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Attractive point and issue in E¢ X U(1) 4 model

@ SUSY GUT: framework for unifications of gauge and matters

¥ E, x U(1), model, in addition to the unifications, derives
mass matrices of quarks and leptons
[M. Bando and N. Maekawa, PTP106 (2001)]

E E6 X U(l)A mOdel mUSt be " Uniyersecontent
consistent with the cosmology

@ Is observed baryon asymmetry
generated or not in this scenario?




Judge the scenario from leptogenesis

@ Applying leptogenesis to generate B asymmetry in this scenario
[M. Fukugita and T. Yanagida, PLB174 (1986)]

@ E, x U(1), model derives quantities for leptogenesis,
e.g., RH neutrino mass, neutrino Yukawa

Possible to judge whether this scenario
leads to matter dominant universe or not

@ Need precise calculation of lepton asymmetry to correctly
judge this issue




Key ingredients and aim of work

\

¥ key ingredients to precisely calculate L asymmetry

= Enhancement of physical mass of RH neutrino

m SUSY extension

= Effect of final lepton flavor

@ Aim of work

® To judge whether this scenario leads to
matter dominant universe or not

= To show the leptogenesis can be a nice
probe to E, x U(1),, model
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Leptogenesis

@ RH neutrino decays to lepton or anti-lepton with different rate
out of thermal equilibrium

@ L asymmetry is converted to B asymmetry via EW sphaleron

i @ L asymmetry is controlled by decay
/ parameter
lVl
<o Decay rate of N; at T =0
2 K=F(N1—>Z+H)
-~ H(T = M;)
production decay

Hubble parameter at T = M,




Leptogenesis

¥W K ~ 1is required in simplest framework

K>1 K<1

. _ large departure from equilibrium
advantage sufficient N; production
weak washout of L

small departure from equilibrium

disadvantage
strong washout of L

insufficient N; production

i @ L asymmetry is controlled by decay
/ parameter
lVl
NN Decay rate of N; at T =0
H\ K=F(N1—>Z+H)
-~ H(T = M;)
production decay

Hubble parameter at T = M,



Enhancement of RH neutrino mass

_ L v, ¥, vV, H H C C
@ RH neutrino mass term ¥;%W;HH Es |27 27 27 27 27 27 27
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Field contents and charge assignment
under E, x U(1),4

E. singlet, but not U(1), singlet

@ Many U(1), singlet higher dimensional interactions 0,0, ... W;%¥;HH

@ Additional Majorana masses of same order with M after ®, acquire
vev




Enhancement of RH neutrino mass

@ Enhancement of physical mass of RH neutrino is reflected onto
decrease of decay parameter

Iy, [YTY )11 My /87 e (5.7><107GeV)
H|,_yy o 1.66g7 2 M2 /M, M,

KEGXU(I)A =

@ With enhancement of M,, strong washout - weak washout

@ Additional Majorana masses of same order with M after ®, acquire
vev
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SUSY extension

@ Corrections by SUSY extension

= Relativistic degrees of freedom: g™ = 106.75 - g2V%Y = 228.75

m Additional contributions to CP asymmetry

= Additional final states of RH neutrino decay

@ CP asymmetry in RH neutrino decay
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SUSY extension

@ Corrections by SUSY extension
= Relativistic degrees of freedom: g™ = 106.75 - g2V%Y = 228.75
= Additional contributions to CP asymmetry

= Additional final states of RH neutrino decay

@ SUSY extension leads to enhancement L asymmetry generation,
in particular for the case of small K




Effect of final state lepton flavor

[R. Barbieri, P. Creminelli, A. Strumia and N. Tetradis, NPB575 (2000)]

@ If T < 102 GeV, the lepton produced in the decay is no longer
the interaction state, which is projected onto each flavor state

@ L asymmetry must be calculated with flavor dependent CP
asymmetry and washout effect

@ Flavor dependent decay parameter in E, x U(1), model

s _ DM = LH) (5.7 x 107GeV)

) H(T = M) M Small K, (K,) leads to
o TN - LH) (5.7 « 107 Gev) weak washout of L

# H(T = M) M,y
v _ NN = LH) o (5-7 x 107 GeV) Large K, ensures

’ H(T = M) M, sufficient N; production




Effect of final state lepton flavor

[R. Barbieri, P. Creminelli, A. Strumia and N. Tetradis, NPB575 (2000)]

@ Picking the best of both, and enhancement of L asymmetry

K>1 K<1

large departure from equilibrium

advantage sufficient N, production
d 1P weak washout of L

@ Flavor effect leads to enhancement L asymmetry generation,
in particular for the case of large K
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asymmetry and each SUSY+flavor
flavor (B — L) asymmetries 1013 =
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@ E,x U(1), GUT vyields observed B asymmetry (grey band)

@ Required physical mass of RH neutrino: 16 < M, /M; < 17

Important suggestion to the RH neutrino sector
in this scenario from baryogenesis




Numerical result [ small K

9 L

@ Enhancement by 3 ingredients 10
with respect to simplest one

Xl

1077 / non SUSY+non flavor
/ non SUSY+flavor -----
j SUSY+non flavor ---------
SUSY+flavor

m SUSY extension

= Effect of final lepton flavor

= Enhancement of physical ot
mass of RH neutrino

0 20 40 60 80 100
Enhancement factor MI/M(I)

@ Important result explicitly shown for the first time:

SUSY extension can lead to large enhancement even in the
strong washout regime when flavor effect is taken into account




Summary

b E,xU(), GUT is a promising model, which derives neutrino
Yukawa, RH neutrino masses, and so on

& Aim: to judge whether E, x U(1), can yield observed Baryon
asymmetry or not

@ We applied leptogenesis mechanism, and calculated lepton
asymmetry by taking into account 3 key ingredients

m SUSY extension

m  Effect of final lepton flavor

m Enhancement of physical mass of RH neutrino

@ This scenario successfully accounts for matter dominant universe

¥ L asymmetry is a nice probe to RH neutrino sector in E, x U(1) 4, GUT




Backup slides




Leptogenesis

@ Conditions for baryogenesis (Sakharov conditions) are satisfied

L asymmetry - B asymmetry

@ In early universe, RH neutrino decays to lepton or anti-lepton
with different rate out of thermal equilibrium

C and CP violation Interactions out of equilibrium




Key ingredients for successful leptogenesis

@ Applying leptogenesis to generate B asymmetry in this scenario
[M. Fukugita and T. Yanagida, PLB174 (1986)]

¥ E, x U(1), model derives relevant quantities for leptogenesis,
I.e., RH neutrino mass, neutrino Yukawa

@ Estimation with the quantities
shows insufficient L asymmetry

@ Must take into account 3 key
ingredients to correctly evaluate




Flavor dependent CP asymmetry

@ CP asymmetry in unflavored leptogenesis

DNy = LH) —T(V —» 1T 3 SO an

(N, — [H)+ (N, — [HY) — 167 — (ATA)H Mj

EN, = (FO].“ M, < J\/fﬁ)

Including the sum over the final lepton flavor

@ CP asymmetry has to be calculated for each lepton flavor
. TNy = LH)=T(Ny = LHT)
N T SSTD(N, — LGH) + TNy — LHT)]

= ’ s NG | 2 (N Mi o on Mi o M A
__SW()\)\T)ll Z\S Bj 5( )51E+( )16 f\/]g ( or 1<< 1%5)
B#1 ,

[L. Covi, E. Roulet and F. Vissani, PLB384 (1996)]




parameter

Parameter value comment

A 2.000 x 101GeV GUT scale

M, = MBAs 5.656 x 10" GeV  1st RH neutrino mass
My = M?As 2571 x 103 GeV  2nd RH neutrino mass

M; = MAg
A14 — )\]'OAG
Ms = A"Ag

Mg = M®Aq
Y.].l - /\6.5
Yip = A%
Yiz = X°°
Y21 - )\6.0
}/’22 — /\5.5
Yoz = A0

FERE

1.169 x 10? GeV
5.312 x 107 GeV
4.989 x 10 GeV
2.268 x 102 GeV
5.318 x 10°
1,134 % 10—*
2417 ¢ 107
1.184 % 107+
9417 % 10—
5.154 x 104

3rd RH neutrino mass
4th RH neutrino mass
5th RH neutrino mass
6th RH neutrino mass
11 component of Y,
12 component of Y,
13 component of Y,
21 component of Y,
22 component of Y,
23 component of Y,




E, x U(1), GUTICHFBCPIEXIFR
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E, x U(1), GUTICHFBCPIEXIFR

a LT ERLT BIADRRIERDZEZ AU\ CCPIEMINE T
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Evolution of flavored (B — L) asymmetry

@ Flavored (B — L) asymmetry is evaluated by coupled Boltzmann
Egs. for Y, Yap Ya, and Y,

dY N < Yn
dz sH(z = 1) (y;g )[’YD+ vss + 4vst]
= = — —1 i K E —(C. 4+ C; [
dz sH(z:l){(Yﬁ,‘f )El/\/D—}_ ‘ - 2( ij J)WD

YN1 I . CJH l H VS, YAi
+ (Yfff — 1) (C?:ﬂss + s |+ (2¢C;; +C57) (’Yst + ) y e

m Y; =n;/s (s:entropy density)

ml Z=M1/T

m oy, (ySS, yst): reduced thermal averaged decay rate (cross section)




Evolution of flavored (B — L) asymmetry

@ Each conversion rate is determined by various constraints
with equilibrium conditions in each temperature regime

T (GeV) Equilibrium Constraints
Cc = Qz + H
108 - 101 + he, hg, hy, interactions  s=0Q;—H
@ Example 1: u=1l,—H

;906 —120 —120 |

Cl=——|-75 688 —28 c=— (37 52 52)

17 ’
2H8 \ 75 28 688 558
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