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This is the current status of IPMU!!

The construction will be finished by November.

http://www.ipmu.jp

http://www.ipmu.jp
http://www.ipmu.jp


Dark Matter

How can we know the presence 
of “dark” matter?



Gravity

It's not just a good idea. 
It's the law!



Dark Matter

(taken from WMAP webpage)

!DM ! 0.2

The presence of DM has 
been firmly established.

CMB observation

Rotation curves

Structure formation

Big bang nucleosynthesis



SUSY

Dark Matter Candidates
Must be electrically neutral, long-lived and cold. 

e.g.) neutralino, gravitino, right-handed sneutrino, axino, etc..

Little Higgs, UED, etc.

No DM candidates in SM.

LSP is long-lived if R-parity is a good symmetry.

The lightest T-parity/KK-parity particles

Others Q-ball, saxion, moduli, sterile nu, etc...

Many



The neutralino LSP scenario is interesting, 
because thermal relic production can naturally 
explain the DM abundance. 

The lightest neutralino is Bino-, Higgsino-, 
or Wino-like, or a certain mixture of those.

Let us focus on the Wino LSP scenario,

which is realized in anomaly-mediation.



Thermal relic Wino DM

Hisano et al (`07)

mW̃ ! (2.7" 3) TeV



Thermal relic Wino DM

Hisano et al (`07)

mW̃ ! (2.7" 3) TeV



The R-parity must be a good 
symmetry for the Wino LSP to 
account for the observed DM.

Is the R-parity an exact symmetry 
or just an approximate one?



The constant term breaks a continuous U(1)R 
symmetry down to the Z2 symmetry (R parity).

W ! C0 = m3/2M
2
P

In order to have a (almost) vanishing cosmological 
constant, the superpotential must have a constant 
term:



However, a continuous U(1)R may not be 
the symmetry of the theory at high 
energies.

If the R symmetry in the high energy is 
a discrete one (e.g.         ), the R parity 
is broken by C0.

Z2k+1

As an example, let us consider the case of k = 2, 

namely, Z5 R symmetry. 



R-parity violation

In addition to the SM Yukawa interactions, the 
following operator is allowed by the symmetry.

W = !ijk(C0)2ēiLjLk,

and similar terms for quark multiplets.

2x2+1+1+1 = 7 ≡ 2 (mod 5)
! ! O(1)w/



In our model, the Wino DM of mass 3TeV is not 
absolutely stable, and decays through the R-parity 
violating operator, eLL.
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Wino mass
(=3TeV) 

R-parity 
violation

Gravitino mass
(= 103TeV)

The overall scale is determined by the thermal relic abundance.
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Note that both the Wino mass and the size of the R-
parity violation are determined by the gravitino mass. 



 Electron + Positron flux:
Propagation through the galactic magnetic field is described 
by a diffusion equation

electron/positron

!fe

!t
= K(E)!2fe(E, x) +

!

!E
[b(E)fe(E, x)] + Q(E, x)

diffusion energy loss source

Dark Matter

Mass &
Decay rate



The Wino DM decay may account for the observed 
PAMELA/Fermi excesses in the CR e-+e+.

I: e1L2L3,  II: e2L2L3, III: e3L2L3



I: e1L2L3,  II: e2L2L3, III: e3L2L3



I: e1L2L3,  II: e2L2L3, III: e3L2L3



New inflation model with Z5 R-symmetry
Izawa and Yanagida ,`97 

Consistent with the discrete Z5 R-symmetry.

V
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Inflaton acquires non-vanishing VEV:



m3/2 = W (!0) !
5v2

6

!
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" 1
5

The gravitino mass is related to the inflaton 
parameters!

! O(106) GeV g = O(1)for

The WMAP normalization    = 10-5 
is imposed.

!



Conclusion
We have proposed a model based on the discrete 
Z5 R symmetry in which R-parity is broken by 
the constant term in W (= gravitino mass). 

The thermal relic Wino DM of mass 3TeV naturally 
explains the observed PAMELA/Fermi anomalies in 
this framework.

The new inflation model based on Z5 R symmetry 
can give rise to the gravitino mass of 103TeV.
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