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Neutrino mass & GUT scale
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Neutrino mass & GUT scale
the only dimension-5

1 y
—Lp_g = @Li[{j HH operator that can be added
7 M to the Standard Model

type | type I

Seesaw mechanism:
fij <H0>2 exchange of superheavy

Vil (<10'> GeV) particles
induces tiny Majorana
neutrino masses



Lepton flavour structure

In type | seesaw, light neutrinos couple
through yi; to gauge singlets N'’s, which have
heavy Majorana masses M;; : there are
two sets of flavour parameters
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Lepton flavour structure

In type | seesaw, light neutrinos couple
through yij to gauge singlets N’s, which have
heavy Majorana masses M;; : there are
two sets of flavour parameters
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mi; = yikMk;l Y51V

In type |l seesaw, light neutrinos couple to
the SU(2). triplet A, with couplings f;
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The unique set of flavour parameters is the low energy one, that is,
the light neutrino mass matrix mij;



Baryogenesis via leptogenesis
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(i) violation of CP symmetry: y
(iii) epoch out of thermal equilibrium
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Baryogenesis via leptogenesis

"B ~ 0.9 1019 3 necessary conditions to generate the
S matter-antimatter asymmetry:
WMAP (i) violation of B-L symmetry: Mn
(i) violation of CP symmetry: y
(iii) epoch out of thermal equilibrium
Fukugita & Yanagida

In the early Universe
the heavy particles may
decay out-of-equilibrium
into leptons

Asymmetry suppressed by (i) large number of ng
d.o.f. (ii) a loop factor (iii) dilution effects S
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s leptogenesis testable?! Flavour

3 M,y Im[(yTy)m(yTy)m]
8 Mo (yTy)ll

gL=[(N—LH) - (N=L*H*) ]/ ot
= the couplings yi. are not directly accessible at low energy

€], —

&= N and N3 (at least) with different couplings are needed
& the outcome depends on several high energy flavour parameters



Outline

® Type | SO(10) unification vs type |l SO(10) unification: a class
of models with no unknown flavour parameters at GUT scale

¢ some model building ...

® Baryogenesis via leptogenesis in type Il SO(10)




Neutrino masses in SO(10)

In usual SO(10) one entire family sits in a spinor representation:
16 = (1 + 5+ 1O)SU(5) =N+ (L,d°) + (@, u, e°)

Neutrino Yukawa couplings lead to type | seesaw:

y 16 16 105 Dy L N° H,
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In usual SO(10) one entire family sits in a spinor representation:

16 = (1+5+410)syi) = N+ (L, d°) + (Q, u®, €°)
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The fundamental representation also contains L and d° states:

10 = (54 5)su(s) = (L%, d) + (L, d°)

Neutrino Yukawa couplings lead to type | seesaw:

y 16 16 10y Dy L N°¢ H,

10 10y ,

These L states have no Yukawas to N¢, but: s oo
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Light & heavy matter fields

If both 16 and 10 matter fields exist, the light lepton doublet L
is in general a linear combination of L' and L'°.
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10 = (54 5)su(s) = (L%, d) + (L, d°)
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Charged fermion masses

In other words, type Il SO(10) is a different route to embed the
flexible SU(5) unification into the more constrained SO(10) unification:
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The mass spectrum

GeV

A

e GUT

=16
(5§0753 )

LB S 1S (510, 52

|0|2




Model-building issues

® SO(10) is broken to the SM in one step by an appropriate
choice of Wgur, involving extra fields with mass Mgut

® Natural doublet-triplet splitting: the MSSM Higgs doublets
(Hu c 10u & Hp c 16p) are kept light by the ‘missing VEV’

mechanism
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Type Il SO(10) leptogenesis
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Type Il SO(10) leptogenesis

WSO(lO) D, fij 10, 10] 54
2 fij L; Lj JA
+ fy L LA
+  fi; Li LGS

o 02 MF, P.Hosteins, S.Lavignac, A.Romanino,
U~y
my, = NPB 806 (2009) 84
Y 2Ma /

The leptons L€ in the loop are heavy, Te(f£* £) Ma Tmfmyy (m*mm* )]
N A 11 11

. 2 . s
with masses M 23 = Yeur Mcur I o Me > 3_1 e
In the case M; << Ma < M; one finds i=1 """

Baryogenesis from the same observable in the lepton sector !



The decay channels
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The decay channels
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Efficiency of leptogenesis
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Efficiency of leptogenesis

b Am?
"B _ 7.6 x 1073 ¢; N 0 0.9 x 107 | (€£)maz = 0.1 > 3%3
S AmZ,

The efficiency parameter 1 is determined by the Boltzmann equations
for the decays of A in the three channels LL, LL¢ and HH
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Efficiency of leptogenesis
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The efficiency parameter 1 is determined by the Boltzmann equations
for the decays of A in the three channels LL, LL¢ and HH
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Large (order one) efficiency n is obtained when [ is larger
than Hubble, but one decay channel is out-of-equilibrium




Efficiency of leptogenesis

b AN %
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max

~ 103

The efficiency parameter 1 is determined by the Boltzmann equations

for the decays of A in the three channels LL, LL¢ and HH

Large (order one) efficiency n is obtained when [ is larger
than Hubble, but one decay channel is out-of-equilibrium




e=10"% " e=10""

washout

My=10"GeV

M,=10"GeV

strong washout
H
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Define

Yp = (np - npx)/s
for each
species p.

At the end of
baryogenesis
epoch we find

Later Ls decay
and asymmetry

in light leptons
is left.




Constraints on V parameters

The washout may be weak & the CP asymmetry sufficiently large

for Ma> 10''GeV and specific vV parameters. If one takes Ma = 10'2 GeV,
successful leptogenesis requires: (i) suppression of 0V2[ decays

(i) normal vV mass hierarchy (iii) sin 03 close to the upper bound = 0.2

Baryon
asymmetry
above
10'GeV

I

Neutrinoless

~1078

ZB dGCGY of O%®o0 002 004 006 008  0.10 "Moo 002 004 006 008
heavy nuclei mvi(eV) mvi(eV)




Constraints on V parameters

Successful leptogenesis implies also non-zero
Majorana-type CP violating phases, p and .
They are the same phases entering 0v2[3 decay.

Unfortunately weak washout requires |mee| < 102 eV



Soft SUSY breaking parameters

Flavour universal
SUSY breaking mediation GUT
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Soft SUSY breaking parameters

Flavour universal
m 9 m /2’ AO
SUSY breaking mediation GUT URLLY
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Sfermion masses

Taking mSUGRA boundary conditions at Mgur:

3 A? 24 Mg+ M,
- 1672 MGUT 3 Mcur
type II seesaw a la SU(5)
3 heavy matter

3 A2
m N | 7”106:2 Z 4|ad| log M @ families from

" SO(10) breaking [*

MSSM like effects



Sfermion masses

Taking mSUGRA boundary conditions at Mgur:
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Lepton flavour & CP violations

Masina, Savoy, ’03; Paradisi, ’05; Ciuchini et al. , ’07; ...

Choosing (i) a heavy mass spectrum compatible with unification,

(ii) the parameters leading to leptogenesis, (iii) approximatively
equal superpartner masses, we roughly estimate:
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parameters leading to successful leptogenesis at 10' GeV, tan f =10
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same
parameters
as before,

scanning over
mo and M2

U to e
conversion on
Titanium could

be probed down

to 10-'® (Mu2e)
or 10-'8 (PRISM)

BR(t—=uvy)
BRu—eee)
CR(u—einTi)

10'13

' '1'(')-12
BR(u—ev)




mSUGRA SRR R
parameters fixed '
totan B =10
mo = 700 GeV
mi2 =700 GeV
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MmMSUGRA

parameters
fixed to

tan B =10

mo = 700 GeV
min =700 G
Ao=0

u=>0

Je unified

2 coupling
makes all
sfermions
eavier than all
neutralinos and

charginos; never
stau LSP




Quark flavour & CP violations

Correlated analysis of the hadronic observables gives weaker constraints.

Most noticeable difference with the MSSM is dRR4 %= 0 at leading log.




exp _3 SM may account only for 80-90% of
CEK — (223 m 001) 10 this measured value (Buras, Guadagnoli)
but hadronic uncertainties large

no radiative
EVWSB

|

2500

arg(5§R)12 = (0.5 arbitrary choice of a CP violating phase




Conclusions

* Several upcoming experiments will provide new severe &
complementary tests of SUSY GUTs

* |n type Il SO(10) models, the low energy fermion masses &
mixing angles are the only flavour parameters of the full theory




BACKUP SLIDES




The model: Yukawa sector

h (LYLE(1y) + e LY (Hg))

heavy lepton & d-quark masses: Me = Mp" = hVgur

light lepton & d-quark masses: me=mq' = h vq

1 &

1
WY — =il 16116] ]_O —|- hz’j 16210316 —|- = f2310210354




Type | versus type Il SO(10)

The most general superpotential for dim-10 and dim-16 multiplets:

1 1
Wy = §y16M16M10H + h16p7103,167 + §M1010M10M

The singlet VEV in |61 mixes the (L, d°) states in |6m and 10m :




SO(10) breaking to the SM

To break SO(10), besides 16 one may use 45 and 54 Higgs
multiplets, acquiring a GUT scale VEV

To align a 45 VEV along Tg.. one needs a non-generic Waur
Waour = %0'154/453}34533 - ()\125 - 01254/)45B—L453R

X -,"""‘-- ,,.‘*"‘)4 : i,'.;~-x--'_- “




D I-splitting and p-decay

WDT = «10 45B—L 10/—|-M 10/ 10/+771_61_6 10+gl_6 45B—L 16

Doublet-Triplet splitting by the missing VEV mechanism
(Dimopoulos-Wilczek), but with the down Higgs partly in 16:

0 0 nVi H HlO h
Mp=1{ 0 Mo 0 Hd, - cHlO " 8H16




Full computation of €,

s, D(A— L") —T(A" — LL)
€ — 2.
. Cior (A*) + Tiot (A)

The loop contains 2 heavy sleptons with

masses M; and My, and a Higgsino from 54,
either S ~ (I,1,0)sm or T ~ (1,3,0)sm

Mp My M\ Im[f5(ff* fr]
BL = g 2 CRZ (MA’MA’MA) Tr(f*f)+...

R=S,T k,l=1

F(z, 2k, z1) = O(1 — 2, — 21) zlog

ligateeD iadaestin St S L Ulis 2 n v
It 2 g ey A ot

M, + M, — 0 F%%—ilOg(l—FM—%‘)
N o . R
F is the imaginary part F.. ~08 for

of the loop integral |/ 4 0y (0 F—o0
Mg+ My > Ma F=0

MR ~
MA = 0-5




The gravitino problem

In our scenario, at least in the weak washout region,
thermal leptogenesis requires Ma = 10'!-12 GeV

In SUGRA, if m3/; is close to the electroweak scale, the gravitino
overproduction bound on the reheating temperature is Try < 1070 GeV
(much stronger bounds from BBN, but more model-dependent)

Ways out :




Leptogenesis in type | SO(10)

b
e In SO(10) models with type I BB 10 3¢ n & 10710
seesaw, further suppression of & 5
comes from small Yukawa
CoURINGE.E Yup £ ~ [ T(N=LH) — [(N—L*H") ]

® Some tuning of parameters is 3 My Im[(M]M,)12)?




