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Why should new physics be \ong lived?

e | ook to the standard model -

particles

have wide range of lifetimes!

e Properties of SM LLPs deeply
connected to fundamental
hierarchies/symmetries of
underlying model

« BSM LLP would provide deep insights

into properties of BSM physics

* Two ways to search: LLP decay to SM
or direct detection of LLP interactions
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General purpose detectors: advantages

Neutral LLPs — SM = ctfly

P, = / dQ/ dL= e_L/d
AQ L, B|gger better

- Ly/a L2 — L1
47r \ d

Closer better

What are the advantages?

e Hermetic detector close to beam
spot gives high acceptance

* For decaying LLPs: large detectors —
at beam spot gives sensitivity to HSCP
wide range of lifetimes

* Multiple detector subsystems

sensitive to range of signatures Li ~0.1 mm
Lo ~ 7m (ATLAS ~10m)
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General purpose detectors: limitations

Neutral LLPs — SM d = ctfy
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What are the limitations? "

1320 m

 Huge prompt and long-lived SM
backgrounds

¥

* Triggering (especially with hardware  _ 2 .
triggers) can be highly challenging HSCP r—

Center of LHC

b

* Highly non-standard signatures
produced by LLPs can be difficult

to reconstruct efficiently L1 ~0.1 mm
Lo ~ 7m (ATLAS ~10m)
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Why dedicated detectors?

LLP detector

Rock or
shielding

¢ SM particles

CMS/ATLAS/LHCb
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Backgrounds mitigated by
rock or dedicated shielding (or
removing detector for readout)

Triggering simple (or don'’t
need trigger)

Reconstruction designed for
targeted LLP signature(s)

Optimal detector design and
position depend strongly on
targeted signature: we need
range of different detectors!
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Heavy(ish) decaying LLPs
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MATHUSLA: ~ IKEA at CMS IP surface

DELPHI - CODEX-b

e Centrally produced LLPs arise in
wide range of well motivated
models: Twin Higgs, HNL, SUSY, ...

* Wide mass range: from ~ GeV to
~TeV CODEX-b: detector + Pb shield at LHCb IP
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 Range of detectors proposed:
optimal litetime coverage ~
distance from detector to IP

Disclaimer: not comprehensive summary of physics reach!
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Low mass decaying LLPs
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* The lower the mass of the LLP (typically) the
higher the forward production

e Far forward detectors target mip < ~GeV to
provide sensitivity to e.g. ALPs, dark
photons, dark higgs,

« Forward physics facility (FPF) designed to
comprehensively cover forward BSM/SM
signatures

Disclaimer: not comprehensive summary of physics reach!
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IR5/CMS
COLLISIONSs

I Magnets

i —P I Scintillators

Tracker stations
[ Preshower
I Calorimeter
I Iron
I Muon detector

FASERZ2: larger detector proposed for FPF
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Direct detection: highly interacting LLPS

e.g. magnetic monopoles e.g. R-hadrons
B

MoEDAL/MoEDAL-MALL.: search for magnetic
monopoles, dyons and charged particles

* Highly interacting LLPs can

produce highly ionising tracks ) \
and/or get trapped in detector / ) B ‘
material: e.g. magnetic // Cosmic ray

monopoles, dyons, R-hadrons,

R .
e Scan detector material for " signal ™~ \
evidence of LLPs or place material \ \
in detector and wait for decays - A

\4 71

Trapped particle detector:
Disclaimer: not comprehensive summary of physics reach! embed within CMS New!
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Vertex det Muon filter
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Direct detection: stable FIPs

04m

e.g. DM scattering e.g. millicharged particles
X X
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* |nteractions of many LLPs too weak to

observe with general purpose detectors: F°R'V'OSA/?c"i'ri'?iﬁggoedal-mQP:

e.qg. light DM, millicharged particles, ... ' _—

)

x50 ;
modules :

 Require dedicated detectors with large
volume of active material

 Range of detector designs provides EASERV/FASERV2: emulsion
comprehensive coverage (including <
several at FPF)

LARE D!

Disclaimer: not comprehensive summary of physics reach! t B 11 s
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Timing layer

Beyond the LHC

* LHC provides highest energy
but not always highest intensity

* Dedicated detectors at other Neutine . Taget
facilities provide excellent .
complementary sensitivity for o
low mass LLPs = -+

* Also sensitivity from detectors
such as Belle-2 (see session
tomorrow!)

* Excellent opportunities for BSM
discovery at multiple locations

Disclaimer: not comprehensive summary of physics reach! LUXE at DESY: LLPs coupling to
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Qualitative summary

Dedicated LLP detectors at the LHC
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LLP mass range targeted
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| et’'s hear more!

M. Citron mcitron@ucsb.edu 12


mailto:mcitron@ucsb.edu
mailto:mc3909@ic.ac.uk?subject=
mailto:mcitron@ucsb.edu

