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Theoretical Motivations

New particles become long-lived because of:
à feeble couplings to SM particles
à phase space suppression
à approximate symmetry
à heavy mediators, ...

The discovery of LLPs could explain  some fundamental problems:
neutrino mass, dark matter, baryogenesis, naturalness, ...

LLP searches are important ways to BSM physics !

LLP: Relatively long lifetime or equivalently long decay length
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Idea of LLP searches @ colliders

!(#) = &!"/$	

Probability of still existing (does 
not decay) at #   

When a LLP produced at 0 (usually 
the IP), 
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where decay length in the lab. frame

( = )* +, = -
. +,

Kinematics lifetime in the rest frame
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Exponential Decay

Probability of decaying between #& 
and #' (#& < #')
! ∆# = &!"!/$	 − &!""/$	
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#& and #' :
determined by the detector 
(position, shape, volume, ...) & 
LLP’s moving direction
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Idea of LLP searches @ colliders
1()* = 1*+, 2 3 2 45 2 6	
# of LLPs produced
probability of decaying inside the detector’s fiducial volume

detector efficiency
Branching ratio of LLP decaying into visible final state

expected # of signal events: 
depends on theory model parameters 
(mass, lifetime, kinematics) & 
geometry and performance of detector 
(position, shape, volume, efficiency) 

@ ee vs. pp
ee: high lum., clean environment, 
trigger, EW prod., transverse 
direction, recoil strategy 
pp: forward direction
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Signatures of LLPs in ND

Appear as displaced vertex 

Figure from [A. De Roeck, Phil. Trans. Roy. Soc. Lond. A 377, 20190047 (2019) ]
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When ( ∼ "(1) m,

Mainly decay inside the near 
detector 

Various final states depending 
on different decay products
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Signatures of LLPs in FD

8

When ( ∼ "(100) m,

Mainly travel through and acts as missing 
energy in the near detector.

Far detector is more likely to observe the 
decay process, and reconstruct the time, 
position, direction, momentum, mass, etc. 

Far detector can enhance the discovery 
potential for LLPs with very long decay 
length. 
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Heavy Neutrino Models
Discovery of neutrino oscillations => neutrinos have mass
à In SM, neutrinos are massless
à A window to BSM physics

Interactions: [0901.3589]Type-I see-saw: Singlet (Sterile) Fermions

Simplified model with assumption for collider searches:
Assumption: Dirac/Majorana, # of Ns
Free parameters: mN, |VNe|2, |VNμ|2, |VN!|2
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S erile Neu rinos (II)

Phenomenological Assump ion:

mN , VαN (α = e, μ, τ), Dirac/MajoranaFree Paras:

In erac ions:

ONE generation of sterile neutrinos
is within experimental reach.

0901.3589
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S erile Neu rinos (I)

"for the discovery of neutrino oscillations, which 
shows that eutri os have mass"

New Degrees of Freedom
beyond the Standard Model !

  Type-I See-Saw: Single  Fermions

 Type-II See-Saw: Triple  Scalars

Type-III See-Saw: Triple  Fermions

S erile

3

LLPs @ Colliders DiscussionLong-lived N StudiesN Production & Limits



10

S erile Neu rinos @ LHC (I)

Datta, Guchait and Pilaftsis, PRD 50 (1994) 3195
Han and Zhang, PRL 97 (2006) 171804
Bray, Lee and Pilaftsis, NPB 86 (2007) 95
del Aguila, Aguilar-Saavedra, Pittau, JH P 0710 (2007) 047
Atre, Han, Pascoli and Zhang, JH P 0905 (2009) 030
....

Main Produc ion Channels:

Suppressed!

mos ly s udied, impor an  for mN < ~1 TeV

more impor an  for mN > ~1 TeV

Dev, Pilaftsis and Yang, PRL 112 (2014), no. 8 081801
Alva, Han and Ruiz, JH P 1502 (2015) 072
Das and Okada, 1510.04790
....

almos  unobservable 
(final states: ,
huge LHC bkgd)

may relevan  for SPPC
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can confirm LNV

(no resonance enhancement)

N Production @ pp Colliders

almost unobserved

(l+l- or l±+MET suffer from huge BG)

mostly studied, can confirm LNV

(important for mN < 1 TeV)

can confirm LNV

(More important for mN > 1 TeV)

[L. Bai, Y. Mao and K. Wang, PRD 107 (2023) no. 9, 095008]
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Mostly studied @ Z-pole

(important for !! < !")

contribute to signal

(important for large mN )

can confirm LNV

(important for large mN , need large #)
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N Production @ ee Colliders
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N Production @ pe Colliders

Mostly studied, can confirm LNV

(sensitive to wide range, esp. !! > !")

can confirm LNV

(need large #)
[H. Gu, Y. Mao, H. Sun and K. Wang, JHEP 09 (2023) 152]
[H. Gu and K. Wang, PRD 106 (2022) no. 1, 015006]
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Global Constraints
mN: 0.1 ~ 500 GeV[Deppisch, Dev and Pilaftsis, New J. Phys. 17 (2015) 085019]
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[H. Gu and K. Wang, PRD 106 (2022) no. 1, 015006]

Collider Limits on |"!"|#
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[H. Gu, Y. Mao, H. Sun and K. Wang, JHEP 09 (2023) 152]

Collider Limits on |"$"|#
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[K. Cheung, K. Wang, and Z. S. Wang, JHEP 09 (2021) 026]
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Near Detector @ LHC

Signal rate Key observable: timing information
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Near Detector @ LHC
[K. Cheung, K. Wang, and Z. S. Wang, JHEP 09 (2021) 026]
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[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/]

Far Detector @ LHC
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Current running FD experiments @ LHC
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[2203.05090, The Forward Physics Facility at the 
High-Luminosity LHC]

Proposed FD experiments：
MATHUSLA; FASER2, FASERν2, 
AdvSND, FLArE, FORMOSA；
CODEX-b；AL3X; ...

Far Detector @ LHC
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[Y. Mao, K. Wang and Z. S. Wang, arXiv: 2305.03908 ]
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Signal & Sensitivities for N
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[Y. Mao, K. Wang and Z. S. Wang, arXiv: 2305.03908 ]
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" "#

interaction probability of a neutrino with the detector 

helicity flip suppression [Ben Jones, 2108.09364]

Far Detector @ LHC
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Signal & Sensitivities for SM !
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Only method to confirm LNV / Majorana nature of ! at colliders !  
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[Y. Mao, K. Wang and Z. S. Wang, arXiv: 2305.03908 ]

Signal & Sensitivities for SM ! with EFT Operator  
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Only method to confirm LNV / Majorana nature of ! at colliders !  



16 ab%&, 2 years, 2 IPs

150 ab%&, 4 years, 2 IPs
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[ Zeren Simon Wang, K. Wang, PRD 101 (2020) no.7, 075046 ]

Far Detector @ CEPC
Signal Production
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Kinematical Distributions
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@ pp: very forward direction
@ ee: more in the transverse direction

FDs in the very forward direction like FASER may not work at ee colliders.
Better to be installed in the central region.
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Far Detector @ CEPC



Simple shape: cuboid, similar to MUTHUSLA
Varying: position & geometry size
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Far Detector @ CEPC
Detector Designs



! → #$	@ ' = 91.2 GeV
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Far Detector @ CEPC



750 ab#$, 10 years, 4 IPs;
or to increase the instantaneous 
luminosity;
or to relax the theoretical 
assumptions

Can test the Type-I seesaw directly!

! → #$	@ ' = 91.2 GeV
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Far Detector @ CEPC



Discussion
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LL N searches @ colliders are important ways to BSM physics.

Studies with near detectors and far detectors.
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LLP searches with far detector @ BESIII ?
à Location ? (need cavern)
à Technology: timing / track resol.

LLP searches with near detector @ BESIII ?
  à Good physics models / signals ?



Discussion
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Neutrino Production @ LHC
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