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Introduction 

Neutral LLP searches 

LLP event topologies & reconstruction 

Neutral LLP search @ HL-LHC 

Inelastic DM search @ Belle2

Summary & Outlooks
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SUBMET

And more ….

[from LLPX James’s slide]
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[CERN-LHCC-2017-027/LHCC-P-009]
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[J. LIU, Z. Liu and L. Wang, 1805.05957]

Beam axis
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[J. LIU, Z. Liu and L. Wang, 1805.05957]

Beam axis
Beam axis
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(A) Pair produced BSM LLPs (B) Compressed neutralino, Inelastic DM, …. (C) Long-lived right-handed neutrino,  
HNL, RPV SUSY, ….pp → χ̃1 χ̃1, χ̃1 → h + G̃ → SM + G̃

pp → χ̃2 χ̃2 → χ̃1 χ̃1ZZ → χ̃1 χ̃1ℓ+ℓ−ℓ+ℓ−
e+e− → Z′ → χ2 χ1 → χ1χ1ℓ+ℓ−

[Z. Flowers, Q. Meier, C. Rogan, DWK, S. C. Park,  

JHEP 03 (2020) 132]
[DWK, P. Ko, Chih-Ting Lu, JHEP 04 (2021) 269]

… and more
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[J. Liu, Z. Liu and L. Wang, 1805.05957]
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Lab frame LLP rest frame
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pLLPa
=

βb × ( pI + pVa
+ pVb

) ⋅ k̂

βb × βa ⋅ k̂
βa

3-momenta reconstruction

pLLPb
=

βa × ( pI + pVa
+ pVb

) ⋅ k̂

βa × βb ⋅ k̂
βb

pIa
=

βb × ( pI + pVa
+ pVb

) ⋅ k̂

βb × βa ⋅ k̂
βa−pVa

pIb
=

βa × ( pI + pVa
+ pVb

) ⋅ k̂

βa × βb ⋅ k̂
βb−pVb

βa = ra/Ta, βb = rb/Tb

ELLPa
=

βb × ( pI + pVa
+ pVb

) ⋅ k̂

βb × βa ⋅ k̂
ELLPb

=
βa × ( pI + pVa

+ pVb
) ⋅ k̂

βa × βb ⋅ k̂

We can find unique mass pairs without assumptions

timing information 
,      =   2Ta Tb
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pLLPa
=

̂rb × ( pI + pVa
+ pVb

) ⋅ k̂

̂rb × ̂ra ⋅ k̂
̂ra

pLLPb
=

̂ra × ( pI + pVa
+ pVb

) ⋅ k̂

̂ra × ̂rb ⋅ k̂
̂rb

pIa
=

̂rb × ( pI + pVa
+ pVb

) ⋅ k̂

̂rb × ̂ra ⋅ k̂
̂ra − pVa

pIb
=

̂ra × ( pI + pVa
+ pVb

) ⋅ k̂

̂ra × ̂rb ⋅ k̂
̂rb − pVb

[M. Park and Y. Zhao, 1110.1403]
[G. Cottin, 1801.09671]

3-momenta reconstruction

See also [K. Bae, M. Park, and M. Zhang, 2001.02142 ]

 ma = mb
mIa

= mIb
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Event simulation with MG5 + Pythia8

Detector effects are simulated with gaussian smearing

         pp → LLPa LLPb → Va Ia Vb Ib
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pp → χ̃2 χ̃2 → χ̃1χ̃1ZZ → χ̃1χ̃1ℓ+ℓ−ℓ+ℓ−
MG5+Pythia8+Delphes with 200 pile up
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pp → χ̃2 χ̃2 → χ̃1χ̃1ZZ → χ̃1χ̃1ℓ+ℓ−ℓ+ℓ−

 Same decay ←

 Separate decay ←

 Resolution is much better for 
compressed mass spectra

←

 Possibility to get spin 
information 

←
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Inelastic dark matter model 
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* Mono-  :  decay outside the detector or decay products are too soft 
* Mono-  with prompt lepton pair :  prompt decay 
* Mono-  with displaced lepton pair :  long-lived and decay inside the detector 
# Only prompt lepton pair:  prompt decay 
# Only displaced lepton pair:  long-lived and decay inside the detector

γ ϕ2(χ2)
γ ϕ2(χ2)
γ ϕ2(χ2)

ϕ2(χ2)
ϕ2(χ2)
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MG5+Pythia8
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We only conservatively consider the following two background free regions after event selections 
in our analysis

Low  region (100% efficiency) : Rxy 0.2 < Rxy < 0.9 (17.0)

High  region (30% efficiency) : Rxy 17.0 < Rxy < 60.0

Benchmark points
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with L = 1 ab−1
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Therefore, we cannot get the unique solution

4-momentum conservation

m2
χ2 − m2

χ1 − 2E(1 + α)EV + E2
V − | pV |2 + 2 (E(1 + α))2 − m2

χ2( ̂rDV ⋅ pV) = 0

The crossing point from these events and kinematic endpoint measurement can help us

where, α =
m2

χ2 − m2
χ1

4E2
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Assume we can have 100 signal events at 
the Belle2, then we will get  
solutions from each two events!

100C2 = 4950

e+e− → χ1χ2 → χ1χ1ℓ+ℓ−

e+e− → χ1χ2γ → χ1χ1ℓ+ℓ−γ
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If  are long-lived, can we determine their spin ?ϕ2, χ2

In the CM frame, the normalized differential cross section can be written as 

Scalar Fermion

1

�

d�

d cos ✓
=

3

4
(1� cos2 ✓)

<latexit sha1_base64="n8jXKFd6JoncnSEAcnnqtRtlTgA="></latexit>

We need to know the direction of 
displaced vertex
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We discuss how to reconstruct the event with neutral LLP decays based on 
displaced vertex and missing energy which can provide the understanding for the 
underlying new physics.  

Our methods are generally applicable to any model with similar decay topology 
which can cover wide class of  lifetimes and masses at the colliders and beyonds.
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Unsupervised SUEP

Long-lived jet tagging using the CNN non-pointing photon search using the CNN

Searched based on DGCNN

ABCD methods for LLP searches using machine learning

Dedicatd Delphes Module for Neutral Long-lived Particle Decaying in the CMS Endocarp Muon Detector.

CheckMATE2, MadAnalysis5, …

New types of collider signatures

Background estimation

Simulation for Hidden Valleys / Dark Sectors

Machine learning for LLP searches at the LHC and beyonds

Dedicated detector simulation for LLP searches

Recasting the LLP searches 

Tumblers


