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LLP Searches @ ee Colliders

Studies with Near Detectors

Studies with Far Detectors

Studies with beam dump
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Thetalk in previousworkshop

[https://indico.ph.ed.ac.uk/event/259/contributions/24

76/attachments/1370/2064/LLPs_eeColliders_v9.pdf]



Theory Motivation

New particles become long-lived becauseof:

Ą feeble couplings to SM particles

Ą phase space suppression

Ą approximatesymmetry

Ą heavy mediators, ...

Thediscoveryof LLPs couldexplain somefundamentalproblems:

neutrinomass,darkmatter,baryogenesis,naturalness,...

LLP searches areimportantways toBSM physics.

LLP: Relativelylong lifetime or equivalentlydecaylength
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Idea of LLP searches @ colliders

ὖὒ Ὡ Ⱦ

Probabilityof still existing(does

notdecay)atὒ

Whena LLP producedatπ(usually

theIP),
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where decaylength in the lab.frame

‗ ‍‎ὧ†
ὴ

ά
ὧ†

Kinematics lifetime in the rest frame
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Exponential Decay

Probabilityof decayingbetweenὒ
andὒ (ὒ <ὒ)

ὖЎὒ Ὡ Ⱦ Ὡ Ⱦ
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ὒ andὒ :

determinedby thedetector

(position,shape,volume,...) &

LLPôsmovingdirection

Idea of LLP searches @ colliders
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Idea of LLP searches @ colliders

╝ἭὀἸ ╝ἸἺἷɇ╟ɇἌἺɇꜗ

# of LLPs produced

probabilityof decayinginsidethedetectorôsfiducial volume

detectorefficiency

Branchingratio of LLP decayinginto visible final state

expected# of signalevents:

dependson theorymodelparameters

(mass,lifetime, kinematics)&

geometryandperformanceof detector

(position,shape,volume,efficiency)

@eevs.pp

ee: high lum., cleanenvironment,

EW prod.,transverse direction,

recoil strategy

pp: forwarddirection

LLPs @ ee Colliders Near Detectors DiscussionBeam dumpFar Detectors



Signatures of LLPs in ND

Appearasdisplaced vertex

Figurefrom [A. De Roeck, Phil. Trans. Roy. Soc. Lond. A 377, 20190047 (2019)]
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When‗Ḑַײρm,

Mainly decayinsidethenear

detector

Variousfinal statesdepending

ondifferentdecayproducts
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Signatures of LLPs in FD
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When‗Ḑַײρππm,

Mainly travel throughandactsasmissing

energyin theneardetector.

Fardetectoris morelikely to observethe

decayprocess,andreconstructthetime,

position,direction,momentum,mass,etc.

Fardetectorcanenhancethediscovery

potentialfor LLPs with very long decay

length.

[1911.06576,Zeren Simon Wang and Kechen Wang, Physics with far detectors at future lepton colliders]
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Higgs Decay

[1812.05588,Samuel Alipour -Fard, Nathaniel Craig, Minyuan Jiang, and Seth Koren, Long Live the Higgs Factory: Higgs Decays to Long-Lived Particles at Future Lepton Colliders]

New scalars:ὩὩ ᴼὌὤO ὢὢ ὰὰ ͽ ί 250 GeV

LLPs @ ee Colliders Near Detectors DiscussionBeam dumpFar Detectors

[1911.08721,Kingman Cheung and Zeren Simon Wang, Probing Long-lived Particles at Higgs Factories]

New scalars:ὬᴼὬὬȟὬᴼ‘‘ȟ““ ͽ ί 240 GeV Mirror glueballs: ὬO π π ȟπ ᴼ‚‚ͽ ί 240 GeV

[2008.12773,Elina Fuchs, Oleksii Matsedonskyi, Inbar Savoray, Matthias Schlaffer, Collider searches for scalar singlets across lifetimes]

New scalars:Ὤᴼ‰‰ͽ ί 240 GeV

[2212.04147,Marcin Kucharczyk and Mateusz Goncerz, Search for exotic decays of the Higgs boson into long-lived particles with jet pairs in the final state at CLIC]

Hidden valley particles : Ὄᴼ““ ᴼ ὦὦ ὦὦͽ ί συ0 GeV & 3 TeV

[2203.08347, Laura Jeanty, Laura Nosler, and Chris Potter, Sensitivity to decays of long-lived dark photons at the ILC]

Dark photons:ὩὩ ᴼὌὤȟὌᴼ‎‎ȟ‎ ᴼὪӶὪȟὰὰͽ ί ςυ0 GeV

Detailsseethetalk in previousworkshop

[https://indico.ph.ed.ac.uk/event/259/contributions/2476/attachments/1370/2064/LLPs_eeColliders_v9.pdf]
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Higgs Decays

[2401.05094, Yulei Zhang, Cen Mo, Xiang Chen, Bingzhi Li, HongyangChen, Jifeng Hu, Liang Li, Search for long-lived particles at future lepton colliders using deep learning techniques]

LLPs @ ee Colliders Near Detectors DiscussionBeam dumpFar Detectors

New scalars:ὩὩ ᴼὤὌO ÉÎÃÌȢὢὢ ᴼ ÉÎÃÌȢ’Ӷ’ὮὮȾÉÎÃÌȢὮὮὮὮȟͽ ί 240 GeV

Signalproduction:long-livedὢȟὢ

Backgroundprocesses:

ὩὩ ᴼήή

ὩὩ ᴼὤȾὡ

ὩὩ ᴼὤὌO ÉÎÃÌȢ

pileup

cosmicrays

ML methods:

ConvolutionalNeuralNetworks(CNN) & GraphNeuralNetworks(GNN) performedto rejectBkg.
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[1904.10661, Zeren Simon Wang, and Kechen Wang, Long-lived light neutralinos at future Zīfactories]

Z Decays

RPV-SUSY neutralinos: ὤᴼ…… ,… ᴼὩᶸὑᶻ ȟὩᶸὮὮͽ ί ωρȢςGeV

LLPs @ ee Colliders Near Detectors DiscussionBeam dumpFar Detectors

[2212.02818, Lorenzo Calibbi , Zijie Huang, ShaoyangQin, Yiming Yang, and XiaoyueYin , Testing axion couplings to leptons in Z decays at future e-e+ colliders]

Axion like particles:ὩὩ ᴼὤᶻᴼὰὰὥͽ ί ωρGeV

Detailsseethetalk in previousworkshop

[https://indico.ph.ed.ac.uk/event/259/contributions/2476/attachments/1370/2064/LLPs_eeColliders_v9.pdf]
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Heavy Neutral Leptons

[1604.0242,Stefan Antusch, Eros Cazzato, Oliver Fischer, Displaced vertex searches for sterile neutrinos at future lepton colliders]

HNL:ὩὩ ᴼ’ὔͽ ί ςτπȟσυπȟυππGeV

LLPs @ ee Colliders Near Detectors DiscussionBeam dumpFar Detectors

[2201.11754,Daniele Barducci and Enrico Bertuzzo, The see-saw portal at future Higgs factories: the role of dimension six operators]

HNL:ὩὩ ᴼ’ὔȟὔὔȠὔᴼ’‎ȟσὪͽ ί 91.2 GeV, 240 GeV, 3 TeV

[220601,Lovisa Rygaard, Long-Lived Heavy Neutral Leptons at the FCC-ee]

HNL:ὩὩ ᴼ’ὔȟὔᴼὩὩ’ͽ ί 91 GeV

[2210.1711,Marco Drewes, Distinguishing Dirac and Majoranaheavyneutrinosat leptoncolliders]

HNL:ὩὩ ᴼ’ὔͽ ί 91.2 GeV

[2301.08592,JHEP 07 (2023) 039, Maksym Ovchynnikov and Jing-Yu Zhu , Search for the dipole portal of heavy neutral leptons at future colliders]

HNL:ὩὩ ᴼὤȟὤᴼ’ὔȟὔᴼὰὰ’ȟ‎’ͽ ί 91.2 GeV

Detailsseethetalk in previousworkshop

[https://indico.ph.ed.ac.uk/event/259/contributions/247

6/attachments/1370/2064/LLPs_eeColliders_v9.pdf]



14

Heavy Neutral Leptons

[2310.17406, PRD 109 (2024) 055002, Kevin A. Urquía -Calderón , Long-lived heavy neutral leptons at lepton colliders as a probe of left-right-symmetric models]

HNL:ὩὩ ᴼὔὔᴼ Ὡὡᶻᴜ Ὡὡᶻᴜ ᴼ ὩὮὮὩὮὮͽ ί 90 GeV

LLPs @ ee Colliders Near Detectors DiscussionBeam dumpFar Detectors

SignalNNproduction:
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New scalars

[2311.12934, Qing-Hong Cao, Jinhui Guo, Jia Liu, Yan Luo, Xiao-Ping Wang, Long-lived searches of vector-like lepton and its accompanying scalar at colliders]

LLPs @ ee Colliders Near Detectors DiscussionBeam dumpFar Detectors

HNL:ὩὩ ᴼ‰‰ᴼ ὩὩ ὩὩ ͽ ί 240 GeV

Long-lived‰decayinsidetheinnertracker

Selectioncuts

Signalproduction
3-signal-eventsensitivities
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SUSY
[1211.21950,Jan Heisig, Long-lived charged sleptonsat the ILC/CLIC] [0709.1030,Hans-Ulrich Martyn , Detection of long-lived staus and gravitinos at the ILC]

[0606116,Alejandro Ibarra and Sourov Roy, Lepton flavour violation in future linear colliders in the long-lived stauNLSP scenario]

LLPs @ ee Colliders Near Detectors DiscussionBeam dumpFar Detectors
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Current running FD experiments @ LHC

[http://www.ship-korea.com/SND.html]

[https://faser.web.cern.ch/index.php/]

[2210.02784, SND@LHC: The Scattering and Neutrino 

Detector at the LHC]

[https://snd-lhc.web.cern.ch/]

LLPs @ ee Colliders Near Detectors DiscussionBeam dumpFar Detectors
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[2203.05090, The Forward Physics Facility at the High-

Luminosity LHC]

Proposed FD experiments̔
MATHUSLA; FASER2, FASERɜ2,

AdvSND, FLArE, FORMOSA̕
CODEX-b̕AL3X; ...

LLPs @ ee Colliders Near Detectors DiscussionBeam dumpFar Detectors

Proposed FD experiments @ LHC



Simpleshape:cuboid, similar to MUTHUSLA

Varying:position& geometrysize

z

x

y

! " ! #

(x2 , y2 , z2)

(x1 , y1 , z1)

L	=	z2	- z1

H = y2 - y1

x2 - x1 = B

Far  detector

Near  detector

O

D
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FAr Detectors at the Electron Positron Collider (FADEPC)
[1911.06576,Zeren Simon Wang and Kechen Wang, Physics with far detectors at future lepton colliders]
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Far Detector
Exotic Higgs Decays Heavy Neutral Leptons Light Neutralinosin RPVSUSY

5.6ÁÂ , 7 years,2 IPs

16ἩἪ , 2 years,2 IPs

150ἩἪ , 4 years,2 IPs
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hasbeenupdated

toρȢυ ρπ

light scalar light fermion

[1911.06576,Zeren Simon Wang and Kechen Wang, Physics with far detectors at future lepton colliders]
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[2201.0896,Minglun Tian, Zeren Simon Wang and Kechen Wang, Search for long-lived axions with far detectors at future lepton colliders]

Axion like particles: ὩὩ ᴼ‎ὥȟὥᴼ‎‎ͽ ί ωρȢςGeV
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Far Detector

[2011.01005, Marcin Chrzaszcz, Marco Drewes, and Jan Hajer , HECATE: A long-lived particle detector concept for the FCC-ee or CEPC]

HNL:ὤᴼὔ’ͽ ί ωρȢςGeV

LLPs @ ee Colliders Near Detectors DiscussionBeam dumpFar Detectors

the HECATE detector would consist of resistive plate chambers 

(RPCs) or scintillator plates, constructed from extruded 

scintillating bars, located around the cavern walls and forming a 

4ˊ detector. 

the HECATE detector should have at least two layers of detector 

material separated by a sizable distance. For reliable tracking, at 

least four layers, along with a smaller size and/or optimised 

geometry of the detector plates, would be required. 
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Far Detector

LLPs @ ee Colliders Near Detectors DiscussionBeam dumpFar Detectors

[2406.05770, Ye Lu, Ying-nan Mao, KechenWang, Zeren SimonWang, LAYCAST: LAYered CAvernSurface Tracker at future electron-positron colliders]

RedïND

GreenïFD

Ą scintillating planesmounted 

on the roofand four vertical 

wallsof the experimental hall

Ą DetectLLP decayingin the 

space regionbetweenthe

outeredgeof the ND and the

FD.
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Far Detector
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[2406.05770, YeLu, Ying-nan Mao, KechenWang, Zeren SimonWang,

LAYCAST: LAYered CAvernSurface Tracker at future electron-positron colliders]

Higgs decays:Ὤᴼὢὢͽ ί 240 GeV
Preliminary results

Ą 3-signal-eventsensitivityof FD9 is betterthanthatof FD1

Ą 20-signal-eventsensitivityof FD9 is similar to thatof FD1

Ą 3-signal-eventsensitivityof FD9 canprobeadditional

parameterspacecomparedwith theND.
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Far Detector

LLPs @ ee Colliders Near Detectors DiscussionBeam dumpFar Detectors

[2406.05770, YeLu, Ying-nan Mao, KechenWang, Zeren SimonWang,

LAYCAST: LAYered CAvernSurface Tracker at future electron-positron colliders]

HNL:ὤᴼὔ’ͽ ί ωρȢςGeV
Preliminary results
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Far Detector

[2406.05770, YeLu, Ying-nan Mao, KechenWang, Zeren SimonWang,

LAYCAST: LAYered CAvernSurface Tracker at future electron-positron colliders]

LLPs @ ee Colliders Near Detectors DiscussionBeam dumpFar Detectors

RPV-SUSY neutralinos:ὤᴼ…… ͽ ί ωρȢςGeV
Preliminary results
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Far Detector

LLPs @ ee Colliders Near Detectors DiscussionBeam dumpFar Detectors

[2404.XXXXX, Ye Lu, Ying-nan Mao, KechenWang, Zeren SimonWang, Resultswith newFD designat theCEPC]

Axion like particles: ὩὩ ᴼ‎ὥȟὥᴼ‎‎ͽ ί ωρȢςGeV
Preliminary results
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Far Detector

[2202.11714, Ruth Schäfer, Finn Tillinger , Susanne Westhoff, Near or far detectors? A case study for long-lived particle searches at electron-positron colliders]

Axion like particles: ὩὩ ᴼ‎ὥȟὥᴼ‎ὤᴼ‎‎ὥͽ ί ςυπGeV

LLPs @ ee Colliders Near Detectors DiscussionBeam dumpFar Detectors
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Beam Dump

[2009.13790,Yasuhito Sakaki, Daiki Ueda, Searching for new light particles at the international linear collider main beam dump]

ALP & new scalar ͽ �(beam=125GeV

LLPs @ ee Colliders Near Detectors DiscussionBeam dumpFar Detectors

[2104.00888,Kento Asai, Takeo Moroi and Atsuya Niki , Leptophilic Gauge Bosons at ILC Beam Dump Experiment]

Leptophilic gauge bosons: ὩὔᴼὩὔὢͽEbeam =125, 250, 500 GeV

New neutral gauge boson ╩ᴂ@ Ebeam =125 GeV 

[2206.12676, Kento Asai, Arindam Das,Jinmian Li, Takaaki Nomura and Osamu Seto, Chiral Z' in FASER, FASER2, DUNE, and ILC beam dump experiments]

[2206.13523,Mihoko M. Nojiri , Yasuhito Sakaki, Kohsaku Tobioka, and Daiki Ueda, First evaluation of meson and Ű lepton spectra and search for heavy neutral leptons at ILC beam dump]

HNL @ Ebeam = 45.6,125, 500 GeV

[2206.13745, JHEP 04 (2023) 046, Pierce Giffin , Stefania Gori, Yu-Dai Tsai, Douglas Tuckler , Heavy neutral leptons at beam dump experiments of future lepton colliders]


