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» Higgs mass: 125.38 GeV with 0.1% precision
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» Couplings to the SM particles: consistent with the SM predictions
» All consistent with the SM Higgs world

particle mass (GeV)
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» Unstable Higgs mass, stability of our vacuum depending on Higgs
potential

» BSM phenomena
- Dark matter with gravitational interaction coupled to mass
- Neutrino mass



5SM Higgs

VianyasSIIReonespredictiextended Higgs sector
IWorHIggSEoubletmodels (2ZHDM) such as in SUSY: five Higgs bosons
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> Production is enhanced by tanf? ~ Higher sensitivity with top
~ Look for bb, Tt (large coupling) by tanf quark events




Seanenesiior leavy Neutral Higgs

e Recenmmnuniziesultsiontdirect decays of H/A
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The d Ngoodiagreement with the background
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omeNnvueissiavoers/rand much better mass resolution than t
36 frl results from AT LAS and CMS: b-veto and b-tag category
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> Set model independent limits on ¢ x B
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Data / MC

¢ Data [ Drell-Yan
—M,M, =30050Gev [t
MM, = 500,300 GeV [l Single t
—M,M, =800700GeV VV(V)
Pre-fit uncertainty Other

0 100 200 300 400 500 600 700 800 900 1000

m; [GeV]

-
J sScenario:.

|t (mh =25 GeV), branching of H to ZA is Iargest

>
[
O
©
N
~
%)
2
=
)
>
w

Data / MC

— MM, =300,50 Gev [l
MM, = 500,300 GeV [l Single t

— MM, =800,700 GeV | VV(V)
Pre-fit uncertainty Other

800 1000 1200 1400
, [GeV]

JHEP 03 (2020) 055

35.9 fb* (13 TeV)

=
—
=
=2
=
N

T
<

5
Observed 95% CL on oB [fb]




S A—ZH — llbb

_

> ATLAS
motiva

>my,:
guirement for. electroweak baryogenesis in2HDM

ATLAS ¢ Data
JE=13TeV, 36.1 o' = 9 ey
ny=2 1 Z+(bb, be, bl, cc)

B Top quarks

Z+(cl, 1)

B W-jets, diboson, Vh

. v

7 Total uncertainty

= Preit background

Events / 20 GeV

ATLAS
V5=13TeV, 36.1 fo-

Observed 95% CL upper limits on
o x B(A— ZH) x B(H — bb)

gluon-gluon fusion
Data
ggA, my = 700 GeV
Z+(bb, be, bl, cc)
Top quarks
Z+(cl, )
Wi4jets, diboson, Vh
ttv
774 Total uncertainty
=== Pre<it background

13 TeV, 36.1 fib~!
200 GeV, ny=2

Data/Prediction

ATLAS
Vs=13TeV, 36.1 fo!

" Observed 95% CL upper limits on
¢ x B(A — ZH) x B(H — bb)
b-associated production

Data/Prediction

PLB 783, 392 (2019) [ ol




Hg W (—>2I 27,17 qq)

ory,
> Same different-flavor (DF) 21 (212 )
> Resolved&boostedhadronicW (I 7.9q)

> Re i.lir sriant Mass Mi ... (212 7)) and H invariant mass my(l v qq)
as fi inants

95% CL upper limits
Observed
--  Median expected
[ 68% expected
1 95% expected

35.91ib"' (13 TeV)

Il Background uncertainty —— my =400 GeV

e

Events / 50 GeV
Events / 50 GeV

R\ As$ume VBF fractlo
E N ‘7 -._.-.-.___E ........ fro.m__SM_ __________ -

o)
2
T
<
©
c
(@)
]
@)
2
nH
()]
+— 107
E
-

3

500 1000 1500 2000 2500 3000
JHEP 03 (2020) 055

1%



Events / 30 GeV

Data/Pred.

ATLAS j + Data IZZ
Vs=13TeV, 139 fbr
H - ZZ —seteu*u

ggF-MVA-high £V, WV lzﬂets, i

 NWA,m, =600 GeV
Uncertainty — N WA
l:] neertaint =50 x obs. limit

Events / 1 GeV

1000 1200 1400 1600 1800
my [G

Submitted to EPJC

Data/Pred.

jory

and Iérge widths

ATLAS
s=13TeV, 139 b
H - ZZ —»etevv
VBF-enriched

200 400 600

+ Data

wz

IZZ
IZ +ets

INon-resonant-Il tt+V, VW

|:| Uncertainty

_ NWA,m, =600 GeV
5 x obs. limit

_ NWA,m,=1.5TeV
1 x obs. limit

800 1000 1200 1400 1600

my; [GeV]

95% CL limits on o x B(H— ZZ) [pb]

e}
(="
N
N
1
L
m
X
w
S
O
c
o
$
E
-
O
2
o
o

nants

ATLAS —— Observed CL; limit
Vs=13TeV, 139 fb™ Expected CL_ limit
H—ZZ -1 + vy B Expected + 1o

NWA, ggF production [ JExpected +2 6 o
. Expected CL_ limit (/"1 11"
Expected CL_ limit (/"/'v¥)

narrow width

1500 2000
m,, [GeV]

ATLAS —— Observed CL limit

Vs=13TeV, 139 fb™ Expected CLs limit

H—2Z -1 +rrvy El Expected o

LWA, I'y =045 m,, Bl Bxpected£20
Expected CL_ limit (/"/'I"/'
Expected CL_ limit (/"1 v¥)

large width

-3
10400 600 800 1000 1200 1400 1600 1800 2000

m, [GeV]




JI‘SIJa\ 'for charged Higgs
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Hanise inliype Il seesaw models
peutiine mass, H** predominantly decay to WW
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> Exclude up to 220 GeV

ATLAS
Vs=13TeV 36.1fb"
H!’ 200 GeV x 8

- P

-¢-Data
EmQMmisiD
[CJFake Lepton

300 [ ==+ H" 500 GeV x 180 ElOthef Prompt

ATLAS
Vs=13Tev 36.1fb"

Wz

150 200 250
m,[GeV]

-¢-Data
[CJFake Lepton

600 800
m,,[GeV]

ATLAS o

$=13TeV 3611 [ Fake Loptans

. . _ [ Other Prompt
Signal regions for m = 200GeV B \V Prompt

| 1tV Prompt
e My 200 GeV

ATLAS —e— observed 95% CL upper limit
(2«13 TeV 351 m" - ——=- expected 95% CL upper limit
[ ] expected nmit (:20)
:] expected limit (£4c)

2% 3 ———— W= theory (NLO QCD)

My SFOS 0 SFOS 1.2

ox 8(pp— HH = W*W* W W) [fb]



Heavy H*—tb

ced |massomat|on with tb
tons, jets, b-jets, MET

£
> Hito

> Final

> AFI'I_-AS: BDirtrain forr each signal mass in each signalregion

>

35.9 b (13 TeV)

Background-only fit
t Data O V+ets W
B tw v [ f+b(b)
Bl fivclc) [ fLF
— H’SOOGeV(a % B=10pb)
% Post-fit unc.

359" (13 TeV)

H* — tb single and dilepton
MSSM m_** scenarlo

95% CL upper limits

— Excluded
—--Medlan expectad
[T 68% expected
[]95% expected

T mye™ £ 125 £ 3 GaV

Pt e
ALY ALY

' . 03
A\° A \v g G® GO B P 1000 1200 1400
A APy 3

JHEP 01 (2020) 096

detrain tor singlellepton in each signal, DNN for dilepton,

ATLAS

tbH, H— tb .95% obs. excl. (CL,)
n'q‘“*
-.—- 95% exp. excl. (CL.)

.200 300 400 500 600 700 80001000
m,; [GeV]
JHEP 11 (2018) 085




Events / GeV

W+ jets
After KF
Tight

Events / 5 GeV

Bkgd. unc. eup+LLL
[ Nonprompt bkgd. ¢ Data

I Prompt/Conv. bkgd. — Signal+bkgd.

95% CL upper limit on Bsig

¢ Data o *
e °\30 t—H b H* —>cs°
. - 50| B(H —cs)=100%
W acp
W + jets
Z/y + jets
mvv
[ Post-fit uncertainty
(Bkg. stat. @ sys.)
=== my = 100 GeV
B(t - H'b) = 0.13

35.9fb" (13 TeV)

95% CL upper limits
- Observed

== Median expected
. 68% expected
[[]95% expected

L + jets

80 90 100 110 120 130 140 150 160

140 160
m; (GeV)

359" (13 TeV)

eI

0,
M, = m, +85 GeV —e— Obs. 95% exp.

10— My-=160GeV

=== Median exp. [ 68% exp. _:

m. (GeV)




v .of BSM Hi
—

‘:I Observed exclusion 95% CL

% Expected exclusion 95% CL

(
\:I PLB 778 (2018) 101

h(125)

EPJC 79 (2019) 421
A/H/h — pp
CMS-PAS-HIG-18-010
A/H — bb

JHEP 1808 (2018) 113
AH/h — Tt

JHEP 1809 (2018) 007

H — WW (Iv v and Iv qq)
JHEP 03 (2020) 034

H — hh (bbrr)

H—tt
CMS-PAS-HIG-17-027
A — Zh (k)
arxiv:1910.11634

| hMSSI\III

300 400

1000 2000

m, [GeV]

March 2020

ggs Searches

] AHome

15 = 13 TeV, 139 b

arXiv:2002.12223 [hep-ex]

How

V5 =13TeV, 36.1 1"

JHEP 09 (2018) 139
[ H -t

\5=13TeV, 36.1 "

JHEP 11 (2018) 085
[ Hb - bbb

V5= 13TeV, 27.810"

arXiv:1907.02749 [hep-ex]

1 HoZ2- Ay

ATLAS Preliminary
hMSSM, 95% CL limits -

— Observed -
-== Expected

200 300 400

M
1000 2000

m, [GeV]

V5 =13TeV, 36.1 1"

Eur. Phys. J. C (2018) 78:293

99— A- Zh

Vs=13TeV, 3.1 16"

JHEP 03 (2018) 174
3 Ho WW= vl

V5= 13TeV,36.1 "

Eur. Phys. J. C 78 (2018) 24
[ H- hho 4b,

- bb yy/r,

V5= 13 Tev, 27.5- 36.1 fo”

Phys. Lett, B 800 (2020) 135103
=== h couplings [icy, Ky, k]
{5 =13 Tev, 36.1- 798 15"
Phys. Rev. D 101, 012002 (2020)




_— w"

’ v’ sSummary

_
> Huntl ggsibeseniatithe LHC have been extensively and vigorously

done | erentchannels.

> So far, no evudence of: BSMHiggs. Expect to get results using the full Run 2
withimproved'sensitivitiesiin many different channels

ilierstartediirom Feb 2022, with expected data of 170~190
fb (6 month delay, due to Covid-19)
> Higgs potegal at’CHC in many ways is GREAT.
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