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Introduction

The Higgs boson was discovered in 2012

Need to extend SM to address issues like
hierarchy problem, quantum gravity,
baryon asymmetry, dark matter/energy,
neutrino masses

Look for BSM physics by

* Looking for deviations from the SM in Higgs properties
measurements

* Directly searching for beyond SM objects
— Additional Higgs bosons decaying to SM particles
— SM Higgs decays to BSM states (eg. invisible decays)
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Beyond Standard Model Higgs Theories

SM Higgs

doublet == Additional Field == Additional Higgs Bosons

Neutral CP Even

EWS: Additional EW Singlet Mode|  mmm
SM == one scaler EW singlet ‘@) ‘@
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Beyond Standard Model Higgs Theories

SM Higgs

doublet == Additional Field == Additional Higgs Bosons
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Beyond Standard Model Higgs Theories

EWS significantly constrained by Run 1 Higgs measurements

2HDM: two Higgs doublets ®; and &,

7/ parameters:

Mmp, My, My, My+, Myy, tanf, «a
Ratio of VEV of ®; and &,

2HDM Type I ATLAS
Obs. 95% CL , )
Vys=7TeV, 4.5-4.7 fb
X Bestfit {§=8TeV, 20.3 fb"
h & H mixing angle - == - Exp.95% CL
o

- = SM

2 100N
Models motivated by bounds on FCNC  *©
— Type | : fermions couple to @,

— Type Il : up type quarks couple to @,

down-type quarks & charged leptons
couple to ®@;.Eg: MSSM |

Run 1 SM Higgs results give big

04
03
constraints on 2HDM. Data prefers 024,
alignment limit: cos(f —a) = 0
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Beyond Standard Model Higgs Theories

. . . |
| Minimal Supersymmetric SM (MSSM) ;
1 |
: e Simplest extension of SM that includes SUSY :
i l
I« Beyond tree level more than 2 parameters affect Higgs sector, :
| benchmarks defined: ,
l s Obs., h couplings [x,, x,, %] [ Obs, H—ZZ- 41, 1l gg/bbivy |
I R b - Exp. R - E:;:” ) e I
, * mi_.:my isclose to 125 GeV ] oo T

’ 5., A— Zh— llivy SR Obs., H'- v |
: * hMSSM : measured value of my, % oo ® e |
| can be used to predict other ST Y ) !
| masses sof ’ N\ 11
, 20r N\ |
l 1] == PRUUR e L \ = :
: ¢ In Run 1 eXCIUded ma ny reg|0ns \Qk\ 15=7 TeV. 45471 : :

S 1s=8 TeV, 19.5-20.3 fb -

| Of parameter Space \::\2 hMSSM, 95% CL limits I
| 11
| R . y |
| 450 500 |
| my [GeV] |



Results for all published channels

Neutral
Heavy
Higgs to
bosons

Neutral
Higgs to
fermions

Neutral
Higgs to
di-Higgs

ZV - llgg /vvqq
WV-> lvqq

X->Zy

WW = lviv

ZZ - 4l

W= 2j

A-> Z/Wh (w h->bb)

H->4y
H-> WH

A/H/h = Tt
A/H/h > tt

hh < 4b
hh > WWyy

hh = bbyy
hh = bbtt

Charged
Higgs

Higgs
exotic
with
MET

Rare
decays/
LVF

Hit> [l

- TV
- tb
Light HX - cs
VBF HX > Wz

H+ I+

H
H

H - yv+MET
H = bb+MET
hZ = INV (lep)

H - Z (l1)+MET

VBF h = INV
hV-=> INV (had)
H - y+MET
H-> INV (1 jet)

h(125) = &/py

h(z) = J/dy
h=>tu/te/en

~36 fb! (up to 2017)
13.2-15.4 fb'1 (2015+2016)

3.2 fbl (2015)
5-20.3fb1 (RUN 1)

Legend

h (125)-> aa > 4¢
h(125) = aa > 2j2y
h(125) - aa - 4b
H/h = aa = putt

Higgs to
light
res.



Results for all published channels

~36 fb! (up to 2017)
ZV - llqq /vvqq
WV-> lvqq 13.2-15.4 fb-! (2015+2016)
Neutral |X->Z CI.1arged 3.2 fbl (2015)
Heavy WW = |vlv Higgs . -
Higgsto 7z - 4l Light hi * >cs 5-20.3fb1 (RUN 1)
bosons VV- 2] VBF H= - WZ

L
A-> Z/Wh (w h->bb) egend

o "> yyeMET Will focus on
H > WH H - bb+MET i
hZ = INV (lep) newer results

Higgs H = Z (1)+MET
Neutral | A/H/h > Tt exotic Updates on these

Higgs to with VBF h > INV N
fermions A/H/h = tt MET hV-> INV (had) new channels
H = y+MET coming soon

H-> INV (1 jet)
Neutral | hh > WWyy Rare :':;iis 10 h(125) > aa > 2j2y

Higgsto ) bbyy decays/ h(Z) = I/by res. h(125) - aa - 4b

di-Higgs
hh = bbtrt LVF h=>tu/te/en H/h = aa = putt



Results for all published channels

ZV - llgg /vvqq HEE 1]
WV-> Ivqq HE S
Neutral |X->Z Charged .+ Sth L
Heavy WW = |vlv Higgs _ N
Higgsto ZZ - 4 Light H= - cs
bosons V- 2j VBF H* - WZ @
A—> Z/Wh (w h->bb) P
H->4y H - yy+MET
H > WH H - bb+MET
hZ = INV (lep) @
Higgs H = Z (1l)}+MET i
Neutral A/H/h = Tt exotic
Higgs to with VBF h - INV
fermions IR = MET hV-> INV (had)
H > y+MET
H-> INV (1 jet)
hh = 4b
Neutral hh > WWyy Rare h(125) = by
:_'glf_s‘ o hhs bbyy decays/ h(Z) = I/ Dy
B | > bbec LVF h=>t/te/ep



* [sunitarisation of WW scattering at high energy ensured ONLY by SM Higgs?
* Prominent decay is to W/Z in many BSM models




* [sunitarisation of WW scattering at high energy ensured ONLY by SM Higgs?
* Prominent decay is to W/Z in many BSM models




Neutral Heavy ZV - llqq /vvqq
Higgs to bosons WV- lvqq

X->Zy

Is unitarisation of WW scattering at high energy ensured ONLY by SM Higgs?
Prominent decay is to W/Z in many BSM models

Heavy Higgs in Narrow Width Approximation (NWA): Higgs width smaller than
experimental resolution (tests EWS, 2HDM, singlet+doublet)

Other BSM models tested: Spin1 Z’'/W’, spin 2: Kaluza-Klein graviton (Gx* )

Resolved analysis at lower mass: 2 small radius jets (llgq) resolved boosted

¢ ¢ [4 ¢
Boosted analysis: when resonance mass higher than W/Z
mass 2 jets merge into 1 big radius jet (llgq, vvaq, Ivgq)

Discriminating variable: invariant/transverse mass

16



Theories: heavy Higgs in NWA, Z', W', Gj,.*

ZZ — (ll/vv)(qq) wherel = e, u
* ggF and VBF studied llqq channel

-y
o
O

V=13 TeV, 36.1 fb~! [ ggF H1TeV (2pb) ]

[ Z+jets
H—ZZ - liqq [ Top Quarks

[ SM Diboson
lqu boosted %% Total Uncertainty ]

Events / 5 GeV
3
2

iy
o

0 o

[ TGO ., TG
N

=

Postfit/Prefit Data/Postfit

o i

175 200

m(J) [GeV]

I Excluded I

Hygr 0 X BR > 1.7 pb- 1.4 fb
Hygr o X BR >0.42pb-1.1fb




Theories: heavy Higgs in NWA, Z', W', G,,*

ZZ — (ll/vv)(qq) wherel = e, u
* ggF and VBF studied llqq channel

—_
o
o

V=13 TeV, 36.1 fb~! 1 ggFH1Tev (2 pb)

[ Z+jets
H—ZZ - liqq [ Top Quarks

[ SM Diboson
lqu boosted %% Total Uncertainty ]

Events / 5 GeV

stfit/Prefit Data/Postfit

m(J) [GeV]

| Excluded I

Hygr 0 X BR > 1.7 pb- 1.4 fb
Hygr o X BR >0.42pb-1.1fb

| Excluded I

WW — (lv)(qq), where [ = e, u

T I T T T T I T T T T I T T T T I T T T T l T T T T
?STL¢3ST9V 36.1 fb'1 ——— Observed 95% CL upper limit

ggF/qq vaq Category Expected 95% CL upper limit
Heavy scalar model

Expected limit (+ 16)

E Expected limit (+ 26)

?
E
1
E
E

PR T RN S N N
2.5 3
m(Scalar) [TeV]

HDY o X BR >1.7pb—1.3fb
HVBF o X BR > 0.98 pb—2.8fb




Neutral Heavy ZV - llqq /vvaq Why this channels?
Higgs to bosons WV- lvq
X->Zy

* Final state can be reconstructed with high efficiency and
good invariant mass resolution,s, relatively small
backgrounds

* Loop is sensitive to new physics, branching ratio is
expected to be different from SM for many BSM theories
(neutral/charged scaler Higgs, additional leptons coupling
in loop)



Theories: heavy Higgs in NWA, spin 2 resonance

e ggF, VBF VH studied

* 6 categories defined based VBF production, high/low momenta leptons
* VBF is most sensitive category and uses Boosted Decision Tree

“Woarlas T Lo

— Vs=13 TeV, 36.1 " —Background fit
- VBF-enriched “iSignal x 20

my = 125 GeV

TLAS T Llpae
=13TeV, 36.1fb" B z+y
22 B z+jets
5GeV <m,, <170 GeV —— VBF m, = 125 GeV
ggF m, = 125 GeV

F‘
o
g

_Z*n:.—

Events / GeV

¢Z‘r,ii

1/N dN/dA

= N O b 00 OO N 0

Data - Fit

-5
115 120 125 130 135 140 145 1o0
m, [GeV]

Excluded

h o X BR > 6.6 x SM prediction
H o X BR >88fb-2.8fbformy =.25—-2.4 TeV




Results for all published channels

ZV - llgg /vvqq HEE 1]
WV- lvqq Ht >
Neutral X->Zy Ctmarged Ht Stb 2L
Heavy WW = |vlv Higgs _ N
Higgsto ZZ - 4l Light H= = cs
bosons VV- 2j VBF H= - WZ @
A—> Z/Wh (wh->bb) P
H->4y H - yy+MET

H - WH H - bb+MET
hZ = INV (lep) @
Higgs |

; H->Z(l)+MET = =
Neutral A/H/h = Tt exotic

Higgs to with VBF h = INV

fermions IR = MET hV-> INV (had)
H-> y+MET
H-> INV (1 jet)

hh = 4b
Neutral hh 5> WWyy Rare h(125) > dy
‘I;I_lg:.s 0 hh > bbyy decays/ 1 7) 3/ by
i-Higgs
B 1 > bbre LVF h->tu/te/eu



* In MSSM heavy Higgs boson coupling to down-type
fermions (z, b) strongly enhanced for high tan 8

BR(A = bb) 7
BR(A - t1) 1
BR(A - tt) |
BR(A = pp) 5

+
mh,mod
tanf = 10
1 1 1 1 1 | 1 1 1 1
400 500 60

my [GeV]




* In MSSM heavy Higgs boson coupling to down-type
fermions (z, b) strongly enhanced for high tan 8

BR(A - bb) 4
BR(A - t1) 1
BR(A - tt) |
BR(A = pp) 5

+ ]
Mpmod ]

tanf = 10
I.IISIE)UIIIIGD

my [GeV]

77 — (lep/had) (had) Camas o —oweed

* Theories: mi, ., h(MMSM, 7’ om0
e Discriminating variable is transverse mass '

Excluded

e 0XBR<0.78(0.7) pb- 5.8 (3.7) fb for ggF (b-
associated) for my /4 = 0.2-0.25 TeV

M} moa : tanB>1 (42) for my = 0.25 (1.5) Tev




[ ] H/A—tt
Vs =13 TeV, 361 b

arXiv:1709.07242 [hep-ex]
) Ho w

is=13TeV, 14.7 1"

ATLAS-CONF-2018-088
) H— ZZ— 4liivy

s =13 TeV. 361 b

ATLAS-COMF-2017-058
[ 199—A—2h

\s=13TeV, 361 b

ATLAS-CONF-2017-055
O H =t

1s=13TeV,13.2 1"

ATLAS-CONF-2016-089
C—1] H-> WW— viv

ATLAS Preliminary s =13 TeV, 36.1 fb

o HE. = arXiv:1710.01123 [hep-ex]
hMSSM, 95% CL limits @ o hhos b,

— Observed — bb yy/tr,

— WWyy
- EXPECTEd Vs=8TeV, 203"

Phys. Rev, D92, 092004 [2015)

1 H=hh—bbyy
1s=13TeV.3.2 "
ATLAS-CONF-2016-004

iyt h couplings [k, Ky, K]
\s-7and8TeV,25 "

v b o by b s by by oy JHEFP 11 {2015) 206

1
200 300 400 500 600 700 800 900 1000
m, [GeV]

-
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-
.
[ ]
*

L]
L
-
. '..!------------




Results for all published channels

ZV - llqq /vvqq HEE11
WV- Ivqq Ht v @
Neutral X->Zy CI.1arged HE S th s
Heavy WW = |vlv Higgs
Higgsto ZZ - 4l Light HE = cs
bosons V- 2] VBF H* > WZ @)
A—> Z/Wh (w h->bb) P
H->4y H - yy+MET
H > WH H - bb+MET
hZ - INV (lep) @
Higgs H => Z (I11)+MET L
Neutral A/H/h = Tt exotic Y
Higgs to with VBF
fermions IR = MET hV-> INV (had) @
H-> y+MET |
-

H-> INV (1 jet)

hh - 4b
Neutral |hh > WWyy Rare h(125) > dy

Higgs to
hh = bbyy decays/ 1 7) 3/ by

di-Higgs
hh = bbtt LVF h->tu/te/eu



Why these channels?

SM Di-Higgs production several orders of magnitude lower than single Higgs
production AND destructive interference among diagrams makes it smaller

-—-h

-=-h




Neutral Higgs to hh - 4b Why these channels?
di-Higgs hh &> WWyy

27

SM Di-Higgs production several orders of magnitude lower than single Higgs
production AND destructive interference among diagrams makes it smaller

T -—-h OO0 h e _-h
h_-° X -
t/b A t/b A -9, t/b A ==
b LY

200 ---h 000 “h 090 “h

Di-Higgs production enhanced in many BSM models

* Non resonant production: Higgs couplingtot,b,h
modified wrt SM values

* Resonant production: Replacing virtual Higgs boson
with an intermediate heavy resonance (2HDM, Gy j*)



Neutral Higgs to hh - 4b
di-Higgs hh &> WWyy

Why these channels?

SM Di-Higgs production several orders of magnitude lower than single Higgs
production AND destructive interference among diagrams makes it smaller

S I'L'A -=- OO0 L-h < I'L'A _-h
h ""f x #
t/b A t/b A -9, t/b A ==
LY
0900 ---h 900 “h Q00 “h
Di-Higgs production enhanced in many BSM models
* Non resonant production: Higgs couplingtot,b ,h BR bb Ww
modified wrt SM values bb 33%
* Resonant production: Replacing virtual Higgs boson WW | 25% | 4.6%
with an intermediate heavy resonance (2HDM, Gy j*) - 2% | 25%
* hh = 4b: highest branching ratio ZZ 3.1% | 1.2%
* hh - WWyy: clean signature and good di-photon vy | 0.26% |0.10%

invariant mass that gives good background rejection

28



hh - 4b
* Theories : ggF non-resonant, Gk
Signal selected in 2D plane of jet mass

300II\IIIIIIIII\IllII\IlIIII.III

ATLAS Preliminary
! ys=13TeV, 2016, 10.1 fb™'
e Resolved

Events/9 GeV?

>
(]
)
=

<

S

3

)

S~

£

IIWIlIIIII\|I|‘IIII|II\I|I\II

11 1 |
100

! L1 |
150

! 11 |
200

1 11 1 |
250 300

m5 () [GeV]

=

| Excluded

Non-resonant: 0 X BR < 300 fb
for 300-3000 GeV (SM : 11.3+22




hh = 4b CWWWW(= v j)
* Theories : ggF non-resonant, G+ . * Theories : Higgs in NWA, non-resonant
Signal selected in 2D plane of jet mass : « Counting experiment in signal region

300II\IIIIIIIIII\llll|\I|IIII.III\

ATLAS Preliminary
! ys=13TeV, 2016, 10.1 fb™'
e Resolved

10° T

ATLAS Preliminary —*— Observed

Events/9 GeV?
I I T TTT™H

| 1 1 1 111H

Vs =13 TeV, 13.3 b’
I -+ 10 expected

+ 20 expected

>
(]
)
=

<

S

3

_Q
S~
B

a(gg— X) = BR(X — hh) [pb]

',/

TR T A T TN TN A T TN T A N N SN SN B
350 400 450 200
my[GeV]

o]
CNEATTT
=11

! 11 |
200

1 11 1 |
250 300

my¢ () [GeV] :
| Excluded | Excluded

Non-resonant: ¢ X BR < 300 fb . Non- resonant: ¢ X BR <25.0 pb
for 300-3000 GeV (SM : 11.3%9:3 - Resonant: o X BR <47.7pb -24.7 pb

=




Results for all published channels

ZV - llgg /vvqq

WV-> lvqq
Neutral X->Zy Charged
Heavy WW = |vlv Higgs _ -
Higgsto ZZ - 4l Light i €
bosons VV- 2j VBF H= - WZ
A—> Z/Wh w
= Z/Wh (wh>bi) H = yy+MET
H->4y H - bb+MET
=2 Wikt H-=> Zdarkzdark
Higgs hZ - INV (lep)
exotic
Neutral A/H/h-> Tt with H > Z (l[)+MET
fermions hV-> INV (had)
H > y+MET
H-> INV (1 jet
hh = 4b (1]et)
Neutral hh > WWyy Rare h(125) = by
Higgs to
di-Higgs hh => bbyy decays/  p(z) 5 )/yy
hh = bbtt LVF h->tu/te/eu



In SM events with 2 high momenta, same-charge
electrons are rare

tt is cleanest signature for triplet models

H*% produced via Drell-Yann process




Heavy H*E > 1
Charged Higgs HE >

£1¢% (e and p)

HT¥ > tb

In SM events with 2 high momenta, same-charge

electrons are rare

H*% is cleanest signature for triplet models
H*% produced via Drell-Yann process

10°
10*

Theory : left-right e

ottt
symmetric (H; —, Hg ™ 110;

Discriminating variable is 1

Events

n

" ATLAS ' + Data 4% Total SM
fs=13 TeV, 36.1 fb Drell-Yan [ Diboson

[ Fakes B Top

1n-1
di-lepton invariant mass s sF

Excluded

+H, H + H [P ;-

+qi’ +|3' +\:$' +c|D Hj_ +|:L I+ -+l H +|j' +a\') Hﬁ_ Hj'

® o = P 40 = = @ 4 =

(i) +H ‘b +1
=. =

m of HiT (HFY), < 660-760 (770-870) GeV for BR = 100%
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Heavy HXE > 11
Charged Higgs Hf > w
H* >tb

 Charged Higgs bosons appears
when doublet/triplet added

* Form,. > (<) M¢pp the main
production mode of charged
Higgs is in association with t (b)

e Decay of H* to tv (tb) dominates
below (above) top threshold

e Run1: H* - tb analysis excess
of events above the background-
only hypothesis observed (2.4 o
across wide mass range)

TR0

, 00000

4-flavour scheme

10"

Why these channels?

BR(H* - cs) 1

+ §
mh,mod ]
tanff =10 |

T IR
200

) PRI ST BT SRS ISR
300 400 500
M, [GeV]

60
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Heavy HE > 1l
Charged Higgs Hf > w

H:X >tb

tv (hadronic)

100 ———— . , —
3 _EATLASPreliminary o oaa @ zees :
C10°g _ [IMisiDj— < [l Divoson E
= 100E'S T 13 TeV, [ fi& single-top - H' — v 200 GeV (x5) ]
:‘5 LE14.7 o ] Wejets —ooH o v 500 GeV (x5) 3
10° ooy

Theory: hMSSM
Discriminating variable is transverse mass

1 3

E 2 T T T _I | T T T T T T T T
o 1.5H 1 Uncertainty ' ]
E 1"%’”‘%”#&
éﬁ 0.3_ 1 1 1 | 1 1 I+ 1 1 1 1 1 ]

10? 10°
m; [GeV]
Excluded

o X BR < 2.0 — 0.008 pb

hMSSM

42 <tanf < 60 form,; =200 GeV

* m,z <540 GeV for tan f = 60
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Heavy
Charged Higgs

tv (hadronic)
* Theory: hMSSM

H¥E > 1l
H:f > w
HE¥ >tb

e Discriminating variable is transverse mass

100 ———— . , —
3 _EATLASPreliminary o oaa @ zees :
C10°g _ [IMisiDj— < [l Divoson E
= 10°E'S " 13 TeV, [ fi& single-top - H' — v 200 GeV (x5) ]
- 14.7 fb™! ] Wsjets - H - v 500 GeV (x5)  J

1 3
E 2 T T T _I | T T T T T T T T
o 1.5H 1 Uncertainty ' ]
- 1"%’&‘%”#&
T 0.5 ]
O 0 1 1 1 1 1 1 1 1

10°

Excluded

- o xBR<20 —0.008pb

hMSSM
e 42<tanf < 60

for my,+ =200 GeV

* m,z <540 GeV for tan f = 60

36

tb (e/u from t decay)

* Theory: m;—{,mod

e Events are categorised according to the
multiplicity of jets and b-tagged jets

e Multivariate techniques separate signal
from background

T T

§ 10'F ATLAS Preliminary

w 1s =13 TeV,13.21b"
10° b Pre-fit

T T T
-+ Data BH 300 GeV-

---H'300 GeV [t + =1c

Wt + =1b

[CJNon-tt
Uncertainty

(it +light
M+ X

Data / Bkg

Y2 q/:i-\yb EEN 262 Sap 5/,éqb 26,3 “5/‘\40

Excluded | No big excess above SM
* 0 XBR <1.09-0.18
mi_l,mod

300-855 GeV
300 (366) GeV

* O05<tanf <1.7form,
* tanpf > 44(60) form, . =



Results for all published channels

Neutral
Heavy
Higgs to
bosons

Neutral
Higgs to
fermions

Neutral
Higgs to
di-Higgs

ZV - llgg /vvqq
WV-> lvqq

X->Zy

WW = lviv

ZZ - 4l

W= 2j

A-> Z/Wh (w h->bb)

H—>4y
H-> WH

A/H/h = Tt
A/H/h > tt

hh < 4b
hh > WWyy

hh = bbyy
hh = bbtt

Charged
Higgs

Higgs
exotic
with
MET

Rare
decays/
LVF

Hit> [l

Hf > 1w
HE > tb

Light HX - cs
VBF HT 5> WZ

H > bb+MET
hZ = INV (lep)
H - Z (ll)+MET

VBF h - INV
hV-> INV (had)
H-> y+MET
H-> INV (1 jet)

h(125) > ¢y

h(z) = J/dy
h=>tu/te/en



Higgs exotic with H - yy+MET Why these channels?
MET H - bb+MET

38

+ Models with Higgs and missing transverse energy (E7**5S) are motivated
by searches for Dark Matter (x)
* vy final states can be measured well with relatively low backgrounds

* bb final states have high SM higgs Branching ratios

Heavy Higgs scaler H = yxh, (h = yy), ZHDM with U(1), gjives 5
parametrized by effective field theory Higgses, DM and Z’:

(h = yy/bb)(A° = xx)




Signal selected in 5 categories defined by (ET'I”'SS ) significance, p’T/y, number of leptons.

Significance of ETVSS s less sensitive to pileup than EFYSS

ATLAS
Vs =13TeV, 36.1 fb"
Z-2HDM, Dirac DM m, = 100 GeV,
" my =1TeV, m, =200 GeV, m,. = 300 GeV

GeV

Events /

—— —— — Z', Dirac DM m, = 1 GeV, m,_=200 GeV

Heavy scalar, Scalar DM m, = 60 GeV,
my, =275 GeV

4 Daia vy Wy+iet
[[IsMm Higgs boson  [lvy []vyy
7 Syst. @ Stat. Unc.

Data/MC

5 20
SEmiss [ V GeV]

T

| Excluded I

heavy Higgs: @ X BR > 15.4 (4.3)fb for
my = 260 (350) GeV




Signal selected in 5 categories defined by (ET'I”'SS ) significance, p’T/y, number of leptons.

Significance of ETVSS s less sensitive to pileup than EFYSS

LA L L L L L L B '_‘10_29 T T T T T TTT] T T T T T TTT] T T T T T

¥
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Resolved and merged (with boosted b-tagging!)

Separate 4 categories by EJSS

Fat jet (R=1)
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Results for all published channels

Neutral
Heavy
Higgs to
bosons

Neutral
Higgs to
fermions

Neutral
Higgs to
di-Higgs

ZV - llgg /vvqq
WV-> lvqq

X->Zy

WW = lviv

ZZ - 4l

W= 2j

A-> Z/Wh (w h->bb)

H—>4y
H-> WH

A/H/h = Tt
A/H/h > tt

hh < 4b
hh > WWyy

hh = bbyy
hh = bbtt

Charged
Higgs

Higgs
exotic
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MET
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decays/
LVF

Hit> [l

HE¥ >
HY >tb
Light HX - cs
VBF HT 5> WZ

H - yv+MET
H = bb+MET
hZ = INV (lep)

H - Z (l1)+MET

VBF h - INV
hV-> INV (had)
H-> y+MET
H-> INV (1 jet)

h=>tu/te/en

Higgs to
light
h(Z) = J/Yy res.

L
J

H->aa—>4f
h(125) = aa = 22y
h(125) - aa - 4b
H/h = aa = putt



Higgs exotic with  h(125) > ¢/py Why this channel?
MET

43

e Large multi-jet background makes it difficult to study H - qq decays: light quark
couplings to Higgs are only loosely constrained by data

* Higgs decaying to p and ¢ can probe couplings of Higgs to light quarks!

 Many BSM theories predict deviations from SM couplings (Minimal Violation
Framework, RS Gravitons model, composite Higgs model)



Higgs exotic with  h(125) > ¢/py Why this channel?
MET

44

e Large multi-jet background makes it difficult to study H - qq decays: light quark
couplings to Higgs are only loosely constrained by data

* Higgs decaying to p and ¢ can probe couplings of Higgs to light quarks!

 Many BSM theories predict deviations from SM couplings (Minimal Violation
Framework, RS Gravitons model, composite Higgs model)

e ¢ - K+K-is used to reconstruct the d meson, and the decay p - mt+mt - is
used to reconstruct the p meson
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Results for all published channels
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h(125)9 aa/zdarkzdark

Why this channel?

Look for 2HDM H-> aa process

Hidden or dark sector appears in many
extensions to SM to provide DM candidate or
explain astrophysical observation of positron
excesses

Dark sector can be induced by adding U(1),
gauge symmetry that predicts Z

H




h(125)9 aa/Zdarkzdark

Look for 2HDM H-> aa process

Hidden or dark sector appears in many
extensions to SM to provide DM candidate or
explain astrophysical observation of positron
excesses

Dark sector can be induced by adding U(1),
gauge symmetry that predicts Z

Look in 4l final states that have low background.
Optimize for different mass regions
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Conclusions

* Many ATLAS searches for beyond Standard
Model physics were explored

* No discoveries yet of BSM Higgs sector

* Significant excesses not found, but many
stringent limits set in several models
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Figure 2: Cartoon of SR 1P2L and SR 1P3L and relative control and validation regions.




YY+MET
* Signal selected 2 or 4 categories defined
by (E7**° ) significance and p%y

Significance of EFYSS singificance is less
sensitive to pileup than E7"5%
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