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Introduction

= Discovery of the 125 GeV Higgs boson, whose
property are consistent with SM prediction, has
confirmed the EW Spontaneous Symmetry Breaking
mechanism

= But, SM can not explain

» How and why EW SSB happened?

= New phenomena, e.g. matter and anti-matter asymmetry,
dark matter, dark energy, etc.

» Many open questions demand physics Beyond SM,
many of which related to mass (fermion), scalar field,
phase transition, etc.
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Exotic Higgs world at ATLAS

Heavy neutral | | Charged Higgs
Higgs

H*—TVv H*—tb h—>eT, uT
A/H—1Tt A/H—ttbar Hzt—|£|=

H=—WZ t—uh, ch
H—ZZ A—ZH/Zh @ ‘_ VA >

\H —WW /

Rare
decay

h to light Double
bosons Higgs

h—vp, Yy h—Z o Z ok hh—4b ATLAS public Higgs

physics results:
KZ(ll)+h(inv) h—aa—4b hh—yybb

/ k https://twiki.cern.ch/twiki/bin/view/

K / AtlasPublic/HiggsPublicResults
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Exotic Higgs world at ATLAS

Heavy neutral
Higgs

A/H—1Tt A/H—ttbar
H—ZZ A—ZH/Zh
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h to light Double
bosons Higgs
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h—invisible will be
presented by Rui

hh—4b
hh—yybb

ATLAS public Higgs
physics results:

https://twiki.cern.ch/twiki/bin/view/
AtlasPublic/HiggsPublicResults
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Exotic Higgs world at ATLAS

Heavy neutral | | Charged Higgs
Higgs

Hx—TVv H=—1tb h—>eT, uT

Ht—[xx  H:f—>WZ t—>uh, ch
> Z >/

Only focus on representative
recent 13 TeV results
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ATLAS public Higgs
physics results:

https://twiki.cern.ch/twiki/bin/view/
AtlasPublic/HiggsPublicResults
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Extra Higgs bosons

2HDM is the minimum extension of Higgs sector and

predicts 5 Higgs bo

sons: H-, A, H, h

Benchmark models, e.g. MSSM, have two free
parameters at tree level: m,, tan 3= v /v, (ratio of VEV of

two Higgs doublets)
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Two 1T decay modes
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A/H=1T: exclusion limit
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H—ZZ— llll or llvv

Eur. Phys. J. C 78 (2018) 293 H—ZZ— llvv
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H—ZZ— llll or llvv
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A—Zh—ll/vv bb

= CP odd Higgs boson A—Zh—ll/vv bb
« h: 125 GeV SM-like Higgs
= Production modes: ggA and bbA

JHEP 03 (2018) 174
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A—ZH—IIbb

= Relax the mass degeneracy, by assuming m,>my,
 His the heavy CP-even Higgs
= Searches performed by scanning both m, and m
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Double Higgs production

= Extremely small SM expectation (31 fb @ 13 TeV)
« Important for measuring the Higgs self-coupling
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= Resonant enhancements s e — v ]
« KK-graviton, Heavy Higgs in 2HDM 1 \;h;ested R;v._;z:,p?

= Non-resonant enhancements ° 0920042019
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Di-Higgs search: bbbb

arXiv:1804.06174

Resolved and boosted categories

« According to H—bb topology

Selection: 2D of di-jet (fat-Jet) mass
* Multi-jet determined from the

sideband region
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Higgs rare or exotic decay

Existing measurements constrain the non-SM Higgs boson decay Br<~30%

h—aa—yyijj : h—Z,Z,—4l

= Light scalar motivated by | = Light gauge bosons in dark-
2HDM+S:a—yyorgg sector U(1) group or pseu-
= VBF to suppress yy+multi-jet doscalar in 2HDM+S

|
|
background :
= Optimized in different mass |
ranges | HORT g
5 OSpr : arXiv:1802.03388
Do EERET )| g T
I " | i |2 |
% 0.35— . : bgiwbx % Z
X 0.2F — 3 :
B T U : 8 ; %//

20
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you, ask what you

o, 10

Summ

Exotic Higgs searched extensively at
ATLAS, large BSM parameter space

suppressed

~3 times more data will be collected

by the end of 2018, more exciting
results ahead.

0
Ask not what the negative results can do for *°
can do for the negative results
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A/H=—ttbar

* Re-interpretation of 8 TeV semi- . ¢

. . ek ATLAS Simulati ]

leptonic ttbar analysis O of —S s-aTev 203! 3

— 4F Parton level; before selection J

. . . > m, = 500 GeV, tanp = 0.68 ]

= Peak-dip signature: Interferes £ of o -
. . > B

with SM ttbar production I: ;

—2F E

o :

300 400 500 600 700 800

m, [GeV]

E 105 EE 'I. ATLAS I I ¢ Datal2012 é

2 C e e ° Vs=8TeV, 203 10" SM 1 ]

; 104 =E O... Lept.on+jels . SM Wijets E:

. . . € E = e All signal regions ther =

= Limits on tan 3 set for various mass & .t . " ey

in the 2HDM-II alignment limit points ... J

Mass ma my ma = mpyg 10 - i

[GeV] tanp:  obs. exp. obs. exp. obs. exp. g - oy 500 GoV, tang 063 n

500 <100 <L16 <100 <077 <15 <150 = F —A S - HoS e E

550 <0.69 <0.79 <0.72 <0.52 <110 <092 B [ .l R — +_

600 -~ <059 <073 - <1.09 <0.93 U A * -------------------- =

650 - - - - - <062 e D :

400 600 800 1000 1200 1400 1600
M [GeV]

Note: “-” means no exclusion for tan3>0.4 »



Flavour Changing Neutral Current

FCNC highly suppressed in SM, but get enhanced in
many BSM models, 2HDM, SUSY, Extra Dim, etc

Search for flavor changing neutral current in top decays
using 36.1 fb-1 with t—qgh g=c,u, h—yy

t—ch branching ratio of 2.2
x10-3 at 95% C. L.

« Corresponding limit on tcH
coupling is 0.09

Limit on Br(t—uh) 2.4x10-3

t—=Hc
t—=Hu
t—=yc
t—=yu
t—gc
t—gu
t—=Zc

t—=2Zu

ATLAS+CMS Preliminary 95%CL upper limits <@ ATLAS <—@ CMS

LHClopWG

November 2017
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H—WW—evuv

10° ATLAS ¢ Data 7/, SM(sys @ stat)
o*E- 15 =13TeV, 36.1 fb! B wwx1.14 [l other v
XWWs oviy ggF SR Topx0.96 [_]ggF NWA 700

= High mass resonance in WW—evpv - =
« 3 categories: ggF, VBF1J, VBF2J wf am— B

= WW and Top backgrounds
« Determined from control regions
* |nterpreted in 11 different scenarios

Events / GeV

Data / SM
N
D
>
b
]
»

0.5

L1l

L 102 1 3

ATLAS —e— Observed 95% CL m; [GeV]
Vs=13TeV, 36.1 fb" ---- Expected 95% CL
H— WW— evuv (ggF, NWA) (NERS

\:|i-2cs

10

IIII!II|I1I|I!\|III|III[1II|!II|II\|II\

10 H—WW cos (B-a) = -0.1

ATLAS  2HDM Type i

Vs=13TeV — Observed 95% CL [@@=lc

36.1 fb™ ---- Expected 95% CL [J+2c
=3 Excluded f

T IIIIII|
| IIIIII|

tanp

T

|
T T T 1T
T

T

T IIIIII|
1 IIIIII|

6, X B(H— WW) [pDb]

T 17T IIIIIl
1 11 IIIII|
ITEXTL]

1072

X

IIIIII|

| IIIII|
o

'Y

o

500 1000 1500 2000 2500 3000 3500 4000
m,, [GeV]

3

X2

e

—1 171 r I I 1 L 1 I
10200 220 240 260 280 300 320 340 360 380 400

Eur. Phys. J. C 78 (2018) 24 m,, [G&V]



h—yp and y¢

h—yp and y¢
= SM h—yy (y*—p/d) dominant
= Probe modified Yukawa coupling of 15t or 2"d generation quarks

-
-
-
-
-
-
-

B(H=vp/¢) .
= Obs: (8.8/4.8) x1074, SM: (2.3/17) x1075

arXiv: 1712.02758

24



Higgs decay to invisible

PLB 776 (2017) 318
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A—ZH or Zh—lIbb

= CP odd Higgs boson search in libb final state
= Two analyses: A—ZH and Zh

9 I
* h: SM-like Higgs 7
: /as
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: b
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Charged Higgs

= Dominant productionis ’ 0000 — b ’ "
in association with top n K
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benchmark models i / \
00000 < ! b f

1p

. BR(H®)
: tan 8 = 30

= H*—tb at high mass
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H+—Tv search

ATLAS-CONF-2016-088
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H+—tb

. %T:,:\:T:\i/mulaﬁonPrenminary %E:E; Et:‘;:&b
Signature: ttbar+1/2 b -
Multivariate analysis @ @ @
method (BDT) used

Event categorization w.r.t.
number of b-jet %

€

E T | T T T 7T T T T T | T T T T T 17T | T T 7T | T T T 7T | T T 7T | T % "'- T T ] ] ‘ ' ]
= ok ATLAS Preliminary _ s F 1
% C — Observed limit (CLs) ] i 1
. C 0 NGO awees Expected limit (CLs) - imi
% - o 1 ATLAS Preliminary
o | — ,infn"d tanp = 0.5 1 10 MSSM m"** ] observed exclusion |
+,\ mmod- tanB =1 : b . seesses i :
T e P tan = 60 B E H' > tb Expected exclusion :
i ] [ Vs=13TeV, 13.2fb" & ]
& [ ] - b [ ]=2 1
5 [ 1 i o |
L H'>tb
1o (s=13Tev, 132" _ 1 E
: E i 1 l Lo 31 l YRR RN 3 L1 1
_I | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 I 1
300 400 500 600 700 800 900 1000 300 400 500 600 700 800 900 1000
m [GeV] m. [GeV]

ATLAS-CONF-2016-089 29



Di-Higgs: non-resonance summary
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= Best channel limits on anomalous trilinear coupling: [-8, 15]
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For 2HDM electroweak baryogenesis to occur [8, 23], the
requirement mA > mH 1s necessary for a strong first-order phase
transition to take place in the early universe. The A boson mass i1s
also bounded from above to be less than approximately 800 GeV,
whereas the lighter CP-even Higgs boson, h, is required to have
properties similar to those of a Standard Model (SM) Higgs
boson and is assumed to be the Higgs boson with mass of 125
GeV that was discovered at the LHC.
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