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Outline

EJChun@KIASCosKASI Dark Matter Workshop 2015, June 9-11

 Introduction to general EWDM:
- Arbitrary 𝑚𝑚𝐷𝐷𝐷𝐷, 𝛿𝛿𝑚𝑚 with Ω𝐷𝐷𝐷𝐷 = 0.2 assumed.

 Non-perturbative correction to annihilation:
- Sommerfeld-Ramsauer-Towsend effect.

 Direct detection of inelastic EWDM (with nonzero Y).
 Constraints from indirect detections: anti-protons at 

AMS2, & gamma lines at Fermi-LAT & HESS
– Higgsino-like, Wino-like, Hypercharged triplet

 Conclusion.
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Electro-Weak Dark Matter

EJChun@KIASCosKASI Dark Matter Workshop 2015, June 9-11

 A simplistic dark matter candidate: SU(2)L multiplet
with Q=0 component.

 No Yukawa coupling allowed for the stability: 
automatic (minimal), or imposed by hand.

 Gauge coupling, mass & mass gaps determines all 
the properties.
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EWDM: basics

EJChun@KIASCosKASI Dark Matter Workshop 2015, June 9-11

 A large gauge annihilation rate:
multi-TeV mass for the thermal 
freeze-out relic density.

 Nucleonic scattering at one-
loop: ¾SI ~ 10-45 cm2.

 Radiative mass splitting 
between the charged and 
neutral components 
~ 0.1 GeV.

 Disappearing (multi-) charged 
tracks at LHC.
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EWDM: basics

EJChun@KIASCosKASI Dark Matter Workshop 2015, June 9-11

Cirelli, et.al., 0512090
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Three examples

EJChun@KIASCosKASI Dark Matter Workshop 2015, June 9-11

 Vector-like doublet with Y= +- ½ (Higgsino)

 Majorana triplet with Y=0 (wino)

 Vector-like triplet with Y=+-1 (hyper-charged)

Dirac mass Mass splitting Majorana masses
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Non-perturbative effect

EJChun@KIASCosKASI Dark Matter Workshop 2015, June 9-11

 In non-relativistic limit, pair annihilations can be 
strongly modified by two-body bound state effect.

Hisano, et.al., 0412403
Cirelli, et.al., 0706.4071
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Non-perturbative effect

EJChun@KIASCosKASI Dark Matter Workshop 2015, June 9-11

 Two-body wave functions are governed by 
Shroedinger eq. with EW potential: 
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Non-perturbative effect

EJChun@KIASCosKASI Dark Matter Workshop 2015, June 9-11

 Annihilation with non-perturbative corrections:

 ¾v = Im(T)/2m2   
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Potential matrix for wino-like EWDM

EJChun@KIASCosKASI Dark Matter Workshop 2015, June 9-11
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Scattering matrix for wino-like EWDM

EJChun@KIASCosKASI Dark Matter Workshop 2015, June 9-11
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Sommerfeld-Ramsauer-Townsend

EJChun@KIASCosKASI Dark Matter Workshop 2015, June 9-11

 Three important factors: mass, mass gaps, velocity.
 Consider the simplest case of wino-like DM having 

two bound states, one mass gap. 

 Sommerfeld effect: 1931
 RT effect: 1921 electron diffraction in a noble gas.
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Dependence on the mass gap

EJChun@KIASCosKASI Dark Matter Workshop 2015, June 9-11

 Smaller mass gap  easier transition of the DM state to the 
charged state which has a long-range Coulomb force (EM).

Smaller mass gap 
earlier S peak & RT dip 
with smaller mDM or K.
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Dependence on the EW strength

EJChun@KIASCosKASI Dark Matter Workshop 2015, June 9-11

 No EM  SRT effect insensitive to the mass gap.
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Dependence on the EW strength

EJChun@KIASCosKASI Dark Matter Workshop 2015, June 9-11

 SRT effect more sensitive to W interaction.
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Behavior of the amplitudes

EJChun@KIASCosKASI Dark Matter Workshop 2015, June 9-11

 Shows constructive (S) and destructive (RT) resonances.
 S peaks coincides but RT dips not.

RT dip in ¾v 
due to cancelation btw
two RT resonances.
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Dependence on the velocity

EJChun@KIASCosKASI Dark Matter Workshop 2015, June 9-11
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Dependence on the neutral mass gap
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 In the Higgsino-like DM: 
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Direct detection

EJChun@KIASCosKASI Dark Matter Workshop 2015, June 9-11

 Inelastic EWDM with nonzero 
Y.

 Minimum velocity to allow the 
transition.

 Cross-section with no mass gap:

Y=1

Y=1/2

Observable I-EWDM
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Indirect detection: Higgsino-like

EJChun@KIASCosKASI Dark Matter Workshop 2015, June 9-11
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Indirect detection: Wino-like

EJChun@KIASCosKASI Dark Matter Workshop 2015, June 9-11
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Indirect detection: Hypercharged triplet

EJChun@KIASCosKASI Dark Matter Workshop 2015, June 9-11
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Conclusion

EJChun@KIASCosKASI Dark Matter Workshop 2015, June 9-11

 EWDM: a minimal candidate.
 A general study on the non-perturbative effect on 

non-relativisitic annihilation depending on the DM 
mass, mass gaps, velocity.

 Appearance of constructive and destructive 
resonances  Sommerfeld peaks and Ramauser-
Townsend dips.

 Strong indirect detection limit from anti-proton, 
gamma ray and line searches: escape by RT dips?

 Direct detection of inelastic EWDM in the future?
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