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Well motivated Particle Dark Matter
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K.-Y. Choi, J. E. Kim, L. Roszkowski: astro-ph/1307.3330

I vast ranges of interactions and masses

I different production mechanisms in the early Universe

I need to go beyond the Standard Model

I WIMP candidates testable in the near future

I axino/gravitino EWIMPs/superWIMPs not directly testable, but some
hints from LHC may be possible
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Gravitino G̃ : superpartner of graviton, Majorana spin 3
2

fermion

extremely weakly interacting (EWIMP) –

its interactions are suppressed by MPl ∼ 1018GeV

Various energy scales in gravitino phenomenology

-inflation
time

reheating
of the Universe

TR >

�
��

? ∼ 109 GeV
generation of
baryon asymmetry

6

∼ 103 GeV
colliders

6

∼ 10−5 GeV
nucleosynthesis (BBN)

6

3/11 ”Gravitino dark matter with constraints from Higgs boson mass and sneutrino decays”



Gravitino relic density:

ΩNTP
G̃

h2 =
mG̃
mν̃

Ων̃h2

����������9

Non-Thermal Production
late decays of next-to-LSP

Thermal production
scatterings of superparticles

in the thermal plasma
�

�	

For low Ων̃h2 TP is dominant.

ΩTP
G̃

h2 '
(

TR
108GeV

)(
1GeV

mG̃

)∑3
r=1 γr(TR)

(
Mr

900GeV

)2

where γ1 = 0.2, γ2 = 0.5, γ3 = 0.5 at TR = 109 GeV.

M. Bolz, A. Brandenburg, W. Buchmuller; hep-ph/0012052

J. Pradler, F. D. Steffen; hep-ph/0608344

V. S. Rychkov, A. Strumia; hep-ph/0701104

0.112 = Ωtotal
G̃

h2 ' ΩTP
G̃

h2 ⇒ TR

TR is maximized for low gaugino masses (Mr) and large mG̃ .
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Why not sneutrino DM?

for lower mν̃ – too low relic density

for higher mν̃ – excluded by DM direct detection experiments
e.g. Heidelberg-Moscow exp.

T. Falk, K. A. Olive, M. Srednicki; hep-ph/9409270

Why sneutrino next-to-LSP with gravitino DM?

ν̃ low yield at freezeout → better than bino B̃

ΩG̃h
2 – bigger contribution from thermal production ⇒ TR ↗

thermal leptogenesis TR >∼ 2× 109 (2× 108) GeV
G. F. Giudice, A. Notari, M. Raidal, A. Riotto, A. Strumia; hep-ph/0310123
(S. Davidson, E. Nardi, Y. Nir: hep-ph/0802.2962)

dominant sneutrino to gravitino decay ν̃ → νG̃
→ better than stau τ̃

Weak BBN bounds (mainly from subdominant 3- an 4-body decays)

Higgs mass ∼ 126 GeV ⇒ max TR ↘
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Relevant BBN constraints for ν̃ next-to-LSP:
4He��������9

H
HHHj

XXXXXXXXz
D T 3He

C
C
C
C
C
CW

�
�
�
�
�
��

4He

6Li

D/H upper limit violated

6Li/7Li upper limit violated

Dominant 2-body decays ν̃τ → ντ G̃

weak EM cascades

Subdominant 3- and 4- body decays
hadronic and EM cascades

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��
�
�
�

�

�

�

�

�

�

�

�

�

�

�

��
�
�
�
�

�

�

�

�

�

�

�

�

�

�

���
�
�
�
�

�

�

�

�

�

�

�

�

���
�
�
�
�
�

�

�

�

�

�

�

���
�
�
�
�
�

�

�

�

�

�

���
�
�
�
�
�

�

�

�

�

���
�
�
�
�

�

�

�

�

���
�
�
�

�

�

�

�

��
�
�
�

�

�

�

�

��
�
�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��
�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

��
�
�
�

�

�

�

�

�

�

�

�

�

�

�

��
�
�
�
�

�

�

�

�

�

�

�

�

�

�

���
�
�
�
�

�

�

�

�

�

�

�

�

���
�
�
�
�
�

�

�

�

�

�

�

���
�
�
�
�
�

�

�

�

�

�

���
�
�
�
�
�

�

�

�

�

���
�
�
�
�

�

�

�

�

���
�
�
�

�

�

�

�

��
�
�
�

�

�

�

�

��
�
�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��
�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

��
�
�
�

�

�

�

�

�

�

�

�

�

�

�

��
�
�
�
�

�

�

�

�

�

�

�

�

�

�

���
�
�
�
�

�

�

�

�

�

�

�

�

���
�
�
�
�
�

�

�

�

�

�

�

���
�
�
�
�
�

�

�

�

�

�

���
�
�
�
�
�

�

�

�

�

���
�
�
�
�

�

�

�

�

���
�
�
�

�

�

�

�

��
�
�
�

�

�

�

�

��
�
�

�

�

�

�
�

�

�

�

no Ν
�
LOSP

Ν
�
LOSP

m
G �
=
2
0
G
e
V

m
G �
=
2
.5
G
e
V

m
G
�
=250 GeV

excl.

D�H

excl.

Li�
7
Li

1 10
2

10
4

10
6

10
8

10
10

10
12

0.2

0.3

0.5

0.7

1.

2.

3.

5.

1 10
2

10
4

10
6

10
8

10
10

10
12

0.2

0.3

0.5

0.7

1.

2.

3.

5.

Τ
Ν
� @sD

1
0
1
0
m
Ν�
Y
Ν�
@G
e
V
D

0

1

2

3

4

5

6

7

8

9

10

11

 0  50  100  150  200  250  300  350  400  450  500

m
a
x

  
T

R
  

 [
1

0
8
 G

e
V

]

mG
~  [GeV]

 

all constraints

w/o  LSS

w/o  mh

w/o  mh, w/o  LSS

NUHM  max TR

Figure 5: Left panel: BBN constraints shown on the τν̃ vs mν̃Yν̃ plane for the sneutrino LOSP region shown
in the left panel of Figure 1. Red dots show the results of our scan with fixed mG̃ = 2.5, 20 and 250 GeV.
Right panel: the maximal reheating temperature as a function of mG̃ with all BBN, LSS and Higgs boson mass
constraints (mh > 122GeV), as well as without one or both of the LSS and Higgs boson mass constraints.

such large mG̃, the LSS bounds become more stringent than the BBN bounds, leaving just a small allowed strip
in the parameter space. With mG̃, we find that the LSS bounds exclude the entire section of the parameter
space that we analyze here. This has important consequences for the maximal reheating temperature, since mG̃

cannot be as large as the largest mν̃ . The resulting bounds on maximal TR are shown in the right panel of Figure
5 for various sets of constraints. We always impose the BBN bounds and we show the results with and without
the LSS bounds and with and without the requirement that the Higgs boson mass is at least 122 GeV. We see
that in each case the maximal TR lies close to 109 GeV, depending on the set of bounds imposed. Without the
LSS or the Higgs boson mass bounds, this constraint mainly results from the lower bound on m1/2 we find, as

the maximal TR scales roughly as m−2
1/2.

This maximal value of TR is close to lower bound required by simple thermal leptogenesis. It should be
noted that the quoted leptogenesis bounds should be treated as indicative rather than absolute, as a rather mild
mass degeneracy in the righ-handed neutrino sector may lower the minimal reheating temperature for successful
leptogenesis by a factor of a few [46].

We should also mention that the BBN constraints we obtain justify a posteriori that the non-thermal
contribution to DM gravitino abundance resulting from decays of sneutrino LOSP can be neglected. This non-
thermal contribution can be expressed as ΩNTP

G̃
h2 = (mG̃/mν̃)Ων̃h

2; for sneutrino masses up to 300 GeV, for

which there are no BBN constraints, we have ΩLOSPh
2 ∼ O(10−2). This LOSP relic density can be of the order

of 0.1 for mν̃ ∼ 600GeV, but then BBN bounds require that mG̃/mν̃ ∼ 10−2.

3.2 GGM models

Another class of theoretically motivated scenarios in which it is possible to obtain sneutrino LOSP are models
of Generalized Gauge Mediation. Unlike NUHM models, in which the condition tr(YM2

scalars) = 0 was broken,
the feature of GGM models that allows for a sneutrino LOSP is a non-universality of the gaugino masses. In
particular, it follows from (4) that sneutrino LOSP is viable for M2/M1

<∼ 2 at the electroweak scale. We
shall therefore utilize the freedom of gaugino mass assignment offered by GGM models to reduce M2,0 at the

11

T. Kanzaki, M. Kawasaki, K. Kohri, T. Moroi; hep-ph/0705.1200
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Considered constraints:

2.3× 10−5 ≤ D/H ≤ 4× 10−5

3He/D < 1.4

0.24 ≤ Yp ≤ 0.260

6Li/7Li ≤ 0.1 or 0.66

Large Scale Structures (LSS) formation

CMBR distortions
(limit on chemical potential)

2.82× 10−4 ≤ BR(b → sγ) ≤ 4.04× 10−4

5× 10−5 ≤ BR(Bu → τντ ) ≤ 2.82× 10−4

12.92ps−1 ≤ ∆MBs ≤ 22.52ps−1

BR(Bs → µ+µ−) = (3.2± 1.2± 0.3)× 10−9

mh = (125.8± 0.6± 2) GeV

squark masses above LHC limits

}
K. Jedamzik; hep-ph/0604251

K. Jedamzik, M. Lemoine, G. Moultaka; hep-ph/0508141

W. Hu, J. Silk; Phys. Rev. Lett. 70 (1993) 2661

http://www.slac.stanford.edu/xorg/hfag/rare/2012/radll/index.html

HFAG; hep-ex/1207.1158

PDG; Phys. Rev. D86 (2012) 010001

LHCb; hep-ex/1211.2674

CMS-PAS-HIG-12-045
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How to get mν̃ < mτ̃1 ,mχ1 in unified models?

↙ ↘
Unified SUSY scenarios

(common m,m/)

S = m
Hu
−m

Hd
+ . . . < 0

e.g. Non-Universal Higgs Model (NUHM)

non-universal
gaugino
masses

M < M

⇓

Parameters of the model:

m0,m1/2,mHu ,mHd , tanβ,A0, sgnµ
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Figure 1: Sections of the NUHM parameter space: m0 vs m1/2 (left panel) and A0 vs m1/2 (right panel) with
fixed values of mHu

= 500GeV, mHd
= 4000GeV at the unification scale and tanβ = 10, µ > 0. Contours

of constant LOSP (Higgs boson) masses are shown as dashed (solid) lines. Unphysical regions are marked in
white.
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Figure 2: Sections of the NUHM parameter space: A0 vs tanβ (left panel) and m1/2 vs tanβ (right panel) with
fixed values of m0 = 300GeV, mHu

= 500GeV, mHd
= 4000GeV at the unification scale and µ > 0. Contours

of constant LOSP (Higgs boson) masses are shown as dashed (solid) lines. Unphysical regions are marked in
white.
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Conclusions:

Models with gravitino DM are strongly constrained by BBN
and struggle to get high reheating temperature TR

Taking sneutrino as next-to-LSP improves the situation. . .

. . .but, with the light Higgs boson of mass ∼ 126 GeV, this
scenario looks disfavoured

NUHM: lower mG̃ ⇒ desired mh, but too low TR

NUHM: higher mG̃ ⇒ max TR ↗, but too low mh
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