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Type-II see-saw



(pure) type-II see-saw

Δ ≈ (1,3,1)

〈∆〉 = −α
〈hu〉2

M
⇒ mν = α

〈hu〉2

M

[Mohapatra Senjanović
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(Comparison with see-saw type-I)

Relevant interactions: 

Overall size of neutrino Yukawa couplings

Unknown flavour structure

Type-II: LFV more predictive [Rossi 02], leptogenesis as well in SO(10)

vdλE , vuλN , M 21 physical parameters
me mµ mτ , mν1 mν2 mν3 , U 12 known or measurable parameters

e.g. vuλN = vuλdiag
N VN or Mdiag,

R = 1/
√

Mdiag vuλN U†/
√

Mdiag
9 unknowns = 3 masses + 3 angles + 3 phases

λN → k λN

M → k2M
⇒

mν → mν

BR(ei → ejγ)→ k4 log k BR(ei → ejγ)

λE
ije

c
i ljhd + λN

ij Niljhu +
Mij

2
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mν = −v2

u λT
N
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]



also
Possibility to link b-τ unification to large atmospheric neutrino 
mixing

[Bajc Senjanović Vissani]

MU = Y10v
u
10 + Y126v

u
126

MD = Y10v
d
10 + Y126v

d
126

ME = Y10v
d
10 − 3Y126v

d
126

MN = Y126 〈(3, 1, 10)126〉

MN ∝ Y126 ∝MD −ME



A simple Implementation 
of type-II see-saw in SO(10)



The embedding of the SM fermions

Reminder: SU(5) embedding

l + dc = 5SU(5)         q + uc + ec = 10SU(5)

Usually

16SO(10) = (5SU(5), 10SU(5), 1SU(5))      (and 10SO(10) = (5SU(5), 5SU(5)))

Here

16SO(10) = (●, 10SU(5), ●)          10SO(10) = (●, 5SU(5))   (● = heavy)

–

– –

–



Type-II see-saw in SO(10)

Δ ≈ (1,3,1) ⊂ 15SU(5)     Δ + Δ ⊂ 54SO(10) = 15SU(5) + 15SU(5) +24SU(5)    
(or ⊂ 126 + 126 or > 500)

Note: 10 x 10 = 1s + 45a + 54s     54 < 252 (perturbativity)

54 does not couple to 16 x 16

But it does couple to 10 x 10, and 10 ⊃ 5SU(5) ⊃ l

Hence the need of the embedding of 5SU(5) in 10SO(10)

_ _
_

–

-



A predictive model of leptogenesis

Frigerio Hosteins Lavignac R, arXiv:0804.0801 (NPB)
Calibbi Frigerio Lavigac R, arXiv:0910.0377 (JHEP)



10iSU(5) ⊆ 16iSO(10), 5iSU(5) ⊆ 10iSO(10)

 

 

W is RP invariant, generic up to mass terms; no type-I

Below MGUT: MSSM + (5i+5i) + (15+15+24) (+ Ni)                             
LNV from Δ (and Ni)      MΔ = M15 < M24 MN

The see-saw lagrangian

-

<16> pairs up the 
spare components

in 16i 10i

hij16i10j16→V16 hij 5̄16
i 510

j

=V16 hij(L̄iLj + D̄c
i D

c
j)

- _

W ⊇ yij

2
16i16j10 + hij16i10j16 +

fij

2
10i10j54 +

σ

2
10 10 54 + Wvev+NR






mU
ij = vu yij

mE
ij = vd hij

mν
ij = σ

v2
u

2M∆
fij (pure type II)



The presence of the heavy L, Dc (+ conj) leads to

leptogenesis (1-loop diagrams giving rise to CP asymmetry)

LFV effects (radiative effects on soft terms)

Flavour parameters known (up to mild model dependence)

Flavour-blind parameters unknown (triplet mass, its coupling to 
hu..)



Leptogenesis

fij, MLij from mν, mE (up to overall factors, WNR)

L1 lighter than MΔ/2?

ML1 < MΔ < ML2, M24:

(in the diagonal mE basis)

✓ML1 ∼ h1V16 ∼
0.5 · 1011 GeV

cos β

(
V16

2 · 1016 GeV

)





λ2
l ≡

∑

ij

|fij |2, λ2
h ≡ |σ|2

ε ≡ 2
Γ(∆→ l∗l∗ )− Γ(∆∗ → ll)

Γ∆ + Γ∆∗
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Similar to A. Rossi, 02 but with additional effects from the 
heavy fields crucial for leptogenesis

LFV

10
-16

10
-15

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-14

10
-13

10
-12

10
-11

10
-10

BR(!"! e " )

MEG expected

10
-16

10
-15

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-14

10
-13

10
-12

10
-11

10
-10

BR(!"! e " )

MEG expected

10
-16

10
-15

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-14

10
-13

10
-12

10
-11

10
-10

BR(!"! e " )

MEG expected

BR(#"!"!"" )

10
-16

10
-15

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-14

10
-13

10
-12

10
-11

10
-10

BR(!"! e " )

MEG expected

BR(#"!"!"" )

BR(!"! e e e )

10
-16

10
-15

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-14

10
-13

10
-12

10
-11

10
-10

BR(!"! e " )

MEG expected

BR(#"!"!"" )

BR(!"! e e e )

CR(!"! e in Ti )

m1 = 0.005 eV
sin2θ13 = 0.05



Leptogenesis + LFV

μ → e γ predicted to be within MEG sensitivity
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Tree-level gauge mediation

with Nardecchia, Ziegler 
arXiv:0909.3058 (JHEP)
arXiv:0912.5482 (JHEP)
and Monaco (in progress)



A wide class of models of supersymmetry breaking

Hidden 
sector

Observable 
sector

SUSY breaking MSSM?

Z chiral superfield
<Z> = Fθ2

F » (MZ)2
SM singlet

Q chiral superfield

∫
d4θ

Z†Z Q†Q

M2

M

→ m2Q̃†Q̃, m2 =
F 2

M2

[Polchinski Susskind,         
Dine Fischler,           

Dimopoulos Raby,          
Barbieri Ferrara Nanopoulos]
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Tree level gauge mediation

Z†

Z

Q†

Q

heavy vector superfield
SM singlet

non-anomalous
assumed to part of a GUT

↑

V

∫
d4θ

Z†Z Q†Q

M2



A concrete example

G = SO(10) “minimal” GUT (V heavy SM singlet means rank ≥ 5)

V associated to the SU(5)-invariant generator “X”

 

                                 gives 

The (usual) embedding of a MSSM family in a single 16 does not work (whatever 
the sign of XZ)

SO(10) SU(5)

16 = 5 + 10 + 1
X -3 1 5

-
SO(10) SU(5)

10 = 5 + 5
X 2 -2

-

Z†

Z

Q†

QV
m̃2

Q ∝ XQXZ



The three MSSM families are embedded in  16i + 10i , i=1,2,3  (needs XZ > 0)

Does not require any effort! (SO(10) reps with d < 120)

SO(10) breaking needs 16 + 16 with <16> = <16> = M ≈ MGUT                                                    
hij 16i 10j 16 → Mij 5i 5j    when 16 → <16>

(Reinforces the theoretical consistency)

SUSY breaking: Z must be the singlet of a 16’    (gauge invariance: 16’ ≠ 16)                                                              

SO(10) SU(5)

16i = 5i + 10i + 1i
X -3 1 5

-
SO(10) SU(5)

10i = 5i + 5i

X 2 -2

-

must be made heavy

_

m̃2
Q =

XQ

2XZ

F 2

M2

_

-



Then

In particular

all sfermion masses are positive

sfermion masses are flavour universal, thus solving the 
supersymmetric flavour problem, and determined by a                
single parameter

                        (at M)

m̃2
q = m̃2

uc = m̃2
ec = m̃2

10 =
1
10

m2, m̃2
l = m̃2

dc = m̃2
5̄ =

1
5

m2, m =
F

M

m̃2
q,uc,ec =

1
2
m̃2

l,dc



Against common wisdom

Supersymmetry breaking masses (Z*ZQ*Q) are obtained at the tree level from 
spontaneous SUSY breaking in a renormalizable theory

Two arguments seem to prevent this possibility 

1. the supertrace formula

2. small gaugino masses

0 = (Str M2)f,tot = (Str M2)f,MSSM + (Str M2)f,extra
> 0 < 0

(
m̃2

lightest “squark” ≤ m2
d or m2

u if no additional U(1)’s
)

m̃f ∼ 100 M2 ! 10 TeV m̃f ∼ 10 M2 · η ! 1 TeV · η

[Arkani-Hamed Dimopoulos 
Giudice R]



Gaugino masses

Arise at one-loop because of a built-in ordinary gauge mediation structure

(W = hij 16i 10j 16 + h’ij 16i 10j 16’)

 

O(100) hierarchy → O(10): mt > O(1 TeV) x model dep factor λ

SO(10) SU(5)

16i = 5i + 10i + 1i
X -3 1 5

SO(10) SU(5)

10i = 5i + 5i

X 2 -2

M2

m̃t

∣∣∣∣
MGUT

=
3
√

10
(4π)2

λ, λ =
g2 Tr(h′h−1)

3

~

X

Z

5i 5j

5i 5j

h′
ij

hijM

Vg Vg



They assume:

Minimal GUT implementation (SO(10))

Only SO(10) reps with d < 120

Pure embeddings of SM multiplets in 1 type of SO(10) reps (guarantees the 
solution of the SUSY flavour problem), or no matter mass terms

Non minimal GUTs?

A natural option is E6

27i = 16i + 10i + 1i under SO(10)

How general are the predictions?



Miscellaneous

A new D=3 solution of the μ problem                                                 
D=4 (NMSSM) and D=5 (Giudice-Masiero) can also work

Sugra contamination smaller than in loop gauge mediation (MGUT OK)

LSP is the gravitino

Higgs soft terms bounded in predicted interval

Up and down Yukawas decoupled despite SO(10)

Neutrino masses through type-I, type-II, or hard susy breaking operators

Type-II leptogenesis possible



In conclusion..



Happy 
Birthday 
Goran!


