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LHC: So far no New Ph

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

Classical Searches
-Superymmetry

-Flavor Universality
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Compositeness
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Are we leaving no stones

A The LHC BSM searches are indispensable and should be
continued in the new energy regime and with increasing
statistics (higher mass, lower couplings)

A But are we looking at the right place and do we leave not
stones unturned? -> Recent focus on long lived particles

A Time for more effort in thinking of complementary searches:
-> \What could the LHC miss with the present detectors?

Leave no stone unturned!!
(7

N
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Are we looking at the right place?




Long lifetimes in the BSM world

Small couplings
e.g. R-parity
violating SUSY

Limited phase
space

e.g. compressed
SUSY scenarios

T
Decays via
heavy particle
e.g. heavy
neutrinos

Any model with small couplings, small mass
splittings, or decays via off-shell particles can result
in long lived particles (LLPs)




Long Lived Particles

Long lifetimes arise from a hierarchy of scales or a small coupling

A RP Violating SUSY

A AMSB SUSY

A Gauge Mediated SUSY
A Split SUSY

A Hidden Valleys Models
A Dark QED/Dark Photons
A Magnetic monopoles

A Quirk Models

A Dark Matter Models

A Stable Sexaquarks

A Axion-Like Particles

Aé .
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Long Lived Particl

Examples of the distance travelled before decay in a central detector
(example for ATLAS) depending on lifetime and kinematics

e.g. for ct = 5 cm, <By>~ 30 200 ps e.g. for ¢t = 50 cm, <By>~ 30 2ns
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Long Lived Particles @L‘

Signatures Some of the Challenges

Triggers: Tracking detectors
Displaced dimuonsin @l powerful but difficult

Muon detector . .
the muon system
showers _t \(/ )/ Y to use in trigger
»’..‘.. -“-‘- V»u 2

HSCP Displaced/delayed SM backgrounds often low.

Displaced dileptons (+ MET)

photons (+ MET)

Disappearing 40 ,4//vv But need SpeCial studies
tracks - g 1 (punch through, secondary
e el interactions, tails, cosmicse )
Displaced/delayed //5
dlets / e Special reconstruction is
Emerging jets :E?)ﬂn often needed

----- neutral B quark

— Charged photon

mmm any charge manyting|  Some detector upgrades for

High-Luminosity LHC (>2029)
address these issues.




Long Lived Searches: E

displaced jets
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Long Lived Searches: E

delayed jets
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Developments @ LHC A

A Triggers improvements:

I Examples LHCb software trigger, displaced objects,
ti ming, & (see eg:2210. 1

A Data collection improvements
I Scouting of data & data parking techniques
A Analysis improvements

| Better use of the detector capabillities, timing, LLP search
In all subsystems eg muon system, new reconstruction
met hods, Machine Learningé

A Detector upgrades for HL-LHC:

I Extended fast timing (4D reconstruction) and improved
triggers (displaced tracks

A New/extended experiments @ LHC -> next




LLP Summary Plot for Hidden Sec

1 ATLAS Preliminary (March 2024) Ys=13TeV, 36-140 fo' Hidden Sector, m, =125 GeV
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Searches: 4
—..— Muon System (2 Vix Only), 139 fb"
Phys. Rev. D 106 (2022) 032005
—.— Muon System (1 Vix + 2 Vix), 36 fb™
Phys. Rev. D 99 ( 2019{)0152005
—— Calorimeter, 139 f
JHEP 06 (2022) 005
- . -. Tracker+Muon System, 36 fb ™"
Phys. Rev. D 101 (2020) 052013
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95% CL exclusion limits on Higgs branching to a pair of spin-0 LLPs



Long-Lived Particle

uDD, g-tbs, my =2500 GeV
UDD, g-tbs, mg =2500 GeV
UDD, t-dd, m; = 1600 GeV
UDD, t-+dd, m; = 1600 GeV
LD, £=bl, mi = 600 GeV
LQD, t-sbl, mi = 460 GeV
LQD, £-bl, m: = 1600 GeV

GMSB, §~gG, ms = 2450 GeV

GMSB, §-gG, mg = 2100 GeV

Spiit SUSY, ggdx2, m;= 2500 GeV

Spiit SUSY, §-gdxd, m;= 1300 GeV

Spiit SUSY (HSCP), £y, = 0.1, m; = 1600 GeV

mGMSB (HSCP) tanf = 10, t>0 , m; = 247 GeV

Stopped £, i=ty2, mi =700 GeV

Stopped §, §=qdx3. f5o=0.1, my=1300 GeV

Stopped §, §-+adx3 (uuxd). fz, = 0.1, m; = 940 GeV

AMSB, y *=yin* , m,: =700 GeV

G-qd@x? of 4,8,.x3 X =X3n *, m; = 1600GeV,m,; = 1575GeV
G-qxf or gx;F, X -x3n*, mg=2000 GeV, my = 1000 GeV
tatx? or by, xi —x°m*, mi = 1100 GeV, myz = 1000 GeV
GMSB, x:-HG(50%)/ZG (50%), my; = 600 GeV

GMSB, Y2 -HG (5 0%)/ZG (50%), my; = 300 GeV

GMSB SPSB, x—yG, m,z = 400 GeV

GMSE, co-NLSP, i~IG, mi= 270 GeV

H=ZpZ5(0.1%), Zo—sup, my = 125 GeV, my =20 GeV
HeZoZo(0.1%), Zojapi(15.7%), My = 125 GeV, mx = 5 GeV
H=XX(10%), X—ee, my =125 GeV, my = 20 GeV
H-XX(0.03%), X~II, my, = 125 GeV, my =30 GeV
H-XX(10%), X-bb, my = 125 GeV, my = 40 GeV
H-XX(10%), X-bb, my = 125 GeV, mx = 40 GeV
H-XX(10%), X~bb, ms = 125 GeV, mx = 40 GeV
H-XX(10%), X-TT, My = 125 GeV, myx = 7 GeV

dark QCD, mx_, = 1500 GeV, m._, =10 GeV, agonstic
dark QCD, myx,_, = 1500 GeV, m,_, = 10 GeV, GNN
H-XX(10%), X-bb, my = 125 GeV, my = 40 GeV
H-XX(10%), X-dd, my = 125 GeV, my = 40 GeV
H-XX(10%), X~Tf, my = 125 GeV, my = 40 GeV

Overview of CMS long-lived particle searches

CMS Preliminary March 2024
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Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included). The y-axis tick labels indicate the studied long-lived particle.

Some recent results wil be covered in talks by
G. Landsberg, Al ex Oh




Example: Heavy Neutr

Neutrino portal: T MSM (Neutrino Minimal Standard Model)
Minimal extension of the SM fermion sector by Right Handed HNLs: N1, N2, N3

Addresses the massesof neutrinos, baryon asymmetry and dark matter

[ m
—
~GeV V|
NZ n 2
heutri
Mev 1,777 Gev

10 ke
: v
mi
e neutifo
0511 Mev 1057
4 u
muon

10 ' 5 100

15.11.17 My (GeV)

Now we have LHC studies with displaced jets/lepton analyses with L~ 1m



Search for Long Lived Le

q I

Search for long-lived

o éq il <Z““’ heavy neutral leptons (HNLS)
N ™ N - q

arXiv.2312.07484

HNLs produced through mixing
with SM neutrinos in final state
of 2 charged leptons + 2 jets

Low mass HNLs are long lived
Ty X my°Vai

Search for 2 leptons; one forms a
displaced vertex with jets

Different sensitivities for Dirac and
Majorano neutrinos




