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The belief of the WIMP “Miracle”
• Belief 1: DM cannot strongly couple to SM 
atoms, otherwise we have seen it already. 

• Belief 2: The early universe was at very high 
temperature and  thermal equilibrium.  

• DM might have interaction with SM particles 
via mediator, because momentum exchange 
or temperature transfer are needed to 
maintain  
thermal equilibrium in the early universe.  

• Even if interaction between DM and SM are 
very weak, DM-SM TE can still be built via 
Mediator.     



Taken from talk of J. Chen
   

Mediator search
The long-live BSM particle 
decay: displaced vertex 

search.

Dark Higgs Left-handed sneutrino
1804.00067

Neutralino



Majorana DM and its Higgs mediator 

We allowed new physics scale  
located at the region greater than TeV.

phi: 
real singlet

DM: Majorana 
singlet



• Relic density is still the dominant constraint.  

• To satisfy relic density,  the mediator should be as light as 
(or even lighter) than the dark matter. 

• We choose CP-conserved (cp=0), p-wave to escape from 
CMB constraints.  

• The introduction of the bosonic (scalar or vector) mediator 
is mandatory for a fermionic WIMP (fermionic thermal 
dark matter) to have a renormalizable interaction between 
the dark matter and SM particles.

Some features of model



Light Higgs decay

John F. Donoghue, J. 
Gasser, H. Leutwyler 

Nucl.Phys. B343 
(1990) 341-368 

Higgs decays to KK and pi-pi with some QCD uncertainties. 



Light Higgs decay
Kaon, CHARM  

(DV)

B-meson,  
BaBar 
(DV)

displaced vertex can constrain 
some parameter space. 



Beam Dump experiments: 
Layout of the NA62 experiment. 

Kaon is 
generated

K-> phi pi

phi -> xx, ff



Beam Dump experiments
• Phi prompt decay:  
decay length shorter than 
detector size.   

• Very-long lived phi or 
decay to DM:  
missing energy. 

• Phi decay length~O(100 m) 
and phi > 2*charge SM:  
displaced vertex.  

Detector size 





Upsilon decay
• It is b-bbar bound state.  

• Detection channel: upsilon(1S,2S,3S) decays to photon and phi and then 
phi decays to lepton pairs.  

• For Phi mass smaller than upsilon mass (9.4 GeV), it allows us to study 
mu mu or tau tau invariant mass.  

• CLEO and Babar can do the job.  

• Present constraint is not as strong as Kaon and B-meson.  

• However, the decay length (gamma*tau*c~O(0.1) mm) which is shorter 
than the present Barbar sensitivity of displaced vertex searches, O(1) cm.  



• B-meson mass around 5.3 GeV.  

• Detection channel: b-quark decays to phi and s-quark 
(loop-level).  

• BaBar :   

• LHCb:                              and  

• Present constraint bits parameter space of MeV DM.  

• Future constraints: Belle II (50 ab-1), LHCb (300 times).

B-meson decay



LHCb,  
Phys. Rev. D 95, 071101 (2017) 

1612.07818



Kaon decay

For CHARM:  
L1=L2-35 m=480 m 
L2: total distance 

chi_s: 
fraction of strange quarks 

produced by pp.  

chi_b: 
fraction of bottom quarks 

produced by pp.  



MeV Mediator (dark Higgs) search

The regions is ready to be tested.

DV constraints



Branch 
ratio of  
Higgs 

invisible 
decay



Summary
• Dark Matter physics is more and more interesting and 
important at the post LHC era. 

• A small but important region is hidden by other collider 
search (such as mono-X) but it can be tested by DV search. 

• Future sensitive can be improved around 100 times.



The End 
Thank you for your attention.



1608.08632

Low mass 
Mediator search

• Dark photon or 
dark higgs 
below GeV 
region can be 
interesting (and 
popular?). 

• More coming 
experiments to 
explore MeV DM.


