o University of

Southampton




Contents

) N
N\ \\ X ¥,
\ V' « 1\

-~ -

* Motivation

* Model framework

* Phenomenology
o fermion mass and mixing in SO(10) SUSY GUT
O |eptogenesis and Ov[3[3

.

O proton decay
O gravitational wave
* Result



Motivation

atmospheric

2.5 x 1073 eV?

atmospheric

2.5 x 1073 eV?

2
m,

2
/nl ——




Motivation
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Fermion masses and mixing are highly correlated in
the framework of SO(10)

* U(1)s-L gauge symmetry can appear as an
intermediate symmetry and its breaking scale is
associated with RH neutrino masses

* Limit on proton life time put constraint on the SO(10)
breaking scale

Neutrino Physics GW  Proton decay
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Symmetry breaklng of SO(10)

N

We ConS|der a speC|f|C breaklng chain of SUSY SO(10)

SO < SSTSY
45 l broken at MauT
B Grrsm = SU3) . xSUR2)p xSU(2) g xU(1)g_r XSUSY
126 l broken at Mp_7
Gussm = SU(3). x SU(2), x U(1)y x SUSY
l broken at Mgygy
Gsm =SU3). x SU2)r, x U(1)y

.
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Fermion mass and mixing

* To fit the fermion mass and mixing, we consider three
Higgs multiplets in the Yukawa sector

Y7016 -16 - 10 + Y7516 - 16 - 126 + Y;50 16 - 16 - 120 + h.c.

« CP symmetry at GUT scale — real Yukawa couplings

~ *» The up, down, neutrino, charged lepton Yukawa couplings
are Hermitian and can be parameterised as

Yu:h+r2f+ifr'3h’, derl(h—l_f—l_ih/)a
Y, =h—3rsf +ic,h’, Yo=r1(h—3f+ic.h’)

o h, fare real symmetric and 4’ is real antisymmetric
o 1,7y, 13, C, C, are all real parameters (r; =0)

» The neutrino mass matrix is determined by M, = m,Y, f~'Y,



Fitting the parameters

 Choose a basis where the up-type quark Yukawa
matrix is diagonalised

Y, = diag{nuYu; NcYe, MYt §
Yy = PoVorwm diag{naya, NsYs, 1Y } Vg Lo
o P = diag{e'™,e'®,1} contains 2 phases
o 1, are signs that cannot be determined by the real-
orthogonal transformation

* By fixing the quark Yukawa couplings and CKM
mixing, the matrices A, f and i’ can be solved as
Y. roReYy Y., ReY; ImY,

ro—1  ri(re —1) ! ro—1 ri(rg —1) ; r1




Fitting the parameters

A ro + 3 .

) Tk : Y., - 3 ReY,; + 1c.ImYy,
o758 1 i 1
. 8ra(rs + 1)Y 1673 ReY,
. i ro—1 7% ri(ra—1)
% (1 A
| Tzr (r1Y, + ic,ImYy) (r1Y, — ReYy) 1 (r1Y, — z'c,,ImYd)> b
1

* 7 remaining free parameters: {a,, a,, r{, 15, c,, c,, my}
 Undetermined signs: 7,

» 8 observables: {y,,y,, Y., Amy, Am3,, 6,,,0,3, 0,3}



Leptogenesis

. ULYSSES and the

associated “3DME” code (which

accounts for the decays and washout of all three RH

neutrinos)
* Example benchmark point

Inputs a1 a2 Cvy Mo (nua Tes Tty Ndy s s 77b)
35, 40°%8"  "J2E2M -1.49 44.24meV (=, +,+;+,—,—)
Outputs 913 912 (923 ) mi
8.66° SOMER 44.14° ot 5.29 meV
(X2 — 8.22) megp MN1 MN2 MN3
5.76 meV SEEIENGeY  1.53 - 1012 GeV  4.67- 10" GeV

o Baryon-to-photon ratio 7 ~ 6.16 x 1071°
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o The lightest neutrino mass: 5 S m, (meV) 5 10

e Partly testable for the next generation of 04 and
CMB experiments



Proton Decay
| g “\\:'\ ‘ o

 Pion channel
© Dimension-6 operators

(@’VMQ@)(E%%L[%) ) (EV“QQ)(%%LQ[S) 7
(%V“Qa)(@%%) ; (@V'UJQOJ(%VMQB) HK .

« Kaon channel
O dimension-5 operators

QLQ%Q5L, UL DG UL Ey Juno

2 2
763 MSUSY/mW



Proton Decay

Cabe L a b e R Ca NCb77Cc 1-C
Mt (CO‘BV(S Qa@ﬁ QW Ly + C[aﬁvw Us Dﬁ UV s )
Caays = (Y10)as(Y10)vs + 21 (¥iz6)ap(Vize)vs + z2(¥a120)aps(Y120)+6
+ 23(Y10) s (Yiz6)vs + Za(Yi36)as(Y10)+s + Z5(Y536)as(¥Y120)s
+ 26(Y120) a5 (Y136)76 T 27(¥Y10)as (Y120 )16 + 28(¥Y120) s (¥Y10)06

+ T9(Yizg)as(Y120) 3y 1 Z10(¥220)as(¥120) 5+
Cigvs = (Y10)as(Y10)ys + a1 (IIBEIRBOII96 176 — Z3(Y10)as (Y126) o
— 74(Y136)8(Y10)+6 + Us(Yi36) a8 (Y120)v6 + ¥7(Y10)as(¥Y120)+6
+ Y9(Y120)a~r (Yi36) 85 + Y10(Y120) 0y (Y120) 385
h U2 y Cu
YVio == Thapai=t i = GOttt

9
Vi1 mo Vs 4V 3



GW from cosmic strings

e GW relic densit.depends on the string tension Gu
1 M,
- 2Aapp(Mp_p) + ay(Mp_p)) M,

* |In SUSY GUT

Gu

Mp_; ~ Mgyt
J
orMp_;) = ayx(Mp_;) =~ agur(Mgyr)
U
1 M3_,

Gu ~ >
dagurMcur) My




GW from cosmic strings

* Q

* Decay rate of cosmic strings into monopoles
7
m
Fd — ie_ﬂk, N—
21 U
MV
o Monopole mass m = —f
04
1 M M
2 __ e o =172 77GUT
o U= Mg _;,m = =}‘\/;—O[GUTZW
aGuT adGuT B—L

e Stability of cosmic strings
o Stable: M,_, < Mgy (Vi > 9)
o Metastable: Mp_; S Mgyr (Vi < 9)



GW from cosmic strings
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SmaII MSUSY, small \/; metastable string

Small My, small \/; metastable string
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TianQin

f (Hz)

SKA DECIGO
| —— BPL: Gu=69%x10"" k>9
—— BP2: Gu=2x10"", /k>9 BRO
—— BP3: Gu=45x10"% /k=709, tr=10""Ysec.
108 1070 10~ 102 10
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