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Neutrino parameters

| NUFIT 4.0 (2018)

without SK atmospheric data

Normal Ordering {best fit)

Inverted Ordering {L\)(’I = 4.7)
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Doesn’t change
mixing angles.



TBM Flavons
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Two RHN and seesaw
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Highly predictive but not correct.
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TBM Flavons
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Two RHN and seesaw
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Highly predictive but not correct.



Phenomenological search for flavons
with real integer entries.
- Constrained Sequential
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arXiv:1412.6996



Littlest Seesaw

« Diagonal Charged Leptons
* One physical fixed phase.
 Two free real parameters.
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Littlest Seesaw

Dt NL?® Model

Observable

Central value lo range CSD3
Bt /¢ 33.62 32.86 — 34.38 34.33
gt /° 8.54 8.57 — 8.69 8.58
gt /9 47.20 45.30 — 49.10 44.3
8t /° 234 178 — 290 266
Am2,/(107% eV?) 7.51 7.33 — 7.69 7.43
Am2, /(1073 eV?) 2.52 2.48 — 2.56 2.49
m; /meV 0
Qg3 /° 34
3 3.82

a=26.7 meV, b=2.67 meV arXiv:1803.04978



LAk SR 0

my,m>,mE my~ae™ [ 3 9 3 | +b| 0
(N A 0

0

0

0

s WO |
Me,mg~de | 1 6 4 | +f
14,2

9= I e i o (I < i = T8 cws
O e OO

e Universal up-type

* Universal down-type

 AtLE, 13 real parameters, 4 phases.
* 22 observables.

arXiv:1807.07078
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« CSD3

* Perfect fit.

* Predictive.
 Highly symmetrical.

arXiv:1807.07078
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Where does CSDn
come from?
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Up to overall rotation and reflection
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Alingnmemnt Potentials

F-term equations of X,Y,Z

CSID3

Wieer ~ X (dsy)? + Xa(or)? + Xa(07)? + Xv o0,
+}/:;<f>f9,¢rps,L.' + Y (§rdi — Orp,)
+Z3" (Q)fﬁ',l.."cb’l' 22 £S,U¢;tm) + Z3' (q):nmé:‘ o pS,l,"¢;ol) ’

arXiv:1607.05276, arXiv:1710.03229



Alingnmemnt Potentials

F-term equations of X,Y,Z

+Z3-'(¢’5 & G)[ f'yt atm) T Zi’ (d)atrnqbl‘ pS,lJé;ol) .

arX1v:1607.05276, arXiv:1710.03229
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ED

Break nicely

GUT SUSY  Flavor

Orb. Cond. $lD: Up next...




Dear ED:
Why S,?
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A, from T?/Z,
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Independent reflection of x; and x;

Tg

arX1iv:1803.04978



A rieslde mpactification

Through the ancient art of extra dimensional origami.



Dear ED:
Why CSDn?
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Taessand S,
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T?/Z,and S,




T?/Z,and S,

==Fees- = o

Alignment superpotential:

Wy ~ Ai(¢3)* + As(dadz — pdr),

arXiv:1803.04978



T?/Z,and S,

6D: Wa ~ Ai(¢3)° + As(dads — poy),

4D:
W5~ Xap(dsy)? + Xa(or)® + Xa(60)* + Xv drd,
+Ysdsypsy + Yo (§rd: — Orp,)
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Could we have no
superpotential?




A, from T?/Z,

T 2 A4

Active transformation =» A, spacetime symmetry

Passive transformation =» A, modular symmetry

arXiv:18012.05620



Modular Transformations
There are two independent ,
lattice invariant transformations.
S-transformation
(a)=(5 DE)-

T-transformation

)=C D=




Modular Transformations

Yukawa couplings y > 4 Y(wy, Ww,) Modular forms

Fixed by this specific orbifold (No extra freedom)
arXiv:18012.05620



Modular Transformations

—1 0
Modular Form Y 2&) Flavon ¢, 1
9 1

(1 -T symmetry: 01,,=45° §'=190°

Leptonic Fit X ?=5 with 4 neutrino parameters.

arxXiv:18012.05620



T?/Z, and SU(3)
No superpotential




Independent reflection of x; and x, > effective Z2,

4 4d branes in total

4 5d branes for each reflection
(Lines that connect 4d branes)



Fermions in 4d branes (No boundary conditions)

Flavons in 5d branes (Some boundary conditions)

Higgs and Gauge F. in bulk (All boundary conditions)



Flavons in 5d branes
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Boundary conditions

-1 00 0 0 -1
CSD3 : P0=SU, Pw/2= O 1 0 3 P1/2= 0  JSeR:
0.:0 1 -1 0 0

arXiv:1807.07078



Boundary conditions

-1 0 9 0 0 =1
CSD3: P0=SU, Pw/2= 0 ; P1/2= 0 17 7%
O Atk

-1 0 0 1580
CSD2 Po———SU, Pw/2= 0 1 0 ) P1/2= 0 -1 0
S 4 SR ) B |

Py (¢1) = P1j2 (¢1) = (1)
Py (92) = P2 (¢2) = (¢2)
P2 (¢3) = Poj2 (P3) = (¢3)
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Up to overall rotation and reflection
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The Whole Enchilada

. Representation Localization
Field Morr(3) so(10) [ 2z 2 | B, 2

U 3 16 AR}

Hg, 1 10 0 0 |+1 +1 +1
Ha, 1 10 2 0|+l +1 -1
Hyg 1 16 0 0 |+1 +1 -1
Hy 1 16 0 0 |+1 +1 -1
HY 45 o e S U T E e
1 e B | 45 2 1 |+1 +1 +1
1 3 1 2 1 |+1 +1

b2 3 1 0 1 |+1 +1
ha 3 1 Rty +1  +1

arXiv:1807.07078



The Whole Enchilada

Representation Localization
Field Morr(3) so(10) [ 2z 2 | B, 2
U 3 16 AR}
Hg, 1 10 0 0 |+1 +1 +1
Ha, 1 10 2 0|+l +1 -1
Hyg 1 16 0 0 |+1 +1 -1
Hy 1 16 0 0 |+1 +1 -1
HY 45 o e S U T E e
1 e B | 45 2 1 |+1 +1 +1
1 3 1 2 1 |+1 +1
b2 3 1 0 1 |+1 +1
ha 3 1 Rty +1  +1

MSSM at LE.

DT, DD split, GUT
and Flavour breaking
by ED.

Fermion Unification.
Highly predictive Vv s.
Perfect fit Qs and
CLs.

Small reps.

Few multiplets.

arXiv:1807.07078



6d SUSY
S0O(10) GUT SU(3) Flavor

l 3 *16 ,[*0 O w'/
P edlctwe. S e 2
v, 0

+ Less superfield mult plets
fthatn the M:SSM o
|0




Conclusion

We can easily obtain non trivial and predictive
flavon alignments through Extra Dimensional
mechanisms.



