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Introduction

U Although the Higgs boson discovered at LHC so for is compatible with the SM Higgs
boson, there is still room for extensions of the Standard Model

U Many interesting BSM models can provide a Higgs boson that is compatible with the
LHC observed Higgs boson, and can predict extra Higgs bosons or (pseudo-)scalars

V Two Higgs Doublet Models (2HDM) is the simplest extension of the SM Higgs sector e
A 5 physical states 2 CP-even (h, H), 1 CP-odd (a), 2 charged (H°) i el e oy

V Next-to-minimal supersymmetric model (NMSSM) is a particular case of 2ZHDM+S Type 2 @

A 7 physical states. 3 CP-even (h)), 2 CP-odd (a,), 2 charged (h") -

V Georgi-Machacek(GM) model
A 2 singlet(h, H), 3 triplet(H,%, H,") and 5 fiveplet(H:°, H;", Hs' °) mass eigenstates

V Other extensions e.g. leftright symmetric models (LRSMs), Three Higgs Doublet Model (3HDM),.

U Discovery of additional Higgs would be an unequivocal sign of new physics

U LHC is currently the most powerful discovery machine - Hope to find hints of BSM
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Search for Extra Higgs at LHC

U Atthe LHC, large group of extra Higgs searches being covered with full Run-2

CMS-PAS-HIG-20-002 : | gght HWTLAS-CONF-2023-035: l gght HY
Neutral H. A CMS JHEP 07 (2023) 073: fY t t ATLAS Phys. Rev. Lett. 125 (2020) 051801: A / HtYt
BSM ’ CMS-PAS-EX0-21-018 : V%tt%oY |l ATLAS HDBS-2020-12: AY mm
particle ATLAS JHEP 07 (2023) 203 : ttH/AY 4top

searches Charged H*- and H** CMS-PAS-TOP-22-010: A/ H Y t gl

ATLAS JHEP 07 (2023) 234: light-by-light scattering CMS-PAS-EXO-21-007: light-by-light scattering
ATLAS JHEP 07 (2023) 200 : Heavy HY WW Y same-sign di-lepton

ATLAS JHEP 06 (2021) 145: H*Yt b

CMS arXiv:2207.01046:H Y H( 200 )tW (q&:3( / ATLAS-CONF-2023-034: A Y
Light pseudo-scalar ATLAS Eur. Phys. J C 83 (2023) 605 : H** Y multi-lepton Y #@and33bb
HY a a ) .
. ATLAS Phys. Rev. D 105 (2022) 012006 :H( 1 25) Bomanau Y

HY Za CMS-PAS-HIG-22-007: H Y cadi/ttib _ _
CMS JHEP07(2023)148: H Y B m®solyed 4 Many other list can be found in
CMS arxivi2209.06197: H Y A Mergéd 4 ATLAS Publication List
CMS-PAS-HIG-22-003: HA ZaA Il + g g CMS Publication List

X Y HH S e aA¥L2‘SS-§O§I;IFS-:{2021-052 XY HHY brb/ bbt t4b
Multi-Higgs Y AFLAS BhEs Rev. D 106 (2022) 052001 : X ¥ HH Y brb .
resonances X Y HY Se acmMEPRsS@ls-21-005: X Y H HbWiv Extra nggs can be H/h/%ba/

CMS-PAS-HIG-21-011: X Y HH/[YH Y bbA/ X/ YhffoBowing slides
ATLAS-CONF-2023-031:X Y SH

.. : Some results are also included in Robert
U Selected results will be presented Heavy resonances to bosons
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https://link.springer.com/article/10.1007/JHEP07(2023)234
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-007/index.html
https://link.springer.com/article/10.1007/JHEP07(2023)200
https://link.springer.com/article/10.1007/JHEP06(2021)145
https://arxiv.org/abs/2207.01046
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.012006
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https://link.springer.com/article/10.1007/JHEP07(2023)148
https://arxiv.org/abs/2209.06197
http://cds.cern.ch/record/2853524?ln=en
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-052/
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.052001
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-005/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-011/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-031/
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Low mass (<125 GeV) SMe HA'g/ g

U Search for narrow signal peak over smoothly-falling background (direct g gg+
jet, Jet+jet processes) except for rel

U Two isolated photons with high energy and high m, precision (1-2%)
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https://www.sciencedirect.com/science/article/pii/S0370269319302904
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-002/index.html
https://www.sciencedirect.com/science/article/pii/S0370269303006142?via%3Dihub

Updated searcHor low mass SMike HA> gy —

ATLAS
U Updated strategy for relic DY suppression U Multivariate techniques for rejecting electrons
U Optimized photon ID MVA and diphoton BDT i Kinematic classification of events: diphoton BDT
trainings in low mass phase space, to reject bkg Classifier
U 2016 data reanalyzed with improved calibration U Improved background modeling uncertainties
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-035/
https://cds.cern.ch/record/2852907

Neutral Higgs boson wﬂlhA?t t

Thetrtfinal state has a leading role in the
searches for additionadeutral Higgs boson
identified with higher purity than b; well

estimatedt tkg; typically larger BR

JHEP07(2023)073

U Production of neutral Higgs
bosons f via gluon fusion
(gg?) or in association

with b quarks

U Search performed in four

95% CL limit on 6(ggp)B(0—11) (pb)

tctfinal states : em et,, nt,,

and t,t;,

10?

107"

1072

1073

104 =

10k
;

=

CMS

o
o

.
o

108+

| Low-mass

o ‘138fb"(‘13Te|V)
—e— Observed ]
-------- Expected 7
I 68% expected ]

[ ] 95% expected 5

High-mass

70 100

200 300

2060 |
m, (GeV)

L L ‘
1000

’0'0'0'0'0'0'0'0‘—-—
Y

CMS

— — — — -

138 fb” (13 TeV)

10° g1
10?
108
10-*%—

1072 3

95% CL limit on o(bbo)B(9—s11) (pb)

107°E
- Low-mass

—— Observed

Expected

I 68% expected
[ | 95% expected

High-mass

*4 1 \Il
10 70 100

L L L L L 1 1 L ‘
200 300 1000

2OI00 I
m, (GeV)

3.1, (2.7,) local (globali@ 100 GeV Not seen in bbf product|on
2.8, (2.2,) local (globali@ 1.2TeV


https://link.springer.com/article/10.1007/JHEP07(2023)073
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EXPERIMENT

Neutral Higgs boson witlhAyt:t

ATLAS Phys. Rev. Lett. 125 (2020) 051801

U Searched performed in the mass regiord.2-2.5 TeV, with at least one t,

U No significant excess over the expected SM backgrounds is found

o x B(¢p — 171) [pb]

10

ATLAS (s=13 TeV, 139 fb’’
¢ — 11, 95% C.L. limits
gluon-gluon fusion

—e— Observed -
Expected :
+1c
+2c
ATLAS 36 fb™' 3

ggF

____________

-
= -
Sl
-
el -
-
Cr
Y -
an
-..3.
L1 I L1 1 1 I L1 L1 I L1 1 1 I L1 L1

500 1000 1500 2000 2500
m¢_[GeV]

c x B(¢ — t71) [pb]

10

ATLAS (s=13 TeV, 139 fb’’
¢ — 11, 95% C.L. limits
b-associated production

—e— Observed -
Expected :
+1c
+20c
ATLAS 36 fb™' 3

b-associated

-
m
bl
.
——a
-----
.
_______

||I||||I||||I||||I||||3

500 1000 1500 2000 2500
m¢_[GeV]


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.051801

CMS-PAS-EXO-21-018

Search fob/Ay i

First direct search fdkodecays
into all lepton flavorswith %o
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http://cds.cern.ch/record/2815307

o teth Ay mm

ATLAS

EXPERIMENT

U Only one top quark decays to an electron ormuon is

considered: a signature with three leptonsQ * and ArXiv:9304.14247

U Mass distributions of the two @ muons is used to extract the

signal in the mass region 12 77 GeV = 8T
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The slight excess at a ;= 27 GeV is observed in both channels


https://arxiv.org/abs/2304.14247

Charged Higgs bosdud* Y cb
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https://arxiv.org/abs/2302.11739

Charged Higgs boson H Y HW

arXiv:2207.0104 2

H mass: 3001 700 GeV
U Associated production of charged T’?
Higgs with hadronic top quark B T’l

0 DNN was trained for resolved top
tagging: Loose WP used
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http://arxiv.org/abs/2207.01046

ATLAS Eur. Phys. J C 83 (2023) 605 q
EXPERIMENT
U Focuses on same-charge leptonic decays, in 21/31/4l (I=e/n) channels
0 No significant excess found
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https://link.springer.com/article/10.1140/epjc/s10052-023-11578-9

LFV X

CMSPre mary 138 fb~" (13 TeV) CMSPreﬁmfnaq/ . 1381b™" (13 TeV)
Additional Higgs bosons with mass ; o ; : @3 | ; o @
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decay channels is important to : L
constrain the Typéll 2HDM model '
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https://arxiv.org/abs/2305.18106v1

Search for light pseudo-scalarin HY a a

U Exotic Higgs boson decays to new lighter states are

( i
allowed by the current measurements 9 r0000) a ,’
H /
U Probing a light pseudoscalar in the mass range 15 - A >------ J
N\
62.5 GeV ( m,<m,/2) . \
. . . . . 9 QRQQQ a3
U Pseudoscalar-fermion couplings are inherited via
mixing with the SM Higgs Signal model includeggH~48 pb)
-bb,t tmndecay modes dominate at low masses and the VBF (~3.9 pb) contributions
(experimental handles) 0 H Y aa bbb
Type lll, tan B=0.5 Type lll, tan B=5
L T L e V Two complementary decay modes are
F ] _ | ! targeted, leading to 5 final distinct
101k 4 — o 10-1p | detector signatures: mimb, t .t pb,
= | ] s | I t t.bb, tt,bb, t,t.bb
T 102 [ p— : oot | | —— _ _ _
x  JE—e o N ] g V High mnmass resolution; larger BR in
® ‘ vy S T large parts of parameter space
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HY a abbmm

Require 2¢ 24 wiatls th eni dbamasstara 4 bdde mads close to the Higgs mass

CMS-PAS-HIG-22-007

ATLAS Phys. Rev. D 105 (2022) 012006

EXPERIMENT

U BDT classifiers are trained to distinguish sig from bkg (i Even categorization based on the b tagging

working points (TL, TM, TT) : also included are
dedicated VBF and low pT category

U Signal region: BDT mva>0.2 and m,1 X <.m&m_+X
with X =1 GeV (1.5 GeV) form,O 4 5 (45GeV)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.012006
http://cds.cern.ch/record/2853298?ln=en
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HY a abbt t

CMS-PAS-HIG-22-007

U Analysis categorization is based on lepton flavors and U A binned maximum likelihood fit is performed
number of b jets on the di-t mass
-ttt b, tt b, tot b - resolution improved by the SVfit algorithm

-t t.bb, t t,bb, t t,bb (full signal reconstruction) 0 No excess is found

. - : : . CMS preiimi 138 fb" (13 TeVv
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Resolved Boosted
U Four well-isolated photons in the U Two collimated greconstructed as single G 110 < mg g 140GeV
final state

U Deep-learning used to reconstruct mg of collimated di-g
U Adedicated primary vertex (PV) ) o , , _ _
BDT is trained. to select PV with U Upper limits on the branching fractionB(HU AA U 4g) of (0.9-

highest BDT score 3.3) 10M at95% CL

No excess observed

U To improve the sensitivity, a 4-gevent ems % fb;1§1l3lT?\|/) Rl R e 136 7 (13 TeV)
classifier is trained to separate sig - 05% CL upper limits 1 T - CMS 95% CL upper limits .
from bkg: a single category € 350 —+ Observed 1 3 I — Observed ]
optimized based on BDT output, for £ - b e 1 -gﬂgej'a;:::;zzted 1
each m, Tk shclepeded 1 F 102CMS-PAS-21-016) 95% expected .

U m,,distribution is used to extract 8 %50 CMSPAS-HIG-21-003 | §  larxiv:2200.0619% CVS H- 1 |
i ggngal £ o arxXiv:2208.01469 E E s 1

o L ] > i
. ] .- om C .. i o

U 95% CL upperlimits,B( H Y axa'f 1 5 4 _
g 9)g06-0.80 (0.24-1.0) fb T 48 ;
observed (exp.) o 1 & T R T

® 09 - 2 /o 02 04 06 08 1 12
. . . o m, [GeV]
First CMS search in this channel 025 020 50 s  CMS upper limitof B(HA g )gi7



https://arxiv.org/abs/2208.01469
https://arxiv.org/abs/2209.06197

\ 4

Summary of U |imit
U Upper limit on BR(H Y a Jadepend on the 2HDM Types and model parameters

,CMS Preliminary 35.9-138 fb'' (13 TeV) _CMS Preliminary 35.9-138 fb' (13 TeV)
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CMS public Higgs 2HDMS Summary Plot
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[72]
§ 108 + Bata e
CMS'PAS'HIG'22'003 . 10° -St;t). uncertainty
[ Syst. uncertainty
10 — m, = 30 GeV

i Two photon resolved case withm, i [1,30]GeV

U Trained anevent BDT for event categorization to improve the sensitivity

U Usellg gwariant mass (90- 180GeV) spectrum to extract signal in data

2
102 € CMS Prefiminary | 138 fo' (13 TeV) g ‘ o
- Iocal — Observed B v 1 e
Median expected BDT Output
(global) at m —SGe\A 68% OL , axpectod

95% CL , expected :

U 95% CL upperlimitsond( pp YYBOHY Zad)g a
— 4.7-17.8 (6.9-17.9) fb observed (expected)

10

First LHC resultin U g gnal state

95% CL limits on o(pp— H— Za— 2| + 2y)(fb)
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http://cds.cern.ch/record/2853524?ln=en

Multi-H1 ggs resonance

U Many BSM theories predict the existence of a
heavy scalar boson decaying into two Higgs
bosons or Higgs boson plus additional scalar in
the extended Higgs sector

U Main HH decay modes experimentally accessible: HH branching ratios
V HHY 4b: largest branching ratio, challenging due to high b-jet bb WW s 77

multiplicity and QCD background
V HHY 2b2 : sizeable branching ratio, lower QCD background

V HHY 2b2"Y rare process however clean signature due to WW I e

photons .
TT 7.3% 2.7% 0.39%

U Public Higgs pair searches with full Run 2 data
- bbbb (ATLAS, ), bbWW (CMS)
-bbt { ATLAS), bbg ¢ATLAS, CMS) w
- WWWW, WWt ft t {CIVIS)

3.1% 1.1% 0.33%
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EXPERIMENT

U Two channels, resolved and boosted channels

targeting Higgs boson decays: pairs of small-radius -
(DR=0.4) jets or as individual large-radius (DR=1.0) jets

U Resolved channel with my=251GeV-1.5TeV
V 4b signal region (based on the H candidate
masses)
V  2b category for bkg estimate
V ABDT to pair jets from Higgs (65-100% eff)

U Boosted channel with my=900GeV-3TeV
V At least two large-R jets with p>250 GeV
V Db-tag using variable-radius sub-jets constructed
from their associated tracks
V 3 event categories: -tagged track- jets
2 b-tagged track-
jets associated with one H andl b-tagged track- jet
-tagged track-

jet associated with each H
u Fit my, spectrum to search for a resonant bump

Events / 14.3 GeV

cggF(PP—*X—'HH) [fb]

105t Vs = 13 TeV, 126 fb~"
Background-only fit
Resolved channel

& Background

LU AL LA LA I
ATLAS

Ys=13TeV, 139 fb
Background-only fit

L LI LU L B
4+ Data

[ Multijet

Bt

Uncertainty )
Resolved m(X) = 280 GeV . = 10° Boosted channel, 2b Uncertainty
m(X)=400GeV . & .f m(X) = 3 TeV
: 10
m(X) = 600 GeV : ‘8_ BOOSted ..... m(X) = 4 TeV
m(X) = 1000 GeV E1o2 b ......... m(X) =5 TeV
§ 10
L

il

hLA*
r

$ 1]
11

F00 600 800 7000 1200 1400
Corrected m(HH) [GeV]

10°¢ ATLAS _, = Observed limit (95% CL) -

: \S/Ei;_gsTev,me-wg ™ . Expected limit (95% CL)

- P Expected limit + 1o
1041 .

S . O Expected limit +2¢

I p In —=- Resolved expected limit
103L —=—=- Boosted expected limit
102
1005 3

250 500 1000 2000 3000 5000

m(X) [GeV]

1000 1500 2000 2500 3000 3500 4000 4500 5000

m(HH) [GeV]

2.30 (0.40 )
local (global) @

my =1.1TeV
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.092002

CMS-B2G-20-004

Semi-boosted analysis: at least one
of the pairs is highly Lorentz-boosted
and is reconstructed as a single large-
area jet

Semi-resolved and fully-merged
event categories

Data was found to be consistent
with the measured SM processes

Upper limit: 9.74-0.29 fb for the
radion for the mass range 11 3 TeV

6, X B(X—HH—> bbbb) [fb]

-
o
w

—
o
!

—
o

X MHHMbbbb

138 fb! (13 TeV

)
= T T T T I R =
- CMS =
[~ Preliminary .

. — Observed
= Spin-0 —
- e Expected (95% CL) =
N - + 1 ¢ Expected B
i + 2 ¢ Expected B
=5 — Theory XR p E
| | | | | | | | | | | | | | | | | | | | |

1000 1500 2000 2500 3006

m, (Ge

Mass hypothesis for 1000 < m, < 3000 GeV

V)
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https://cds.cern.ch/record/2777083

& ) JHEP 07 (2023) 040
ATLAS

EXPERIMENT

U Event categorization :

Lepton+Tau Trigger

U Parameterized Neural Network (PNNs) used to construct

W\gm and VI, V\pm (e/* & opp.
charged 1) LST (Single Lepton Trigger) and LTT

discriminant, which is then fitted

-- NN is parameterized on my for optimal performance across the

whole range

w 108 T T T
E ATLAS i
D 107E (5= 13TeV, 139 ' e eV
= ) m, = 500 GeV
106 ThadThaa TJ;:‘p-quark{ kes (MJ)
Sianal Reai - 1., fakes
'gnal Region Z - 1t + (bb,be,cc)
105 Jet — 1, takes (i)
Il Other
10* SM Higgs
it Uncertainty
10° -=|...-.---. ----- Pre-fit background

L ! | | | |
- 1.6F T T T T T T T —
@ E ]
o S| g e A S
s F ) | E
o] il i
a 05 1 1 1 1 1 1 1

1 2 3 4 5 6 7 8
PNN (mx = 500 GeV) score bin

Events

Data/Pred.

1010
10°
10°
107
108

10*

X MHHIMbbt

t

10°

---- Comb. Exp.
== Comb. Obs.
[ ] Comb. Exp. 1o
[ ] Comb. Exp. +2¢

e pThad EXp'

= TopThad Obs.
*=== ThadThad EXP-
—— T had Obs.

95% CL limits on o (pp — X — HH) [fb]

1I2I3I4I5I6I7I8I
PNN (rr&=500 GeV) score bin

10° E

0 T -

- ATLAS =

ATLAS * daa _ Vs=13TeV, 139 fb™ N

Vs =13 TeV, 139 fb' _mft:e:ﬂpd (I;r:-:} coeo b e ey by by by |
tbpthLT Top-quark 400 600‘ 800 1 000 1 200 1400 1 600

Signal Region Z b boco)
B Other my [GeV]
SLT = Uncoriaimy } _ 0 IR .
V\ﬁ' esn Pre-fit background U Upperlimitonu p p Y XY H:11 900

fb (121 840 fb) obs.(exp.) depending on
My

3.1u (2.00 )local (global)
@ my =1TeV
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https://link.springer.com/article/10.1140/epjc/s10052-021-09472-3

ATLAS

EXPERIMENT

0

0

XTHHHIbbb

& ) Phys. Rev. D 106 (2022) 052001

Di-photon triggers used to allow to probe
low m, values

Fraction of events / 0.05

Single BDT for all signal hypotheses
(mass dependent cut), 2 BDTs to separate
signal vs continuum and single Higgs
backgrounds, scores combined in BDT,,

BDT is trained for six different mass
ranges, based on boost factor m, /(m, +

my):

Obs. (exp.) upper limiton G pp Y XY Bl H
are in the range of 6401 44 fb (3917 46 fb)
f or 25 1,68000GeV

0_8—r\||||||||||||||||||||||||||||||||
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XThHH/YHIHbO' |
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-011/index.html

Resonant Higgs pair searches
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A for the 11 event classes :
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List of some theoretical
Interpretations
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Green: 2HDM(+X)
Blue: Susy
Red: Extra charged fields

Models: Summary

Authors Model arXiv Excesses Comments
Cao, Guo, He et al. NnNMSSM 1612.08522  bb + v

Fox, Weiner 2HDM + VL 1710.07649  bb + ~v

Haisch, Malinauskas 2HDM 1712.06599  bb + (vv)

TB, Heinemeyer, Muhoz purSSM 1712.07475  bb + ~v EW seesaw
Liu, Liu, Wagner, Wang Ul)rL,—L, 1805.01476  bb + ~v~ B-anomalies
Domingo, Heinemeyer, PaBehr, Weiglein NMSSM 1807.06322  bb + v

Hollik, Liebler, Moortgat-Pick et al. uNMSSM 1809.07371  bb + v Inflation

TB, Chakraborti, Heinemeyer N2HDM 1903.11661  bb + v

Cline, Toma PNG + squarks  1906.02175  bb + ~yv DM

Choi, Hui Im, Sik Jeong et al. gNMSSM 1906.03389  bb + v

Cao, Jia, Yue et al. nNMSSM 1908.07206  bb + vy Type-| seesaw
Aguilar-Saavedra, Joaquim SM + U(1)y 2002.07697  bb +

TB, Olea-Romacho S2HDM 2108.10864  bb + vy DM, GC excess
TB, Grohsjean, Heinemeyer et al. NMSSM 2109.01128  ~v 400 GeV excess
Heinemeyer, Lika, Moortgat-Pick et al. 2HDM+-s 2112.11958  bb + vy

TB, Heinemeyer, Weiglein N2HDM 2203.13180 bb + (77) + vy

TB, Heinemeyer, Weiglein N2HDM 2204.05975 bb + (t7) + vy CDF Mw
Benbrik, Boukidi, Moretti et al. A2HDM-I111 2204.07470  bb + vy LFV

TB, Heinemeyer, Weiglein S2HDM 2303.12018 bbb + (t7) + vy DM

Azevedo, TB, Ferreira C2HDM 2305.19716  bb + 77 + vy

Bonilla, Carcamo, Kovalenko et al. Left-Right model  2305.11967  ~v DM

TB, Heinemeyer, Weiglein S2HDM 2306.03889 bb + (77) + vy  ATLAS-vy
Escribano, Martin Lozano, Vicente Scotogenic 2306.03735 bbb + vy DM, v masses
Belyaev, Benbrik, Boukidi et al. A2HDM 2306.09029  bb + (77) + vy

Ashanuman, Banik, Coloretti et al. Y =0 triplet 2306.15722 vy CDF My
Aguilar-Saavedra, Camara, Joaquim et al.  UN2HDM 2307.03768  (77), 7Y


https://indico.cern.ch/event/1297350/
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Search for the existence of two new couplings, r,, and r

q

Possible explanations for the electroweak baryogenesis and muon anomalous

magnetic moment in the g2HDM model with new Yukawa couplings

categoriese e ,mm,em 10

1 A BDT discriminant to
separate signal and
background processes
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No significant excess over ti
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First measurement including
HCA interferenceand using ¢
charm tagging at the LHC
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95% CL upper limit on u=c(obs)/o(theory)


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-010/index.html

Exploiting Iightl:gy—lighg scafttering

CMS+TOTEM Precision

To probe 4g Anomalous Quartic Gauge Coupling v

i
' Proton Spectrometer (PPS)
(aQGC) and search for a (pseudo-)scalar Axion- ~ “9A¢scer |
like particle (ALP) scalar ALP) 7 CMS PAS EXO 21-007
U Very clean signature: photon has nonzero P P
) ) ) CMS central detector PPS (+TOTEM) Roman Pots
contribution in proton PDF, and are back-to-back e e
In azimuth with a large m, (>350 GeV) b e e e, B B Hﬂﬁ%
_g g m— LI oy | l_‘:‘ ; irq_
U No excess is observed

.- L D8 operators £y, = &4F, FVE, F? + (oF, FPF, F*" LHC sector 56
U Limits at 95% CL on the 4gaQGC parameters 0271 15 rev
for |6;| < 7.3x10" 1 GeV' 4 |g,| < 1.5 x
10" 1 &eV' “using an effective field theory:

strongest upper limiton theanomalous4gcoupling
cross section s,y — pyplE, € E™) < 061 fb
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-007/index.html

-~  Exploiting lightby-light scattering

ATLAS JHEP 07 (2023) 234

EXPERIMENT

U Since axiodike particles interact with photons, exploit possibility of lidiytlight scattering in proton f ~—a !

collisions to obtain very clean signature. (Photon has nonzero contribution in proton PDF!)
U Use ATLAS Forward Proton (AFP) spectrometer to tag scattered protons, detect photons in the ATLAS”
calorimeter Y
U Investigate dphoton invariant mass spectrum, no significant signal observed. Limits set between 150
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https://link.springer.com/article/10.1007/JHEP07(2023)234

Search for charged Higgs

Eur. Phys. J. C 81 (2021) 723

U VBF production of charged Higgs:H5(H*, H**)

0
0

Leptonic decays of VV and VBS selection
Interpretation using Georgi-Machacek model with additional triplets

Most stringent limits on production
of GM chargeddiggsedo date
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https://link.springer.com/article/10.1140/epjc/s10052-021-09472-3

