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Pseudoscalars (a) via Higgs decays

channels March 2021
p ATLAS Preliminary —@— Observed

my;=20GeV, ct, <1 mm - Expected
H a et - 2
= vs=13TeV, 36.1fb!
- bb, L
-—-— < : - ATLAS—CONF—ZOZlef)IC;lQ 7J

-~ Vs =13TeV, 139 fb~?!
a YY. YYT[ .
EPJC 76 (2016) 210
Vs =8TeV, 20.3 fb~1! B
. aa y
__PLB 782 (2018) 750 B
p Vs=13 TeV,. 36..7 fb1t
Invisible
ATLAS-CONF-2020-052 =
ViVs=17,8,13 TeV, 4.7,20.3,139 fb~! |
MM, TTT
PRD 92 (2015) 052002
Vs =8TeV, 20.3 fb~!
bb, bb| !
_ JHEP 10 (2018) 031
\/'5313TEV,36.1fb1 N PR | N a1l N PP | N P | . MR | N MR | N M
10°° 10 104 103 104 10* 10Y
95% CL Limit on BR(H = aa = XXYY)

. . ®
HELMHOLTZ 00 e Low-mass BSM Higgs | P. Pani | 2024 6 (Desv




Pseudoscalars (a) via Higgs decays
channels
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Pseudoscalars (a) via Higgs decays
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Highlight #1: H — aa — pubb / ttbhb
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Highlight #1: H — aa — pubb / ttbhb
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Highlight #2: bjets reconstruction developments
performance highlight
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of final-state objects (TC-LVT)

ATLAS: arXiv:2405.03253 (FTAG-2023-02)

+ large Am: identify merged b-jets (DeXTer)
ATLAS: ATL-PHYS-PUB-2022-042
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Highlight #2: bjets reconstruction developments

performance highlight

soft secondary vertices outside jets
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Highlight #2: bjets reconstruction developments
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Highlight #2: bjets reconstruction developments

performance high"ght ATLAS DeXter algorithm is a deep-learning double-b tagger
for jets below 200 GeV
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Dark Sectors and Hidden Sectors via Higgs or scalars
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Light Higgs bosons and Dark Matter
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Highlight #3: 2HDM+a

A more realistic model for Dark Matter
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Highlight #3: 2HDM+a

A more realistic model for Dark Matter103
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Highlight #4: Long Lived Particles ( Swoouny e

H LLP 3) The SM Higgs mediates the interaction to the hidden sector
- T < P and decays into long lived particles
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3) The SM Higgs mediates the interaction to the hidden sector
and decays into long lived particles
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Highlight #5: Intermediate mass searches
di-photon searches 70 < myy <110 GeV
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4) All new mediators decay back into the SM and can be

searched as resonances in all allowed SM final states

» These searches provide unique access to intermediate mass regimes
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Highlight #5: di-photon searches 70 < myy <110 GeV
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The importance of focusing on low masses

a tiny bit more energy

/\ way more data
(Run-1 R (Run-z R (Run-3 R KHL-LHC R
(2010-2013) (2015-2018) (2022-2025) (2029-2041)

o Ys=8TeV e ¥s=13 TeV o v¥s=13.6 TeV o ¥s=14TeV
L. 20 fb -1 J ( 150 fb ! J ( 300 fb -1 y L‘ 3000 fb -1 )

N N

S
'§ A
more energy a bit more energy @
more data more data @
o
¢ * 2 more
S more data energy
explore heavy particles explore light particles < mas:
()

HELMHOLTZ Low-mass BSM Higgs | P. Pani | 2024 27 (5




Conclusions and credits (again)
CMS:"Dark sector searches with the CMS experiment”, arXiv:2405.13778 (EXO-2023-005)

ATLAS:’ATLAS searches for additional scalars and exotic Higgs boson decays [..]* arXiv:2405.04914 (HDBS-2023-15)

Signature _|Exp. __|Reference
Signature ____|Exp. ___|Reference h->7y ATLAS  HIGG-2023-12
phi->Il (tt/W/Z) CMS EX0-21-018 S->ZdZd->4lep ATLAS  HDBS-2021-13
displaced py CMS HIG-21-004 H->Za,a->j ~ ATLAS  HDBS-2021-09
h->yy CMS HIG-20-002 A->t1 ATLAS  HDBS-2021-08
H->aa, pyrt CMS HIG-18-024 H->aa, bbrt ~ ATLAS  HDBS-2021-07
H->aa, pp+2tracks CMS HIG-18-006 H->aa, 4y ATLAS  HDBS-2019-19
H->aa, pubb CMS HIG-18-011, H->Za, a->yy ATLAS  HDBS-2019-09
H->aa, pytt CMS HIG-17-024, tta, a->piyL ATLAS  HDBS-2020-12
H->aa,pptr CMS HIG-17-029, rare decays ATLAS HDBS-2019-33
bba(up) CMS HIG-15-009, H->aa, bbyp ~ ATLAS ~ HDBS-2021-03
VH, H->aa->4b CMS HIG-18-026 H->SUSY ATLAS  HDBS-2018-07
H->11 CMS HIG-21-001
H->aa, a->yy CMS HIG-21-016  « Exploration of low-mass BSM Higgs and exotics decays well
S S e B 2his AlG-22-003 advanced - congratulations to the experiments for the extensive
H->aa ppbb/ttbb CMS HIG-22-007

effort!
+ Looking forward to new ideas, Run-3 exploitation and HL-LHC
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http://arxiv.org/abs/2405.13778
https://arxiv.org/abs/2405.04914
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-21-018/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-002/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-18-024/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-18-006/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-18-011/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-024/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-029/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-15-009/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-18-026/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-001/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-016/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-22-003/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-22-007/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2023-12/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2021-08/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2021-07/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-19/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-09/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2020-12/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-33/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2021-03/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-07/

Thank you
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Single BSM higgs searches

H — invisible

3.9 b (7 TeV), 19.7 fb™ (8 TeV), 140 b (13 TeV)

= - | | | | ]
% . 95_ CMS 95% CL upper limits -
\b . - —® Observed ]
Great results in constraining H — S A E
invisible < 10-15% 2 07 [ os% expected E
a/ h % 0163_ 0.25 (0.30) 0.49 (0.32_%
T Trigger requirements and large T osf S
backgrounds are often challenging in 04 128 010
some other final states oaf-
ggH, VBF, 02 3‘0.15 (0.08) 0.18 019
ttH, VH Unique probe of intermediate mass oiB
regime (60-200 GeV) - sy nergles with oE— _ _ _ _
data scouting and b-jet TLA (?) g 5 1 i i
o
Increasing efforts in non-standard final
states: Long Lived particles (LLPs) and
SUSY decays -latter to be extended? CMS:arXiv:1809.05937
ATLAS:arXiv:2301.10731
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http://arxiv.org/abs/1809.05937
https://arxiv.org/abs/2301.10731

137 fb™ (standard triggers) and 96.6 fb™' (scouting triggers) (13 TeV

N

% EI I L | L | L | L | L | LI I3| L | L | L | L I IE
8 F cms S cHRRE
— 10° g 8 Barrel category =
o = o 30 ¢ Data =
® 197 - —— Standard triggers ©28f —— Z,(25GeV) ¢2=2x10"°_]
= — o . =
GC.) — _ Scouting triggers ; 26 P Background OnIy fit 3
> +— [ : _
He° = =
10° - E
10° B =
10° = =

102 ; I 1 1 1 | 1 1 1 | 1 1 | | 1 1 | | 11 1 | 1 1 1 | 1 1 1 | 1 1 | | 1 1 | | 1 1 | I |

20 40 60 80 100 120 140 160 180 200 _220
m,, [GeV]
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B(H — XX)

LLP summary

1072

1073

107

10°°

CMS 97.6-137fb ' (13 TeV) + 36.7 fo' (13.6 TeV)

IuTl T TTTIT T ||||||T| T TTTIT T ||||||T| T ||||||T| T TTTIT E 95°/° CL Upper Limit
j T — Displaced leptons
3 ] B(X — ee) = B(X — upn) = 0.5

| my =50.0 GeV
Eur. Phys. J. C 82 (2022) 2

== Dimuon scouting
B(X — uu) =0.13, m =40 GeV
JHEP 04 (2022) 062

== Displaced dimuon
B(X = uu) =0.13, m_ =40 GeV
arXiv:2402.14491

==Z + displaced jets
X — bb, m, =55 GeV
JHEP 03 (2022) 160
== Displaced jets
X — dd, m, =55 GeV
Phys. Rev. D 104 (2021) 1
== MS Clusters
X — 717, m, = 55 GeV
arXiv:2402.01898
= MS Clusters
X — bb, m =55 GeV
arXiv:2402.01898
W H—inv

Stable

10" 1 10 10° 10° 10* 10° 10° 10’
ct, [mm]

Eur. Phys. J. C 83 (2023) 933

ATLAS: arXiv:2405.13778 (CMS-EXO-23-005)

B(H — XX)

HELMHOLTZ

107"

1072

1072

107

107°

B(H — XX)

107

1

Low-mass BSM Higgs | P. Pani | 2024

CMS

97.6-137 b (13 TeV) +36.7 fb” (13.6 TeV)
L LAY A . 95% CL Upper Limit

Displaced leptons
B(X —ee) = B(X — uu) =0.5
my =30.0 GeV
Eur. Phys. J. C 82 (2022) 2

== Dimuon scouting
B(X — uu) =0.14, m =20 GeV
JHEP 04 (2022) 062

== Displaced dimuon
B(X — uu) =0.14, m = 20 GeV
arXiv:2402.14491

T TTTTTE
11 IIIIIE

== Z + displaced jets
X — bb, m, =15 GeV
JHEP 03 (2022) 160
== Displaced jets
X —dd, m, =15 GeV
Phys. Rev. D 104 (2021) 1
== MS Clusters
X = 1T, mx=1SGeV
arXiv:2402.01898
= MS Clusters
X —bb, m, =15 GeV
arXiv:2402.01898
W H—inv

Stable

<

10 10% 10° 10* 10° 10° 10’
ct, [mm]

107" 1

Eur. Phys. J. C 83 (2023) 933

101-137 fb”' (13 TeV)

95% CL Upper Limit
== Dimuon scouting
B(X — uw) =0.24, m_=2 GeV
| JHEP 04 (2022) 062
== MS Clusters
X =T, m, =7 GeV
arXiv:2402.01898
= = MS Clusters
X = k%9, m, =15 GeV
arXiv:2402.01898
= MS Clusters
X = yy,m =0.4 GeV
arXiv:2402.01898
=+ MS Clusters
X —ee,m =04 GeV
arXiv:2402.01898
W H—inv

Eur. Phys. J. C 83 (2023) 933
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https://arxiv.org/abs/2405.13778

More Higgses SUPERSYMMETRY

EXTENDED owkinos
HIGGS 2HDM Wy
SECTORS 2HDM+S
€ Supersymmetric
Gd Al "shadow " particl
Hxll A 2HDM+a

Higgs Portal o

125 G7e <7V ; ;
Parameter : mass, tanf (ratio of vev, v2/vl), a (mixing angle between the h, H)

Type 1: One doublet couples to V(fermiophobic), one to fermions

Type 2 : MSSM like model, one doublet couples to up-type quark, one to down-type quarks

Type 3 : Lepton-specific model, same coupling to quarks as Type 1 & to lepton as Type 2
Type 4 : Flipped model, same coupling to quarks as Type 2 & to lepton as Type 1

DARK MATTER /
DARK SECTOR

O O o o O

34



Key experimental ingredients

Particle identification

performance
o :
“muons 48 | & |3
Z o o
. < QO =
+ bjets HERE
A
<+ taus o e V[

(*) Also valid for yy, but considered
more in the context of ALPs

Mass
reconstruction

Background
modelling

Systematic
uncertainties

+ Rigorous blinding procedure,
+non-discovery results interpreted as broadly as possible
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Higgs and Dark Matter
2HDM+a ' 2HDM DM models

= ET**+h(bD), 139
JHEP 11 (2021) 209
ET"+h(yy), 139

JHEP 10 (2021) 13

— ETS,2Z(), 139§

PLD 829 (2022) 137066

ET¥+tW, 139 fb
EPJC B3 (2023) 603
— ET%4+j, 139 fb
PRD 103 (2021) 112006
- ET%+V(qq), 14

arXn 2006 N272

— thH*(tb), 139 fb’

JHEP 06 (2021) 145

- (1T, 139 fb™

JHEP 07 (2023 203
H/A-(T, 140 fb
r X 2404 1 1964

- Combination
ET " +h(bD), ET "2

tan g

»

100 150 200 250 300 350 400 450 500

m, (GeV)
®
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Light Higgs bosons and Dark Matter

X

1 ) Mediated by the SM Higgs (H = invisible)

2) Mediated by a light scalar/pseudoscalar (simplified and
somewhat simplistic model)

_ @ . Enhanced cross-section for tops
L~ ig V2 W —» and bottoms
7

(small cross section for light quarks)

CMS: arXiv:2405.13778 (EXO-2023-005)

ATLAS: arXiv:2404.15930 (EXOT-2018-62)

3) Mediated by a light scalar/pseudoscalar within an
extended Higgs sector (UV complete and rich
phenomenology)

Results L the next slide

HELMHOLTZ
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http://arxiv.org/abs/2405.13778
https://arxiv.org/abs/2404.15930

Data - fit

Highlight #4: di-photon searches 70 < myy <110 GeV

- CM|S . 363fb (1.3‘T.e\./) - x10 CMS IIIIIIII S 363fb (1.3.T.ey)
§ 1000_ Class 0 + oms E § 10:_ Class 1 + om
§ ol —— 1 B — E . . .
] ] i 1 % Complete and improved re-analysis of the entire
' dataset

+ Events divided in various categories, VBF newly
added for 2017-2018 data

Data - fit
Data - fit

CMS 544fb 13 TeV

«10°CMS 54.4 fb‘1(13TeV) > . ‘VBIFICII ............. (. — .)

> —— > T T T g ass ]
o 2008 Class 0 @ Class 1 G 140 ¢ Daa 3
O] 1800 ¢ Daa O 22 ¢ Daa ; ]
2 4600E —— Bkgiit 2 — Bgfit € 120 Bk fit =
g 5 g Bt :
& 1400 - o w100 —

1200 20 420 20

—_— Hoyy (

P 3

@
o
IS)
RS AR LR RN ARl RN R

1000 —— Ho 7y (m, =90 GeV)x 10 —— H> 7y (m, =90 GeV) x 10 % E m, =90 GeV)x10
E 60
600 201 af
400 E
200t H WY 20
L PRI T T Y
40
E s 2
8 \
5 g 0
8

4 . E
- YBE selection__
m,, (GeV)

CMS: arXiv:2405.18149 (HIG-20-002)
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https://arxiv.org/abs/2407.07546
http://arxiv.org/abs/2405.18149

