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Introduction

e The current Standard Model (SM) was
completed with the discovery of the Higgs
boson at my, = 125 GeV in 2012

o However, the theory lacks explanation for
several phenomena and shows naturalness

issues (fine-tuning, hierarchy)

Many models beyond the SM (BSM) have
been proposed to cover these issues, which
imply the inclusion of additional Higgs
bosons:

QUARKS @ LEPTONS (@ BOSONS (@ HIGGS BOSON

— Neutral (CP-even H and CP-odd A)
Standard Model
— Charged (singly H* or doubly H+¥) Prediction

Searches for these additional bosons are ot
performed by looking for final states of

their decays:

MSSM Higgs Boson Predictions

£

— Fermionic, Bosonic, di-higgs
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BSM Higgs Models

Several of the BSM models imply the inclusion of additional Higgs bosons:
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BSM Higgs Models

Several of the BSM models imply the inclusion of additional Higgs bosons:

Electroweak singlet

e Addition of real scalar field singlet S:

e Results in two mixing bosons: h and H
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BSM Higgs Models

Several of the BSM models imply the inclusion of additional Higgs bosons:

Electroweak singlet

e Addition of real scalar field singlet S:

e Results in two mixing bosons: h and H

Two-Higgs-Doublet Model (2HDM)

e Two Higgs doublets: ¢1, ¢2
e Five Higgs bosons: h, H, A, HE
o Two parameters:
— tan 3 = Vi/y,, mixing angle o

e Several types, according to the coupling of

doublets:
Type Description u-quarks  d-quarks  e-leptons
Fermiophobic $2 ®2 2
I MSSM-like b2 b1 b1
X Lepton-specific 62 é2 o1
Y Flipped b2 b1 b2
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BSM Higgs Models

Several of the BSM models imply the inclusion of additional Higgs bosons:

Electroweak singlet Minimal Supersymmetric SM (MSSM)

e Addition of real scalar field singlet S: e SUSY in its minimal form

e Results in two mixing bosons: h and H e Implements Type-Il 2HDM with five Higgs
bosons: h, H, A, H*

Two-Higgs-Doublet Model (2HDM) ® At tree level, two parameters: tan 3 and myu

o Tuw K ekl dn, @ o Higher-order corrections are fixed to scan

o phenomenological scenarios:
e Five Higgs bosons: h, H, A, H ~ hMSSM, me= mod:
o Two parameters: h
— tan 3 = Vi/y,, mixing angle o

e Several types, according to the coupling of

doublets:
Type  Description  u-quarks  d-quarks e-leptons
Fermiophobic b2 2 b2
1l MSSM-like b2 o1 2
X Lepton-specific b2 b2 o1
Y Flipped $2 $1 $2
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BSM Higgs Models

Several of the BSM models imply the inclusion of additional Higgs bosons:

Electroweak singlet Minimal Supersymmetric SM (MSSM)

e Addition of real scalar field singlet S: e SUSY in its minimal form

e Results in two mixing bosons: h and H e Implements Type-Il 2HDM with five Higgs
bosons: h, H, A, H*

Two-Higgs-Doublet Model (2HDM) e At tree level, two parameters: tan 8 and ma

o Tuw K ekl dn, @ o Higher-order corrections are fixed to scan

o phenomenological scenarios:
e Five Higgs bosons: h, H, A, H d+
— hMSSM, mP®, m{"*=,

o Two parameters:

- tan B = V1/y,, mixing angle o

Higgs Triplet Model (HTM)
e Several types, according to the coupling of
doublets: o Higgs triplet: ¢ = (¢7", ¢, ¢°)

e Seven Higgs bosons: h, H, A, HE, HE+

Type Description u-quarks  d-quarks  e-leptons
1 Fermiophobic b2 b2 b2
I MSSM-like ¢2 b1 P1
X Lepton-specific o . s
Y Flipped b2 2} $2
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BSM Higgs Models

Several of the BSM models imply the inclusion of additional Higgs bosons:

Electroweak singlet Minimal Supersymmetric SM (MSSM)

e Addition of real scalar field singlet S: e SUSY in its minimal form

e Results in two mixing bosons: h and H e Implements Type-Il 2HDM with five Higgs
bosons: h, H, A, H*

Two-Higgs-Doublet Model (2HDM) e At tree level, two parameters: tan 8 and ma

o Tuw K ekl dn, @ e Higher-order corrections are fixed to scan

o phenomenological scenarios:
e Five Higgs bosons: h, H, A, H d+
— hMSSM, mP®, m{"*=,

o Two parameters:

- tan B = V1/y,, mixing angle o

Higgs Triplet Model (HTM)
e Several types, according to the coupling of
doublets: o Higgs triplet: ¢ = (¢7", ¢, ¢°)

e Seven Higgs bosons: h, H, A, HE, HE+

Type  Description  u-quarks  d-quarks e-leptons

Fermiophobic $2 ®2 2

I MSSM-like b & o

{ o B2 G
o NMSSM: h, Hi, Hs, A1, Ay, HE

e Left-Right symmetric models (LSR)
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Introduction

e Many models beyond the SM (BSM) have been proposed to cover these issues:
— 2HDM, MSSM, HTM, NMSSM, LRS

e Analysis of Run 1 data excluded regions of parameters from these models:

7 Obs. b couplings [, x,, x;) [ Obs., H->2Z— 4l, 1l qq/bbivv 2HDM Type Il ) ATLAS
....... Exp. =mmmm-- EXp. Obs. !?5 % CL. (§=7TeV, 4547 fb"
[ obs., A Obs., H-> WW- Iv qq/v X Bestfit {5=8TeV, 203 fb"
....... Exp. :;P- " = === Exp. 95% CL
[ Obs., A Zh-s livv bb o— e —
"""" " = 105
Exp.
- - s b
§ 40 =B
- 4
30 3
20
_________________ 2
L) U
E 15
5L \s=7TeV, 45-4.7 " €
4R 1s=8 TeV, 19.5-20.3 b+ 04 J
3 hMSSM, 95% CL limits | 03 ; eSS
2F A E |
e T eossnstess
: CRICK KK AKX XK >
1 ip$3 I 1 ’0‘ ’4 0 0’0
200 250 300 350 400 450 500 10 RN L Ae ol A
m, [GeV] -1-08-06-04-02 0 0.2 0406 08 1

cos(B-a)
Exclusion limits for hMSSM scenario Exclusion, limits for Type-ll-2HDM
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Introduction

e Searches performed with the ATLAS detector

e Luminosity collected in Run 2 at
Vs = 13GeV

— 2015: 3.2 fb! [ / % P\ i e
— 2016: 35.6 fb~!

= Most of results were published with part of
2016 data

- Total analyzed: 3.2 fb~! + [10-12] fb~!

| 1ar electromagnetic calormeters

Semiconductor racker

T T T T T T
ATLAS Online Luminosity fs=13TeV

[ LHC Delivered
[] ATLAS Recorded

Total Delivered: 38.5 fb™'
Total Recorded: 35.6 fb™!

e Analysis with full 2016 data are in progress

Total Integrated Luminosity [fb™]
w
o

VanEa 22

e Last results will be covered here, in u

. N 0 A O R R R
preparation for coming results! 18/04 16/05 13/06 11/07 08/08 05/09 03/10 31/10
Day in 2016
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Summary of the BSM Higgs Analysis

Neutral H to Bosons Neutral H to SM di-higgs

= 17l =T = H — hh — WW-y
= H - WW — lviv — H —s hh —s bbbb

i = WY = By — H — hh — bbyr
H— 77 — 4¢

=
—
= H — ZZ — 0lqq’ /vvqq’

= H— Zy

e A— Zh

Neutral H to Fermions —
= H/A— 77 Luminosity Legend

= H* > tb
= H* 5 v
= HEE 5 etet

= H/A— tt e Only 2015 = 3.2 fb—!
o H/A — tt + jets e Partial 2016 ~ 15fb~!
e Full 2016 -
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Neutral Higgs to Bosonic final states
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H—~yy - 154fb7!

e In December 2015, ATLAS (and CMS) reported an excess or
~ 4o around 750 GeV with 3.2fb~?

e Latest ATLAS result with 15.4fb™" show no excess (< 1o)
e Analysis limited to spin-0 resonance
e Event selection

— 2 photons: m, > (40 GeV, 30 GeV)

— Decay products: p-?l > 0.4m,1, p;fz > 0.3my2

— Invariant mass m, > 150 GeV

Events / 20 GeV

Data - fited background

ATLAS-CONF-2016-059

10 == ATLAS Preliminary

+ Data

—— Background-only fit

Spin-0 Selection
Vs =13TeV, 2015,3.2 b

560 000 TE00 2000 2
m, (Gev]

Data 2015: 3.2 fb~?

+ Expected CL, imit {3 =13 TeV,

Expected + 20 r,/m, =10

Local p-value

ATLAS Preliminary - 2015 (3.2 fo")
P V5=13TeV, 154f0" - 2016 (1221b")
Spin-0 Seleciion — Combination

95% CL Upper Limit on o, x BR [b]

10° X1y, Ty/my = 10% 10
0 500 1000 1500 2000 2500 500 7000 7500
m, [GeV]
Te/my = 10% Me/my = 10%
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I Expected = %0 Spin-0 Selection

T T T
—— Observed CL, limit  ATLAS Preliminary

15417

%

2000
m, [Gev]

T T T
— Ovserved CL. Imit ~ ATLAS Preliminary
- Expected CL, imit {5 =13 TeV, 154 10"
[ Expected = 1o Spin-0 Selection
[ expected = 20 NWA (T = 4 MeV)

95% CL Upper Limit on a,, x BR [fb]

500 1000 1500 2000
m, [GeV]

Narrow Width Approx (NWA)
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H—yy -

15.4 fb~1

ATLAS-CONF-2016-059

e In December 2015, ATLAS (and CMS) reported an excess or
~ 4¢ around 750 GeV with 3.2fb~!

o Latest ATLAS result with 15.4fb~! show no excess (< 1o)

e Analysis limited to spin-0 resonance

Local p-value
3 3

S

10

10°
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Event selection

— 2 photons: m, > (40 GeV, 30 GeV)

— Decay products: p.’,l’1 > 0.4m,, p;.’z > 0.3m.

— Invariant mass m., > 150 GeV

ATLAS Preliminary ---2015 (32 ")
P V5=13TeV, 154107 - 2016 (12.21b")

‘Spin-0 Selection — Combination
E Xooyy, Ty/my = 10%

my [GeV]

I/me = 10%

95% CL Upper Limit on o, x BR (ib]

Events / 20 GeV

Data - fitted background

% ATLAS Preliminary

+ Data

—— Background-only fit

Spin-0 Selection
Vs=13TeV, 154 fb"

500 1000

Y EZ
m, [GeV]

1154 fb~t

T
—— Osserved €L, imit  ATLAS Preliminary
xpected CL, imit {5= 13 TeV, 154 "
B expected = %0 Spin-0 Selection

[ expected = 20 r/m=10%

500 1000 1500

2000
my [Gev]

Mx/my = 10%

5% CL Upper Limit on o,,, x BR [ft]

T T
~— Observed CL, Imit ~ ATLAS Preliminary

-~ Expected CLoimit (5= 13 TeV, 15.4 b
[ Expected = 1o Spin-D Selection
[ Expected = 25 NWA (T, = 4 MeV)

2000
my [GeV]

Narrow Width Approx (NWA)
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H— WW — viv -

13.2 fb!

ATLAS-CONF-2016-074

Update of extended search of the leptonic decay of WW analysis to high-mass region (myw > 300 GeV)

for NWA and LWA

Three orthogonal categories: 0-jet (ggF oriented), 1 jet and > 2 jets (both VBF oriented)

Discriminating variable: transverse mass (mr)

Main event selection

— Two Opposite Sign (OS) Different Flavour (DF) leptons, with pt > (45 GeV, 30 GeV)

— Invariant mass myy > 55 GeV

— b-veto, Angy < 1.8, m¥¥ > 50GeV

Events / 20 GeV

+data

ATLAS Preliminary Wovarw

\5=13TeV, 13210" OooFrwaso — Top
oW ovpy goF SR Oooerwaroo Wwsjers
Ww Wz

% sMisys o sty

Data/SM

l
“ i e |
o S = +
200 400 600 800 1000 1200
my [GeV]

SR ggF

e = (et + =) = o e’

mW = \[2pL EDIS(1 — cos(g — H(EL™))

3
T

ATLAS Preliminary
\s=13TeV, 13215

2
T

Hos WWo eviay (ggF, NWA) i

- Opserved (CLs)
=== Expected (CLs)

95% C.L. Limit on & x BR [pb]

B

ATLAS Preliminary
\s=13TeV, 132"
Hos W aviay (ggF, LWA)

o rselwA
[ +20, 15% LWA

95% CL Limit on & x BR(H— WW) [pb]

PO R RN R N
1000 2000 3000 1000 2000 3000
m, [GeV] m, [GeV]

ggF NWA ggF LWA
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H— WW — fvqgy - 132fb7! ATLAS-CONF-2016-062

e Diboson resonance (WW) in the NWA with mass width of 4 GeV

e One W decays leptonically (e or u plus neutrino) and the other
hadronically

e The two jets are boosted and can be reconstructed as a single jet (J)
e Main event selection:

— Wep: One lepton, Missing Et > 100 GeV, pr(fv) > 200 GeV

=
- p-{- and p-f—” > 0.4my 4,,, Invariant mass m; ~ 15GeV of my, Boosted jets: Increasing transverse momentum

— b-jet veto, sub-jet structure checks, which defines two categories:
high-purity and low-purity

Aasasaasasasoney atpaseaTe > T a 2bia e Y T T T T T
ATLAS Preliminary - Wels ATLAS Preliminary - Weels k| 8 102k
o rsron o - orerev 1521 =1 E = E ATLAS Preliminary ~ —e— Observed 95% CL upper imit
) Single-t [ Single-t r - - Expected 95% CL upper limit
WW Signal Region (HP) B Dibosons. 8 WW Signal Region (LP) [ Dibosons 3 § 10E Vs=13TeV, 1321t
vjets & [ Zjets | T E [ Expected limit (+ 16)
t-fit uncertaint Post-fit uncertaint
Spinuma iy 1 e
2 Scalar Singlet (NDA)
3 \ Scalar Singlet (Unsupp.)
o 107
@ E
X
2L
o o 10 E
3 K F
5 10°E
b4 E
. 1 L Il
5 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 500 1000 1500 2000 2500 3000
m,, [GeV] Mo [GEV]
WW SR, Low-Purity Exclusion limit for heavy Higgs in NWA
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H—2ZZ 4 - 158fb! ATLAS-CONF-2016-079

e Extended search of ZZ analysis to high-mass region (mg¢ > 140 GeV) in

NWA and LWA
o In NWA, two categories:
— VBF: 2 jets, mj; > 400 GeV, Anj; > 3.3
— ggF: rest
o Main event selection
— Two pairs of OS SF leptons with pr >(20 GeV,15 GeV,10 GeV,reco)
— Leading pair inv. mass: 50 GeV < mjy < 106 GeV
— Sub-Leading pair inv. mass: 12GeV < m34 < 115 GeV

ATLAS Preliminary  — Observed CL, limit ATLAS Preliminary  — Observed CL, limit
13 TeV, 148 1b" 13TeV, 148 10"
olnwa Expected CL, limit 1ol nwa xpected CL, limit
Wl expected £ 10 MExpected + 16

[ JExpected + 2 &

[ JExpected + 2.

95% CL limits on o, x BR(S—> ZZ - 4) [fb]
95% CL limits on 6,6, x BR(S— ZZ — 4i) [fb]

o .
10200 300 400 500 600 700 800 900 1000 1055 300 400 500 600 700 800 900 1000
mg [GeV] mg [GeV]

NWA ggF NWA VBF
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80
701
60

Events/10 GeV

50
40

20
10

[ 13TeV, 148"

30}

0 100 200 300 400 500 600 700

T T
ATLAS Prellmlnary \:l H,ws (m, = 125 Gev) 3

Ho 22 >4l _Ms .

Vv, WY
i Uncenamly

m,, [GeV]

Signal Region

=)

95% CL limits on o, x BR(S—> 2Z - 4) [fb]

| LWA 5%

T T T T T
ATLAS Preliminary  — Observed CL, limit
13 TeV, 148 10" "
-~ Expected CL, limit
Mexpected + 16

[ JExpected + 2.

107 1 | | | |
400 500 600 700 800 900 1000

mg [GeV]

LWA VBF width 5% mg
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Other bosonic channels

= 20+ 7~

£Lqq
® Boosted and Resolved analysis

® Invariant mass of system (mz/)

vvqq
o Only Boosted analysis

@ Transverse mass of system
(mT)

10 gg->H-2Z-llag

95% C.L. limit 6(gg—>HxBR(H-22) [pb]

500 1000

T T
ATLAS Preliminary

\s=13TeV, 132"

T T
—e— Observed (CLs)

2500 3000
m, [GeV]

2000

101k

6(gg - H) x (BR — 22) [pb]
T

3

S,

T
ATLAS Preliminar
Vs=13TeV, 132"
- H-ZZ > wag

T T
—— Observed Limit
— — Expected Limit
[I Expected + 10
[ Expected +2 &

s L
500 1000

L
1500

)
2500 3000
m, (Gev]

L
2000

e Two OS SF leptons and

H miss
high ET"

® Mass range 300-1000 GeV

959% Limit on o, x BF(H - Z2) [tb]

10°

B B T R

ATLAS Preliminary —Observed

. -~ Expected Median
Vs=13TeV, 133 b M Expected 16
H—2Z > vy Expected 22 ¢

£ o9F

T TTN |
0 400 500 600 700 800 900 1000
my [GeV]

R

1

N
)

® Z~y in 250-2400 GeV

® Leptonic decay of Z (e, )
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95% CL limit on & x BR(X—2Zy){fb]

ATLAS Preliminary — Observed

5
108 ppsX—szy, Zoee, wi Expected
s=13TeV, 133" @Mt
[tz
107
10
3107 10° 2¢10° 3x10°
m, [GeV]
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Neutral Scalars to Fermionic final states
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A/H—7r - 133fb! ATLAS-CONF-2016-085

Searching for heavy resonance in di-7 events in mass range between 200 and 1200 GeV

e Results interpreted in different MSSM scenarios

In MSSM, large tan 8 enhances coupling of H with down fermions: T and b
e Two main categories: b-tagged (bbH oriented) and b-veto (ggF)
e Two final states

— Fully hadronic: two hadronic 7 with trigger and pr variable requirements

— Semi-leptonic: combination of single-lepton and EI™* triggers, adds high-E{™* category
> L A s > QST e > r T T T T
@ ATLAS Preliminary —*— Data 8 ATLAS Preliminary —— Data 81 04 ATLAS Preliminary —— Data -
1oL o= 1aTev, 132167 oo eV, tan po20 ] Z10* \E:wa'rev,wavam‘_:_‘;;},wmﬁ;m = V5=13TeV, 13310" ™ 2 i ) e =]
] HIA 5 ot = o ] HIA = T Ty I - o L10%E HA 5 11 [0 oo 1 fakes
€ e 1 S10°E bu " S £ =
§10°F brveto o btag s high-E
k4 [ Wosov +fots > - -' gl top 2102 i 4
i} i, single top g2 oeon [i]
10 Oners 4
Unceraiy . 10 Uncerainy
; Proft bakground e ackground
1 1
1

o 107 107"

1072 102 10
ELSE‘ T 31_51 T A e e i 31-5E T T T 3
Sos, ’ T S05 Cog ™ i
X 200300 400 500 600 700 800, 8007000 & '50° 100 150 200 250 300 350 400 450 500 & 100 200 300 400 500 600 700
e mi' [GeV] mi' [GeV] my' [GeV]

Thad Thad b-veto Tlep Thad b-tag Tlep Thad high-E.'I.“'ss
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A/H—7r - 133fb!

ATLAS-CONF-2016-085

Excl. limits on production o x BR for model-independent (ggF,bbH) and model-dependent (m{"°**, hMSSM)

o T T T T

8 ATLAS Preliminary —— Observed 1
T 10} HA — w0, 95 % CLiimits —- = Expected =
? $=13TeV, <133 " 20 E
< gluon-gluon fusion [12015,3.2f6" (Obs.) |

z ]
g 1 3

1 071 |

" radraa (EXP-)
1072E = TiogThos (EXP)
1

il

I
200 400 600

I L
800 1000 1200

107!

102

m, [GeV]

iy U T

2 ATLAS Preliminary 1
= 10} HA — 1,95 % CLlimits ==~ Expected El
'F" 15=13TeV, =133 1" 20 E|
< b-associated production ) 2015,3.2 b" (Obs) |
z
g 1

X

[
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1
1000 1200
m, [GeV]

ggF

bbH

= 80 T T T T E|
. ATLAS Preliminary Observed ]
= 70 HA — w, 95 % CL imits 3
{s=13TeV, < 133" 20 3]
60 mee, My, =1TeV [12015,32" (Obs) ]
50
40
.30
m?°d+ scenario E|
20 E
S Tdtrag (EXP) ]
10 = gt EX0) ]
1 1 1 1
200 400 600 800 1000 1200
m, [GeV]
2 T
S ATLAS Preliminary —— Observed
= HIA — T, 95 % CL limits -== Expected
10%E 5=13TeV, <133 10" ol E
hMSSM scenario [ 2015,3.2fb" (Obs.)
10

hMSSM scenario

300

Neutral and Charged BSM Higgs bosons with ATLAS

[ ATLAS Runt, SM Higgs
boson couplings (Obs.)

= Tpadthag (EXP)

T T Thag (EXP.)

500 1000
m, [GeV]
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A/H = tE- Run 1: 20.3 b1 at /s = 8 GeV

e Update of analysis adding inference of signal with SM tt
background in mass range 400-800 GeV

e Signal: A/H — tt — bbW(— qg)W(— fv)

e Aimed for resolved topology (top quark with low pt and thus,
separated jets)

o Main event selection

— 2 leptons with pr >25GeV, EIM®* >20GeV,
EMiss 4 m¥ > 60 Gev

— Four jets, at least one b-tagged — three categories

ATLAS-CONF-2016-073

10
B T T T T
8 20 Hs ATLAS Simulation Preliminary ]
g —S4 Vs =8TeV, [Ldt=203 10"
2
R before det. sim. and event sel. ]
o m, = 500 GeV, tanf = 0.40

300 400 500 600 700 800 900 1000
m, [GeV]

Signal interference for m4 =500 GeV, tan 3 =0.4

= 10°g
F 1s=8TeV,[Ldt=2031"  ATLAS Preliminary
[ ggA-tt m, =500 Gev
10° =
E  sin(g-o)=1, Type Il 2HDM
10

T

—e— Observed

..... Exp. 95% CL upper limit
[ Exp. + 10 uncertainty
[ exp.t 2o unceraimy

1s=8TeV, JLd( =20.31b" ATLAS Preliminary
gg—H-tt, m_ = 500 GeV.
sin(B-0)=1, Type Il 2HDM

—e— Observed
----- Exp. 95% CL upper limit
[ Exp. + 1o uncertainty
[ Exp. + 20 uncertainty

Excl. limit on signal strength
for my =500 GeV in type-Il 2HDM

Excl. limit on signal strength g
for myy =500GeV in type-ll 2HDM
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Di-Higgs production
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H — hh — WW~~ - 13.3 b1 ATLAS-CONF-2016-071

e Semileptonic decay of WW and two photons

e Large BR of WW and clean signature of v~ and one lepton

o Low BR of v~ at high mass so range: 260-500 GeV

e Main event selection
— 2~y with pt > (35GeV, 25 GeV) and m.~ between 105-160 GeV
— Two jets with b-veto
— Two categories: 1-lepton (SR) and 0O-leptons (CR)

- SR: {m.y.y — ""H| < 204~

T T T T

> F T .
o} 14— T ¢ Data —
E E ATL?::rT/I[T;n’:Z" +++=- Continuum bkg. I 1F T T T T L
s — = R — =3 E |
A Mo 3 = [ ATLAS Preliminary ~-Observed
£ 10 — Sum 4 E [ ---- Expected 1
] E B z F \s=13TeV,133 1" 1
u>.| E N(lepton)>1 ] = . + 1o expected
8; 7: T + 20 expected
6 = £ 10 ?
E ] U ]
4 3 x [ \\ ]
] s r 1
% 3 I ]
<
& 5¥.+‘.H.“+.H,+H.“.H.“.H g’mrzz_
,“E O —++4% #‘q Ay 1....+‘v.“ 2 i I | | | I
g s J | ‘ ‘ i ° 250 300 350 400 450 500
T T e . [GoV]
m,, [GeV]

Excl. limit on o(gg — X) X BR(X — hh — WW~~)

One-lepton region M~ ~ continuum
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Other di-higgs analysis

H — bbyy - 3.2fb~1 H — bbbb - 13.2fb~1

e Benefit from large bb BR and clean v~ e Resolved analysis
e Limited mass range: 300-1000 GeV — Two h-candidates with mp, ~ mpy
e Two v, b-jets, m,~: 105-160 GeV — Mass range between 300-1200 GeV

o e Boosted analysis:

ATLAS Preliminal —— Obs. limit R
2 13 Tov,021 Exp i — Two large-R jets
[ Exp. limit +1o,,, g
18| ] Exp. limit 220,,, — p7i(450GeV, 250 GeV), |n| < 2.0 and

my > 50 GeV

95% CL limit on 6,4BR, _,, [ob]

e’ Resolved

Events/9 GeV*

280 300 320 340 360 380 400
m [GeV]

Excl. limit as a function of my on ox X BR(x — hh)
for NWA

| I
00 750 200 300

=0
meed [GeV]

Resolved SR (red) and CR (yellow)
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Charged Higgs boson
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H* -7y - 132fb71! ATLAS-CONF-2016-088

e Searching HT in final states with one T, E{-"iss and a top quark in ¢ 000y ————
mass range of 200-2000 GeV

e Signal coming from tbHE and tHE modes 4/5fS ===

e Analysis uses fully hadronic decays of 7 and top quark

e Interpretation of result in h(MSSM m[™°% scenarios

e Main event selection
— One hadronic 7 with pt >40 GeV, E{-"iss trigger
— Three jets with at least one of them being b-tagged

— EP >150GeV and my >50 GeV

108

3 135 ATLAS Preliminary « o @z g T s

=2 10tf's = 13 TeV, EZE‘ZJVLJ W w‘: 200GeV (5) E \ fsril:gzillm:lzaﬁb‘

s 1 = o v S0 GV ) oot wed

21t Do o € oo b 1000 GoY 10 1 IS OQbserved (CLs)

! Expected (CLs)

3 mmtic -
g0 CJ+2c 35 ATLAS Preliminary
% --=- H' hMSSM tanp=60 30L \s=13TeV, 147"
g H' = tv; hMSSM scenario]

s : 250 25E Observed exclusion ]

%15 Uncertainty T 20 2015 result Expected exclusion ]

s 1 7 8 — - Observed [SSERY

o5 . t © 150 ... Expected [ *20 E!

10 10°

200 400 600 800 1000 1200 1400 1600 1800 2000
m, [GeV]

10° 104 L 1 L L 1 1 L

m; [GeV] 200 250 300 350 400 450 500 550 600
m, [GeV]

Distribution of m after full event selection . + +

Limit on o(pp — [b]tH™) X BR(H®= — Tv) Limit on tan B-mHi

and a fit to the data
mod-+
h

in the m scenario
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H* —tbh - 132fb! ATLAS-CONF-2016-089

e Searching H¥ in final states with one lepton + (b) jets
10°L- ATLAS Preliminary +Data [+ =ic
Vo= 13Tev, 320" EBE+21b )+ light
[ postst 00 Gov o e I
530 VpUncertainty

e Production of HE in association with tb is explored in mass
range 300 to 1000 GeV

e Analysis uses MVA technique: BDT

e Interpretation of result in m?°d‘ scenario of MSSM

Events /0,016
3

e Main event selection

2
_ g
— One lepton (e or p) with pr >25 GeV :
o8
— Four jets with at least two of them b-tagged Ty T YRS T R TI]
BDT output
— Four SB and CR are defined, according to the distribution of jets BDT output for the SR: 5j-3b cat
and b-jets
H ATLAS Pretminary +Data 548 par - S — - . . . ; .
@ 1s=13Te, 1328 i+ >1c Wi +210 2 L s
O +iomCvond. § 510 ‘T’-‘C‘:!::":m'g:'y =
[@i+X 7 Uncertaintyo E:T, £ Ex‘:emw.mwucm ATLAS Preliminary
& 20 mod-
2 10 MSSM m]? [ observed exciusion
'_.% L Hotb - Etec(ed exclusion
E : ]
- o
g Vs=13TeV, 1321 ez ]
g H- b
b 101k Vs=13Tev, 132" 1
B am m e we es we 500400500600 F06 "800 6001000 300 400 500 600 700 800 900 1000
Post-fit distributi f predicted and ob: d metoen e GeV]
ost-fit dist tion of edicted al observe P
It distribution of predt n v Limit on o (pp — thHT) x BR(HET — tb) Limit on tan B-mHE
events in the four CR (left) and the four SR with three models of m?od— scenario i the mMo% scenario
h

(right)

Damian Alvarez Piqu (IFIC-UV) Neutral and Charged BSM Higgs bosons with ATLAS 30th June 2017 22 /25



H** 5 ee - 139fb1 ATLAS-CONF-2016-051

o Doubly-charged Higgs bosons arise in some BSM: LRSM, HTM,...
e Pairs of high-pt isolated SS e® can be enhanced ot
o Main event selection q '<
.
.
— 4 regions: Signal Region (SR), Validation Region (VR) and 2 Control Region (CR) SHE
.
— SR: At least one SS pair of e with mege > 300 GeV "//Z ‘\Hii -
— OS CR for deriving scaling factors for Drell-Yan and tf backgrounds .

— Diboson CR for deriving respective factor: OS electron pair in Z mass window and additional (—
SS pair with mee > 200 GeV

— SS VR: Same selection than SR but for mee < 200 GeV/

3 T
S =
o} ATLAS Preliminary o 3 5 10 T T T T
3 15= 13TV, 18915' T2 en E £ F ATLAS Preliminary ... Expected 95% CL
2 it fokes (Fake Factor) ) % r V§=13TeV, 139"  —s— Observed 95% CL
% Fitied bg events aiboson = N [ Br(H">> ¢¢")=05 ) Expected imit + 1o
@ Emivoungey 3 ‘o [ Expected limit + 26
[ 0CH 500 Gev ] T — o(pp—> HI'H)
] DCH 800 GeV N c BN e o(pp—> HHy)
s
f 7
o
E v F
107 e - r
15 =
2 bl { E ) L) \ ‘
EI L R 1 400 600 800 1000 1200
g Y
S 4s l ] 3 m(H™) [GeV]
300 400 500 1000 Zoog(e#:i()]?gevl Limit on o (pp — TR = N eeee) with the assumption

N ) ) BR(HTT 5 ce) = 50%
Distribution of mee after full event selection and a fit to the data
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Conclusions

e Current status of the heavy Higgs searches

have been reviewed

o ATLAS has many more results in heavy

searches!

— ATLAS heavy Higgs results

e No excesses over SM have been found,

we need to wait :)

e Analysis with full 2016 data are in process
— Get ready for updates in next months!

e Also, data-taking of 2017 have started, ATLAS
have collected almost 5fb~! already!
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Most of the analysis have been published with
half of luminosity collected in 2016 (< 16fb~1)
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults#Recent_Higgs_Group_results_Heavy

Conclusions

Decay Analysis Code L (fb—1) Date
A— Zh ATLAS-CONF-2016-015 3.2 16/03/2016
H — WWhtolvqq ATLAS-CONF-2016-062 13.2 03/08/2016
H— Zy ATLAS-CONF-2016-044 13.3 03/08/2016
Bosonic H—ZU+ et ATLAS-CONF-2016-056 13.3 03/08/2016
H— WW — tviv ATLAS-CONF-2016-074 13.2 04/08,/2016
H — ZV — tlqq/vvqq  ATLAS-CONF-2016-082 13.2 04/08/2016
H—ZZ — 4 ATLAS-CONF-2016-079 15.8 04/08/2016
H— vy ATLAS-CONF-2016-059 15.4 05/08/2016
A/H — tt ATLAS-CONF-2016-073 ~ 20.3*  03/08/2016
Fermionic ~A/H — 771 ATLAS-CONF-2016-085 13.3 04/08/2016
A/H — v ATLAS-CONF-2016-104 13.2 28/09/2016
HE = v ATLAS-CONF-2016-088 13.2 04/08/2016
Charged  HE — tb ATLAS-CONF-2016-089 13.2 09/08/2016
HEE 5 ee ATLAS-CONF-2016-051 13.9 03/08,/2016
H — hh — bbyy ATLAS-CONF-2016-004 3.2 14/03/2016
Di-higgs ~ H — hh — bbbb ATLAS-CONF-2016-049 13.2 03/08/2016
H — hh — WWny ATLAS-CONF-2016-071 13.3 04/08/2016

* taken in Run 1 at /s = 8 GeV
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Backup
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H—Zvy -

e Z~ decay in 250-2400 GeV

13.3 fb!

ATLAS-CONF-2016-044

e Z decays leptonically (e or 1) and a photon, due to easy measurement in low background

e The two jets are boosted, so they can be reconstructed as a single jet (J)

e Main event selection:

— Z candidate with two OS leptons and myp ~ 15%mz

= py > 30%mz.,

— Two categories according to lepton flavour

ATLAS Preliminary

POX-Zy, Z €€,

5=13TeV, 133"

Events / 20.0 GeV

* daa
— background, b

240°
m,, [GeV]

Combined SR

Local p-value

[ ATLAS Preliminary
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L AR
EaIARAl

d 4 AR

I

I
|

Raa

PP—X—2Zy, Z- o', pw
E\s=13TeV, 133 1"

3107

p-value plot

.
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2410° 3x10°
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95% CL limit on & x BR(X—Zy)[fb]
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H—2ZVv - 132fb7! ATLAS-CONF-2016-082

e Decays of ZZ and ZW resonances in ££qq and vvqq’ final states
o ZV — llqq

— Uses both boosted and resolved V decay

— Final discriminant is the invariant mass
o ZV — vrqq

— Uses only resolved reconstruction of V' decay

— Final discriminant is the transverse mass (mt)

ATLAS Preliminary —— Observed Limit

T T T T
ATLAS Preliminary  —e— Observed (CLs)

T T T T
ATLAS Proliminary  —e— Observed (CLs) 10 _ imif

10f ggH-2Z-llaq . Expected (CLs) 105 aqoH-ZZ-slaq - Expected (CLs) Vs=13TeV, 132 0" Expected Limit
- raTev,sazn’ EHYE w-ratev sazp EEER 00oH 77 swaq | Expected £1c

2o 2 [_] Expected +2 ¢

o(gg — H) x (BR — ZZ) [pb]

95% C.L. limit o(gg—>H)xBR(H-22Z) [pb]
95% C.L. Imit olaq->HWBR(H-22) pb]

L L L L L L | L L
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Damian Alvarez Piqu (IFIC-UV) Neutral and Charged BSM Higgs bosons with ATLAS 30th June 2017 28 /25



H — Z(toll) + E™ss - 133 fb~! ATLAS-CONF-2016-056

o H— Z(— £0)Z(— vv) in mass range 300-1000 GeV
e Discriminant mf-z, defined as:

o Main event selection:

i = (\/m% b+ [ +1E+niss|2)2 ,‘p_e;/z 4 Episs

— Two OS SF leptons and E{—"iss > 120 GeV
— ARy, < 1.8, Ap(Z, EM) < 2.7

— Cuts in transverse variables of E%“iss-jet and E—rr"iss-Z systems

5 108 e
=
P~ ATLAS Preliminary —‘Ejbse”’e:M }
> o T T T T . " 5 ----Expected Median
%) E~ ATLAS Preliminary ~ +Data non-resonant-li N 10 4
O o is-1aTey, 1330 T = ZleshZlmliiels 1 Vs=13TeV, 13.3fb I Expected +16
% m’%— HMSR ee+up ? 2?}5;5:5&009:\;;‘9[%95 E \ H—ZZ — Iivy Expected 2 ¢
= — ogH(m'=600 GeV)
§ 102? 33»45:::1000 ge\)/j ‘5.'5 10%99F
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|§ Xu_ 5
10 - Og 10
10'2;5 g
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o
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H — hh — bbyy - 32fb7! ATLAS-CONF-2016-004

e bby~ final state benefits from large BR from bb pair and clean diphoton signal

e However, because of the BR of v~ the mass range is limited from 275-400 GeV

e Main event selection

— Two isolated photons with m~ ~ in range 105-160 GeV, two b-jets with mp, in range 95-135 GeV

— CR: Two non-b-tagged jets to estimate continuum background

— Additional criteria: Crystal Ball fit to m~~ to constrain m~ range and linear parametrization to account for resonances not simulated

g F atias Prel‘lmlnary ! D\—H\gg‘s ]
Iy [ 1s=13TeV,32" Single Higgs = T T T T T |
S S 2tagsignairegion e Continuum Bkg. | &( ATLAS Preliminary —— Obs. limit =
5§ F = Sum ] 5 \s=13TeV,32fb" - Exp. limit 3
g + Data x E|
L i '4 [ Exp. limit +10,,, ]
E ] Q [ Exp. limit +20,,,

s
3E — © =
1 c E
F 1 S =
2t - £ E
£ ] o 3
s - o E|
£ ] 32 E
u =| re e
= o 4
T E
PR * 1 E
8 i ' * ‘o ]
T T " 280 300 320 340 360 380 400

110 120 130 T40 150 160 my [GeV]

my, [GeV]

Excl. limit as a function of my on ox X BR(x — hh)

Distribution of m-y~

after full event selection and a fit to the data

Not enough statistics to exclude the modest excess in Run 1: 3.0c local (2.
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H — hh — bbbb - 132 fb~1 ATLAS-CONF-2016-049

e Search for heavy Higgs decaying to pair of SM Higgs via H — hh and final state bbbb
e Two strategies: resolved and boosted
e Resolved analysis: Two h candidates with low pt: separated decay objects
— Two pairs of two b-jets, mp, ~ h
— Angular conditions on the pairing of b-jets to form h candidates
— Mass range between 300 and 1200 GeV
e Boosted analysis: h candidates with high pr: decay objects merged in large jet
— Two large-R jets (anti-k; with R = 1)
— Candidates: py >(450 GeV,250 GeV), |n| < 2.0 and m; > 50 GeV
— Central jets: |Anp,| < 1.7

Each large-R jet needs at least one b-tagged R = 0.2 track jet.
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