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Neutrino Data

global 3 oscillation analysis

Parameter Best fit lo range & Fogli et al.
ém*/107° eV? (NH or IH) 7.54 7.32 — 7.80
sin® #12/10~" (NH or TH) 3.07 2.91 - 3.25
Am?*/107% eV* (NH) 2.43 2.33 — 2.49
Am? /107 eV* (IH) 2.42 2.31 —2.49

sin® #13/107% (NH) 2.41 2.16 — 2.66

sin? 613/10~2 (IH) | 2.44 219 — 2.67

— g | —

sin” f23 /107" (NH) 3.86 3.65 — 4.10
sin” f23 /107" (IH) 3.92

parameter best fit 1o

éff:rr '[:[HJ' 1.09 9 50+0-09

—0.16

6/m (NH) / 1.08 (| Am3 107V 7.5970 15
( 2
' —(2.40%55)

Am3, [1073eV?]

sin® 05 0-5312458:81;

o .‘[-;'2—}—(;),(;)9
sin Oy 0 o £ 0.06

Daya Bay CeTT
i { ‘ 1 +0.00E
Discovery (2012)  gehwetzetal. > wh. oL
. —0.006

(—0.61%55) 7
(—0.417550) 7



http://arxiv.org/abs/arXiv:1205.5254

Evidences for New Physics:

Atmospheric & Solar Neutrino ‘scales’

Am?

atm

e Origin of these scales and mixings?

Unexplained in SM/MSSM <+ m,, S 1074 eV

Without New | *‘UEW
: m, ~ ——
Physics M py

=24-10"%eV"  Am2 =7.9-10"%eV?



e Charged fermion masses & mixings

Observed Noticeable Hierarchies:

Me~l, A de:M~AS2%01
Ao~ A~ ltan B, Ay st Ay ~ A% A2
my
With A=0.2 Ae i At Ar~ A% A2 01
Vus A, Vg A2, V==X

What is origin of these hierarchies?
Is there any relation or sum rule?
Why three families?

Within SM no answer to these questions...



SUSY Unification vs. non-SUSY

SM
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Within SUSY & GUT, the problem of flavor remains unsolved.
Flavor symmetry Gr distinguishing families can explain hierarchies
Simplest possibility: GF=U(1)F (Froggatt, Nielsen’79)

(T(l)F : (;{Ji — EiQ(fj}é)Q{li

Q(F;) =n;,  QUF)=n;, Q(H) =10, Q(X) =—1
v\’f/c'won’

with 7 +7; #0 :  coupling F;ESH forbidden!

—>Suppressed

X\ R
(1[ ) FiFfH — """ FFiH  couplings emerge

%r) =e< 1 M,  -cutoffscale (simplest possibility M, ~ Mp)
AVL

Several/multiple flavons also can be considered



New SUSY SU(5) X U(l)FIavor
Models

U(1)riavor : Non-Anomalous Flavor Symmetry
SU(5) Matter: 10i , Si*
U(1)rlavor Charge: Q[10i] , OQ[5i*]
SU(5) Scalars: H(5) , H*G*) , X(24)
Charge: Q[H] , Q[H*] , 0

Extra matter : Only SU(5) Singlets (# = or < 3)
For anomaly cancellation & RH Neutrinos

Flavons: X[q] , X*[-q] For U(1)rlavor Breaking

Search for Economical Setup..



Anomaly Cancellation

SU(5)%  Vanishes with:

10+ 5 + yR)+YR) + 1
\ \
H(5) + H(5) + £(24) R € SU(5) Singlets

Minimal Setup:
No  + ]I[ states beyond min. SUSY SU(5)

i.,e. Three 10’s + four 5*’s + one H(5) +one ¥(24) Q) =0
3 3 1 4 -
SUG)?-U(l)p:  Assi= 5 ZQUU@') +3 (Z Q(5r) + Q(5)) =
4
(UM)p)": A =10> Q(10,)* +5 (Y Q(5x)* + Q(5)3) +Y Q=0

3 4
(Gravity)” - U(1)p : Ager = TrQ =10 )~ Q(10;) + 5 (Z Q(5%) + Q(5)) +) Q.=



Finding: Embedding Sy(5)xU(1) e G
a. G=50(N) — Orthogonal group
b.  — Exceptional group, such as Eg. Fg- - -

c. G=SU(N) — Unitary group

Let’s start with SU(5)xU(1) < SU(N) Embedding

- Interesting family pattern



c. * SU(B)x U)r ¢ SU(7) Embedding
SU(7) — plets : 35 ~ Wik . 7 ~ __\-I (i,j k=1,
Anomaly free: 35 +2%7

Yoays = g Diag (1.1.1,1.1,=5)
Y1), = —Dw,u 1,1,1.1,1, —6)

35 =203 + 15_4 = (10_3 + 103)3 + (103 + 5_4) _4

7=06_1+16=(5-1+ 15)-1 + (lo)s .

* Started with SU(7) because SU(6)c Eé6 (already considered)

-t
-]



C. SU(5) x U(1l)r € SU(7) Embedding (cntd.)

With “flips’: 10 — 10? 5 —=5 all anomalies remain intact

Three family of (10 + 5) (anomaly free):

(10_3 + 103)3 + (105 +5_4) 4 + 2 X [(5_1 + 15)_1 + (10)¢]

-- Possible to build superpositios of U(1)s: a()r7(1), + b() U(1)7

10_35485 + 1055135 + 100545 + 5_sz_s5 + 2 X (5_a—5 + Lsa—p + 1g3)

"/

RHN'’s for see-saw



Finding: Embedding Sy(5)xU(1) e G

E6->SO(10)xU(1)”">SU(5)xU(1)":

27=16[1] + 10[-2]+1'[4]=
(10+ 5*+1)[1]+(5+5)[-2]+1'[4]

Consider superposition

Q.ﬂup — a"QU(l)ﬁ + BQU(UT + EQU(UEG



Model

Content:

) _ ) = _ o
10_3z135+pz T 10555351z T 1005 44z + D _sz—ap—oz + O_g_iqz T

_|_15£1 b+c + 15& b+4¢e + 1Gb_|_h— T 16[; ke

oy {

= ~
S —+ D_g

with  30a(3 + 2p) = &(2k?* + 10p* — 27)

3} p=q=k=0

l\..:||—'~
Lot

l:'bt—‘

Selection: {ﬂ‘ b 'l} {

Identification:

Qu, ={2. — 1.0}, Q5. ={0,-2, -3} , Qu =0, Qp =
Q1 =4{1.1,—1.4}

—a—b—2¢



Yukawa couplings are fixed:

10y 109 104 5, By B
10, [/ € : € 10, [/ € e €
105 ‘ £ 2 € H . 105 . = ¢

103 \ € € | 103 \ €2 €

Hierarhical, good fit with: e~ 1/10, € ~ 0.2

> (1.1),(1,3),(3,1) elements~ 0

0 € 0
2> Texture zeros:  Yi; 5 p e & ¢
0 € 1



Quark Sector

Basis: qT}Efuchu qT}b d* h.d
0 \e 2 0
Yo~ | A2 a,eet & | N
0 3 1
e'¥’ 0 0 0 CA\E ? 0
Yp ~ 0 e’ () keNE?  ag€?esd  De
0 0 1 0 b'e 1

© and ¢

do not contribute to masses. Relevant for CP



Fit for: tan 3 =5—15

input: my(my) = 163.68 GeV my(my) = 4.24 GeV
e=00847 , AN=00176. a,=06. a3=3.T.

b= —0.798, ¥ = —T.13, ¢=27.07, k= 0.864
=0, &=-0.065, p=-2696, o =-0.97

output:

(1M, Mg, Mg, me) (2 GeV) = (2.1, 4.67, 91.44, 1082) MeV

=Mz Vil =0.2252 . |Vi| = 0.042

V5| = 0.00349 . 75=0.117. 7=0.34



Neutrino Sector: Dirac & Majorana Couplings

14 1 13
D1 ‘ ‘ €
mp ox Ho| €% €* €' | H
Ha \ € e €3
1 1 15
1, [/ € € ()
Mp x 15| € € 1 M,
15\ O 1 €2



See-saw=> e c d

1o 9

- 9, M3y
Relations> tan”fths = STo€ _,
mo mi

- T
20 = T — —|— %lg ("126 1P1 + 2 _:2 )

il

Predict inverted hierarchical neutrinos
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SUMMARY

SUSY SU(5)xU(1)riavor model proposed:

- Non-anomalous flavor sym.=> texture zeros;

- successful ch. fermion mass hierarchies;

- predictive neutrino sector- inverted hierarchical

THANK YOU!
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Figure 1: Region (i): Needed values of K, realizing normal hierarchical neutrino masses. Region
(i1): Values of K within considered scenario with normal ordering of neutrino masses of Eq. (56).



13 possible options for the pairs (Qg, Q7 ):

(Qu.Qn)""={(q.—q). (q.—4a —4b—2¢), (q.—a—b+¢). (q.—a — b — 2¢).
(—4a — 4b —2¢,—a — b+ ¢). (—4a — 4b — 2¢, —a — b — 2¢), (—4a — 4b — 2¢, q),
(—=a—b+e.—4a—4b—2¢). (—a—b+é —a—b—26),(—a—b+¢c.q).
(—a—b—2¢,—da—4b—2¢),(—~a—b—2¢c,—a—b+¢), (—a—b—2¢,q)},

In comb. of different mass matrices leads to many cases
to be investigated

Two flavons offer interesting possibilities
(to be explored in details)

QIX1=-8, Q[X]=8



some more U(1)r assignments:

A 10¢ + 5o .

B: 10, +5_3,+ 15 . (a#0).

C:  104.p + Dae 3b‘|‘1a+ob+0 2a—20 + D oggiop + 1y, (@#0, a# —=5bb),

D: 10 35095 + 1055595 + 100545 + 5_sa—up + 2 X (5_a_p + Lsap + 15z) , (b #£0).

Or with 30a(3 + 2p) = ¢(2k* + 10p* — 27) 1oz gz + lsapiaz + 1 + 1
5a—b+te 5a—b-+4c 6b+ke 6b—ke

= _
10_551 354 pe + 10354 35—pe + 1095 _4pye + B _ta—db—2¢ T P—a—bae T D—a—i2e

Many combinations.. , but restrictions — no extra ~exotics’

Give 6 combined options:

ABB BBB

D
ABC BBC —

Three family SU(5) GUT!



U(1)F Breaking
Flavon(s) needed for U(1)r Breaking & for generating Yukawa
couplings

Tempting to use singlet(s) (1 or/and 1’) responsible for anomaly
cancellation.
-However, no realistic model has been found.

-- Introduce X_ﬁ + }?ﬁ flavons — Minimal flavon setup

In SU(5)x U(1)F , the Fl-term § d49Vu(1)F is allowed

D-term:  Dyci)r = §— BIX > + BIX|?

v 2 1 2 1 3
Wrtavon = 25 (XX = %) + ~msS? +02S
*Without S, higher order superpotential/Kahler terms may do the
job

& superpotential:



U(1)rF Breaking (contd.)

All F’'s & D =0 = unique solution (no degeneracy)
fixed VEVs: (S) =0, le = ()

0, p|? <« —g, 1X] < |X]|

a)

3
— <
p
b) g> 0, p|? « g 1X| > |X]

C) g _
u)>~=,  |X|~|X]

b

Expansion (X) (X)
Parameters: cE=——, €E=—, €#+¢
Mp, Mp,
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