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Where may the new physics be hiding @ LHC?

In exotic decay patterns ,. We can design new searches based on
(long-lived particle lifetime (to cover more model and

signatures/displaced decays) signature space)

See J. Alimena et al, Searching for Long-Lived Particles beyond the
Standard Model at the Large Hadron Collider, arXiv:1903.04497

The lifetime frontier at the LHC
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To understand the Universe as seen today, new physics is needed. We are looking for it @ the

Large Hadron Collider at CERN

ATLAS

EXPERIMENT

Run Number. 265532, Event Number. 3280065

Date: 2015-05-20 22:51:50 CEST

@ CERN, CMS Collaboration




Should carefully extend our physics program
to look everywhere!

Exotic LLP Signatures
disappearing or
kinked tracks

Standard Prompt Signatures displaced |
vertices \ } " non-pointing
A photons
electron . , - N
‘ jet

displaced
lepton pairs
trackless
jet

displaced vertices stable charged
in muon spectrometer particles

missing transverse

HIOmCI Source: Adapted from Heather Russel

LLP = “BSM particle that dies (gives up all its energy or decays to SM) somewhere in the detector
acceptance”



https://indico.cern.ch/event/714087/contributions/2985912/attachments/1650512/2639545/Beacham_LHC_LLP_CERN_Intro_and_Goals_2018May16.pdf

. From Theory To KExperiment
Motivation

Dark Matter
Baryogenesis \ Theory

Neutrino M&SSGS SUSY Multiple LLPs with SM gauge charges RPYV, split SUSY

N atur aln eSS ng gs Portal LLPs predominantly coupled to the Higgs Hidden Valley
New vector mediators can produce LLPs 7, dark photon
Dark Matter Non SUSY, hidden sector DM produced as final state at colliders EWK Multiplets,
FIMP, SIMPs
Heavy Neutrinos RHnu masses in the GeV to TeV range can be LLP SM-N, Left-Right
Symmetry \
Phenomenology
LLPs strategies
Identify signatures Ezxperiment
Model reinterpretation Implement and reconstruct those
signatures
Long-lived Particle Community White Paper Hunt them in the Data

See also MATHUSLA physics case motivating models Experimental results
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The 1 Phenomenology Experiment
e —— A
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analy
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We need extensive information about analysis details !



6. Reinterpretation and recommendations for the presentation of search results

L] L]
I I I P S I % e 1 I l te P r e t at 1 O I l C I I a]l e l I e S Chapter editors: Giovanna Cottin, Nishita Desai, Sabine Kraml, Andre Lessa, Zhen Liu
Contributors: Juliette Alimena, Will Buttinger, Eric Conte, Yanou Cui, Jared Evans,
Benjamin Fuks, Lukas Heinrich, Jan Heisig, Gav: esketh, David Michael Morse, Michael
Ramsey-Musolf, Ennio Salvioni, Michele Selvaggi, Brian Shuve, Yuhsin Tsai
6.1. Introduction

Models and scenarios with LLPs have seen an enormous rise in interest in recent years. They

P r O th S e arch e S L L P S e ar Ch e S include supersymmetric scenarios with almost mass-degenerate lightest states [63, 65], highly

split spectra [113, 475], very weakly interacting LSPs like gravitinos or axinos [476, 477], or

R-parity violation [55, 110, 111], as well as equivalent scenarios in other SM extensions (e.g.
extra-dimensional models) with new SM gauge-charged particles. More recent ideas include
models with feebly interacting DM [146] (supersymmetric or not), asymmetric DM [478],

Signal Generation
Selection Cuts

Signal Generation
Selection Cuts

Signal Region definition/cuts Signal Region definition/cuts

Trigger efficiencies Trigger efficiencies
Validation Validation

LLP White Paper

Displacement in EG
Tracking and Vertexing efficiencies

Detector effects in displacement/timing
Standard Tools available for all these (i.e

DELPHES, MadAnalysis, CheckMate).
Processes are streamlined.

Not much information. No standard tools
nor way of doing things.
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Using Long-Lived Particles @ LHC
to shed light on

Dark matter coming from the decay of a long-lived particle with a

disappearing track signature
Based on C.-W. Chiang, G. Cottin, Y. Du, K. Fuyuto, M.J. Ramsey-Musolf
[arXiv: 2003.07867 |, JHEP accepted

10


https://arxiv.org/abs/2003.07867

Triplet Scalar DM Model

M. Cirelli, N. Fornengo and A. Strumia,,
P. Fileviez Perez, H. H. Patel, M. Ramsey-Musolf and K. Wang,

New interactions with the Higgs Boson ! C.-W. Chiang, G. Cottin, Y. Du, K. Fuyuto, M.d.
Ramsey-Musolf

1

, . o , b
V(H,X)=—-p"H'H+ A (H'H> —olinF ot 2

4

15

F?+ —H'HF,



https://arxiv.org/abs/2003.07867
https://www.sciencedirect.com/science/article/pii/S0550321306006080?via=ihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.79.055024

Trlplet SC&]&F DM Model C.-W. Chiang, G. Cottin, Y. Du, K. Fuyuto, M.J.

Ramsey-Musolf

Recent DM DT studies in:

A. Belyaev, S. Prestel, F. Rojas-Abbate, J. Zurita

N. F. Bell, M. J. Dolan, L. S. Friedrich, M. J. Ramsey-Musolf, R. Volkas,
a

See also our LLP whitepaper, for more DM models with this exotic decay
pattern!

>* o 207F(97%)

Small mass splitting leads to:
(1) long-lived particles
(2) Disappearing tracks



https://arxiv.org/abs/2003.07867
https://arxiv.org/abs/2008.08581
https://arxiv.org/abs/2001.05335
https://arxiv.org/abs/1903.04497

Experimental Strategy : Search for a disappearing track:
https://arxiv.org/pdf/1712.02118.pdf

A“LAS Sintllation



https://arxiv.org/pdf/1712.02118.pdf

Analysis Recast: Validation using AMSB model & efficiency

ollowing analysis selection criteria are imposed:

o Trigger : p,. > 140 GeV

L] L(‘])t()ll veto : no electrons or muons @ pp— X X}
o Jet pr/A¢ : at least one jet with pp > 140 GeV, and A¢ between the P vector and
each of the up to four hardest jets with pr > 50 GeV to be bigger than 1.0

In what follows, we use “overall event level efficiency” to refer to the efficiency after
these selection cuts. On top of these event selection requirements, we correct for detec-
tor effects and resolutions by multiplying the overall event level efficiency with the event
efficiency provided by ATLAS in Table 2 of [34].°

Then we proceed to select tracklets and require the following:

event efficiency

o
o

e Tracklet selection : at least one tracklet (generator-level chargino) with : Qur Simulation

ATLAS

a
o

— pr >20GeV and 0.1 < |n| < 1.9

— 122.5 mm < decay position < 295 mm

(o)
o

— AR distance between the tracklet and each of the up to four highest—pr je
with pr > 50 GeV to be bigger than 0.4

Decay radius [mm)]
n w w B

o

o

n
o
o

we apply the tracklet acceptance x efficiency map® provided by ATLAS, whic 150

is based on the decay position and 7. This is applied to selected tracklets passi

the above selections.

e Tracklet py : Select tracklets with pp > 100 GeV. [ Y ]
G Il 1 1

-25-2-15-1-050 05 115 2 25
Generator-level n



https://arxiv.org/abs/2003.07867
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Y | LLPrecasting

f / 4 lip-recasting@googlegroups.com

] Repositories 1 Packages People 5
Q Find a repository... Type: All v
recastingCodes

A collection of public codes for recasting long-lived particle searches

@ Jupyter Notebook ?'57 5 f? 2 @ 0 Il 0 Updated on 11 Dec 2020

You can find original search recast
on our LLP gitHub !

LLP Recasting Repository

This repository holds example codes for recasting long-lived particle (LLP) searches. The code authors and
repository maintainers are not responsible for how the code is used and the user should use discretion when
applying it to new models.

Adding your recasting code

This is an open repository and if you have developed a code for recasting a LLP analysis, we encourage you to
include it here. Please contact llp-recasting@googlegroups.com and we will provide you with the necessary
information for including your code.

Repository Structure

The repository folder structure is organized according to the type of LLP signature and the corresponding analysis
and authors:

* Displaced Vertices
o 13 TeV ATLAS Displaced Vertex plus MET by ALessa

o 13 TeV ATLAS Displaced Vertex plus MET by GCottin
o 8 TeV ATLAS Displaced Vertex plus jets by GCottin

Heavy Stable Charged Particles
o 8 TeV CMS HSCP

o 13 TeV ATLAS HSCP
Disappearing Tracks ;
Displaced Jets



https://arxiv.org/abs/2003.07867
https://arxiv.org/pdf/1712.02118.pdf

Scalar Triplet Dark Matter Model: LHC Exclusion

pp — X, LHC @ 13 TeV

B =361

L =300 fb~1 HL-LHC*: mX > 520 GeV
£ = 3000 fb~!

assumes

Current*: mX > 275 GeV

* Assumes A mX — 160 MeV

S/AB with AB = +/B + 6B and 6B = 0.3B


https://arxiv.org/abs/2003.07867

Scalar Triplet Dark Matter Model: Future 100 TeV Collider (FCC-hh)

https://twiki.cern.ch/twiki/pub/AtlasPublic/EventDisplay Run2 Physics

Rescale 13 TeV disappearing track selection requirements - include pile-up scenarios - retain ATLAS tracklet
requirements

Benchmark

5.8 x 102

5.8 % 10~2 553 | 8214
9.4 x 104 | : 13.3| 1.9
9.4 x 1074 f 133 | 29

Background estimation following results in M. Saito, R. Sawada, K. Terashi, S. Asai,


https://arxiv.org/abs/1901.02987
https://arxiv.org/abs/2003.07867
https://twiki.cern.ch/twiki/pub/AtlasPublic/EventDisplayRun2Physics

DM Relic Density

LHC
Exclusion
In red/blue.
FCC-hh in
black

my[TeV]


https://arxiv.org/abs/2003.07867

DM Direct Detection
__With Sommerfeld

g collider
v o
DM SMTg
a
o
[0}
o
e
DM SM|¢o
> IS5

indirect detection

Complementarity
between Colliders and
Direct Detection
Experiments !
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https://arxiv.org/abs/2003.07867

New physics may be hiding @ LHC ! We should look

Reinterpreting search results to other models requires careful recasting

EW Multiplet DM is in interesting target for the LHC and prospective future
colliders

Disappearing charged track searches provide a particularly powerful probe !
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Triplet Scalar DM Model

M. Cirelli, N. Fornengo and A. Strumia,,


https://www.sciencedirect.com/science/article/pii/S0550321306006080?via=ihub
https://arxiv.org/abs/2003.07867

DM Processes considered

Annihilation

Coannihilation

*$050 _ WEWT
*3.050 _ 77
*3050 - hh
*y0y0 _y //_

S0yt o ff_/
Y= s W=xZ
YOSt Win
¥30%E 5 Wh

ESF o ff *SENTF = by
*ELF o WEWF

*ELF 5 ZZ SEXF - Z4
*NENF 5 Zh YEXF 5 yn

Table 2: Annihilation and coannihilation processes related to the DM relic density calcu-

lation, where f =e, u,7,u,d,c,s,t,b and v = v, v,, V. Processes starting with an asterisk

(*) are as dependent.




C.-W. Chiang, G. Cottin, Y. Du, K. Fuyuto, M.J. Ramsey-Musolf

pp - I Zat Vs=13TeV pp > I Zat Vs=100TeV
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Figure 3: Pair production cross sections of triplet particles ¥ = %' at 13TeV and

100 TeV pp colliders as a function of myo with representative values of as.
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