Affleck-Dine baryogenesis
with R-parity violation




Abstract

® |nvestigate the Affleck-Dine baryogenesis
scenario in the framework of




R-parity (violation)

— Farrar, Fayet, Phys. Lett. B76, 575 (1978)

S :spin Rp — +1 for SM particles

B :baryon number
L :lepton number Rp = —1 for superpartners

® R-parity conserving superpotential in the MSSM
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Why R-parity (violation) ?

® R-parity conservation (PRC)

® Prohibits proton decay

® | SP becomes stable = dark matter

® R-parity violation (RPV)




Cosmological constraints on RPV

® [wo relevant constraints

e

. Light element bound bounds on (trilinear)
— - RPV couplings
4. Sphaleron erasure s )\gjk’ o
® |ight element bound

/!
ijk

Decay of LSP via dissociate light elements created
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Sphaleron erasure

o SPhaIeron PI’OCGSS Kuzmin, Rubakov, Shaposhnikov, Phys. Lett. B155, 36 (1985)

equilibrium for T" 2> ©(100)GeV

erases (B+L) but conserves (B-L)

® 2 — | process via RPV coupling
U Campbell, Davidson, Ellis, Olive, Astropart. Phys. |, 77 (1992)

example: £ Dreiner, Ross, Nucl. Phys. B410, 188 (1993)
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sphaleron + RPV process completely erases B and L

To avoid the erasure effect, I' < H for T' 2 m5

1/2
mg / H :Hubble expansion rate
1TeV
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Affleck-Dine baryogenesis with RPV

® Affleck-Dine (AD) mechanism Affieck, Dine, Nucl. Phys. B249, 361 (1985)

Scalar potential Flat directions ¢
of MSSM 2 | (AD field)

Flat in the absence of SUSY breaking effect
and lifting terms (see below)

D nalcs ofAD‘ ﬁeld
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Dynamics of the Affleck-Dine field

® Potential for the AD field

Assuming gravity (or anomaly) mediated SUSY breaking

A
Vig) = (mi — cH?)|¢|* + §amm3/2¢3 +h.c. ) + A%g*

T1 ¢ :soft SUSY breaking mass

T3 /2 : gravitino mass C, Qyy, - dimensionless coefficients




A
V(p) = (m?b — cH?)|p]* + (gamfm,g/gqbg -+ h.c.>

® After inflation A-term
H>mg H R—3/2
* H ~ my 1
—
— AD field starts to oscillate ;_‘/Iaﬁ(t Y
\/EHOSC o

from t =
|¢( OSC) \/5)\ H s : Hubble parameter at the

beginning of the oscillation

® A-term kicks in phase direction

np o i(¢* ¢ — ¢* @) o 0]¢|?
¢ = |ple”?
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Tru ( ms3 /2 )

10°GeV 10TeV

-2 for LZLJE,(; or LngDz
for UfDSD;
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® Baryon asymmetry depends on three

parameters: (G A

® Cosmological constraints




Q-ball formation

Q-ball:

Non-topological soliton in scalar field
theory with global U(l) symmetry

Hiramatsu, Kawasaki, Takahashi, JCAP 1006(2010)008

Oscillation of AD field
(B number generation)




Q-ball dynamics is complicated

Early oscillation due to finite temp. effect

Yes (large )\ ) / \ No (small )\ )

Thermal log type Gravity-mediation type

\ \

Stability condition is satisfied| (small U(l) violation)

Yes (small )\ )
Q-balls are formed No (Iarge )\ )




ng/s=10" (LLE® or LQD®) ——
ng/s =107 (UD°D®)
ng/s=10"9 (LLE® or LQD®) ——
ng /s =10"° (U°D°D®)
ng/s=10"" (LLE® or LQD®) ——
ng/s=10"" (U°D°DY)
sphaleron erasure
light element
early oscillation
Q-ball survival

= = 10mpsp for mg/o < 10°GeV (gravity mediation)

100mg = 100m ; = 400mpsp for mg/s > 10°GeV (anomaly mediation)
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ng/s =107 (LLE® or LQD®) —— il ng/s =107 (LLE® or LQD®) ——
ng/s =107 (U°D°D%) A ng/s =107 (U°D°D%)

ng/s=10"" (LLE® or LQD®) —— AR ng/s=10"" (LLE® or LQD®) ——
ng /s =100 (U°D°DS) AR ng /s =100 (U°D°DS)

ng/s=10"" (LLE® or LOD®) —— ng/s=10"" (LLE® or LOD®) ——
ng/s=10"" (U°D°DY) 3 ST ng/s=10"" (U°D°DY)

light element i i i sphaleron erasure

early oscillation

l

excluded

® large A
— sphaleron erasure effect becomes relevant

® small A
— (unstable) LSP is long-lived — affects BBN

® typically mg/p 2 (9(103 — 104)GeV is required
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Summary

® Affleck-Dine mechanism naturally works via

a trilinear R-parity violating interaction

® |arge A scenario (preserve B/L number
against the erasure effect) is impossible

® Q-balls are likely to be destructed







Model

® PRV superpotential

1 1
W, = miHuLi + 5 NijLiLiEf + N LiQ;Df + 5 XU D5 D§

® All of the combinations H, L;, L; L; B, L;Q; Dy, and U7 D% Dy,

correspond to the flat directions if R-parity is conserved

— lifted by the RPV superpotentlal




Baryon/Lepton number generation
® ¢ hasaB /L number

Example: LLE direction
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Noether current baryon / lepton density
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0
V
Op*

n=i(¢*p — ¢*¢

Eq. of motion b+ 3Hq5 |

tOSC
D BP0 =2 [ dtRP(Nap|maolé o)
t

inf




Rapidly oscillating contribution for ¢ > tosc = insignificant

2) tosc
n(tosc) =2 2A|am | M3 /200t R | (fosc)|” In b
vact G| 280 H2,, In 2= e toue)| = LT
~ A | TN e osc 111 AT
3)\2 828 tinf 2

~

Oeff - uncertainty of (1) (dependences on ., arg(a,,),and Hi¢/my )



n 1 (R(tos,c))3 (fone) = V263 det M3/2TRHE
S N S(tRH) R(tRH) Tibose) = 12)\2 Mlgl
N\ In(fose /ting) = 1
s(tru) : entropy density at reheating tgy

TRy : reheating temperature

Conversion effect I «—+ B from sphaleron interactions (“‘leptogenesis”)

npg 8 ny,
—— — — —— ——  Kbhlebnikoyv, Shaposhnikov, Nucl. Phys. B308, 885 (1988)
S i Harvey, Turner Phys. Rev. D42, 3344 (1990)




Finite temperature effect

® Lifts the potential of the AD field
— ¢ begins to oscillate at earlier time

® |t does not affect the estimate for net baryon number

n X Hc%sc =P ’I’I,/S X (R(tosc)/R(tRH))Sn X Kc/]&c

® Q-ball configuration (its charge) becomes modified
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Condition for the early oscillation

® |f the thermal log term dominates, the oscillation
of AD field occurs at




Destruction of Q-balls

|. Evaporation into the surrounding plasma

Laine, Shaposhnikov, Nucl. Phys. B532, 376 (1998)
‘ Banerjee, Jedamzik, Phys. Lett. B484, 278 (2000)

Condition for the survival of Q-balls:
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ng/s=10" (LLE® or LQD®) ——
ng /s =107 (U°D°D®)

ng/s=10"° (LLE® or LQD®) —
ng/s=10"° (U°D°D®)

ng/s=10"" (LLE® or LQD%) ——
ng/s=10"" (UD°D®)
sphaleron erasure

light element
early oscillation
Q-ball survival

® For Tryg > 101*GeV
an adequate amount of the primordial B
asymmetry is generated above the erasure bound

® But Q-balls are unstable = excluded
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Proton decay




