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Why search for new physics?

A ~ dark matter
N /ﬂ“ = particle nature?
nonzero neutrino mass
= see-saw mechanism?

matter-antimatter
asymmetry = mechanism
for leptogenesis?
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Landscape of new-physics searches
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Dark mesons decaying to top and bottom quarks £

TL
arXiv:2405.20061, submitted to JHEP & e
m dark pseudoscalar mp and m 00: >6 jets, of which > 3 b-tagged
vector pp mesons in = reclustered to >2 large-radius jets J

stealth dark matter model ¢

m 1/: >5 jets, > 3 b-tagged, =1 Iepton

T
ATLAS 4 Data
S0tk B=1aTev. 100w e 1b
o1 [single toj
One-epton channel, Post-Fit gle top
SR 5itb W other MC
SU(), 1,025,

A 0.20 ATLAS
V5=13Tev, 140 o

U, 1,035, m_=600 GeV J

m search for (mostly resonant)  £oos
mp pair production in tttb
and ttbb final states

0'0900 250 300 350 400 450 500 550 600 650 700 100 200 300 400 500 600 700 800 900

m 300 < m(mp) < 1200 GeV, m(leading J) [GeV] m(Jh2d) + m(J'*P) [GeV]

0.15<m(7mp) / m(pp) <0.45 m main backgrounds: multijet (0¢), tt+HF (1¢)
Prompt searches for feebly interacting particles | Joscha Knolle, 05 Jun 2024 6

= 2

[ I I o R Y e e
Data / Bkg

°
o
T



http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2023-09/
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Dark mesons decaying to top and bottom quarks

TLA
. . EXPERIMENT
arXiv:2405.20061, submitted to JHEP &

m simultaneous fit to signal and control regions, separately for 0¢ and 1¢ channels
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E sk Y ATLAS ] =, [ first LHC results : ]

ﬁ‘p F \ fs=13Tev, 14016" 7 ﬁo o040~ for this model -

:D 0-34f \ i All-hadronic channel - = C ]

g : W L 4

0.32- Alllmits atosscL | ———0:35L 1¢ .

E e ] R Alllimits at 95% CL ]

0.30— % ~ Observed - S § — Observed -

C 77777 Expected 10 J 0_30; 7 Expected tlo |

0.28— Excluded region ] = Excluded region |

C H Phys.Rev.D 105, ] L on -

0.26[— i (zoy252) 015008 — L .A'Lll;t;zéé::.cljlulsag'n7

L W 0¢ ] 0.251~ (2022) 015008 |

0.24 - B ]

C — ] 5 ATLAS 1

0.22 } ,:: {_’_a_zg. {s=13 TeV, 140 fo*  —|

C / N One-lepton channel ]

0.20— - N SU(2)_ gaugephobic 4

[ P I T SR R N ST P N 275 A S BN I I A

250 300 350 400 450 500 550 600 650 700 750 0'15300 400 500 600 700 800 900 1000

Dark pion mass [GeV] Dark pion mass [GeV]

Prompt searches for feebly interacting particles | Joscha Knolle, 05 Jun 2024 7


http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2023-09/

CMS
Heavy neutral leptons in prompt trilepton events

arXiv:2403.00100, accepted by JHEP &

m Majorana or Dirac heav m trilepton events with up to one 7 (first time!),
h
neutral lepton mixed with categorized by lepton flavors
SM neutrinos m “low mass”" my < my: W from decay off-shell
e aps " .
m “high mass” my > my: W from production off-shell
+ 138 fb' (13 TeV) 138 fb' (13 TeV)
W+ e E CMS + Data mwz *g CMS 4 Data Oavr
B of Mo n I Bon 3 0F owmass e TILOC B
N L e T B N e
\% H .
Vi 2

m search for prompt decays
with masses from 10 GeV
to 1.6 TeV

08‘%,!%‘;%&4:@{&;::5;; =

-1 -08-0.6-04-02 0 0.2 04 0.6 0j8 .71
BDT(10-40, p, 07}) score
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-22-011/index.html

CMS
Heavy neutral leptons in prompt trilepton events

arXiv:2403.00100, accepted by JHEP & n

138 fo (13 TeV)
. .. . o B
m exclusion limits for three scenarios: = | cMs
Z
. . . ~ L, d
exclusive electron, muon, or tau neutrino coupling = ¢ Majorana
Ven:Vin:Van =0:0:1
. L ]
m prompt trilepton from 10 GeV to 1.5 TeV, complements 1
displaced trilepton & dilepton below 20 GeV : ]
—— Observed
CMS Prellmlnaryss 9- 138 fb(13 TeV) CMS Preliminary 35.9-138 fo-'(18Tev) 4 . - Median expected
o T o T T T T T T N 68% expected 4
Z 100k Majorana 1 =z, 0(,7Ma]orana N 95% expected
> E — Observed > — Obseved — J 1 [ T e DELPHI
F --- Expected - -~ Expected ok i 2( displaced
- 1071 L -
e n Muon channel {  feee T
— S, 107 : E
(74 19) 1.
/Electron channel __ Po DHI( 2d’\sp\acedl B 10 10° 10°
Vs — e my [GeV]
Pramet 1.2 o — T e . . VN
— Gtz — ot m first high-mass tau limits
. Prompt 18+ >=1 msp!aced Jjet Prompt 1¢ + MDS
T JHEP O3 (2024) 10¢ T arXivi2402.18658
___ Prompt 12+ MDS E Prompt 3¢= (e, 1, T) 3
arXiv:2402.18656 T aniv2403,00100 more HNL searches:
_ Pr;mpzl‘iiols=nlne“gét) B-parking 20+
e 1 — B ] o
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CMS
/' boson decaying to pair of heavy Majorana neutrinos

JHEP 11 (2023) 181

m left-right symmetry model: m same-sign dilepton events, categorized by lepton
SU(2)L ®SU(2)r @ U(1)-L flavor and number of large-radius jets
Wi 4 m N's from £+2 jets or 1 large-radius jet
N q’ = two N's to reconstruct Z' mass
/ - ; ' ' 13B'b;‘(13TeV) - ; ' ' ' 13&fb"(13Tev)
_;_ _ 0+ 2 CMS g CMS
e:‘: 'E SS: 22 AK8 jets S gg 1 AKS jet
N Li Post-fit |.|>.| Post-fit
q
Wil e T e

m search for high-mass Z'
with mass gap to N
= boosted N decay

Obs.

1000 2000 3000 4000 5000 6000 1000 2000 3000 4000 5000 6000

reconstructed Z' mass [GeV]
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CMS

/' boson decaying to pair of heavy Majorana neutrinos
JHEP 11 (2023) 181

m simultaneous fit to signal and control regions, tt and DY background constrained

138 fb™ (13 TeV, 138 fb-1(13 TeV
,>\2500_.....,.........,.........,.........,....(...‘f\k_) ﬁC‘MS“ 138 b (13 Tev)
> [ - Combined (exp.) CMS o S pu channel .
9, [ - Combined (exp. +s.d.) ee Channel\‘\‘c" 1 '-:z‘57 —_— X}-TEVI\!'RM (2022) 047 // .
& 2000~ ___ combined (obs.) X -] g [__ vz

‘\‘\ L JHEP 11 (2023) 181 P
r SR1 (obs.) ‘\.c\ ] 4 my= mN/ ]
1500-_ — SR2(obs.) = ’ 7 more HNL searches:
L SRS (obs) o 4 arXiv:2405.17605, sub- ]
N ’ y ] mitted to Phys. Rept. -
10001 m =m, /2 - 5 M=y ]
500F . 't E
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Dark matter with s-channel scalar mediator pig il
arXiv:2404.15930, submitted to Eur. Phys. J. C& o
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Dark matter with s-channel vector mediator @TL )
arXiv:2404.15930, submitted to Eur. Phys. J. C& e

miss

Y X ® interpretation of X + pt™** and resonance searches

m Dirac DM x with s-channel vector mediator Z’,

!/
z X different coupling scenarios considered

£ Fines 2oy oot takes m complementarity between different searches, and with
> _ g Wy W y+jets . . .
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Signal Region , Data
= e - - - — 10797
::’;ggo'“m‘ l;g gex ‘E 10,35 ATLAS Tt
AlPc; =018, f,=1TeV =10 e 5= 13 Tev, 20.3-140 15 I omnazen

2 922 (1202) 20 d3Hr

ERp S h
4 g0 compared to direct [y
18 g
i 10_41 ] : :
1 310 02 2021) 226
El o
S 010 03 02112008
T DarkSide-50 QF MIGD | = DarkSide 50 OF MIGD
ER & = R o 21002
E -0
3 B 151 oz oaone
= =45 [ -
S12 E| 10% pandak
0 El 10746 |
- 3 \Z
1] - " 3 a7 E|
2 oosk e Y odaty DO 3 2077 vy o
0. goo e e e o g i~ ER P .Wl w ;i% oL diect el ko0 CL 3
7 [Gev] 02 04 05 08 1 12z 14 16 0 0 107 0
[Tev] m, [GeV]

Prompt searches for feebly interacting particles | Joscha KnoIIe 05 Jun 2024 13


http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-62/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-63/

. CMS
Dark matter in WTW~ + p1t™** events >
JHEP 03 (2024) 134 -
m DM particle y with U(1) m 2/2v channel: categorize by dilepton mass and AR,
symmetry yielding Z', and transverse mass of subleading ¢ and pt™'s
coupled to dark Higgs s w- ™ fvqq channel: BDT to discriminate against W+jets
background
138 fb* (13 TeV) 101 b (13 Tev)
5 “’; cus WLVARH<1.0 ‘

B Drell-Yan I Other background

Events / bin

m WHW~ + pt™ss search

m considered mass ranges:

160 < ms < 400 GeV, : .
200 < myz: < 2500 GeV, 5 "
100 < m,, < 300 GeV bisnned 1inn 171([1/5[/,), mz; - ’ BD'F score
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-21-012/index.html

m, [GeV]

Dark matter in WHW~ + pt™5 events

JHEP 03 (2024) 134

m simultaneous fit to signal and control regions:

CMS 138 fb* (13 TeV)
500 Dark Higgs, Majorana DM, Z' — DM + s (WW)
6=0.01, gq =0.25, gX =1, m, = 200 GeV
Expected 95% CL —— Observed 95% CL
+ 1 std. dev. Q. h?=0.12
400 + 2 std. dev.
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ol 0-theory

10

10?

CMS

top, WW, DY, W-+jets constrained

~ 400

ATLAS!: EPss + WIW(qqLv) my=200GeV

CERN-EP-2022-147, arXiv:2211.07175 gq =0.25
o=1
sin6=0.01

ATLAS?: EP'ss + VW(qqqq)

Phys. Rev. Lett. 126 (12) (2021) 121802

CMS: Efiss + WW (combined)
CMS-PAS-EX0-21-012
ATLAS?: Es + bb

ATL-PHYS-PUB-2022

-
o
o

100

2 SOTHOT (¥20T) 9€T "shud
‘[onN ‘MWed ‘Soid ‘'|e 19 Jaqua4

5850

7000

1500 2000 2500 3000 35
dark photon mass mpu (GeV)

more DM searches in
arXiv:2405.13778, sub-
mitted to Phys. Rept. '
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Dark matter in 2HDM with pseudoscalar mediator @TL\%
arXiv:2306.00641, submitted to Sci. Bull. & e
m DM fermion x coupled to pseudoscalar mediator a in extension of 2HDM (h, H, A, H*)

Z/h
o
h(bb) + pt™iss X Z(EZ) + p-r"“ss tb + H"‘(tb)

Events / GeV

! £ 1000F " 3 ; 2 F T [
‘/I’-AS | Dda  ERW 3 E g [ ATLAS « Data .zz 1< &8 | ATLAS "% Data 1<
5=13TeV, 139 b1 0 Z4HF SMVh L " 1% & Fee " mH 200Gev
Signal Region . WiHE Others imY [ G=13Tev.1s0h’ Mwz Zuiets 1 sooc0. 5= 13 TeV. 1391 [t + light Jm
O-lepton 2 b-tag = i S\ Background Uncertainty § O 800 SR [ Non-res. —B(Hinv) =1~ = E |+je‘$,v25] 3b B+ >lc 170
B Single top - L %% Uncertainty ] Q [ Postit m+>1b 1o
4 F 4+ r = b
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(;mz7.m5) = (1400,1000) GeV —~ F 1w £ CInon-t 1~
=" Ggignan = 189 1b (x5) N F B 77 Uncertainty - g
(mg/.mp) = (2800,300) GeV 8 200 1 10000 —H o
T Oeignal = 1.14 1b (x5) [y o - B 1=
~— r q 1~
[ g ]
——————————— PSS 200~ N =
Q =} B
1 o ] o
Q 5 o T T T T T \B 5 Q
= T 1F E-
@ [ Y 4 4 [
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80 400 600 O o 388
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Dark matter in 2HDM with pseudoscalar mediator £

TL
arXiv:2306.00641, submitted to Sci. Bull. & BRPERTIET

m consistent interpretation of searches and combination of three most sensitive channels
m significant complementarity between X+ p1™"** and resonance searches

2HDM-a, Dirac DM, sin = 0.35, tan = 1,m, = 10 GeV,g_ = 1,m, =m, =m,,

m, =m,=m, =12TeV
T

2HDM+a, Dirac DM, sin6 = 0.35, tanf = 1, g, = 1

T/m>20% ATLAS
Vs=13TeV, 139 fb"

> | = EP*4h(bB), 139 fo!
Combination o 10° 3

ATLAS JHEP 11 (2021) 200 )
EP™*+h(bb), ET"*+Z(1), toH (o) (3-8 TeV, 203 16" — hosinvisible, 139 fo'!

T T o st gy o
'-'""*SSng r(/oe((;L s-ire "7 1 — hoaassupt, 203 1"
— PRD 92 (2015) 052002

- E:[;ECted — h—aa-uupy, 36.1 fo!
.l 102

o JHEP 06 (2018) 166
20 — h—aa—uppyp, 139 fb'
—— ET*° + h(bb)

JHEP 03 (2022) 041
' = -1
E¢\ss +Z(l) ] h—aa—bbbb, 36.1 fb

JHEP 10 (2018) 031
tbH" (tb) — h—aa—bbyy, 139 b
10 a 8 PRD 105 (2022) 012006

- S — Observed Relic Q. = 0.12

more DM searches in P
arXiv:2403.09292, sub- // Z
L mitted to Phys. Rept. @ |77 :
00 | Binsense {E &
100 200 300 400 500 600 700 800 1 10 107 10
m, [GeV] m, [GeV]
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CMS,
GeV-scale dimuon resonances with scouting >

JHEP 12 (2023) 070 @ 0

h for | - 10 Scouting triggers, 96.6 fb™ (13 TeV)
B search 1or |Iow-mass narrow % = CMS i . '
resonance promptly E C —— Y(1S)-trained selection
decaying to dimuon > : - - - - Jly-trained selection
<
m e.g. dark photon, 2HDM + a L%’ 10
+
u
A/
w- 10°

m “scouting”: high rate by
storing dimuon events at
high-level trigger

m 2 muons with pt >4 GeV
from common vertex
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CMS

GeV-scale dimuon resonances with scouting

JHEP 12 (2023) 070 &

m fit sliding mass window with signal+bkgd function
= signal modeled analytically; mass resolution 1.3%

m background modeled empirically to accomodate
resonances, different trigger acceptances

m model-independent limits, and interpretations

10°5k

10-6L

scouting triggers <

a(pp - X) B(X - up) A [pb]

97-137 fb™! (13 TeV)

CMs i
PRL 124 (2020) 131802 J

= standard triggers

1077 ; BaBar ]
CcMS 90% CL exclusions
E JHEP 12 (2023) 070 Minimal dark photon model
-8 n n TR n n .
10 1 10 100
ma [GeV]
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more scounting searches:

| mitted to Phys. Rept.
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Higgs boson decays to photon and massless dark photon A@TL?)S
arXiv:2406.01656, submitted to JHEP & e

m extra dark sector U(1)q: m combination of searches for Higgs decays H— v + 4

massless dark photon g m ggF channel: v+ pt™* search [JHEP 02 (2021) 226 7]

m in ZH channel: ¢~ m consider SM Higgs and new scalars above 400 GeV

2 avena .
£ 10°EATLAS y
et & 10°E-s=13Tev, L= 139 10" i
SR, ee+py, Post-it

Eur. Phys. J. C 82 (2022) 105 &
X ata \\ Uncertaint
Yoo B P, e CILoammn
2 10 SRinBH-W,)
g
Ya 2 10 [
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i
10
=] i =
&‘i i S
o sb e Nuromany —prepos - iesiuisto 1 0
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miss m; [GeV] BDT classifier response
miss
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Higgs boson decays to photon and massless dark photon &i¥e

arXiv:2406.01656, submitted to JHEP &
m SM Higgs scenario: B>1.3% is excluded, from ZH and VBF combination
m BSM Higgs scenario: limits cover 400 GeV to 3 TeV, from VBF and ggF combination

ZH channel|

VBF channel|

Combined

—— Observed limit (95% CL)
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ATLAS Expected limit (95% CL)
Vs =13 TeV, 139 fb-' = Expected limit +10
SMH - yyq [ Expected limit +20
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more exotic Higgs:
arXiv:2405.04914, sub-
mitted to Phys. Rept. (4
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Overview w of CMS EXO
s prasminary

Summary
m ATLAS & CMS search programs

cover wide range of models,

masses, coupling strengths
m some recent highlights presented
dark mesons in tttb/tttb decays

HNLs in trilepton decays

LSRM model with HNL and Z'’ :
DM with s-channel mediators B3
DM in dark Higgs model

DM in 2HDM with pseudoscalar e

low-mass dimuon resonances i

dark photons in Higgs decays == —_— ]
m much to come with 13.6 TeV data, ; ~ :

but also with new methods, final =

states, models, .. e " —
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