Dark matter and baryon asymmetry
from Q-ball decay in gauge mediation

Shinta Kasuya (Kanagawa University)

With E.Kawakami, M.Kawasaki (ICRR, U. Tokyo)

Ref.: SK, Kawasaki, PRD84, 123528 (2011)
SK, Kawakami, Kawasaki, to appear on arXiv tomorrow

2012.2.20-21, Toyama mini-workshop 2012



1. Introduction

Affleck-Dine & Q-ball cosmology
Simultaneous explanation for the dark matter & baryon asymmetry in the universe.

- The Affleck-Dine (AD) mechanism is very promising for baryogenesis.
- The AD field consists of some combinations of squarks in MSSM.
- The AD condensate transforms into Q balls.

Q balls will provide both the dark matter and baryon asymmetry.

/ Q balls \

Unstable Stable
{\/\/\/\/\/\ﬁ—» baryons
LSP dark matter baryons Q ball dark matter

Abundances have a direct relation because of the same origin.
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What to be shown Unstable Q balls

. . . MSSM
Very simple scenario to explain LSPs

both DM and B in gauge mediation.

Gravitinos = DM Baryons
(Axinos)

Affleck-Dine condensate —— Q balls

If the Q-ball charge is small enough to decay into nucleons,

but large enough to be kinematically
forbidden to decay info MSSM LSPs,

——> Q balls are unstable and decay /9 Baryons

mainly into nucleons,
partially into gravitinos (axinos),—— DM

hardly into MSSM LSPs. N — Not spoiling BBN
ot spoiling

The rate of the decay into nucleons is saturated,
into gravitinos is not and small
(into axino is generally small, but could be saturated).

With oblate orbit of AD field —> (0,~02 )y



2. Q ball in gauge mediation N

A Q ball is a kind of non-topological soliton, the energy min. —X
configuration of the scalar field with non-zero charge Q. :

Coleman (1985) RQ r
In MSSM, the AD field consists of some combination of squarks (and sleptons),
whose potential in the gauge mediation reads Vo)l
mig| @[, (2] < Ms)
V(e) = % M4
M (log 9 )", (12] > M) N
Mg ~ O(TGV) | >
1/2 Ms @

10> GeV < Mp < L /ms,,Mp  Kusenko, Shaposhnikov (1998):
4T de Gouvéa, Moroi, Murayama (1997)

Q balls form during the helical motion of the AD condensate.

Q=5<%%Y (g = G Mr Q7
Mg Ro ~ LMF—1Q1/47
5= 6x107* (e=1) < V2
{ 6x107° (£<0.1) wQ \/§7TMFQ_1/4,
SK, Kawasaki (2001)

N 1/4
Baryon #: B = b(Q) \ ¢ =Mr@7



3. Q-ball Decay

Kinematics
The Q ball can decay if the mass per charge Mo/Q is larger than
the decay-particle mass m;,.
Mg 10247 [ Mp\*
Q T = sy <—F>

mp
Allow
(i) Decay into nucleons (my # 1 GeV)

(i) Decay into gravitinos/axinos (Ms,,, Myyin. < GEV)

Forbid
(iii) Decay info MSSM LSPs (my, sp=0(100) GeV)

102474 Mg
81 GeV

B 10247* [ Mp \*
= Qu= 81 \ O(100)GeV ( )

4
> < Q<

Only after the charge becomes smaller than Q,., MLSPs would be produced.
SK, Takahashi (2007); SK, Kawasaki (2011)



3. Q-ball Decay

Decay rates

The decay process takes place on the surface, and the rate is given by
Cohen, Coleman Georgi, Manohar (1986)

Fgat) (ferdq 2 wo) i) o “Q_yr Ry~ T A
FQ = 3 Jett PQ F(Sat) Q 1927r2 24+/2
e Lo en®Q €wa) £y = furgyy

(i) Decay into nucleons saturated

_ psat) N Mp \*( Q\~
ro-15" = m2amey () (1)
Decay before BBN

ool

(ii-1) Decay into gravitinos unsaturated

(3/2> 2 1 w2
Mz (3/2) Q
B ~ <0.1gs 1 fo ~
3/2 = Fgat Ve T m3/2MP 9s < g V6 ms 2 Mp

(ii-2) Decay into axinos saturated/unsaturated

() -1 3
T f f Q \°?
= Q ~/ 4 a :
Ba rGeo =48I0 (1()14GeV> o <103 GeV) (1021> @ _ 03 Mg, fa
T = Jap2 g, 18
Covi et al. (2002)

Depends on parameters



4. Abundances

Since AD field rotates with ellipticity €, the Q ball decays into nucleons,
partially into gravitinos/axinos with branching ratio B ,,, B,
and into MLSPs only with fraction Q../Q, the number densities are

related to ®-numbers as

ny >~ ebng

n3/2 ~ Bg/zn¢ |:||:||:|

Ng = Ban(b

Qor

NMLSP = O T

(DM=3/2 or Q)

Since B/, <« B, realizations for the successful scenario appear differently,
we consider the gravitino DM and the axino DM separately below.



9. BBN constraints

MLSP abundance has an upper limit
in order not to spoil the BBN.

Limits are taken from
Kawasaki, Kohri, Moroi, Yotsuyanagi (2008)

,OMLSP/S[GGV]

Thermally produced gravitinos

do not overclose the universe: Bt Bmo /
Tru < 3 x 107 GeV (—m93 ) (m3/2) o1 Dol ol il
500 GeV GeV 0.01 0.1 1 10 100
Kawasaki, Takahashi, Yanagida (2006) ms, [GeV]

Together with that the decay takes place before the BBN: T, > 1 MeV (or 3 MeV)
PMLSP 9 Ten \ ¢ To \?> [ mawsp \ 2 Y \Y°
—> S S T0x10 Gev <106 GeV) (MeV) (300 GeV) (W)

2
N mgso\ Y3 [ Tp mNLsp )
>93% 107 GeV ( ) ( )
R~ e X Y\ Gev MoV ) \300 GeV

If the gravitino DM is produced by the MLSP decay only (dotted line):

_ MNLSP mz\ "t [ Y,
~15x10"7 G V( ) ( )
% ®¥' {300 Gev/ \ Gev 10— 10

PMLSP
S

max

—> Typically, ms,, < GeV for my, s = 300 GeV.
(m3/2 <102 GeV for' MmLsp = 100 GeV)



0. Allowed parameter space
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Typically, m3,, = 10-2 - 10-! GeV



1. Axino DM case

Two models: KSVZ & DFSZ.
Two types of decay into axinos: saturated or unsaturated.
Two components gives the highest possible Ty, gravitinos or axinos.

——> These complicates the analysis, but the essence is the same.
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7.2. Allowed regions
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Q-ball parameter space
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Unstable Q balls

7. Conclusions

Very simple scenario to explain
both DM and B in GMSB.

Gravitino DM Baryons
(Axino DM)

Baryons
Unstable Q balls decay mainly into nucleons, — =
partially into gravitinos/axinos,—/—> DM

har'dly info MLSPs. \ Not Spoiling BBN
(Still, small amount created constrains the model.)

The Q-ball charge is small enough to decay into nucleons,
large enough not to decay info MLSPs.

—> Ty~ O(10 MeV)

The rate of the decay into nucleons is saturated,
into gravitinos is not and small.
(into axinos is saturated/unsaturated.)

(), ~0.2 () can be explained.



