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Introduction

Problems of the Standard Model:
* the origin of the tiny neutrino masses

Previously proposed solutions:
e Seesaw mechanism introducing the heavy right-handed neutrinos
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* Small R-parity (lepton number) violating terms in supersymmetric (SUSY) theory

NOT introducing the right-handed neutrinos
R-parity: R, = (—1)2°35+L g:ipin b
~ : baryon number
R-parity violating term: £ D u,;v; H,, + c.c L : lepton number W€

Neutrino mass terms

o’

Requirement: explanation of the smallness of R-parity violation.
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The SUSY DFSZ axion model achieves the small R-parity violation.

3
R-parity violating term: £ - yiiyi[j]u +c.c

MI% Sl V; Hu

—— U(l)pg 1| -2 —1

Planck mass
U(1)pg Symmetry breaking : (S1 : PQ field)
3 ~
LD yiw;guiHu + c.c
M
— P

The effective coupling

The magnitude of R-parity violation: controlled and suppressed for (S1) < Mp

In addition the SUSY DFSZ axion model The SUSY DFSZ axion model
* solves strong CP problem can solve several problems.

* includes an axion dark matter




How about the baryon asymmetry 415

in the SUSY DFSZ model?
(56 pme
np 10~10
— Our universe is baryon asymmetric
S to explain BBN and CMB observation

Previously proposed solutions:

* Thermal leptogenesis
induced by the decay of heavy right-handed neutrinos.

» Affleck-Dine(AD) mechanism

induced by the decay of scalar field in supersymmetric theory.

Can the SUSY DFSZ axion model explain the baryon asymmetry
via the AD mechanism without the right-handed neutrinos?
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Our SUSY DFSZ axion model
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Our model

We introduce U(1)pg symmetry and the superpotential:

Si1| Se | Hy | Hyg u; di | Qi | €

So
WzWMSSM—I—WRp—I—WpQ PQ| 0| 11| =1 =1 =1 =1] 2
B| 0

0] 0] 0] 0|—-1/3|-1/3[1/3] 0

, U(1)pgq and baryon charges

Y051

Mp

y'S} vS1 . St = S _—

Wp = LH,+ —LL LQd dd
Ry M123 -I-MP e—I—MP Q-I—Ml?;u

WMSSM — yuﬂQHu - ydaQHd — yeELHd + Hqu

Wpg = kSo(S152 — f?) (S, S1, 52 : PQ fields)

Let us consider the constraint of R-parity violating term Whg,
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Constraint of R-parity violating couplings

After U (1) pg symmetry breaking,
y S1)? _—

"(S1)° A L ) B A G DA
LH, LL LQd dd
M Ty M g, et

= /LH, + A\LLe + N'LQd + \'udd

Wp =

For Mp = 2.4 x 10'® GeV, (S1) = 10" GeV, dimensionless parameters =1,

i =2x10""GeV, \jjr =2x 1077, A, =2x 107", A/ =7 x 10"

5TeV

TN 2
Unobservation of the proton decay: |\j,,,, A% < O(1) x 10‘25(—md 3\
'\

down-type squark mass

SUSY DFSZ axion model avoid the constraints.
Our model can explain the proton decay in Hyper-Kamiokande.
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Affleck-Dine baryogenesis

Affleck, Dine, Nucl. Phys. B249, 361 (1985)
Dine, Randall, Thomas, Nucl. Phys. B291, 458 (1996)
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Affleck-Dine(AD) baryogenesis

In SUSY theory, scalar fields(squark, slepton) have baryon/lepton charge.

Scalar potential include flat directions ¢ (AD field)

at renormalizable level and supersymmetric limit.

B number density: np X z(qb*qb — qb*qb) — 2‘¢‘29 (¢ = W@w)

D.ynam.lcs (?f AD field » Generate B number
via B violating operator

Flat direction

B violating operator:

¢7’L

Conventional case: W = 3 (n>4)
This case: W — 519" (n,m € N)
M}L)+m—3 ?
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Set-up
S, | mw| d
* B violating operator: Ulpo | 1| -1] -1
S3udd S3 93 1 _ 1
STV YV U= d=_g0
* The scalar potential for ¢, S : Corel > 0 (Mg ~ mg, ~ mss)
2 S 6 4 2 S 4 6
V= (m3 — P+ (md, — a5y + TSI TS0
P P
SS 3
+ (ag H + amm3/2)7]\41§b + h.c. + ...
P

Phase dependent (B,CP-violating) terms

Let us investigate the potential and dynamics of @, 51
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Dynamics of ¢, 51 during inflation: H = Hi,¢ > ma s

201G (6144  ~2|Q. 4] 4|6
YIS0 @ YIS
V=D& — e 20 + (DY — exli?)[ [+ TIOLIOE  TISO
negative mass! P P
V57 ¢
+ (anH + apmags) 3 + h.c. + ...

A minimum for ap > Cg, Cq: (me = mg, >~ mg/s)

(@]} ~ (|S1]) ~ (HMP)*
(30 + 305, +arg(yar)) =0 | (¢ =|¢le”, S =|S1|e?)

¢, S1 will settle at the above minimum: | ng o |¢|?6 = 0
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Dynamics of ¢, 51 after inflation: H = % > Mg

QS 6 4 QS 4 6
V:%_C¢H2)|¢|2+(><—61H2)‘Sl‘2—|—/7 1511°|)] L0 151179l

M M
53 3
+ (ay il + h.c. + ...
P

— 0 (H X <12 = O) The inflaton start to oscillate.

\
inflaton (m¢ ~mg, = m3/2)

The minimum — a saddle point!

We can follow the trajectory of ¢, 51 numerically.

9 — () because new phase-dependent potential is not produced.

ng x |60 =0 | (¢ =l
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Dynamics of ¢, 51 at H = ” < M3/ 13/15
e
ok 2 72|31|6|¢‘4 ’72|Sl|4|¢|6
V = (o — LN + (m, s+ T L I,

positive mass!

New phase-dependent term

: @) changes #@7&() AT
¢ start to rotate around (¢) = 0. %_0_1 \\
» np X |¢‘29i0 (QbZ ‘qb’ew) h 00 02 04 o6

Reo




Baryon asymmetry 14/15

Using E.O.M of @ 1
tosc >~ —
s o Tev ose = -
gt T oHne=—lm [a(bqﬁl/ These values are calculated numerically at H ~
=%
1 SS tOSC 3 tOSC
“ np (tosc) =~ Mg L ( ]\)4?5 ( ) h/am |m3/25eff deff = sin(arg(yam) + 3arg(Sl) -+ 29)

Baryon asymmetry:

/

Tren 1 ms/2 me B
0.5 x 10719 — ; _1 .1
N0 <105GeV)(|v|) (m¢>(1Tev) N

Tren 1 > ms /2 me B
0.4 x 10710 — f —c =1
S (102GeV)<Iv|) (W)(lTeV o fema

The enough amount of baryon asymmetry is produced!

N~
N[

N
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Conclusion
The SUSY DFSZ axion model without R-parity

e explain the baryon asymmetry via Affleck-Dine mechanism
* explain the proton decay if this occur in Hyper-Kamiokande.

* may explain the neutrino masses and baryon asymmetry
without introducing new fields such as right-handed neutrinos.

Future work

* Investigating the detail of neutrino sector
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Neutrino masses

W o L;H, > LD pvH, 4 cc

"neutrino mass matrix at tree level After diagonalizing other mass matrix part:
Hempfling, Nucl. Phys. B478, 3 (1996)

p M/1:L2L/2 i sy
v /! / /!
Miree =~ TN Hily  fg Hofs «—rank1

=t N\l phph  pf

m?2 cos? B(ci, My + si, Ms)

2 12 12 /2 1/~
My, oo = tan” & 2 i+ py T+ 3 i (V)
M, M tan® § = +0
12 p? pu(Ha)
bino, wino mass S2
’ Yoo1q
w H,H; =uH, H,
) Mo d=H d

One neutrino has the mass of m,, ...
although other neutrinos are massless at tree level.



Neutrino masses

B 10 1 TeV L/ 1 ’
vtree = 5 X 1072 eV ;
e =510 oV (i ) (50 ) (e
1

1
“For Mp =2.4x 10" GeV, f=4.8 x 10" GeV,yy = 1 y; =4 and Yijr = Vi = Yigk = G

~ yof?
ILL_

yif® i
= 1.6 x 10° GeV, u, = == = 7.7 x 10'GeV » Tl =48x107°
Mp 9

M

This is consistent with the atmospheric squared-mass difference: /Am? ~ 5 x 1072 eV
* These parameters avoid the constraint of proton decay.



