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Introduction

Looking for Long-lived particles requires additional tricks
and methods.!

But also o#ers reduced backgrounds (sometimes)!

We are close to releasing a White Paper that summarizes
the current status, future prospects and makes
suggestions for future research.!

We are not just focused on ATLAS & CMS, we also cover
LHCDb, VELO, NA62, SHIP, MATHUSLA, FASER, CODEX-b
and MoEDAL



Motivation???

" Just because they can be there?!

But perhaps we deserve a less sadistic view: Baryogensis!

" One of the SakharovOs conditions for a successful baryogenesis is that
the Universe is out of equilibrium during this process.!

" Take a weak scale particle: when it is about to decay!
I
H ~ T?/M Pl M)%/M Pl N(C!). :

" Typical ct is of order Imm for M~1TeV and longer for lighter states!

Not the only motivation and not the only answer: consider deviations
from the regular thermal histories.



Higgs and LLPs

Higgs boson is one of the Standard
Model portals!

" As a result it deserves its own category!

Higgs portal comes at a price: it is
relatively light!

" LLPs are light: we need to rely on
tracking!

" LLPs are heavy: we su#er in
production rate

Higgs (HIG): The LLP is produced through its couplings to the
SM-like Higgs boson. This case has an interesting interplay of
possible production modes. The dominant production is via
gluon fusion, which features no associated objects beyond initial
state radiation (ISR); owing to its role in electroweak symmetry
breaking, however, the Higgs has associated production modes
(VBF, VH), each with its own characteristic features. The best
prospects are for LLP masses belowm;,/2, in which case the
LLPs can be produced on-shell in SM-like Higgs boson decays.
LLPs with heavier masses can still be produced via an off-shell
SM-like Higgs, albeit at lower rates. The LLP can be pair pro-
duced or singly produced through the Higgs portal depending
on the model, and may also be produced in conjunction with
missing energy. The cross section (or, alternatively, the Higgs
branching fraction into the LLP) is a free parameter of the model.
The Higgs mass can also be taken as a free parameter: there ex-
ist many theories that predict new exotic scalar states (such as
the singlet scalar extension to the SM [64]), and these new states
can be produced through the same production modes as the SM
Higgs.



White Paper

() Recommended simpliPed models!
(1) Experimental coverage!
(i) Trigger and detector upgrades!

(Iv) Reinterpretations and recommendations for the
presentation of results!

(v) Dark Showers, Quirks



Simplified Models

Desiderata:!

I. Minimal, but su$cient set of models to cover the space of possible
UV models!

Ii. Provide a MC signal generation framework: All of these models will
be (by the time the white paper is Pnished) stored in a repository. !

lii. Be able to expand when necessary!
Iv. Have a single map between models and signatures!

v. Provide a way to reinterpret searches by providing e$ciencies on a
set of benchmark models



Simplified Models

Production Decays

Diphoton
Direct Pair Production
Single Photon
Heavy Parent
Hadronic
Higgs
Semileptonic
Heavy Resonance
Leptonic

Charged Current

Flavored Leptonic

*Can always come with MET



Simplified Models

Example: Neutral LLP
R PECY L (winv) | L +inv | ji(rinv) |Gt | 1Y (rinv) | L. (inv)
DPP: sneutrino pair SUSY SUSY SUSY SUSY SUSY
HP: squark pair, g¢# X SUSY SUSY SUSY SUSY SUSY
or gluino pair g# |jjX
HP: slepton pair, F# !X SUSY SUSY SUSY SUSY SUSY
or chargino pair, $# WX
HIG: h# XX Higgs, DM* Higgs, DM* | RH% | Higgs, DM* RH%
or # XX + inv. RH%
HIG: h# X+ inv. DM*, RH % DM* RH% DM*
ZP: Z(ZH # XX Z% DM* Z% DM* RH% | Z% DM*
or # XX+ inv.
ZP: Z(Z9 # X + inv. DM DM RH% DM
CC:W(WH # 1X RH% RH% RHY% RH%




Reinterpretation and
Presentation of Results
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Complicated Topic: but there is convergence
and recommendations for each decay channel
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Experimental Coverage

This group summarized the current experimental coverage
and identibed the blind spots

1. All-hadronic 3. Semi-Leptonic
¥ Use associated object triggers (especially motivated by Higgs ¥ Low masses (like Majorana neutrino)
ke VBF and VH) ¥ Making sure to cover all Ravor combinations (for example, one
¥ Try to push to lower masses & lifetimes CMS search only coverset ' ), as well as same-sign vs. oppo-

¥ Online reconstruction of hadronic displaced objects site sign leptons

¥ Trigger on associated objects or use dilepton trigger if there

¥ Exclusion limits for displaced hadronic taus. Opportunity for
are two LLPs?

CMS displaced triggers?

2. Leptonic 4. Photonic

¥ Intermediate region between low-mass (lepton-jets) and high- ¥ No coverage for LLPs decaying into I+, jy or without ET'SS.
mass (resolved ATLAS/CMS searches) ¥ Poor coverage (non-dedicated search) for singley, only if

¥ Continue to push to go to lower masses, pr thresholds two jets are present, needs recasting of CMS delayed photon

: : : . 184.

¥ Tau leptons in LLP decay, in particular if they come from ID. study [ 186

Opportunity for CMS displaced triggers? ¥ Prompt photons searches useless, as they veto "non-standard"
photons.

¥ No coverage for softer photons.
5. Other exotic long-lived signatures

¥ DTs: ct " mm are very hard to probe. Unclear if ATLAS IBL
will be present in HL-LHC run. What is the lowest distance
new layers (or double layers) can be inserted at?
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Detector & Trigger Updates

14 TeV
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Background track efficiency

heavy stable particle:
use the fact they are
not minimally ionizing

LLP searches rely on all detector
subsystems!

Appearance (or disappearance)
of particles mid-f3ight poses
additional challenge to the
trigger system!

Track triggering is of interest!

Pile-up is a constant enemy.
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Dark Showers

" Disclaimer: This is my Standard Model
subgroup: so | may spend
more time on thiskE!

" The showers may come from:!

"' Strongly coupled group

~ |
SUO(N)! Dark Sector!
Hidder) Valley!
" Hierarchical splittings! E

"' Finally, the dark sector needs
to decay back into SM
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V.

VI.

Dark Showers

Interesting models: !

Lepton-jets!
Emerging jets!

SUEPs (Soft Unclustered
Energy Patterns)!

Semi-visible jets!
Photon-jets!

E

\/ Standard Model

Dark Sector!
Hidden Valley!
E
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Dark Showers

Experimental Challenges:!

Suddenly there are many displaced vertices: the
reconstruction becomes complicated!

Collimated particles tend to fail the typical isolation

requirements: Not just for electrons and photons, also
muons.!

High sphericity events spread their energy evenly over the
detector: not much to trigger on.
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Dark Showers

Theory Challenges:!

" What are reasonable benchmark models?!

How does one create a reliable simulation of showers?!

" Current showering software is very good for QCD, which is
dominated by nearly-collinear radiation.!

" Even using di#erent showering prescription VINCIA, we still

saw a lack of coverage of large sphericity events.!

" Use di#erent models to achieve theoretical coverage of such

signatures.
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Dark Showers
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Conclusion

Higgs Is an important portal to new physics.!

Understanding Higgs production is an important input:
Associated production objects can be very useful for NP
searches.!

LLPs are challenging, but OmotivatedO and furl.

We are on our way towards the White Paper: it will be a
good read.
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