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The Standard Model of Particle Physics

No gravity!

No verified theory of quantum
gravity

No neutrino masses!

Are they Dirac or
Majorana particles?

No naturalness!

Higgs field parameters seem
highly fine-tuned

BSM searches | EPS-HEP 11-07-25 | Tamara Vazquez Schroder

No dark matter!

But needed to explain
astrophysical observations

No dark energy!

The universe is in accelerated
expansion
invisible source of energy?

Not enough matter-
antimatter
asymmetry!

To explain dominance of
matter today

Why 3 fermion
generations?

Underlying symmetry
connecting quark and lepton
sectors?

Why hierarchical
Yukawa coupling?

Why is the top quark so heavy?



Exploring all extensions of the SM

® The sea of beyond the SM theories is vast and difficult to cover in 30 min

Dark Sector

Two-Higgs-Doublet
models

<Insert model here>

Vector-like <Insert model here>
<Insert model here>

fermions




Exploring all extensions of the SM

special edition

® The sea of beyond the SM theories is vast and difficult to cover in 30 min
® Focus only on brand-new results released for this conference «NEWE’

® New Run-3 results, accessing new corners of the phase-space, improving tagger performances, explore new
models and signatures in the detector

Dark Sector

Heavy Neutrinos

<Insert model here>

Vector-like <Insert model here>

<Insert model here> .
fermions




more than just a laundry list




display the latest searches
to unveil BSM physics




Heavy fermions &
£g-coupled bosons

vector-like quarks

leptoquarks
Vector-like quarks Leptoquarks
e Hypothetical spin-2 coloured particles e Colour triplet bosons with fractional electric charge
e |Hand RH components transform the same way under SM gauge group e Carry both lepton and baryon number

e Mass not from Yukawas, evade Higgs constraints on 4th gen quarks ® Can enable violation of lepton flavour universality



YLO: T/Y = 4 Wb (1 £) CERN-EP-2025-098, submitted to JHEP ATLAS

EXPERIMENT

/

: q
® Secarch for singlet-T with BR (Wb:Zt:Ht) = (Y2:Ya:Y4) and Y in a (T, B, Y) 1174
triplet (100% decay to Wb) ffof“
>
- Focus on Wb decay mode, with coupling-strength parameter x Y/T \b\
b
® Single lepton channel (from W leptonic decay) 2
® Main backgrounds: tt + single top, W+jets
® Single top SM diagrams can interfere with signal (singlet-T, triplet-Y) g 1o— S Tev 1401 é?_oafi/v,1.eTeV,K_o_5>%
- 6;_ T/Y — Wb 1lep tt o N
- Dealt with by matrix-element level reweighting E R St _
1055_ B Z+jets =
. - [l Single-top f
- Statistical model: u X S + \/ﬁ X1+ B ok |- x :
_ e B Fakes =
® SR, tt CR and W+jets CR each splitin 3 bins of pt"W TE g/ Uncentainty '
10°g E
o
- Better control on some systematics (e.g. W+jets modelling) and 10 i s
overall better sensitivity than merged Lol
o 125
= Fit myLq discriminant z 0_7;%/ ///////// %
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https://doi.org/10.48550/arXiv.2506.15515

CERN-EP-2025-098, submitted to JHEP

ATLAS

EXPERIMENT

VLQ: T/Y-> Wb (18)

CMS-PAS-B2G-22-004

® This search extends the limit above mt ~ 2100 GeV wrt. previous ATLAS combination (PRD 111

(2025) 012012), whereas ATLAS search in the fully-hadronic channel remains with more stringent
limits on Y in most of the phase space (JHEP 02 (2025) 075)
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” See Monika's talk !l
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(L See Di's talk !'



https://doi.org/10.1103/PhysRevD.111.012012
https://doi.org/10.1103/PhysRevD.111.012012
https://doi.org/10.1007/JHEP02(2025)075
https://cds.cern.ch/record/2933033
https://doi.org/10.48550/arXiv.2506.15515
https://indico.in2p3.fr/event/33627/contributions/154473/attachments/94192/144426/EPSHEP25DiWang.pdf
https://indico.in2p3.fr/event/33627/contributions/154486/attachments/95095/145543/EPS_wielers.pdf

~ VLQ summary

ATLAS vector-like quark searches - 95% CL exclusion

ATLAS Preliminary
Vs=13TeV, 36.1 fb~! - 140 fb~!

Status: June 2025

ATL-PHYS-PUB-2025-03

CMS summary (2024)

Overview of CMS B2G Results June 2024

CMS Preliminary

36 — 138fb~1 (13TeV)

o Singlet VLQ (pair) B(VLQ - Wq)=0.5} ﬂ ' PRD 110 (2024) 052000 {140 fb~!

= Simplified VLQ (pair) B(VLQ - Wq)=1.0} s PRD 110 (2024) 052009 {140 b~

Doublet (B Y) (single) M/mg = 20%, B(B - Zb)=B(B » Hb)=0.5 | 18 JHEP 11 (2023) 168 {139 fb!

Singlet B (single) [g/mg = 20%, B(B — Zb)=B(B » Hb)=0.25 | 13 JHEP 11 (2023) 168 {139 fb!

Singlet B (pair) B(B - Zb)=B(B - Hb)=0.25| PLB 843 (2023) 138019 {139 fb~!

Z\j Doublet (B Y) (pair) B(B » Zb)=B(B » Hb)=0.5 | R &) PLB 843 (2023) 138019 {139 fb~!

Simplified B (pair) B(B »Zb)=1.0} I ) PLB 843 (2023) 138019 {139 b~

Singlet B (pair) B(B - Wt)=0.5} 13 EPJC 83 (2023) 719 {139 fb~!

Simplified B (pair) B(B » Wt)=1.0} S 14 EPJC 83 (2023) 719 {139 fb~!

Doublet (B Y) (single) Fy/my = 20%, B(Y - Wb)=1.0} 221 ariv2s06.15515 1140 b1

Doublet (X T) (single) F/mr = 20%, B(T - Zt)=B(T » Ht)=0.5 | 14 PRD 111 (2025) 012012 {139 fb~!

Singlet T (single) M/mr = 20%, B(T - Zt)=B(T - Ht)=0.25 | 20 PRD 111 (2025) 012012 {139 fb~!

Simplified T (pair) B(T - Ht)=1.0} _ PRD 98 (2018) 092005  {36.1 fb~!

E Singlet T (pair) B(T - Zt)=B(T » Ht)=0.25 | S &1 PLB 843 (2023) 138019 {139 fb~!

Doublet (X T) (pair) B(T - Zt)=B(T » Ht)=0.5 | S 146 PLB 843 (2023) 138019 {139 fb~

Simplified T (pair) B(T»Zt)=1.0} 16 PLB 843 (2023) 138019 {139 b~

Singlet T (pair) B(T - Wb)=0.5| 136 PLB 854 (2024) 138743 {140 fb~!

Simplified T (pair) B(T - Wb)=1.0} e PLB 854 (2024) 138743 {140 fb~!

; . q refers to u, d, or s quark 05 1 1-5 3 2:5 3
Simplified SU(2) SU(2)
model singlet doublet Vector-like quark mass [TeV]
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> b (tH +t2Z) (H/Z - bb), ([/m=0.05, Singlet) M JHEP 01 (2020) 036
» b (tH +t2) (H/Z - bb), ([/m=0.05, Singlet) My |  2405.05071 sub. to PRD
» b Zt(Z - w) (r/m=0.3, Singlet) My JHEP 05 (2022) 093 p 138fb7!
» bzZt(Z-w) (r/m=0.2, Singlet) My JHEP 05 (2022) 093 > 36f!
» b Zt(Z - w) (F/m=0.1, Singlet) Mr JHEP 05 (2022) 093
» b Zt(Z - w) (r/m=0.05, Singlet) My JHEP 05 (2022) 093
>bzt(z-1) (r/m=0.05, Singlet) My PLB 781 (2018) 574
» b tH(H - yy), (F/m=0.05, Singlet) Mr JHEP 09 (2023) 057
» b tH(H - yy), (F/m=0.04, Singlet) Mr JHEP 09 (2023) 057
» b tH(H - yy), (r/m=0.03, Singlet) My JHEP 09 (2023) 057
» b tH(H - yy), (r/m=0.02, Singlet) Mr JHEP 09 (2023) 057
» b tH(H - yy), (r/m=0.01, Singlet) Mr JHEP 09 (2023) 057
» (gb)T Comb. (/m=0.05, Singlet) My 2405.17605 sub. to Phys. Rep.
> t Wt lep. + jets  ([/m=0.1, LH) Mg| EPC7T9(019990  |4=> o08-09
> b Wt lep. + jets  (F/m=0.3, LH) Mg EPJC 79 (2019) 90
> b Wt—lep. + jets  (F/m=0.2, LH) Mg EPJC 79 (2019) 90
[> b Wt - lep. + jets  ([/m=0.1, LH) Mg EPJC 79 (2019) 90
> b Hb (H- bb) (F/m=0.3, Doublet) Mg JHEP 06 (2018) 031
> b Hb (H- bb) (r/m=02, Doublet) Mg JHEP 06 (2018) 031
[> t Wt - lep. + jets (f/m=0.3, LH) My EPJC 79 (2019) 90
[> t Wt - lep. + jets (Fr/m=0.2, LH) My, EPJC 79 (2019) 90
> t Wt - lep. + jets (r/m=0.1, LH) My EPJC 79 (2019) 90
[>Y_g3Y_43 = bW bW - fvgGqq My | PB779(2018)82
[>BB - tZtZ - bgq bqq Mg PRD 100 (2019) 072001
» BB - bgq bqq (B(bZ) =1) Mg PRD 102 (2020) 112004
» BB - bgq bqq (B(bH) = 1) Mg PRD 102 (2020) 112004
» BB - bgq bqq (Singlet) Mg PRD 102 (2020) 112004
» BB - lep. + jets (Doublet) Mg JHEP 07 (2023) 020
» BB - lep. + jets (Singlet) Mg JHEP 07 (2023) 020
» TT - lep. + jets (Singlet and Doublet) Mr JHEP 07 (2023) 020
» BB - lep. + jets (B(bH) = 1) Mg 2402.13808 sub. to PRD
» BB - lep. + jets (B(bZ) = 1) Mg 2402.13808 sub. to PRD
» BB - lep. + jets (Doublet) Mg 2402.13808 sub. to PRD
» BB - lep. + jets (Singlet) Mg 2402.13808 sub. to PRD - 1.0-1.1 —  Simulation boundary
» BB Comb. (Singlet and Doublet) Mg 2405.17605 sub. to Phys. Rep. = a-as
1 1 1 1 1 1 1 1
0.0 0.2 0.5 0.8 1.0 12 15 1.8 2.0

Excluded mass range at 95% CL [TeV]



https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsB2G/lhcp_24_pub_VHF_Journal.png
http://cds.cern.ch/record/2936879

ReSOHa nt S-Channel I_Q CERN-EP-2025-142, submitted to JHEP ATLAS

EXPERIMENT

® First ATLAS search for resonant, s-channel prod. of LQs via ® Final states: e+light-jet, u+light-jet, e+b-jet, u+b-jet

lepton PDFs, LQ decay to 1 lepton + 1 jet
® Using Run 2 (140 fb-") + partial Run 3 (55 fb-1) datasets

® “NLO" contributions via photon PDF motivate also targeting . o
® Fit m) distributions

2-lepton (+jet) final states

® tt, W+jets and Z+jets normalisation factors free-floating
- Common to t-channel and single LQ production as well

ﬂ 106 | | | | | | | | | | | | | | | |
S ATLAS 1 e Data = Total SM
3 10° Vs =13 TeV, 140 fo W-+jets 1l Top
e + b-jet, Post-fit Bl Z+jets Fakes/non-prompt
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https://doi.org/10.48550/arXiv.2507.03650

Resonant s-channel LQ

® Results interpreted within minimal S-model framework,

Yde

where only a single LQ coupling is non-zero

- 36 b7 --- 300" -+ 3ab!

— 139 fb~!

0.50}
access high mass &
high coupling!

|Aeul

0.10¢

0.05] |
{ [Buonocore, Haisch,
{1 Nason, Tramontano &
| [anderighi, 2005.06475]
2000 3000 4000 5000

M [GeV]

— PP, 36 fb! - DY, 36 fb~!

SP,36 b~ --- Ow

0.01

Ybe

® Stringent exclusion limits on LQ masses when
combining Run 2 and partial Run 3 data:

m(S’l) below 3.4 TeV (y = 1.0) and 3.1 TeV (y = 3.5)

excluded for e + light-jet and e + b-jet, respectively

m(Sl) below 4.3 TeV (y = 3.5)and 2.8 TeV (y = 3.5)
excluded for u + light-jet and u + b-jet, respectively
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CERN-EP-2025-142, submitted to JHEP

ATLAS

[ J [ J
e + light-jet

10 ~ ATLAS ]

=L Vs=13TeV, 140 b1 _

- V/5=13.6 TeV, 55 fb -

— Sq - e+d, e+ light-jet channel .

1.0 / —

0.8 _

: All limits at 95% CL :

0.6 = QObserved limit B

B = = Expected limit |

[ +1 Texp |

04— 20, ]

B e ATLAS LQ pair prod. 7]

B JHEP 10 (2020) 112 N

0.2 B === \Weak charge Qu ]

) JHEP 01 (2019) 132

1000 1500 2000 2500 3000 3500 4000 4500 5000 5500

m(S1) [GeV]

[
e + b-jet

| ATLAS i

4|— Vs=13TeV, 140 fb™’ _

. V/s=13.6TeV, 55 fb"" _

L Sq{ - e+b, e + b-jet channel .

3 I —

21— All limits at 95% CL

I = QObserved limit 7

B = == Expected limit N

B +10exp 7]

B Bl 20, n

1= mes ATLAS LQ pair prod. |

L JHEP 10 (2020) 112 :
1000 1500 2000 2500 3000 _ 3500 4000

m(S1) [GeV]

> See ATLAS Highlights by Fabio

Ysu

1000

EXPERIMENT

p + light-jet
| ATLAS
s=13TeV, 140 fb!
B s=13.6 TeV, 55 fb~!
| Sy 5 p+s, y + light-jet channel

All limits at 95% CL
= QObserved limit
Expected limit
+10exp

I izaexp

=== ATLAS LQ pair prod.
JHEP 10 (2020) 112

1000 1500 2000 2500 3000 3500 4000 4500 5000 5500

m(S+) [GeV]

p + b-jet
| ATLAS i
| Vs =13TeV, 140 fb~! —
| V/5=13.6TeV, 55 fb™’ _
L Sy > u+b, u + b-jet channel .
B All limits at 95% CL ]
B m— Qbserved limit B
B = == Expected limit N
B +10eyp 7
B B 20, n
| mem= ATLAS LQ pair prod. |
B JHEP 10 (2020) 112 :
1500 2000 2500 3000 3500

m(S+) [GeV]

See Monika's talk
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https://indico.in2p3.fr/event/33627/contributions/153132/
https://doi.org/10.48550/arXiv.2507.03650
https://indico.in2p3.fr/event/33627/contributions/154486/attachments/95095/145543/EPS_wielers.pdf

e Asuperpartner for every SM particle

® Fermion superpartners of the Higgs and weak
gauge bosons can be WIMP dark matter

® Gauge couplings unify at a single GUT scale

e Elegant solution to the hierarchy problem

Supersymmetry

squarks & sgluinos
RPV SUSY 12 + multi-(b)jets
stop / bino-wino annihilation LLP

® R-parity-conserving (RPC): superpartners are pair-

oroduced and Lightest Supersymmetric Particle
(LSP) is stable — Eymiss in the final state

® R-parity-violating (RPV): the LSP is allowed to
decay into SM particles, voiding the Egmiss signature




RPC sq ua rks & g I T i nos: t+ ETmiSS CERN-EP-2025-132, submitted to EPJC ﬁl&ﬁé
q v/t

T/V

et %—/z:/< %!

® Search for strongly pair produced squarks and gluinos
decaying to 1, jets and Eqmiss

® Common cascade decay in MSSM -7 Xi
~ S0
® Using Run 2 (140 fb-1) + partial Run 3 (51.8 fb-1) datasets i 2g T_/’j<' X7 stable SUSY
p particle
® [Eventselected with Ermiss triggers T/v

q T/v
® Machine-Learning based: ® Cut-and-count based:

11 compressed, 11 high mass, 2t high-mass

- Regions defined with multiclass-classifier
- Channels: 1102, 1112, 270¢ - Emisstitted in 1t SRs and mte'+mt%2 in 21 SRs
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https://doi.org/10.48550/arXiv.2507.00296

RPC sq ua rks & g I u i nos: t+ ETmiSS CERN-EP-2025-132, submitted to EPJC ATLAS

® For gluino pair production models, gluino masses excluded below 2.25 GeV, and LSP masses excluded below
1.35 TeV for gluino masses around 2 TeV

® For squark pair production models, squark masses excluded up to 1.7 TeV, and LSP masses up to 0.85 TeV

® The cut-and-count-based approach slightly better in compressed region thanks to dedicated optimised region

g—ag (tt/Tv/vv) 7(? via /v g, —q (tt/Tv/vv) )Z? via TV
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https://doi.org/10.48550/arXiv.2507.00296
https://indico.in2p3.fr/event/33627/contributions/153132/

=ERPV SUSY 12 + multi-(b)jets SUS 21.005

® Search for BSM with high jet and b-jet multiplicities in the single-
lepton final state, without a requirement on Eymiss

® Focus on gluino pair production, where each gluino decays to a

top, a bottom, and a strange quark via the 455, coupling (RPV)

CMS Simulation Preliminary 138 fb™ (13 TeV)
- | | | | | | | | | =

—_—tt e m§=1200 GeV

® The scalar sum of the large-radius jet masses (M,) templates are
fitted to data in bins of Njet and Npjet

—h
-
N
R
|

| o | — m,=1800 GeV
- Determine the normalisation of the main backgrounds (QCD,

W+jets, and tt) in each (Njet and Npjet) bin

® Data-driven correction factors are derived in 3 M, regions
(500-800, 800-1100, = 1100) GeV

% events / (150 GeV)
.. =

s
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-
N

500 800 1100 1400 1700
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PV SUSY 1€ + multi-(b)jets SUS-21-005

N. 28]

Nb jet CMS Preliminary 138 o' (13 TeV)
| T

. I e 9 107 S Data
® Gluinos are excluded up to a mass of 1890 GeV s 20 [ S =
. 0 CR CR CR S 104 N, =2 B Other
at the 95% confidence level 2 1o e
1 1 CR CR CR _.UE) 182 Post-fit uncertainty
. . o« O 1
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=ESUSY co-annihilation with LLP UsPASE024058 |

® Secarch for LLPs in signatures of low-pr displaced vertices, pr™iss, and an ISR jet ,
{ X1
® Co-annihilation scenarios characterised by a long-lived next-to-lightest SUSY ~.\ u [P
particle (NLSP) with a mass difference of less than 25 GeV relative to the o
lightest SUSY particle (LSP) f )
Z f

- Top squark scenario: the NLSP is a top squark, while the LSP is a bino-like
neutralino

- Bino-wino scenario: the NLSPs are long-lived wino like neutralino and
prompt wino-like chargino, and the LSP remains a bino-like neutralino

O
7
1¥ e e - -
o}
3
S
D
<

100 fb™' (13 TeV
T T | T T T T | T T T T |

N—"

Do e S

- First LHC search sensitive to this regime! e L

: B> >02 :

107 —;

® Reconstruct displaced vertices 0 :
using a customised reconstruction 10

algorithm

Data/MC

Primaryvertex x 0.; :{'é .............................. SR ‘H{' ........... % ...... * ....... }}} ,,,,,,, + ,,,,,, é
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=ESUSY co-annihilation with LLP onsnsoonm [0

QVIX _ ® |t excludes top squark masses less than 400-1100 GeV and
a4 signal regions wino-like neutralinos with masses less than 220-550 GeV,

ratio between vertex L : . .
Xy control regions depending on signal parameters

and its uncertainty

| - Most stringent limits to date
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95% CL upper limit on o (fb)
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BSM (in) Higgs

exotics H decays

X->SH->bbyy
X->YH->VV(4q)bb
Two-Higgs-doublet-model (2HDM) Exotic Higgs decays
e Extension of the electroweak Higgs sector by another scalar doublet * Higgs boson decays are particularly sensitive to new physics
* Pheno contains a charged Higgs, a pseudoscalar and two neutral due to the small total width
scalars, flavour-changing neutral currents, and more possibilities for  Models predicting new light scalar(s) can lead to exotic Higgs

CP violation and baryogenesis decays, e.g.: H=>aja; > 4b or H - a1a, = aja1a1=> 6b



ZH (H = aa = 4b/6b)

® Secarches for exotic Higgs decays to new light
pseudoscalar “a”

- bb dominant decay mode
® Target ZH production, with:
- Z>88 (2%, leptonic triggered)
o 284b and 286b: BDT for S-vs-B in each SR

- Z>vv (08, Ermiss triggered)

® Using two ATLAS b-taggers: covers
merged (B), intermediate, and resolved (b)
regimes

® Additionally, use of soft secondary vertices
reconstructed outside of jets (v)

BSM searches | EPS-HEP 11-07-25 | Tamara Vazquez Schroder

CERN-EP-2025-121, submitted to PRD ATLAS
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ZH (H = aa = 4b/6b)

® Most stringent limits of this model to date

CERN-EP-2025-121, submitted to PRD

ATLAS

EXPERIMENT

® First search to consider two additional scalars with different masses, including a cascade decay to 6b,

and to consider the Z=2vy channel

® |[argest deviations in 4b regionsin the 22 channel, with local (global) significance of 2.83 (2.04) o for
m,= 25 GeV and 3.28 (2.57) o for (m,1 ,m.2) = (50, 70) GeV
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=H > AA> 4y

® Search for exotic Higgs decay to a pair of
light pseudo-scalars H=2> AA with A = yy

® Focus on three photon-like objects in
the final state, to bridge the gap in the
1 <ma< 15 GeV mass range

® Novel deep-learning-based mass
reconstruction technique developed:
reconstructs ma from pattern of energy
deposits in ECAL crystals

® Signal and sideband regions defined
along two axes:

- Tri-photon mass myyy axis
- 2D-ma template axis

® Most stringent limits to date in the

resolvedleg m,, [GeV]

majority of the mass range explored
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ATLAS-CONF-2025-009 ATLAS

EXPERIMENT

X->SH->bbyy

b
: . 0 (2999099999999~ ,
® Secarch for the resonant production of a heavy scalar X decaying S i
into a SM Higgs boson and a lighter scalar S through )\ X L b
X=>SH->bbyy N H Y
. . 0 1099200090900 - B
® Using Run 2 (140 fb-1) + partial Run 3 (58.6 fb-1) datasets ‘Qiz:
. . . . _ . |JHEPT1(2024)047 = "y
® Main backgrounds: continuum di-y non-resonant production and 3o amas |l E
Higgs processes with H=>yy R s A "
previous <

o(pp — X) x

100

® Main updates wrt. previous results:
- Changing from DL1r to GN2 b-tagger
- Mmyy requirement changed from 120-130 GeVto 122.5-127.5 GeV

101

[fo]

® Two SRs based on the number of b-tagged jets, using PNNs

500 ATLAS Preliminary

| Vs=13/13.6 TeV, 140/ 58.6 fb-"
L X— SH - bbyy

| 95% CL expected upper limit

® Expected limits on o137ev are 15% to 73% lower than previous result

ms [GeV]

410"

new

(largest improvements on low-mass region)

2001

® |[nclusion of early Run 3 dataset improves sensitivity by 9-30%

95% CL upper limit on (X — SH — bbyy)1aTev

100+
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X->SH->bbyy

® |argest deviation from the B-only hypothesis from previous results:

- ATLAS [JHEP 11 (2024) 047]: (mx, ms) = (575, 200) GeV with a

local (global) significance of 3.5(2.0) o

- CMS[JHEP 05 (2024) 316]: (mx, mg) = (650, 20) GeV with a local

(global) significance of 3.8(2.8) o

® No similar deviation as previous ATLAS result, neither in Run 2 nor

Run 2 + Run 3

ms [GeV]

100

400+
300+

200+

ATLAS Preliminary
Vs =13/13.6 TeV, 140/ 58.6 fb"
X — SH — bbyy

95% CL observed upper limit

110

200 400
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95% CL upper limit on 6(X — SH — bbyy)1atev [fb]

See Yanlin's talk
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® First search atthe LHC for scalar resonances in all-hadronic bbVV
final state and asymmetric cascade decays in the bbVV final state

® |orentz-boosted regime: H2bb decay can be reconstructed as a
single large-area jet, and Y=2VV->4q as one Y=2>4qg (“fully-merged”,
or FM) or two V=2>qg jets (“semi-merged”, or SM)

Tagger scores

® [Events selected with Hr and large-area jet triggers

bb
® Machine-learning-based jet identification and mass reconstruction Ity > HP WP | VP SP VP
algorithms: Tynn > 0.6

- Novel attention-based “particle transformer” for Y=>4qg

discrimination sihiiee Ialsnas
. . . . , Ty < 0.6
® 2D binned maximum likelihood fit performed to the observed m;* \
bb
and my““ distributions, simultaneously in fail (F) and pass (P) regions e 100 150 175 mey
. * slightly
to estimate QCD

multijet background dif. ranges
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==X->YH->VWV(4q)bb

B2G-23-007

® |argest deviation from the background-only hypothesis is observed for mx= 9200 GeV and my= 80 GeV
with a local (global) signiticance of 3.3 (< 1.0) o

® Upper limits as low as 0.1 fb are derived at the 95% confidence level for various mass points

<Events / GeV>
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Dark Sector

dark H multi-b

dark y and H (LLP to p)
Dark Higgs model Dark Photon
e Naturally satisties observed relic density * /p, mediator of a broken dark U(1) gauge theory that kinetically mixes with SM hypercharge
* Massive DM and Z' from dark sector Higgs mechanism e [t the dark U(1) is broken by hidden-sector Higgs mechanism, then mixing between dark and

SM Higgs bosons also allows exotic decay h = ZpZp



Dark Higgs, multi-b + pymiss

® First search for resonant hh + Eqmiss at the LHC
® Resonanttopology, 4b back-to-back with pymiss
- Selections made on prmiss-based variables
- Pair b-jets to form Higgs candidates

- Define control, validation and signal regions with NN
score

® Perform fit and statistical interpretation on fully
reconstructable dark Higgs mass (mph distribution)

® Normalisation factors for tt+=1b, tt+light and Z+jets are
free-floating
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CERN-EP-2025-141 (submitted to JHEP)  ’ATLAS

EXPERIMENT
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Dark Higgs, multi-b + pymiss

CERN-EP-2025-141 (submitted to JHEP)

ATLAS

EXPERIMENT

Upper limits are derived on BSM particle masses for 250 < ms < 400 GeV, excluding Z' masses up to 2.3 TeV

Significantly extends existing constraints in this mass region from previous analyses

Complement other lower-mass dark Higgs boson searches, searches for extended Higgs sectors and other

collider DM searches

ATLAS ¢ Data I Z+jets
— -1 ~ |
Vs = 13 Tev, 140 fb i+ light BN Wijets
Background-only fit - &5
Signal Region e tt+ >1b +
B i+ >1c B Diboson
B Single Top  #%%%% Total SM ]

- m(s, Z)=(385, 1400) GeV
- m(s, Z)=(310, 2100) GeV

3
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Dark Higgs model
JHEP 04 (2017) 143
9q=0.25,g, =1
sin6=0.01, my, =200 GeV
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ET*S + VV(qqaa)
PRL 126 (2021) 121802

EMiss | WW(qgév)
JHEP 07 (2023) 116

ETsS 4 bb
PRL 134 (2025) 121801

ET'sS + hh(bbbb)

Thermal Relic Density

- Qch?>0.12


https://doi.org/10.48550/arXiv.2507.02175
https://indico.in2p3.fr/event/33627/contributions/154483/attachments/93906/144022/EW_SUSY_EPS2025_Kontaxakis.pdf

=Dark Photon LLP to p

Hypercharge portal

® Search for displaced multi-muon resonances

EX0-24-016 |

Higgs portal ’
7D /
Hp
H ------ *-----
K
7D l

® BSM models where a Higgs boson decays to long-lived dark particles g
- The hidden sector may interact with SM either through hypercharge
portal, or Higgs portal via a dark Higgs boson Hp
® Analysed 2022+2023 Run 3 dataset (62.6 tb-1) -

® [Events classified in four-muon with overlapping vertex or multivertex,

—h
o
|

—
<
\V)
I R
¢
/

and di-muon with pointing or not pointing (to the secondary vertex)
topologies

® Dedicated di-muon trigger stream (scouting) with low ptthresholds,
recorded at high rate by retaining reduced amount of information

95% CL upper limit on Br(h —» Z4Z4

CMS Preliminary

H - ZpZp (ct= 100 cm)

— Observed

== Expected
+20 expected
+10 expected

— Displaced dimuon with standard streams [JHEP 05 (2024) 047] |

62 fb~' (13.6 TeV)

1073
- Explore otherwise inaccessible phase space at low di-muon mass 4
. 104}
and non-zero displacement from the PV (masses below 10 GeV for
the first time in a displaced muon analysis!)
10~
2
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=ELLP triggers

® Dedicated triggers targeting LLPs enable increased
sensitivity to wide variety of signal models

® During Run 3, variety of such triggers were introduced
and/or improved compared to Run 2

® (Capitalise on different CMS subdetectors, hence can
target different phase space in LLP searches

® The powerful complementarity of the program is shown
using Twin Higgs model as a benchmark

Data Total rate [Hz] Pure rate [Hz]
Standard 393 311
Parking 234 182
Scouting 4200 3800

Full reconstruction: standard or parking 586 389
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- Calculated from one run in 2024 data for pile-up 63.6 and instantaneous luminosity of 2.1x1034
- Total rate: OR of LLP HLT trigger paths, accounting for overlaps
- Pure rate: total rate not saved by any other HLT path

See Eric's talk
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https://indico.in2p3.fr/event/33627/contributions/154481/attachments/94002/144103/EPS_LLP_NC_EC_v4.pdf
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EXO-24-034: light scalars via the Higgs

- Improves sensitivity to very light scalar
masses (0.4 - 2 GeV) and demonstrates
novel approach to probe hadronic decay

mode for light scalars

See Eric's talk
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https://indico.in2p3.fr/event/33627/contributions/154481/attachments/94002/144103/EPS_LLP_NC_EC_v4.pdf
https://indico.in2p3.fr/event/33627/contributions/154481/attachments/94002/144103/EPS_LLP_NC_EC_v4.pdf
https://indico.in2p3.fr/event/33627/contributions/154661/attachments/95156/145639/SSC_EPS_2025_Final_V1.pdf

Conclusions

® What we scarch for has evolved

- Investigate new models (more complete, less vanilla)

- The Dark Sector is in the spotlight! Many interesting
signatures to explore

® \We continue in discovery-mode

- High priority to follow up with Run 3 dataset on excesses
observed with Run 2 dataset (+ reanalysing Run 2)

- Without disregarding legacy searches with Run 3 dataset
® Run 3 dataset only shyly used in recent searches
- It takes time to understand thoroughly new dataset

= New results with partial Run 3 dataset gaining momentum!
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® HoW we search for BSM has evolved

Explore uncovered phase spaces

Improved object reconstruction

LLPs targeted, multiple signatures in detectors

® F[Expectatotal of Run 2 + Run 3 dataset of 500 fb-1

Continue being creative and lively discussing
opportunities with theorists

First edition of the new SEARCH conference
series in October 2025

First LHC BSM WG assembly meeting in
November 2025



https://indico.cern.ch/event/1522665/
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https://doi.org/10.48550/arXiv.2507.03650
http://dx.doi.org/10.1103/PhysRevLett.132.061801

RPC squarks & gluinos: t+Esmiss

CERN-EP-2025-132, submitted to EPJC
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CMS Prellmlnaly 138 fb (13 TeV)

SUS-21-005

See Sezen's talk
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CMS-PAS-EXO-24-033

Veto on tracker material region:
-> nuclear interaction is a
source of background vertices
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https://indico.in2p3.fr/event/33627/contributions/154481/attachments/94002/144103/EPS_LLP_NC_EC_v4.pdf
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%QYH 9W(4q ) b b B2G-23-007 §MS

The analysis exploits state-of-the-art substructure techniques and taggers to identify boosted final states:

v’ ParTICLENET jet tagger for H—bb and V — qg: the leading graph-based tagger in CMS
[PhysRevD.101.056019]

v' PaRT jet tagger for Y — VV — 4q : novel attention-based “particle transformer” [arXiv:2202.03772]

250CMS Preliminary 138 fb™' (13 TeV) 45000MS Preliminary 138 fb~' (13 TeV)
o
O,
Data-driven background prediction: §E>
= Signal (SP, SF) and Validation (VP, VF) regions are defined, with
Pass and Fail Modes to predict background in a data-driven
way.
= [QCD prediction in SP] = [Data in SF] X R(my, my)
 R(myg, my) parametrized as 2D Bernstein polynomials
D A NN Q Q
RO oS R
m{eC [GeV] my*© [GeV]
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EXPERIMENT

Da rk Higgs, mUIti'b + meiSS CERN-EP-2025-141 (submitted to JHEP)  ¢//ATLAS

® selections made on prMiss-based
variables: mem,Agb41 and S(p7*)
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JHEP 03(2024) 134
ATL-PHYS-PUB-2019-032 ‘ '
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“SDark Photon LLP to p

Scenario A: long-lived A Scenario B1: long-lived 7 first analysis to study displaced dimuon

vertices beyond 11 ¢cm using scouting data
Dark Shower

Scenarios:

' If only two muons from a SV are found, the event is categorized as a dimuon event. For dimuon

T3 ¢
i events, we first define two orthogonal regions in |[A®(uu,SV)|, distinguishing pointing and
; nonpointing topologies, with |[A®(uu,SV)| < 0.02 and 0.02 < |A®(upu,SV)| < /2, respec-
g tively.
¢’ ¢
P . _1
. - . - _1 .

CMS Preliminary 621, (136Tev) ~ _  CMS Preliminary e
9_ I i | — T I — ] - — : T — I I T | i i | | T T | | I yo) - H ZZ =0.1 .
® 'O Dimuon h—ZpZp: mz, = 2 GeV, c1z,= 0.1 cm & 10%F Dimuon "~ Zolo g™ 2 CieV, CTogg 0.1 om ; S F o 3
) ly €[0.2, 1] cm h - ZpZp: mz, = 5 GeV, c1z,= 1 cm it -y €[16,70] cm h— ZpZp: Mz, = 5 GeV, c1z,= 1 cm N [ -=. Expected |
5 IS.OIate:ljp h — ZpZp: My, = 12 GeV, CTz, = 10 em o : IHSOIP?teSp h— Zplp: mz, = 12 GeV, Clz,= 10 cm T 10_2 o +20 expected |
S 107} High pt ScenarioA: m, =2 GeV, ma=0.67 GeV, cta= 1cm S 1031 9" Pt ScenarioA: my =2 GeV, my=0.67 GeV, cta= 1cm | § e +10 expected B
0 ScenarioB1: my;=4 GeV, ma=1.33 GeV, ct,= 1cm 0 E ScenarioB1: m;=4 GeV, ma=1.33 GeV, ct,= 1 cm f M C — Displaced dimuon with standard streams [JHEP 05 (2024) 047] ]
qc) 4 Data le:J B <+ Data S I — Displaced dimuon with Run 2 scouting data [JHEP 04 (2022) 062] i

> = I
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=ELLP triggers

Table 2: The LLP triggers and their total rates at the HLT in Run 3, calculated from 2024 data
for an instantaneous luminosity of 2.1 x 103 cm™
plemented for the first time in Run 3 are indicated by a dagger (*). Rate values in parentheses
correspond to the parked data rates; all others are standard data rates except for dimuon scout-
ing. Nearly all rates shown have a statistical uncertainty of less than 1 Hz. “Disp.” is used as
an abbreviation for “displaced” and “req.” is used as an abbreviation for “requirement”. The

7.

s~!, with a mean PU of 63.6. Triggers im-

terms used in this table are explained in the corresponding subsection within Section 6.

Triggered signature Trigger description HLT rate [Hz]
Disappearing track paiss > 105GeV + >1 isolated track (pr > 50 GeV) 4
>2 disp. 1y, (pr > 32GeV, dy > 0.005cm)*
Disp. tau >1disp. 1, (pr > 24GeV) + >1 u (pr > 24GeV)? 36
>1disp. 7y, (pr > 34GeV) + >1e (pr > 34GeV)f
>2jet (pr > 40GeV, inclusive tagging req.) + Hy > 430 GeV
Disp. jet >2jet (pr > 40GeV, disp. tagging req.) 53 (163)
+ Hy > 240GeV + >1 L1 u (pr > 6GeV)
> — - . . . +
HCAL-based disp. >2 !et (pr > 40GeV, .dlSpl 'taggmg 1.'eq) + Hy > 170GeV :
and delayed jet >2jet (pr > 40GeV, inclusive. tagging req.) + Hy > 200 GeV 35
>1jet (pr > 60 GeV, neutral hadron energy fraction >0.7) + Hy > 200 GeV'
ECAL-based delayed jet  >1 inclusive and trackless jet" 37 (77)
Delayed diphoton >2 ECAL superclusters (time >1ns)* 15
Disp. photon + Hy >1 9 (pr > 60GeV) + PF Hy > 350 GeV 12
>2 12 u (pr > 10GeV, dy > 1cm)f
>2 13 u (pr > 16,10GeV, dy > 0.01 cm)*
Disp. single and dimuon >2 L2 u (py > 23GeV) 165

>11L2 u (pp > 50GeV, d, > 1cm)?
>1L3 u (pr > 30GeV, d, > 0.01cm)*

BSM searches | EPS-HEP 11-07-25 | Tamara Vazquez Schroder

Double disp. L3 muon

Disp. L3 muon+photon

Dimuon scouting

MDS in CSCs

MDS in CSCs + X

MDS in DTs
Jet No-BPTX

Muon No-BPTX

>2 L3 u (pr > 43GeV)

>1L3 u(pr > 43GeV) + 7 (pr > 43GeV)

>1L3 u (pr > 38GeV,dy > 1cm) + ¢ (pr > 38GeV)
>2 scouting u (pr > 3GeV)

>1 CSC cluster (>200/500 hits in outer/inner rings)*
>2 CSC clusters (>75 hits)*

>1 CSC cluster (>100 hits) + >1e (pr > 5GeV)*
>1 CSC cluster (>100 hits) + >1 L3 u (pr > 5GeV)*
>1 CSC cluster (>100 hits) + >1 7}, (pr > 10GeV)*
>1 CSC cluster (>50 hits) + >1 v (pr > 20GeV)*

L1 pss > 150GeV + >1 DT cluster (>50 hits)*
>1 L1 CSC cluster + >1 DT cluster (>50 hits)*

>1 out-of-time jet (E > 60 GeV)

>1 out-of-time L2 u (pr > 40GeV)

EX0-23-016

4200

14

14
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Summary: ATLAS Heavy Particles Searches uurusrumo

ATLAS Heavy Particle Searches™ - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: March 2023 [ dt = (3.6 - 139) fot V5 =13 TeV
Model t,y Jetst E?'SS JLdt[fb™] Limit Reference
L 1 LI I L] L] L] L] L] 1 L L] I L] ] ] 1 1 1 LI I L L} L] 1
. ADD Gkk + g/q Oeu, 7,y 1-4j Yes 139 Mp 112TeV n=2 2102.10874
qC) ADD non-resonant yy 2y - - 36.7 Mg 8.6 TeV n =3 HLZ NLO 1707.04147
IS ADD QBH - 2] - 139 Mg 94TeV n=6 1910.08447
S ADD BH multijet - >3 - 3.6 M 9.55TeV n =6, Mp=3TeV,rotBH 1512.02586
© RS1 Gk — vy 2y - - 139 Gkk mass 4.5 TeV k/Mp = 0.1 2102.13405
b Bulkk RS Gy » WW/ZZ multi-channel 36.1 Gkk mass 2.3 TeV k/Mp; = 1.0 1808.02380
w Bulk RS gk — tt 1eu >1b,>1J/2] Yes 36.1 gkk Mass 3.8 TeV M/m=15% 1804.10823
2UED / RPP 1eu >2b, >3] Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(A®Y - tt) =1 1803.09678
SSM Z" — ¢¢ 2e,pu - - 139 Z’ mass 5.1 TeV 1903.06248
- SSMZ’ - 17 2T = = 36.1 Z’ mass 2.42 TeV 1709.07242
= Leptophobic Z” — bb - 2b - 36.1 Z’ mass 2.1 TeV 1805.09299
8 Leptophobic Z’ — tt Oe,u >1b,>2J Yes 139 Z’ mass 4.1 TeV Mr/'m=12% 2005.05138
S SSMW’ ¢y Teu - Yes 139 | W’ mass 6.0 TeV 1906.05609
o) SSM W’ — v 17 - Yes 139 W'’ mass 5.0 Tev ATLAS-CONF-2021-025
S SSMW' —tb - >1b>1J - 139 | W’ mass 4.4 TeV ATLAS-CONF-2021-043
W HVT W’ — WZ model B 0-2e,pu 2j/1J Yes 139 W’ mass 4.3 TeV gv =3 2004.14636
) HVT W’ — WZ — ¢v ¢’ modelC 3 e, u 2j(VBF)  Yes 139 W’ mass 340 GeV gven=1,g =0 2207.03925
HVT Z/ - WW model B 1eu 2j/1J  Yes 139 Z’ mass 3.9 TeVv gv =3 2004.14636
LRSM Wgr — uNg 2u 1J - 80 Wg mass 5.0 Tev m(Ng) =0.5TeV, g = gr 1904.12679
Cl gqqq - 2] - 37.0 A 21.8 TeV 1, 1703.09127
_ Cletgg 2e - - 139 |A 358TeV ., 2006.12946
O  Cleebs 2e 1b - 139 |A 1.8 TeV g =1 2105.13847
Cl uubs 2u 1b - 139 |A 2.0 TeV g =1 2105.13847
Cl tttt >1 e,u >1b,>1j Yes 36.1 A 2.57 TeV |Cael = 4n 1811.02305
Axial-vector med. (Dirac DM) - 2j - 139 Mpyed 3.8 TeV 84=0.25, g,=1, m(y)=10 TeV ATL-PHYS-PUB-2022-036
S Pseudo-scalar med. (Dirac DM) O e, pu, 7,y 1-4j Yes 139 Mped 376 GeV gq=1, g=1, m(y)=1 GeV 2102.10874
Q Vector med. Z’-2HDM (Dirac DM) O e, u 2b Yes 139 mz- 3.0 TeV tanB=1, gz=0.8, m(y)=100 GeV 2108.13391
Pseudo-scalar med. 2HDM+a  multi-channel 139 m, 800 GeV tanp=1, g,=1, m(y)=10 GeV ATLAS-CONF-2021-036
Scalar LQ 1%t gen 2e >2j Yes 139 LQ mass 1.8 TeV B=1 2006.05872
Scalar LQ 2" gen 2u >2] Yes 139 | LQmass 1.7 TeV B=1 2006.05872
Scalar LQ 3™ gen 17 2b Yes 139 | LQY mass 1.49 TeV B(LQ§ — br) =1 2303.01294
Q  Scalar LQ 3 gen Oeu  22j,22b Yes 139 | LQY mass 1.24 TeV B(LQ; » tv) =1 2004.14060
~ Scalar LQ 3™ gen >2e,u, 217 >1j,>1b - 139 LQZ mass 1.43 TeV BLQY — tr) =1 2101.11582
Scalar LQ 3™ gen Oepu,217 0-2j,2b Yes 139 LO% mass 1.26 TeV B(LQI - bv) =1 2101.12527
Vector LQ mix gen multi-channel >1j, >1b  Yes 139 LO\,7 mass 2.0 TeV B(U, — tu) =1, Y-M coupl. ATLAS-CONF-2022-052
Vector LQ 3™ gen 2e,u,T >1b Yes 139 LQ} mass 1.96 TeV B(LQY — br) =1, Y-M coupl. 2303.01294
o VLIQTT - Zt+ X 2e/2u/>3eu >1 b, >1j - 139 T mass 1.46 TeV SU(2) doublet 2210.15413
X Cé) VLQ BB - Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
« O VLQ T53Ts3|Ts3 > Wt+ X 2(SS)/>23eu>1b,21] Yes 36.1 Ts/3 mass 1.64 TeV B(Ts3 = Wt)=1, c(Ts3Wt)=1 1807.11883
S E VLQT - Ht/Zt 1eu >1b, >3] Yes 139 T mass 1.8 TeV SU(2) singlet, k7= 0.5 ATLAS-CONF-2021-040
8 @ VLQ Y - Wb 1eu >1b,>1] Yes 36.1 Y mass 1.85 TeV B(Y - Whb)=1, cp(Whb)=1 1812.07343
> VLQ B — Hb Oeu >2b,>1j,>1J - 139 | B mass 2.0 TeV SU(2) doublet, k= 0.3 ATLAS-CONF-2021-018
VLL 7 — Z7/Ht multi-channel  >1]j Yes 139 7/ mass 898 GeV SU(2) doublet 2303.05441
© . Excitedquark g* — qg - 2] - 139 q* mass 6.7 TeV only u* and d*, A = m(q*) 1910.08447
§ g Excited quark ¢* — qy 1y 1]j - 36.7 q* mass 5.3 TeV only u* and d*, A = m(q*) 1709.10440
j & Excited quark b* — bg = 1b,1]j - 139 b* mass 3.2 TeV 1910.08447
Excited lepton 7* 271 >2] - 139 7" mass 4.6 TeV A=4.6TeV 2303.09444
Type Ill Seesaw 234 e,pu >2] Yes 139 N® mass 910 GeV 2202.02039
LRSM Majorana v 2u 2] - 36.1 Nr mass 3.2 TeV m(Wg) =4.1TeV, gL =gr 1809.11105
S Higgs triplet H** —» W*W=* 2,3,4 e, t (SS) various  Yes 139 H** mass 350 GeV DY production 2101.11961
< Higgs triplet H** — ¢¢ 2,3,4 e, (SS) - - 139 H** mass 1.08 TeV DY production 2211.07505
o Multi-charged particles - - - 139 multi-charged particle mass 1.59 TeV DY production, |g| = 5e ATLAS-CONF-2022-034
Magnetic monopoles - - - 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130
V-=13TeV v-=13Tev L1 11 l 1 1 1 L1 11 l 1 1 1 1 L1 11 I 1 1 1 1
partial data full data 107! 1 10

*Only a selection of the available mass limits on new states or phenomena is shown.

T Small-radius (large-radius) jets are denoted by the letter j (J).
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Summary: ATLAS LLP Searches

ATLAS Long-lived Particle Searches* - 95% CL Exclusion ATLAS Preliminary

Status: March 2023 [£dt = (32.8-139) fo! Vs =13 TeV
Model Signature  [£dt[b™] Lifetime limit Reference
T T 1 T ITrrr T T T T Irrr T T T TIrrl T T 1T T Irrr T T 1 T Irrr T | [ |

RPV — uq displaced vtx + muon 136 t lifetime ! I I I 0.003-6.0 m ! m(t)=1.4 Te!/ 2003.11956

RPV /\"/‘f — eev/euv/uuy  displaced lepton pair 32.8 ,{/‘1’ lifetime 0.003-1.0 m m(§)= 1.6 TeV, m(¢?9)= 1.3 TeV 1907.10037

RPV ) — qqq displaced vix + jets 139 )?‘1’ lifetime 0.00135-9.0 m m(79)=1.0 Tev 2301.13866

GGM % - ZG displaced dimuon 329 /\7‘1) lifetime 0.029-18.0 m m(g)=1.1TeV, m(¢{)= 1.0 TeV 1808.03057

GMSB non-pointing or delayed y 139 ,?‘1’ lifetime 0.24-2.4m m(7%, G)= 60, 20 GeV, By= 2% 2209.01029

GMSB 7 — (G displaced lepton 139 | 7 lifetime 6-750 mm m(f)= 600 GeV 2011.07812
§ GMSB # — 7G displaced lepton 139 | 7 lifetime 9-270 mm m(Z)= 200 GeV 2011.07812
@ AMSB pp — ¥ii%, ¥ F¥7  disappearing track 136 | &7 lifetime 0.06-3.06 m m({7)= 650 GeV 2201.02472

AMSB pp — ¥ii9, ¥1 i1 large pixel dE/dx 139 ,?f lifetime 0.3-30.0 m m(y1)= 600 GeV 2205.06013

Stealth SUSY 2 MS vertices 36.1 S lifetime 0.1-519m B(g — Sg)= 0.1, m(&)= 500 GeV 1811.07370

Split SUSY large pixel dE/dx 139 | g lifetime >0.45m m(g)= 1.8 TeV, m(¢})= 100 GeV 2205.06013

Split SUSY displaced vtx + E?iss 32.8 g lifetime 0.03-13.2m m(g)= 1.8 TeV, m(¢?)= 100 GeV 1710.04901

Split SUSY 0£,2-6jets +ETS  36.1 g lifetime 0.0-2.1m m(g)=1.8 TeV, m(¥3)= 100 GeV | ATLAS-CONF-2018-003

H—-ss 2 MS vertices 139 s lifetime 0.31-72.4m m(s)= 35 GeV 2203.00587
° H—ss 2 low-EMF trackless jets 139 | s lifetime 0.19-6.94 m m(s)= 35 GeV 2203.01009
= VHwith H — ss — bbbb  2¢ + 2displ. vertices 139 | s lifetime 4-85 mm m(s)= 35 GeV 2107.06092
atl; FRVZH — 2y, 4+ X 2 u—jets 139 4 lifetime 0.654-939 mm m(yq4)= 400 MeV 2206.12181
é FRVZH — 4yy + X 2 u—ijets 139 | yq lifetime 2.7-534 mm m(yq)= 400 MeV 2206.12181
T H— Z4Z4 displaced dimuon 32.9 Z4 lifetime 0.009-24.0 m m(Zy)= 40 GeV 1808.03057

H— ZZ4 2 e, u + low-EMF trackless jet36.1 Z4 lifetime 0.21-5.2m m(Zy)=10 GeV 1811.02542
_ $(200 GeV) — ss low-EMF trk-less jets, MS vix 36.1 s lifetime 0.41-51.5m o X B=1 pb, m(s)=50 GeV 1902.03094
g ®(600 GeV) — ss low-EMF trk-less jets, MS vix 36.1 s lifetime 0.04-21.5m o X B=1pb, m(s)=50 GeV 1902.03094
@ P(1 TeV) — ss low-EMF trk-less jets, MS vix 36.1 s lifetime 0.06-52.4 m o x B=1pb, m(s)= 150 GeV 1902.03094

W — N¢,N — ey displaced vtx (uu,ue, ee) + 1 139 N lifetime 0.74-42 mm m(N)= 6 GeV, Dirac 2204.11988

W — Nt¢,N — tly displaced vtx (uu,ue, ee) + u 139 N lifetime 3.1-33 mm m(N)= 6 GeV, Majorana 2204.11988
% W — N¢, N — tby displaced vitx (uu,ue, ee) + e 139 N lifetime 0.49-81 mm m(N)= 6 GeV, Dirac 2204.11988

W — NE,N — v displaced vitx (uu,ue, ee) + e 139 N lifetime 0.39-51 mm | | | m(N)=6 Ge\I/, Majorana 2204.11988

| AT | R T IR L1 I T I
0.001 0.01 0.1 1 10 100 cT [m]
Vs=13TeV  ys=13TeV
partial data full data l il el el ol ol 1
*Only a selection of the available lifetime limits is shown. 0.001 0.01 0.1 1 10 100 ns
7 [ns]
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Summary: ATLAS SUSY Searches

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

July 2024 \/E =13 TeV
- -1 - -
Model Signature  [Ldr[fb7'] Mass limit Reference
) 1 | L| L] L} L] I I L] L} L} | L]
ad, G—a¥1 Oe,u 2-6jets  ER™ 140 1.85 m(¥})<400 GeV 2010.14293
@ mono-et  1-3jets EMSS 140 |4 [8x Degen] 0.9 m(g)-m(¥1)=5 GeV 2102.10874
S 3 goqa Oe,u 2-6jets EMS 140 |2 2.3 m(tY)=0 GeV 2010.14293
P g Forbidden 1.15-1.95 m(¥})=1000 GeV 2010.14293
% 23, 3—qqWx| Tepu 2-6 jets 140 | 2 2.2 m(¥})<600 GeV 2101.01629
Lz §—>qc7(t’€)/\’g ee, i 2jets  Ep™ 140 |2 2.2 m(¥})<700 GeV 2204.13072
B 23 8-qqWZX, Oep  7-11jets EP™ 140 |2 1.97 m(t?) <600 GeV 2008.06032
% SSe,u 6 jets 140 |2 1.15 m(Z)-m(¥1)=200 GeV 2307.01094
= gz gont) 0-1e,pu 3b Ems 140 |2 2.45 m(¥})<500 GeV 2211.08028
SSe,u 6 jets 140 g 1.25 m(z)-m(X;)=300 GeV 1909.08457
b1b; 0e,u 2b  EPS 140 | b 1.255 m(¥})<400 GeV 2101.12527
by 0.68 10 GeV<Am(h; X1)<20 GeV 2101.12527
w ©  biby, by—b¥y — bhY) Oe,pu 6b EE?SS 140 | b, Forbidden 0.23-1.35 Am(/?g,/\:;?)=0130 GeV, m(/\~’?)=01 00 GeV 1908.03122
E S 27 2b B 140 By 0.13-0.85 Am(¥2,7°)=130 GeV, m(Y})=0 GeV 2103.08189
S2 i, il 0-1e,pu >1ljet EMS 140 |7 1.25 m(¥))=1 GeV 2004.14060, 2012.03799
: g_ hi, i —>Wb)?? 1eu Sjets/1 b EP™S 140 f Forbidden 1.05 m(¥})=500 GeV 2012.03799, 2401.13430
% S fif1, h—=71bv, 11 e 1271 2jets/1b E;ms 140 f Forbidden 14 m(7,)=800 GeV 2108.07665
s L {fy, o) /8, ek 0e,u 2c  EP™ 361 |& 0.85 m(Z})=0 GeV 1805.01649
SEIS! Oe,u mono-jet  EF 140 |4 0.55 m(f,,&)-m(¥])=5 GeV 2102.10874
fiiy, i1, X9 —Z/h¥) 1-2e,u 1-4b  EFS 140 |7 0.067-1.18 m(¥2)=500 GeV 2006.05880
hiy, h—h +Z Be,u 1b EPss 140 | Forbidden 0.86 m(¥})=360 GeV, m(7, )-m(¥})= 40 GeV 2006.05880
X viawz Multiple ¢/jets ' EE?SS 140 | ¥} /,\”/g 0.96 m(¥})=0, wino-bino 2106.01676, 2108.07586
ee, pu >1jet EMs 140 | XA, 0.205 m(¥T)-m(¥})=5 GeV, wino-bino 1911.12606
XX via Www 2e,u EPS 140 | X7 0.42 m(¥)=0, wino-bino 1908.08215
Yi¥5 via Wh Multiple ¢/jets EPs 140 | Xj/¥; Forbidden 1.06 m(¥})=70 GeV, wino-bino 2004.10894, 2108.07586
. XiXivial,/v 2epu EF™ 140 | X} 1.0 m(Z,7)=0.5(m(¥})+m(t})) 1908.08215
S § F Tk 27 Ep™ 140 [ENERTRITT0Ss 0.5 m(¥})=0 2402.00603
W= 7 plg, I>00) 2e,p Ojets  Ep™ 140 |7 0.7 m(?)=0 1908.08215
ee, i >ljet EPS 140 |7 0.26 m(?)-m(¥})=10 GeV 1911.12606
HH, H-hG|ZG 0e,u >3b  EP 140 | @ 0.94 BR(T} — hG)=1 2401.14922
4e,p Ojets Ex™ 140 | & 0.55 BR(Y} — ZG)=1 2103.11684
Oepn =>2largejets E7™ 140 | & 0.45-0.93 BR(Y, — ZG)=1 2108.07586
2e,u >2jets EFS 140 | & 0.77 BR(Y] — ZG)=BR(X| — h()=0.5 2204.13072
Direct ¥1X, prod., long-lived Y7 Disapp. trtk  1jet  EP™ 140 [X} 0.66 Pure Wino 2201.02472
= X; 0.21 Pure higgsino 2201.02472
1) .
S O Stable g R-hadron pixel dE/dx EMs 140 | 2.05 2205.06013
o T Metastable g R-hadron, g—gg¥ 1 pixel dE/dx Ep" 140 | & [7(8) =10 ns] 2.2 m(¥})=100 GeV 2205.06013
S 8 -G Displ. lep EPSS 140 | &n 0.74 7(7)=0.1ns ATLAS-CONF-2024-011
~ _ 7 0.36 7(f) =0.1ns ATLAS-CONF-2024-011
pixel dE/dx EMss 440 |7 0.36 () =10ns 2205.06013
G X sze—eee 3e,u 140 Pure Wino 2011.10543
XX 10 — Ww/zetetvy 4e,p Ojets  EP™ 140 m(t})=200 GeV 2103.11684
28, 2-q9¥), X\ = qqq >8 jets 140 2.34 Large 17, 2401.16333
S i i) X s abs Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
% if, i>bXT, X1 — bbs > 4b 140 Forbidden m(¥)=500 GeV 2010.01015
iy, h—bs 2jets+2b 36.7 0.61 1710.07171
nh, hi—qt 2e,u 2b 140 0.4-1.85 BR(7, —be/bu)>20% 2406.18367
Tu DV 136 1.6 BR(7, —qu)=100%, cost,=1 2003.11956
X 133 7Y, 00, —tbs, X1 —bbs 12e,u  >6jets 140 |2 0.2-0.32 Pure higgsino 2106.09609
L L L L L L L I L L 'l L L
*Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV]

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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ummary: CMS EXO Searches

Overview of CMS EXO results

CMS preliminary March 2024
String resonance " 058 191103947 (2) B7f
2y resonance n DO 3540171203143 (20 + 1y; 2e + 1y; 2j+ 1y} 36 fb~?
Wy resonance ™ O 15:8102106.10509 (1 + 1y) 137!
Higgs y resonance n [ 072:3251808 01257 {1+ 1y} 36 fb!
Color Octect Scalar, k7 =12 ™ 0537101103947 (2)) 137!
Scalar Diquark " 055 1911.03947 (2) 13707}
ti+ ¢, pseudoscalar {scalar), g2, x BR$~21) > =0.03(0.004) M [ 0D15-0.075 191104968 (3¢, = At) 137!
tH+ ¢, pseudoscalar {scalar), g2 x BR{$~2!) > =0.03{0.04) M [ 0008-0:34 1911 04968 (31, = 4t) 13771
pp+ Zy+X " F GG OMS-PAS-EX0-19-000 (pp + 1 pp + ¥} 37 b}
X=¢9, Mg =0.02My, §~yy} merged diphoton pair e (CMS-PAS-EX0-22-022 (2(yy)} 137 !
Wy Resonance leptonic " 020 OHS-PAS-EXO-21-017 (2 4 pEE +y)) 138!
SUEP Offiine, To =3 GeV, mg =3 GeV, BriA=nm) = 100% M [ D2200Ms-PAS-EX0-23-002 {(SUEPOffline)} 138!
Spiit SUSY, HSCP gluino with infinite lifetime, fj;= 0.1 s (CMS-PAS-EXO-18-002 (dE/dx} 101 fb~?
stau pair production, HSCP with infinite lifetime s (CMS-PAS-EX0-18-002 (dE/dx} 101 fb~?
Doubly-charged tau', HSCP infinite lifetime, DY production e (CMS-PAS-EX0-18-002 (dE/dx} 101 fo~!
quark compositeness (1), nuga=1 Ninn 210302708 {21} 140 !
quark compositeness (1), nugr= - 1 Kins 210302708 (21} (140 !
Excited Lepton Contact Interaction " 02516 2001 04521 (2e + 24) 77 b
Excited Lepton Contact Interaction " oz 200104521 (24 + 2j) 77 7!
vector mediator (), gq = 025,gon= 1,my=1GeV ™ [0 035:071911.03761 (= 3j) 18 fb~?
vector mediator (#),g; =0.1,goe =1,9,=0.01,m, >1 TeV ~ T 02:192 2103 02708 (2e, 2p) 140 o}
{axial-hvector mediator {qg), gq =025.gon=1,my=1 GeV " 0528191103947 (2)) 137 !
{axial-hvector mediator (i), gq =025, gow = 1,my = 1 GeV . 0-1.05 2107.13021 {= 1j +pP'=) 101!
{axial}-vector mediator (£}, g, =0.1,gor= 1.g, =0.1,my > Mpyesl2 " 210302708 {2e,2p) 140 !
scalar mediator (+4/tH), gg =1, gou=1.m; =1 GeV M 0:0.201901.01553 (0, 14 + =2j+ pF'=} 36 fb!
scalar mediator {+t), gy =1,gou=1m; =1 GeV ~ C . 00504210710892{0, Lt + =2j+py=) 137!
scalar mediator {fermion portal), A, =1,m; =1 GeV ~ 0.0-152107.13021 (= 1j +pJ'=) 101 fo~!
pseudoscalar mediator (+jV), gg=1,gow =1,m; = 1 GeV ~ 00-0.472107.13021 (= 1j +pJ'=) 101 fb?
pseudoscalar mediator (+4/t]), gq = 1 go= Lm, =1 GeV » 0-0.3 190101553 (0, 1 + =2j+ pJ=) 36 fb~!
pseudoscalar mediator (+4H), gy =1, gow = L.m, =1 GeV ” L 005042210710892(0, 1t + =2j+ py=) 137!
complex sc. med. {dark QCD), My =5 GeV, €Ty, =25 mm ~ 0-1:54 181010069 (4j} 16 fb!
Baryonic Z', gq= 025,goe =1,my =1 GeV ~ 0,0-1:6 1908.01713 (h +pJ*) 36 fb~!
Z' mediator {dark QCD), Mygy =20 GeV, ry, = 0.3, Ggyy = ey M 211211125 (2) +p7=) 138 fb!
Z' - 2HDM, gz = 08,gon = 1,tanf =1,my = 100 GeV ~ 190801713 (h + pJ=) 36 fb!
Leptoquark mediator, 8=1,8=0.1, Ay ow =0.1, 800 < Mg < 1500 GeV ~ [ 03-06181110151 (1p + 1j+ py™=) 77 fb!
axion-like particle, - =12 TeV-! M [0 05210 OMS-PAS-EXO-21-007 (pp + yy) 103 o~}
inelastic dark matter madel, y=104,a5=0.1 " PO 0003-0,08 OMS-PAS-EX0-20-010 (2 displaced i + pF=) 137f7!
inelastic dark matter moddl, y=10-",a5=0.1 M [ 002008 CMS-PAS-EX0-20-010 (2 displaced p + pJ=) 137 !
dark Higgs, gq = 025,gow = 1, 8=0.01, my = 200 GeV, mz = 700 GeV " [ 0160352 CMS-PAS-EXO-21-012 (14 + 2j +pJ'=, 2 +pJ'=) 137!
RPV stop to 4 quarks " D080 1808 03124 (2); &) 36 b7
RPV squark to 4 quarks ” 0072 1806.01058 (2j) 38 fb~?!
RPV gluino to 4 quarks " N OETEAY 1806 01058 (2) 38 fb~!
RPV stop scouting boosted ™ (CMS-PAS-EXO-21-004 (scouting boosted dijet) 128 !
RPV mass degenerated higgsinos to trijet boosted scouting M 0.07-0.075 & 0J095-0.105 CMS-PAS-EX0-21-004 (scouting boosted trijet) 128!
ADD (j) HLZ, reo =3 " 1803.08030 (2j) 36 fb!
ADD {yy. ) HLZ, nep =3 M 181210443 {2y, 21} 36 fb!
ADD Gyx emission, nzp =2 M 210713021 {= j +p7=) 101 !
AR GRS, et . 180308030 (2j) 36 bt
ADD QBH (e}, no = 4 " 220506709 (e} 137 !
ADD QBH (eT), np =4 M 2205.06709 (et} 137 !
ADD QBH (u1h, ne =4 " 220506709 (i) 137!
ADD QBH (yj}. o =6 " 2075 CMS-PAS-EX0-20-012 fy + ) 137 !
RS Geltt), ki =0.1 " 210302708 (21) 140!
RS Guxlaq. gg). kfMp =0.1 u 05216 1911.03947 (2)) 137 b
RS QBH (j}, neo =1 " 1803.08030 (2j) 36 fb!
RS QBH (yj). neo = 1 w 20T CMS-PAS-EXO-20-012 fy + j) 137 7!
non-rotating BH, Mo = 4TeV, neo = 6 " 180506013 (= Tj(L,y)) 36 fb~?
3-brane WED gerl$ +9+99g). Gorar = 6. Gow =3, £ =0.5, mighimige) =0.1 ) 2083 2201 02140 (2§) 137 !
Splt-UED, w2 TeV " 028 2202 06075 (£ + B} 13707
ADD [yy) HLZ ngp =4 n CMS-PAS-EX0-22-024 fyy) 138!
RS Grlyyh, kiMa =0.1 M (CMS-PAS-EX0-22-024 (yy) 138 !
excited light quark (qg), A=m] M 05613 1911.03947 (2)) 137!
excited light quark (qy), fy=f=F =1 A=m, .. 060 CMS-PAS-EX0-20-012 y + j) 13707}
excited b quark, f; =f=f =1LA=m_ ~ LOe22 CMS-PAS-EX0-20-012 fy + j) 137 !
excted dectron, £ =f=F =LA=m/ " 150253 1811 03052 fy + 2e) E
excited muon, £ =f=F=LA=m; " 2SR 181103052 (y + 2p) 36 fb~!
WMSM, [Vey2= 10, V2= 10 M : i 0.001-1.24 1802.02965; 1806 10905 (3p; = 1j + 21} 36 fb~!
WMSM, [Vey2= 10, V2= 10 ~ i i 0.001-1.43 1802.02965; 1806.10905 {3e; = 1j+ 2e} 36 fb~?
UMSM, VeV, ANV + Vigy 2 =1.0 ~ ! | 002-1.61806.10905 (= 1j+p +e) 36 fb!
i Tpe-lil seesaw heavy fermions, Flavor-demacratic M i 0.1-0.98220208676 (3¢, = 4, 17+ 34, 2v+ 2, 3t + 14, It + 24,27 + 14} 137!
Vector like taus, Doublet M ! 0.1-1.0452202.08676 (3¢, = 4¢, 17+ 3¢, 21+ 2, 31 + 14, It + 24,27+ 1) 137 !
Vector like taus, Singlet M 0125-0.15 2202.08676 (3f, = &, 17+ 34, 2v + 21, 31 + 14, It + 21,27 + 11} 137!
Z,, narrow resonance, £2= 8x 10-%(90% C.L} ~ [ 001150075 1912.04776 (24) 137 !
Z,, narrow resonance, £2 = 4x 10-7{90% CL} M [ 011:0:21912.04776 (2} 137!
Z,, narrow resonance, £2= 7x 10-7{90% CL} » |~ 00011-0.0026 CMS-PAS-EX0-21-005 {2p) 97 fb~?
Z,, narrow resonance, £2=3x 10-¢ {90% CL) M [ 00042:0.0079  CMS-PAS-EXO-21-005 {2} 97 fb~!
SSMZ'(t) ” T 0255152103.02708 (2e, 24 140!
SSM Z'lqg) ~ 05219 1911.03947 {2)) 137 7!
Z(qq} " 00101125 1905.1 0331 {1, 1y ) 36 fb?
Superstring Z, " 026 2103 02708 (28,20} 140!
LFV Z, BRiep) = 10% ” S 02510 2205.06709 fepl 137!
LFV Z, BRlet) = 10% " T 23 2205.06709 e} 137 fbo~!
LFV Z, BRipT = 10% " P 0281220506709 () 137!
SSMWi{tu} ] o5 2202.06075 (L + PP 137 7!
Leptophobic ' ~ T 0050185 1909.04114 (2)) 78 fb~!
SSMWiggl ,, 0536 1911 03047 (2)) 137!
LRSM WaluNe), Mrg, = 0.5My, " 211203949 (241 +2j} 36 fb~!
SSMWv) " 0B 221212604 (v 4 pY) 137 !
LRSM Wa(eMn ), M, =0.5Mve, M 2112.03949 {2e + 2j} 36 fb~!
Z1(8 -La) » [[0:35205 2307 08708 (Z'~pp + = 1b} 138!
LRSM WalThg}, M =0.5Mye " 1811.00806 (2t +2j} 36 fb!
Axighion, Coloron, cot6 = 1 " 1 05616 191103947 (2§) 137 fo~!
Z', HSCP tau’ 600 GeV mass with infinite lifetime e (CMS-PAS-EX0-18-002 (dE/dx} 101 fb~?
" i " " i P i " i " " " " P i " " i " i PR i " i i i " " P " " " " " "
0.001 0.010 0.100 1000 10.000

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are no?uncl
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Mass Scale [TeV]




