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= BSM Searches at the LHC

e LHCisthe world’s most powerful discovery machine

o  Aimingto find hints of BSM physics through direct searches and eI

precise measurements SUISSE SeE ATLASE | e
 FRANCE - '
»J_-,A-:;;;z:f’.

e Physics program at LHC driven by
o BSM Theories : Explaining fundamental mysteries in universe

= Hierarchy problem, Unification, Dark matter, neutrino
mass, Matter-antimatter asymmetry ...

@) Experimental measurements :
= u g-2, B-anomalies, DM detection, cosmological
constraints, neutrino oscillation etc...

o  Exotic detector signatures:
= Very high-p_/boosted particles, Long-lived particles . { =

CERN 70th
Anniversary
YEARS /ANS CERN in 2024

e Advancements in analysis techniques
o  Trigger, Reconstruction, ID algorithm play a vital role in SIG vs. BG
o Improving techniques (ML) to explore more exotic world
m Enablingto test unconventional signature, more sensitivity
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= LHC & HL-LHC timeline
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https://hilumilhc.web.cern.ch/sites/default/files/HL-LHC_Janvier2022.pdf
https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults
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Overview of this talk ()
Il
e Only a small subset of most recent results will be showing. \
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e Improvement of Analysis techniques
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records 40 000 000 times/second
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Heavy resonances with Higgs
Data Scouting and Parking technique

HIGH LEVEL TRIGGER

PARKING

."; few 1000 events/second
¥£.”*%" delayed availability for analysis

SCOUTING

10 000 events/second (or more)
reduced data format
normal availability for analysis
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https://arxiv.org/pdf/1902.08570.pdf
https://arxiv.org/abs/1902.09914
https://arxiv.org/abs/2405.13778
https://arxiv.org/abs/2405.17605
https://arxiv.org/abs/2403.16926
https://arxiv.org/abs/2403.16134

CMS

Search for New Resonances at CM

BSM Signatures e MGTRY o ATeVgome
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS

CMS o e X%
New Resonance Search in Merged yy pair {8
N
e Search for X, ¢ scalars in the extended Higgs Sector Zi;i::";‘::ﬁonalSignatuferx“f—2405'00834
o  X->¢¢ kinematically allowed for m(¢) <2m(bb/cc) Merged
o  Highly boosted ¢ for m(X) >> m(¢) = merged diphoton I'(= yy) ¢ y
X
e Analysis strategy:
o Exploiting CNN to classify events with two I" clusters ¢ !
o Databinnedinslicesofa _=m(l)/M(IT) =[0.5% ~2.5%]. v Dieroed
. r
o Search for excessindata M(I'T) CMS 138 fb_1(13TeV)e 8¢
ECAL cluster image recognition X—=006—>@y)yy) —Observed _:1 <y
e Background estimation G S v, Two B = 71)=100% £ BADH Oupen| ]
o parametrized fit of falling _r.. overlapping - a T
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https://arxiv.org/abs/2405.00834

CMS

New Resonance Searchin W vy

e New charged X boson (M, =0.3 -2 TeV) > Wy in leptonically (ev, pv)

o

Complements previous Wy analysis in hadronic (CMS PLB & ATLAS JHEP)

e Analysis strategy:

@]
@]
@]

e Bycombining Wy both qq’y +

o

cMs

Kinematic cut: 0.4m_<p_¥<0.55m_
Bump Hunt over the m_(lvy) spectrum ~

Background Fit on m_in data

Largest local significance 3.10,
138 b (13 TeV)

channels:

(m

,|nY| < 1.44, Z veto, b-veto

1)’ = (Er(v) +Er(£) + Pmlss)

= |Pr(y) + pr (£

mlss | 2

Recent result

reduced to 2.5¢ for broad signal-width scenario
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https://www.sciencedirect.com/science/article/pii/S0370269322000223?via%3Dihub
https://link.springer.com/article/10.1007/JHEP07(2023)125
https://arxiv.org/abs/2406.05737

CMS

Rich Dark Sector Searches at CMS

! i
/‘LAAML
Simplified dark sectors Extended dark sectors
TheoretiCal Hidden Spin-1 portal 2HDM+a

Abelian
Framework s Hoos

Dark
Higgs

Emerging

Neutral
natural
ness

Fermion Hidden
Vector Spin-1 portal valleys
portal

2HDM+a

Inelastic
; o Dark Matter
Simplified Extended
dark sectors dark sectors

Neutrino
portal

CMS Dark sector review

Covered M . range from ~1GeV upto O TeV

(2405-13778) Fermion portal
Coupling reach up to 107 Dark sector )
models in %% ®
DM _summary plots NS searties .

Public DM Results : CMS , ATLAS, LHCb
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#DM_summary_plots
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/DM.html
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/WebHome#Papers_Conference_notes_Public_n
https://cds.cern.ch/record/2854869
https://arxiv.org/abs/2405.13778

CMS

Dark Shower : Emergmg Jets

JHEPR05(2015)059

) QCD Dark QCD
TeV =—t—
asymmetry
sharing
Pds Nds - - -
annihilation |
Tdy Pdy >+
. GeV =—1— p’ (\QC&\!
long-lived ? > Emerging jet
m, K gse Prompt decay >'SUEPs

stable? ?‘Se'r‘h i-visible jets

Unique DM-targeted signatures > Probing dark
QCD within HV model » Dark showers

Tracks start near the edge of the tracker, in the
ECAL and HCAL, and even in the muon stations.
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https://link.springer.com/article/10.1007/JHEP05(2015)059

CMS

“*Emerging Jets in Tracker

e This search examines a dark QCD sector (dark quark Qdark) that couples to the SM
through scalar mediator X,
e Dark quarks hadronizes into a long-lived dark pion (mt

) SM Jet
dark

= Emerging jets (multiple displaced vertices)

e Two signal dark sector model

New© Unflavored scenario  : Q. , couples to d quark (generic)
o Flavor-aligned scenario: Q,,, couples to d-type quarks (specific) G N7 Qaak
o Freeparameters:m(X _ ), m(m, . ),and ct(m, ) //Xdark(dea,k)
e Eventselectionin Cut Based vs. GNN(ParticleNet) method | y /4 p
: : : ]38 (13TeV) O 138 o~ (13 TeV) N Xda,k///
A e B Ml e Qark A4

LB BB BLEkn B

<

n
o
L

EMJ’ SM Jet’

Primary signature:
High Hr, 4 Jets (with 2 “EMJ"s)

Nomalized entries per bin
>
2
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2
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-8 d /i L |
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https://arxiv.org/pdf/2403.01556

> | Emerging Jets in Muon detector

arxiv:2402.01898

e Complementary to track-based search

e Experiment Signature: Muon detector shower (MDS) P

o Large cluster of hits (>130 hits) in the muon system with no jets or tracks L
. . i . -
e Excellent background suppression from shielding material - - - -3 _
. . . -~
= Unique signature due to the presence of steel in the CMS muon system H ¥
e Upper limits on the BR, cross-section were set for various LLP M and ct p )
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N e ‘7212} ne ar ar o ‘;2:; s | wro e wr "o N, . : Main discriminator
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https://arxiv.org/abs/2402.01898

CMS

‘Emerging Jets summary plots in Run-2

mode!

“e\NFlavor-aligned model

Unflavored model
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arXiv:2402.01898
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The most stringent limits to date & first limit on the flavor-aligned scenario. arxiv:
Unflavored model : m(p =X, ) excluded at 1950 GeV at ct(m__ )~ 10 mm. arxiv:2402.01898

e Flavor-aligned model : m(¢=X,_ ) excluded at 1850 GeV at ct(m,, ) ~ 500 mm.

Emerging Jet Summary Plot
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#Emerging_Jet_Summary_Plot
https://arxiv.org/pdf/2403.01556
https://arxiv.org/abs/2402.01898

oft Unclustered Energy Patterns (SUEPs) ;

O
O

New type of unconventional signature in dark QCD :

Heavy S decays into many light dark mesons = Diffuse energy pattern
Challenging to detect : High multiplicity, Spherically distributed low-p_ Tracks
In HV model, the most interesting case appear at large ‘t Hooft coupling

scenario : large angle emission + number of particles produced.

o  Focus on boosted scenario : mediator S recoils against ISR jet = dijet system e
4 _CMS Simulation Preliminary (13 TeV) CMS . . — : : . . . . 1 38 Tb_1 |(1 3 Tev) SUEPS
ms = 800.0 GeV B Tracks S\ i % T . T ‘
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. .\ %7 - i 10 : -== mg = 1200 GeV ]
dlffuse energy pattern I ; : ms = 1000 GeV
_ |SR J_?f( " 8- ’  ms = 900 GeV .
0 I - ms = 800 GeV
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= : 5 ms=600GeV | If T and m =3 GeV
® - ms = 500 GeV o0
= § - me-ao0cev | M excluded from
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https://arxiv.org/abs/2403.05311

CMS

New Fermions Searches at CM

Heavy Neutral Lepton Vector Like Quark CMS Review of New Fermion
(HNL) Signatures (VLQ) Signatures 2405.17605

Overview of CMS HNL results
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Vector like taus, Doublet » 01-1045220208676 (3¢, = 4, 1v+ 34, 2v+ 2, 3v + 14, It 4+ 20,27+ 11) 137 o~}
Vector like taus, Singlet » lc-uw 15220208676 (3¢, = &, 17+ 34, 2v+ 24, 3t + 14, It 4 20,27+ 1t) | 137!
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://arxiv.org/abs/2405.17605

CMS

Heavy Neutral Lepton SearchinRun-2 &)

2405.17605 : Review of searches for vector-like quarks, vector-like leptons, and heavy neutral leptons at the CMS experiment

HNL in the Type-l seesaw model
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HNL Summary Plot
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Heavy Neutral Lepton Search in Run-2

2405.17605 : Review of searches for vector-like quarks, vector-like leptons, and heavy neutral leptons at the CMS experiment

HNL in the Type-l seesaw model

imi : 1 CMS Preliminary 35.9-138 fo~'(13 TeV :
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https://arxiv.org/abs/2405.17605
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e Experimental signature : Displaced | (e, u) and 1t* tracks el
e Use special B-parked data in 2018 = recorded O(10B) bb events s
e Event Categorized with lepton flavor, m(l t*), tracker info New W :
e Utilize parametric Neural Network (pNN) to enhance sensitivity ct~0(1m) } o+
o Collider best limitson |V |*at1<m <1.7 GeV to date. B{ o }X
o Outperform previous Belle (LHCb) results by a factor of 2 (10) .
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https://www.arxiv.org/abs/2403.04584
https://www.hep.ucl.ac.uk/~pbolton/

- “*‘HNL with 31
with prompt 3 leptons
o
. . . . (g
e Search for HNL with short lifetimes & various M (10 GeV - 1.5 TeV) Ney,
. -
e Finalstate leptons: e, 4, and 1 (eee, uuy, LUE, €el, €eT, UUT, and euT) arxiv
e FEventselection: ‘ 2403.00100
o Multiple event categorization and ML-based BDT discriminants 5
e Upper limits on mixing matrix for HNL mass [10 GeV - 1.5 TeV] .
e Firstlimits on exclusive T neutrino couplingm >W mass at LHC
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CMS

Combined limits for VLQ Search at CMS

o

A complete overview of final states is

[ J
provided together with their
complementarity and partial combination
in benchmark scenario
o  Singlet: Br(W) 50% & Br(Z/H) 25%
[ J

Statistical combination pushes sensitivity!

CMS Heavy Fermion review
(2405.17605)
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ChiS, 1 Ne ® ° o o WD
~LLPs to displaced jet pairinRun-3 &
basvriad
_ , , CMS-PAS-EX0-23-013
e With 2022 data at 13.6 TeV, Search for LLP to displaced jet £=b,u, T,
e Toenhance sensitivity, novel displaced-jet trigger* + reconstruction + > '-'-SP j :
Graph-NN LLP taggers (displaced/prompt GNN) were developed. g B -
o Outperforming (x10) full Run2 result with fraction of Run3 data . e 2 :
o First limit on (tracker-based) displaced 1, channelat LHC LLP
e The best limits to date are set on H>SS with M > 16 GeV with ct (M p,<m/2)

smaller than 103 mm.
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http://cds.cern.ch/record/2893044
http://cds.cern.ch/record/2865844?ln=en

CMs,

HL-LHC: The CMS Detector Upgrade

4
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“ir
)...l !
>

T
R

Improved muon coverage and trigger
increased RPC coverage (1.5 < |n| < 2.4)
new electronics

___. Gustaaf's Talk on Monday

New endcap calorimeters
high granularity
can reconstruct showers in 3D

CMS-TDR-019

CMS-TDR-016
T
// /’ A Updates to calorimeter
X and trigger
New precision timing detector \ ' I'[ higher g?anularity
Timing resolution of 30-40 ps for MIPs / I/i electronics for trigger
full coverage of |n| < 3.0 . ‘4 4 CMS-TDR-015

CMS-TDR-020

New inner tracker
all silicon tracker
4 layers of pixels
5 layers of strips
coverage to |n| < 4

CMS-TDR-014

Beam Radiation Instrumentation and
Luminosity Detectors

CMS-TDR-023

Level-1:CMS-TDR-021
DAQ&HLT : CMS-TDR-022

Upgrade to trigger and DAQ

L1 rate increased to 750 kHz
High Level trigger rate to 7.5 kHz
Track information at L1
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https://agenda.linearcollider.org/event/10134/contributions/54214/
https://cds.cern.ch/record/2283189
https://cds.cern.ch/record/2667167
https://cds.cern.ch/record/2272264
https://cds.cern.ch/record/2293646
https://cds.cern.ch/record/2283187
https://cds.cern.ch/record/2759074/
https://cds.cern.ch/record/2714892
https://cds.cern.ch/record/2759072

' HL-LHC BSM Physics Studies at CMS

e Dedicated studies to explore the full potential of the HL-LHC and upgraded detectors
o Continue and improve current searches to extend sensitivity
o Design new searches exploiting the new detector improvements
o Develop new analysis strategies to access scenarios with lower x-sections and acceptance to open

new search channels
Snowmass White Paper HL-LHC Yellow Report (2018)

Available on the CERN CDS information server CMS PAS FTR-22-001 “""":" Reports: tateten
ATL-PHYS-PUB-2022-018

CMS Physics Analysis Summary

HL-LHC at 14 TeV, 3000 fb™

Contact: cms-phys-conveners-ftr@cern.ch 2022/04/13

Snowmass White Paper Contribution: Physics with the
Phase-2 ATLAS and CMS Detectors

Physics at the HL-LHC and
The ATLAS and CMS Collaborations Perspectives for the HE-LHC

Abstract

Model specific explorations

o SUSY

o Leptoquark

o 4topquarksin2HDM+a
o LeptophobicZ’

o  Seesaw model

More general explorations
o  Compositeness
o  New gauge bosons
o Long-lived particle

Dark matter at colliders

o  Mono-X (X=jet,y,t,Z, VBF ..)

o  Dark photon
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http://cds.cern.ch/record/2806962?ln=en
https://arxiv.org/abs/1902.10229

CMS

BSM Searches at HL-LHC

Probing Higher Masses

CMS Projection
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- hadronic resonances
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Many more in Snowmass White Paper, sys
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http://cds.cern.ch/record/2806962?ln=en
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/HLHELHCCommonSystematics

" Projection for X —HH search at HL-LHC [
FREY
rojection for search at HL- 5,
o
Discovery potential for X »HH Projection in Benchmark: hMSSM
— 3000 b (14 Tev CMS Projection 138-3000 fb" (13-14 TeV
e 10 - T T T UL | T T ] e 10 T
= t CMS Projection ~e~ HH Combination 8 9 hMSSM § X — HH, 138 fb™!
T [ HH — bb,yy 8T 7 S1 scenario
T 102k ~HH — bb,tt i TR '
=< E e = HH — bb,bb (merged-jet) E 6 - §s§ X — HH, 300 fb!
T [ ’-\\ Narrow Width Approximation 5 SSS S1 scenario
g 1ok . |
b improved by up to x10§ expanded by x2 4 TR X — HH, 1000 fb*
[ ] AN '
§ - compared to full Run2) N\ S2 scenario
E I E i
5 f X — HH, 3000 fb"
2 L S2 scenario
2 Wk |
< . Spin 0, ggF production Systematic Scenarios:
Pl T L R , con. S1: same sys. as Run-2
2x10™" 1 2 & 4 300 400 500 600 1000 o 3/000 opt .S2 : theo. uncert are halved
my [TeV] Ml expr. uncert from YR18
e The expected upper limits for resonant HH production for the HL-LHC scenario
o  Range from about 50 fb at a resonance mass of 300 GeV to nearly 0.01 fb for M > 3 TeV.
e Theexclusionsin terms of tan B in the hMSSM and M*2® h,EFT scenarios for HL-LHC scenario
o  Expanded by almost a factor of 2 compared to the Run 2 data (138/fb) set.
e  More projections can be found in CMS review (2403.16926 : Heavy resonances with h)
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https://arxiv.org/abs/2403.16926
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/HLHELHCCommonSystematics

> Projection for HNL at HL-LHC ]
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e Highly boosted LL HNLs viaa B-L Z’ boson :
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e HNL from Higgs bosons (h > Nv, N > vff) = Using Yukawa coupling to h ) HL-LHC 14 TeV 3/ab
) ) 10
e This new decay mode contributes to total I', 2311.18033
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https://arxiv.org/abs/2203.06114
https://arxiv.org/pdf/2311.18033

D
N ERS

e Large number of BSM scenarios and signatures explored with Run-2 & Run-3 data.
o Sensitivity significantly improved with new reconstruction & analysis techniques.
o Several new models/unconventional signatures explored for the first time !
o Actively advancing LLP lifetime frontier by using CMS detectors in new ways.
e No clear evidence has been found yet, but significantly extended our exclusion range.
Continue with more data to come!
([

HL-LHC to yield the largest pp dataset so far = Rich physics program
o Sensitivity to BSM searches to be much advanced

hope to see many new ideas to be born and realized in near future.

e Please Stay Tuned! Thank you for your attention

O
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Data Parking & Scouting Run-3
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CMS

Soft Unclustered Energy Patterns (SUEP) Y

o Trigger & HT:

o PFHT900 (2016), PHT1050 (2017, 2018) B e

o HT>1200 GeV (offline) NS
e Lepton Veto: . ISRTet

o  Orthogonality to associated production (W/Z) O s i

o NO leptons W|th pT > 25. LO Boltzmannian thermal model is employed for the decay i“ e £
e Track Selection: ddﬁ o e~ VPHHm?/T canth::ia:Zet

o packedPFCandidates matched to tracks + lost tracks - Samp"ngdismbiion e SEms Bl ’

o Track cleaning: related by: N s s ¢ ’

7| < 2.4 e SUEP candidate definition: "
fromPV > 1 o Used Fastjet to cluster our selected tracks to form clusters with anti-kt
algorithm with dR = 1.5.
p|ziz>| 27150GC§Y o SUEP-ISR system defined to be two highest p_ clusters.

o SUEP candidate defined as cluster with most constituents of the two.

e Boosting

o Calculate Sphericity (r=1) in boosted frame of the SUEP candidate of
the tracks corresponding to the candidate’s cluster.

|dz,,,| < 0.05 cm
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> HNL, VLQ/L Searches

e Heavy Neutral Lepton (HNL) or Heavy Neutrino Wt !
o Potential BSM solutions for neutrino mass i '
m Type-l Seesaw models: HNL mix with SM v
m  Type-lll Seesaw models:SU(2) triplet 39,5* ¥ heavy leptons
m  Left-Right Symmetry model (LRSM) : W, 7’ along with 3 HN,
m Composite model
o IfHNL is Majorana neutrino, Lepton Number Violation is possible

e Vector-like fermions (VLQ, VLL) Pair Prod. (QCD)

Dominant at low M (<TeV)
bt.t

o VLQs are colored spin 2 fermions ; a
o  L/R-handed transform identically under EW symmetry }mé 22

o  Can mix with SM quarks to regulate Higgs mass 2

bt t

m  Extra dimensions, composite Higgs models etc..  gjngie prod. (Ewk) VL Doublet VLL Doublet/Singlet
. Enhance at high M
o  VLLs are color singlet counterparts of the VLQs but model dependent e -

m  Minimal Model, 4321 Model (UV); Z’, vector LQ I E—éq N_é“

r5ETEETEOCC T
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Prompt 1¢ + 2 displaced ¢
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Prompt 1¢ + 2 displaced £
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arXiv:2312.07484
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72N
CMS 558
ecay modes (i
’ \‘I".‘ MEA|§
P
Production mode Decay mode Channel Section Refs.
. , ) TT bW, tH,tZ 0/,1¢,052(,552(,3¢ 622  [137-140]
g ¢ LU 4 BB tW,bH,bZ  0f,1¢,052¢,552(,3¢ 623  [139-141]
Xs7Xers tW 10,882/ 621  [142]
w/z Y Y bW 1¢ 622  [137]
e W T tz bqq (f,bqqbb,bqquy 631  [143-145]
V L tH bqq 7, bqqbb 6.3.2 [144, 146, 147]
bW bty 633  [148]
g Q9 b q T B bH bbb 634 [149]
tW bqqfv,blvqq,bqqqq 634 [150-152]
BEDGHmAck BE{W) BELZ) BR{H) X5/3 tW bqqfv,blvqq,bqqqq 634 [150, 152]
Singlet 50% 25% 25% Yars i i e
7L TT bW 0¢ a1 11531
Doublet - 50% 50% tH, tZ 1/ o [154]
W' = Tb tH, tZ 0¢ 6ap 1155156]
1 Decay 100% (or 0) 100% (or 0) 100% (or 0) W' — Bt bH,bZ 0/ = [155, 156]
Doublet Doublet Doublet/Singlet
V L L q Vi q 4 q Vi Doublet decays Singlet decays
/ /
AR A ' — 7¢
W= z A / /
Y — HY ¢ — HY
4 v q 74 q Va3
/ /
% % v - W¢ ' — Wu
U b U 3 .
= |In 4321 model = In minimal model
E N . ’
b ¢+ connect with vector V’, LQ
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CMS

Vector-Like Lepton Search

e  Vector-like fermions are hypothetical particles whose L and R-handed components transform under conjugate representations of the SM gauge

symmetries, and hence their masses are independent of the SM Higgs mechanism and are not constrained by ew precision measurements

—
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Figure 26: Observed and expected upper limits at 95% CL on the production cross section
for the vector-like T leptons: doublet model (left), and singlet model (right). For the doublet
vector-like lepton model, to the left of the vertical dashed gray line, the limits are shown from
the advanced St table, while to the right the limits are shown from the BDT regions. For the
singlet vector-like lepton model, the limit is shown from the advanced Sy table for all masses.
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Search for LLP in Run-3

LLP Signatures Overview of CMS long-lived particle searches
CMS Preliminary ct (1 mm - 10cm - 10m - 1km) March 2024
UDD, g-+tbs, mg = 2500 GeV Fi 2104.13474 (Jets with displaced vertices) — 1 1 140 fb?
UDD, §-tbs, mg = 2500 GeV § 2012.01581 (Displacdd jets) * 1321671
UDD, £+3d, mg = 1600 Gev i 2104.13474 (Jets with displaced vertices) | | 140 b1
UDD, E-dd, m; = 1600 GeV i 2012.01581 (Displaced jets) 1 I 1321671
LQD, {-bl, m¢ =600 GeV 3 36!
LQD, bl m= 450 Gev i | RPVSUSY 211004809 Oidblacedleptons) b oovor-10ml 1 18
LQD, f-+bl, m¢= 1600 GeV t 2012.01581 (msp‘ac-d jets) [ 0005=q24m 1 1 1321b7?
GMSB, GG, m; = 2450 GeV § 2012.01581 (Diblaced jets) EEEEoos=055TH | | 132151
GMSB, §-gG, mg = 2100 GeV g 1906.06441 (Delayed jef|+ MET) [ 0REsa 1 137 b1
Split SUSY, §-qdyd, my = 2500 GeV § 2012.01581 (Displaced jets) 0.007-0.36 m 13267
Split SUSY, §-gdx?, ms=1300 GeV § 1m I 1 361
Split SUSY (HSCP), fg = 0.1, mg = 1600 GeV Fi 1 1 131
MGMSB (HSCP) tan 8 =10, u>0 , ms = 247 GeV 4 1 C| 13fb?
Stopped f, E-stx, mi =700 GeV f | 1801.00359 (Belayed jet) 39fb!
Stopped §, §-+aax}. fy =0.1, mp=1300 GeV § 1 1 1801.00359 (Dlayed jet) 39 b
Stopped §, §-+aax3(uuxd), oo =0.1, mg =940 GeV § 1801.00359 (Delayed pp) 302
AMSB, x* +xJn*, my= =700 GeV x* 1 2004.05153 (Dlsapplanng track) m 140 b~
G903 o Q. Gy X XT =XEM*, Mz = 1600GeV,myp = 1575GeV yi RPC SUSY 1909.03460 (Disappearing tracks + jets with vel 0 on-om] 1 137!
G-x5 or q'xit, X{Txin*, mg=2000 GeV, myy =1000 GeV  y; 1909.03460, (Disappearing tracks + jets with My2) | 026=2m 1 1 137 b7
Faty? or by, xFxin®, mi=1100 GeV, my=1000 GeV 3 1909.03460"Disappearing tracks + jets M) 025-9m 137!
GMSB, X§~HG(50%)/ZG(50%), mys = 600 GeV X 2212.066p5 (Trackless Jets + MET) | 1381b7*
GMSB, X§~HG(50%)/2G(50%), mys = 300 GeV x 2212.0§695 (Trackless jets + MET; m 1 138 b~
GMSB SPS8, xi-yG, mys =400 GeV X 1909.06166 (Delayed y(y)) [ 02=6m 77072
GMSB, co-NLSP, IIG, my =270 GeV i : leptons) g 1 | 118 b
H=ZZ5(0.1%), Zp-+i, my = 125 GeV, my = 20 GeV X ! ! 98 o~
H=2Z5Z5(0.1%), Zp-+iu(15.7%), my= 125 GeV, my=5GeV X 2112.13769 (Displaced dimuon scouting) I I 101 fo~!
H-XX(10%), X-+ee, my =125 GeV, my =20 GeV X ? 1 207671 (8 TeV)
H-XX(0.03%), X-»il, my =125 GeV, my =30 GeV X 2110.04809 (Displaced leptons) 118 bt
HXX(10%), X+bb, my = 125 GeV, my =40 GeV X Hi ggs 2012.01581 (Displaced jets) I I 132fp)
H=XX(10%), X-4bb, my = 125 GeV, my =40 GeV X 2110.13218 (Displaceq jets +2) [ 0:004=0p48 | 1 1 1177
H=XX(10%), X-bb, my = 125 GeV, my =40 GeV X +Others 2107.04838 (Hadronic decays in CSC: 13776
H=XX(10%), X=7T, my =125 GeV, my=7 GeV X 2107.04838 l.I.P decays in CSCs) E I 137 fb!
dark QCD, my,,, = 1500 GeV, g, = 10 GeV, agonstic Xao 2403.01556 (Emerging jqt + jet) [0 000303 m| 1 1 138!
dark QCD, iy, = 1500 GeV, iy, =10 GeV, GNN Xeo 138 67!
H-XX(10%), X-+bb, my = 125 GeV, my =40 GeV X W 3571 (13.6 TeV)
HoXX(10%), X-+dd, my = 125 GeV, my =40 GeV X CHS-PAS-EXO0-23-013 (Displaced Jets Run3) [ b o000s=25m 35 b1 (13.6 TeV) Ru n 3
H=XX(10%), X~7%, my = 125 GeV, my =40 GeV X CMS-PAS-EX0-23-013 (Displaced Jets Run3) 35 b2 (13.6 TeV)
1077 103 103 1071 10! 10°
ct[m]

x-axis : Lifetime ct Exclusions

Selection of ohserved exclusion limits at 5% C.L. (theory uncertainties are not included). The y-axis tick labels indicate the studied long-lived particle.

JeongEun Lee (SNU), 10 July 2024 Recent updates of BSM searches at CMS and future prospects at HL-LHC ~ CMS EXO public results 35


https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO

Y

=

. Summary plot for BR(h —LLPs) |

14
AL
e
A

S
[l

&4
N
4
RNEN,

=
Rl

MS 97.6-137 fb™ (13TeV)+367fb (13.6 TeV)
95% CL Upper Limit

Displaced leptons

B(X - ee)=B(X — up) =05
[ ] m, = 50.0 GeV

Eur. Phys. J. C 82 (2022) 2

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

== Displaced dimuon
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e Search for LLP decays to displaced vertex of dimuon at 13.6 TeV JHEP05(2024)047
e Dark Higgs (H,) mixed with Higgs boson, decay to SM via dark photon (Z 2B Sy !
. +
o New dedlcated trigger for displaced-dimuon / % é g
e Two categories based on p reconstruction: e v
o using both tracker & muon spectrometer (TMS) N % ]”
o standalone muon spectrometer (STA) \ X ;
e partial Run-3(36.6 fb™ )result competitive with Run-2 (97.6 fb™ )result
® Run-3analysis better for length > 100 cm for various Z, masses <m,/2)
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CMS

LLP trigger: displaced j/ p
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Run 2 displaced-jets trigger efficiency for
a 125 GeV H—SS,S—bb signal model
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| Highlights of BSM Higgs Searches at CMS 1y
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CMS-HIG-20-012 (4b) ongoing.
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More data are needed to clarify the origin of these deviations !
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/‘Légga
e 2HDMH+S a good description of the excess : Yukawa types Il and IV o Thomas Biekstter at the “Collider
in T. Biekotter, Sven.H., G. Weiglein 2306.03889 Crosstalk: at CERN” (Sept. 2023)
Authors Model arXiv Excesses Comments
. . . . i ' . . . . Cao, Guo, He et al. nNMSSM 1612.08522 bb + 4
obs. 95% CL e Type Il obs. 95% CL e Type Il me’ We"m_ 2HDM + VL 171007649 bb + 79
i g, OETGOL Ty IV R T Halsch..Mahnauskas 3 2HDM 1712.06599  bb + (17)
10F P s ATTAS p, ] 10F i e TS et | TB| Hetnemeyer, Mufioz pvuSSM 171207475 bb + 7y EW seesaw
iy —— ATLAS obs. T —— ATLAS obs. Liu, Liu, Wagner, Wang Ul)g,-L, 1805.01476  bb + 19 B-anomalies
08k . N ] o8k ) * ] Domingo, Heinemeyer, PaBehr, Weiglein ~ NMSSM 1807.06322 b + vy
E P E ’ % Hollik, Liebler, Moortgat-Pick et al. uNMSSM 1809.07371  bb + 4y Inflation
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= = 0.6 Cline, Toma pNG + squarks  1906.02175  bb + 7y DM
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~04 Aguilar-Saavedra, Joaquim SM + U(l)yr 200207697 b+ 7y
TB, Olea-Romacho S2HDM 2108.10864  bb + 17 DM, GC excess
0.2 TB, Grohsjean, Heinemeyer et al. NMSSM 210901128 vy 400 GeV excess
Heinemeyer, Lika, Moortgat-Pick et al. ~ 2HDM+s 2112.11958  bh + vy
TB, Heinemeyer, Weiglein N2HDM 20313180 bb+ (77) + 1y
00108 TB, Heinemeyer, Weiglein N2HDM 20405975 bh+ (r7) +47  COF My
mn Benbrik, Boukidi, Moretti et al. A2HDM-III 2204.07470  bb + 19 LFV
Figure 1: S2HDM parameter points passing the applied constraints in the (mp,, jy~) plane for the type II (blue) IB' ey, W.elglem S2HOM D010 b+ (___T} tn DM
and the type IV (orange). The expected and observed cross section limits obtained by CMS are indicated by the zeyedo, T8, Fereira CZHDM 20519716 bb+ 77+
black dashed and solid lines, respectively, and the 1o and 20 uncertainty intervals are indicated by the green and Bonilla, Carcamo, Kovalenko et al Left-Right model 230511967 vy DM
yellow bands, respectively. Overlaid in red are the expected and observed limits from ATLAS [14]. The values of |LTB, Heinemeyer, Weiglein S2HDM 230603880 b+ (rr) +97 ATLASyy |
ATLAS - uOMS and pTUASTCMS and their respective uncertainties are indicated by the red, black (left plot) and Escribano, Martin Lozano, Vicente Scotogenic 2300.03/35  bb + 7y DM, v masses
cyan (right plot) error bars at 95.4 GeV. Belyaev, Benbrik, Boukidi et al. A2HDM 2306.09029 bb + (77) + 1
Ashanuman, Banik, Coloretti et al. Y =0 triplet 2306.1572 71 CDF My
Combination: gt RASHEME _ g oa+ds corresponding to an excess of 3.10 Aguilar-Saavedra, Camara, Joaquim et al. ~ UN2HDM 230703768 (rr), 1y
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% HL-LHC BSM Physics Studies at CMS ]

K
. CMS Phase-2 Simulation Prelimina 3ab ' (14 TeV
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- Precision timing for CMS in HL-LHC 1y
A4
- Y pem.
recision timing for in 1
o
e CMS Phase-2 upgrade aims to achieve High Precision Timing Measurements LHCC-P-009
o In ECAL barrel: new electronics to achieve ~30 ps resolution for photon/electron
o InHGCal: design to ~50 ps timing resolution per layer in EM showers, multiple layers can be combined
o  MIP timing detector (MTD): cover up to |n|<3.0 to time stamp charged particles in the event: ~30 psec
timing resolution
m LYSO +SiPM layer in the barrel & Low Gain Avalanche Detector (LGAD) layer in the endcap
Table 1.1: Representative signals for Higgs boson measurements and SUSY searches used to
o Simulated Vertices map each specific detector requirement into the relative performance gain at the analysis level
= - 3D Reconstructed Vertices PU ~ 200 (analysis impact) and in the measured physical quantity (physics impact).
4= | —©— 4D Reconstruction Vertices Signal Detector requirement Analysis impact Physics impact
—t— 4D Tracks H— vy 30 ps photon and track timing | S/V/B: +25% (statistical)
0.4— e barrel: central signal +20% - isolation efficiency precision on
- e endcap: improved +30% - diphoton vertex cross section
B time-zero and acceptance
02— 30ps VBF+ 30 ps track timing S/VB: +20% (statistical)
- \ H-tt e barrel: central signature +30% - isolation efficiency precision on
ol— ¥ e endcap: forward jet tagging +30% - VBF tagging cross section
= e hermetic coverage: optimal +10% - mass (ps%) resolution | (upper limit
B i} pT'® reconstruction or significance)
02— * ’ i HH 30 ps track timing signal acceptance : +20% Consolidate
- &“# e hermetic coverage b-jets and isolation efficiency HH searches
- x*x° — | 30 ps track timing S/VB: » +150 GeV
04— | i W=H+piss | o hermetic coverage: piFiss +40% - reduction of p* tails | mass reach
-15 Long-lived | 30 ps track timing mass reconstruction unique sensitivity
particles e barrel: central signature of the decay particle to split-SUSY and

SUSY with com-
pressed spectra
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