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Dark Matter evidence 

It will be difficult to explain the universe without 
dark matter assumption.
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● DM mass
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Credit: CERN Bulletin
http://cds.cern.
ch/journal/CERNBulletin/2010/18/News%
20Articles/1261775

Dark Matter studies at one of search are highly with some 
disadvantages: one can identify part of DM properties.
This will need a confirmation from other two searches. 
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Dark Matter effective 
operators





Could we have a particle 
model independent DM 

study?



Credit: Shigeki Matsumoto

DM still leaves a lot unknown:
● Spin
● Electroweak charge
● Real/Majorana or 

Complex/Dirac

Credit: Qing-Hong Cao, Chuan-Ren Chen, 
Chong Sheng Li, Hao Zhang (0912.4511)



The effective Model to start with 
The simplest settings:
● Majorana fermion 
● Singlet
● Z2-symmetry 
● WIMP 
● dimension<7

The DM in this class:
● Bino neutralino
● Singlino neutralino
● Sterile neutrino 

EFT requirements:
(Heavy mediator) 
● lambda>2 mx 
● lambda>10 mx

EFT calculation of annihilation rate 
accurate to O(8%) when compared to s-
channel UV completions

Minimal requirement of not producing 
mediator particle on shell in a process. 





DM effective operators



Why all operators?

Blue: relic density
Red: Coll+DD+ID



The Model to start with 
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We included all the opertaors together!
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The global study of Singlet Majorana DM
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Impact of the relic density



Thermal and Nonthermal 

Assumption: DM can be reproduced by late time decay 
relic density(thermal+nonthermal)=0.1



Relic density constraint
● We allow the relic density can be 

reproduced non-thermally, e.g., decay 
from moduli, gravitino, cosmic string... 

● The EFT validating line limits the lowest 
relic density.

● Except psudo-scalar coupling, all other 
couplings are only efficient at mx less 
than 300 GeV. 
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CP conserving and violating

Relic density dominant the shape of 2sigma 
allowed region in mx-lambda plane!

Lambda>10*mx case:
mx>20 GeV

mx<300 GeV (CPC)
mx<1 TeV (CPV).



CP conserving and violating

Z-resonance

h-resonance

xx->W+W-

xx->ttbar

Some mixed mechicanism is near the edge of 
EFT violating bound.



Future prospect 



Future powerful experiments



Future prospect 

● Future LZ experiment can rule out most of 
parameter space in CPC scenario, even in 
Higgs resonance region.

● For the case Lambda>10*mx, only small 
lambda region near   Lambda=10*mx (W+W- 
and ttbar) or Z-resonance survives.  

CP-violating term can weaken the future 
constraint’s power.  



DM Direct Detection and mono-
photon cross section
gS lepton and gD 

Still hard to cover all the parameter space in 
near future DM DD experiments and ILC.



Summary and Conclusion 
● If mediator is heavy enough, lambda>10 mx, CPC/CPV DM has a limit on 

the mass, 20<mx/GeV<300/1000.
● In CPC case, even with non-thermal relic constraint, oh2<0.11, only h/Z-

resonance and some tiny region at the small lambda is allowed. 
However, CPV operator can release more parameter space. 

● Future LZ can entirely rule out h-resonance but it requires stronger 
spin-dependant DD and invisible Z-width to test DM-Z coupling. 

● As long as the mediator heavier than 2*mx, our limits can be applied to 
bino/siglino/sterile neutrino dark matter.

● The most robust limits of Majorana fermion DM are given.
● It is testable in the future experiments.  

   



Backup



Detect Dark Matter elastic scattering 

Undetermined direct 
detection parameters:

● Local dark matter density
● Dark matter velocity distribution 
● Dark matter mass
● Form Factor
● effective couplings of DM to protons 

and neutrons.
Large theoretical 

uncertainties from lattice 
physics 

Astrophysical uncertainties ~2 (1111.0292, 1012.3458)
Form Factor uncertainties ~1.2 (hep-ph/0608035v2)



CDM in trouble
1. Core-vs-cusp problem
– Central densities of dwarf halos exhibit cores
2. Too-big-to-fail problem
– Simulations predict O(10) massive MW satellites 
more massive than observed MW dSphs
3. Missing satellite problem
– Fewer small MW dSphs than predicted by simulation
– Small enough to fail


