 20/fb




A/H-TT

o X B(¢ — 77) [pb]

Two decay modes - TLepTHad & THadTHad
- For Mam < 0.6 TeV, TLepTHad dOominates
* THadTHad IS Sensitive for higher mass range L
Target production mode - b-tag and b-veto regions
Large background from jet—T1 conversion
Model independent limit on ggF and bbH XS

Exclusion at the 95% CL for hnMSSM scenarios:
tanB3 > 1.0 for Ma = 0.25 TeV
tanB3 > 42 for Ma= 1.5 TeV
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A/H—

- Significant interference: A/H—tt and gg—tt

- Modification of resonance to peak-dip
structure

- Resolved kinematics, with lepton+jet final
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Heavy Neutral Higgs Boson

- In BSM scenarios, heavy Higgs decay to vector boson possible
-+ Mixing of the h & H particle states
- Coupling parameterized typically as cos(B-a)

Latest ATLAS results

H—oZZ—41,212v HIGG-2016-19
H->WW-evuv HIGG-2016-31
---------------------------------------- 13 TeV, 36/fb
A—->ZH-lIbb EXOT-2016-34 &
& A—=Vh—II'bb EXOT-2016-10
NeW Combination of VV/VH final EXOT-2017-31

states
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H—Z/—4l,212v

- Events with opposite flavour same sign lepton pair(s)

- 41: Fully reconstruct the decay kinematics - ma as
observable

- 2I2v: Reconstruct the leading Z - mt as observable
- Split into VBF- and ggF-like SR
- Gain in sensitivity by splitting in lepton flavour

- Interference between h-H and Bkg taken into account
for large width

- Small excess at My ~ 700 GeV in 4|
- Global significance at 1.30
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H—=>WW-—=evuv

- Events with opposite flavour lepton pair with
missing energy

- Reduce Z+jets background
- 3 Signal region:
- 2 VBF-Like (Njets =1 or Njets =2)
- 1 ggF-like (inclusive in Njets)
- Multiple interpretation of the results
- Large width - interference with background
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A—/H—lIbb, A—=Vh—=II'bb

- Search for a heavy CP-odd scalar
- |Isolated leptons or v and = 2 b-tagged jets
- ZH: search for heavy CP-odd and even scalar
- Vh: all lepton vector boson decay
- Impacts of large width take into account
-+ Results interpreted in various models
- Mild excess at Ma = 440 GeV for A—=Vh
- Arises from 3+ b-tag region in the 2-lepton

channel. Local (global) significance: 3.6 (2.4)0
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Combination of VV//VH final states ’ '

V 1%
- A global heavy resonance search - combination of ATLAS results 0
- Final states: gqqq, vwaqq, Ivqq, llgq, viv, llvv, i, lll, ggbb, vwbb, 4 v
Ivbb, and libb q q
- Correlation of experimental and theoretical systematics q 1
- General results parameterized as a function of quark, lepton and
boson couplings
- For scalar resonance, exclusion limits at 95% CL %
KK
+ ggF: 380 - 1.3 fb for My € [0.3 - 3.0 TeV]
- VBF: 140 - 3.2 fb for My e [0.5 - 3.0 TeV] g vV
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DI-HIggs Search

- Low mass Higgs boson offers another portal to probe for BSIM physics
- Search for heavy scalar decaying into two 125 GeV Higgs boson
- Many decay modes - balance between background and expected events

SM BSM
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H—=hh—bbbb/bbyy/bbTT

- bbbb: Largest branching ratio but large background

- Resolved and boosted topology targeted
separately to extend sensitivity

- bbyy: Profit from narrow peak in yy distribution

- Improvement in resolution by constraining M;
::PV4\W/
- bbtt: Target decay modes - TLepTHad & THadTHad

- BDT to separate signal from di-top, Z—T1T and
multi jet background
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95% CL upper limit on o(pp — S — HH) [pb]

Combination -

Di-Higgs Search

- Combination of the bbbb, bbyy and bbtt channels
- Correlation of experimental and theoretical systematics

- Stringent limits on SM production @ < 6.7SM

- Limits on non-resonant production
- Exclusion limit on heavy spin-0 particles
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Charged Higgs

- Extension to SM predict charged scalar particles

- Further extensions include doubly charged Higgs
(H=)

- In many models such as MSSM, H= predominantly
decays to tb or tv final states

- Top associated production at the LHC

= = W=W= probes high triplet vacuum expectation
values

Latest ATLAS results
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NeW H=x =& WxW= HIGG-2016-09
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H+ = TV

- Targets top associated production mode
- All-hadronic and leptonic W decay
* Only THad CONsidered
- Interference in production at My: ~160-180 GeV
- First time this region is probed!
- BDT observable trained in 5 mass bins with similar kinematic

- 1-and 3- prong T polarization used to reduce background

- All tan 8 values are excluded for My < 160 GeV. Mu+ ~1.1 TeV
Is excluded at tanf3 = 60 at 95%CLs for NMSSM scenario
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Events / region

Data / Pred.

H+= — tb

Complementary to the tv - sensitivity for low
tan3

Top associated production:

- All leptonic or semi-lepton decay of Ws
Multiple categories based on number of jets and
b-tagged jets

BDT observable in each category
Exclusion limits at 95% CL for nMSSM scenario:
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Hii — WiWi

First search probing in this decay mode
Pair production - 4 W’s in the final state
- 2 same sign-, 3- and 4-lepton + jet final state

- b-jet veto to reduce di-top background

Cut optimization on 8 discriminating variables

- Function of the probed mass

Counting experiment in 6 categories
* Mhs+t+ < 220 GeV excluded at 95% CL for triplet

vacuum expectation value of 0.1 GeV
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Conclusions

- ATLAS is highly active in searching for BSM physics in the Higgs sector
- A small subset of results shown
- Full list of results at https://twiki.cern.ch/twiki/bin/view/AtlasPublic

- Global summary: No significant excess over SM has been found so far
- Exclusion limits set for different BSM scenarios

- Larger dataset being collected ~ 150/fb
- Gearing up to explore new phase space!
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Layer of the detector
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Resolved

H—hh—bbbb

- Largest branching ratio but large backgrounds
- Resolved: four R=0.4 b-tagged jets, with Mo ~ M
- Sensitivity up-to 1.2 TeV
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H—hh—bbyy

- Smaller background due to presence of isolated photons
- Narrow peak in the M,y spectrum with 1 or 2 b-tagged

jets

- ‘Loose’ (‘Tight’) selection for low(high) resonance SR

- Higher jet pT cuts and Smaller M,y / M window

Fraction of events

- Veto >2 b-tagged jets event to ensure orthogonality with bbbb

- 60% improvement in resolution by constraining Mj =My,

- Parameterized fit to Myy; distribution
- For scalar resonance, exclusion limits at 95% CL
- 1.1-012 pbfor Mpe [0.26 - 1.0 TeV]

1.8

1.6

1.4

1.2

ox X BX — HH) [pb]

1.0
0.8
0.6
0.4
0.2

0.0

Loose

: ATLAS
Vs =13TeV,36.1 fb

—eo— Observed limit

---- Expected limit

i Expected limit +10
Expected limit +20

Tight

300

400

5

|
1
|
|
Od 600 700 800 900 1000

my [GeV]

Events / 10 GeV

Data — Bkg

o
w

0.25

Q
\S)

0.15

0.1

0.05

0

20

15

10

ATLAS Simulation
2 b-tag, loose selection

constraint is applied

solid line indicates that m, = m,,

T T T ]
----- m, = 260 GeV
----- m, = 300 GeV -
----- m, = 350 GeV -
----- m, = 400 GeV
----- SM yy+jets

1 b-tag, loose selection

| Tl
—e
P —

300 350 400 450

M,y [GeV]
| | | | | | | | | | | | I | | | | |_
ATLAS ¢ Data ]
Vs =13TeV, 36.1 fb~' —— Bkg-only fit

IIII|III

hﬁ}“h{ ﬂ.mdimﬂ.lu-.&-l.__

IIII|-!'H'|III1—!—!—!—|IIII|IIII|IIII

300 400

500 600

myyj [GEV]



H — h h — bbTT ;g 1f_— hMSSM Scalar (tan = 2) ATLAS
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* Two decay modes - TLepTHad & THadTHad Ty
- Further split, for semileptonic decay based on x b
triggers e
- BDT trained to separate signal from di-top, Z— 1T and S U
multi jet background ‘% 1L~ BuK RS Graviton (M, = 10)  —*— Obs 96% CL limi
- Trained for each signal mass point f 15 -EX:,%/ -
- Includes nearby mass points to allow to T0E [z
interpolation el
- Mass range 305 GeV < Mx < 402 GeV excluded at ;

95% CL for tan3 = 2 for h(MSSM scenario 300400500 600 700 _ 800 900 {000

Resonance Mass [GeV]

-E 1 07 EO— T T I T 1T I LI I LI L I T 1T I LI I LI | LI I T T -E :I T T I LI | LI I LI L I LI I LI I LI | L I T T |:

@ E ATLAS o atexs it 2 r ATLAS b AR HH at oxp i i

o p —_— at exp limi 4l p —_— at exp limi _

g 10° 13TeV, 36.1 b Top-quark = g 10 = 13 TeV, 36.1 fb Top-quark E

o = TiepThad SLT 2 b-tags jet — 1, fakes - Q = ThadThad 2 D-20S jet — 1, fakes (Multi-jets)

W05 Z — 17 +(bb,bc,cc) — w = Z — 11 +(bb,bc,cc) =

= I Other 3 1Q° Eranrrr@annan I jet — 1, fakes (it) —

s SM Higgs . = I Other =

10 55"&.‘" Uncertainty E = SM Higgs =

= ez, Pre-fit background 3 N Uncertainty ]

10 : ; = 10 B e Pre-fit background IE

= " g E NSNS NS -

_ .'"."‘“.“h ] E . ]

102 bt o R ]

10 -

1= 1 f_ =

E' - I |- I | - I - 11 1 I 11 1 I | I 1 1 1 | | I 11 1 : I 11 I L1 1 I 11 1 | 11 1 I 11 1 I L1 1 I 11 1 | 11 1 I 11 |:

_o' 1 2 T T I LU | LI | LI | T T I L I LI | LI | T T I LI _o' 1_5 T I T 1T I LI I T T | LI I LI | L I T T | T T T l__

o lep 3 o 5 .

o -|?.mom‘n\.\\‘\\\.\\\.\\\Q\\\\Q\\\Q\\\\s\\\\?\\\\;\\\\}\ﬁ}\\ % TFveaas \\\\\\\\K\\\\\\\\\\\\*\\\\\\\\\\\\\w\\\\\\\\\\ \&

8 0.8 = 8 . )

(TS E L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1l 3 CYS C 11 | L1 1 | L1 1 | L1 1 | L1 1 | L1 | | L1 1 L1 1 | L1 1 | L1 ]
o) -1 -08 06-04-02 0 02 04 06 08 1 a 0'5—1 -08 06-04-02 0 02 04 06 08 1 33

BDT score BDT score



