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Motivation : Sub-GeV DM
The fermionic DM : 

● Vector mediators : 

● Scalar meidators : 

 

(s-wave)

from CMB constraint

Solutions : asymmetric DM, inelastic DM, forbidden DM, 
resonant annihilation, freeze-in mechanism models, etc ...

(p-wave)

from BBN constraint



Motivation : Inelastic DM
1. The inelastic (or excited) DM model with extra           gauge symmetry is one of the 

most popular dark sector models with light DM candidate.
2. There are at least two states in the dark sector and there is an inelastic transition 

between them via the new           gauge boson.
3. If the mass splitting between these two states are small enough the 

co-annihilation channel could be the dominant one of DM relic density in early 
Universe. 



Motivation : Inelastic DM
The constraint from DM and nucleon inelastic scattering is much weaker than the 
elastic one in the direct detection experiments. 

DM direct detection



A DM mass heavier than O(TeV) is needed to detect an excitation 
from       to       with the mass splitting O(100 keV).  

The constraint from DM and nucleon inelastic scattering is much 
weaker than the elastic one in the direct detection experiments.

VV

vDM

collider
beam-
dump

CRDM ?

co-annihilation

PandaX

?

new methods



Contents
1. Motivation for inelastic DM models

2.  Review of inelastic DM models

3. Search for inelastic DM via Synergistic Multi-Experiment 
Strategies 

4. Conclusion and outlook



Review of inelastic DM models 



Review of inelastic DM models

In the unitrary gauge, the scalar fields can be expanded as

Expand the kinematic mixing term 
in the first order of epsilon:



Review of inelastic DM models 
After the SSB of this           gauge symmetry, we expect the accidentally 
residual      symmetry,                 , can be left such that       are stable and 
become DM candidates in our University.

Gauge interaction :

The term to trigger 
the mass splitting :

Mass eigenstates 
and mass splitting :



Contents
1. Motivation for inelastic DM models

2.  Review of inelastic DM models

3. Search for inelastic DM via Synergistic Multi-Experiment 
Strategies 

4. Conclusion and outlook



Search for inelastic DM from four frontier experiments

Intensity Frontier: 
Belle II, STCF 
� displaced vertex
� mono-photon

Energy Frontier: 
LHC (ATLAS, CMS) 
� Displaced muon-jet, 
     Soft lepton pair

Lifetime Frontier: 
LHC (FASER) 
� Long-lived particles 

Cosmic Frontier: 
DM direct/indirect detection 
� Upscattering 



Intensity Frontier: How to determine the particle nature of DM?

Vertex detector

Drift chamber

Calorimeter

DW Kang, CT Lu, P. Ko           JHEP 04 (2021) 269      e-Print: 2101.02503 [hep-ph]



If the excited DM is long-lived, can we determine its mass at colliders ?

The crossing point from these events and kinematic endpoint measurement           can help 
us to determine the mass of DM and mass splitting. This method is a first application of  
“Kinematic focus point” method to the inelastic DM models.

 

DW Kang, CT Lu, P. Ko



Energy Frontier: How to cover the detection of heavier DM? 

Displaced Muon jet 
(DMJ)

The compressd mass spectrum search at the LHC 
is closely related to the DM co-annihilation 
mechanism.

Co-annihilation LHC signature (soft leptons)



Lifetime Frontier: How to detect long-lived particles? 

process:



Projected Sensitivities of Three Frontier Experiments
CT Lu, J. Tu, L. Wu     Phys.Rev.D 104 (2024) 1, 015018 e-Print: 2309.00271 [hep-ph]



Cosmic Frontier: How to boost the light inelastic DM?

Can we use the high energy cosmic-ray to boost the light 
inelastic DM especially for larger mass splitting? 

reduced mass



The Cosmic-ray boosted inelastic DM

Constraints from 
PandaX-4T

JC Feng, XW Kang, CT Lu, YL Sming Tsai, and FS Zhang 
JHEP 04 (2022) 080      e-Print: 2110.08863 [hep-ph]



Constraints from PandaX-4T

The mass range 
& the mass splitting 
with sub-GeV light mediator can still 
be reachable!

JC Feng, XW Kang, CT Lu, YL Sming Tsai, and FS Zhang 
JHEP 04 (2022) 080      e-Print: 2110.08863 [hep-ph]
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Conclusion 
● The inelastic DM model is one kind of simple UV complete DM model to allow the 

sub-GeV DM candidate. Besides, this model can easily escape the strong DM direct 
detection constraints. 

● We consider the Energy Frontier (LHC), Lifetime Frontier (FASER), Intensity 
Frontier (Belle II, STCF) and Cosmic Frontier (DD, ID) experiments to search for 
inelastic DM for the DM mass from 1 MeV to 210 GeV. 

● To cover those blind parameter space with various DM mass and mass splitting, more 
new search strategies are required. For example, heating neutron stars & cosmic-ray 
cooling in AGN.





Back-up Slides



Search for DM at the LHC

Higgs invisible decaysaxial-vector mediator



Motivation : Sub-GeV DM
The scalar DM : 

● Vector mediators: 

● Scalar meidators : Two real scalars model (one for medidator, one for DM candidate)
● Fermion mediators : t-channel models (ex: neutrino portal)

 

Solutions : asymmetric DM, freeze-in mechanism models, etc ...

SIMP, ELDER, Co-SIMP models



90% C.L. contours which correspond to an upper limit of 2.3 events 
with the assumption of background-free

DW Kang, CT Lu, P. Ko



90% C.L. contours which correspond to an upper limit of 2.3 events 
with the assumption of background-free

DW Kang, CT Lu, P. Ko



Process:

missing energy

Mono-photon

Event selections:

In the barrel region

In the end-caps region 



Projected Sensitivities of Three Frontier Experiments

CT Lu, J. Tu, L. Wu     Phys.Rev.D 104 (2024) 1, 015018 e-Print: 2309.00271 [hep-ph]



Projected Sensitivities of Three Frontier Experiments

CT Lu, J. Tu, L. Wu     Phys.Rev.D 104 (2024) 1, 015018 e-Print: 2309.00271 [hep-ph]



Experimental Results (Cosmic Ray Boosted Sub-GeV DM)

PandaX CDEX


