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Four zero textures and Motivation

Type-l See-Saw

Lagrangian mass term

_ 1_,
— L™ = I (Mg)ylp + vy (mp)wNy g + §NZL(MR)ZZ’NZ’R + h.c.

Neutrino mass matrix
— " = _(pr N¢ B 4 he.
v 2 ( - L )l (mg MR 1 NR I

for O(MR) > O(mD) —
1
—C,%VTZ = 555L<MV>“/VZCR + h.c.
M, ~ —mpMp'm?% (See — Saw formula) .

Without loss of generality choose basifiagonal)M, and Mg with real positive entries;.
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M, Diagonalisation

UM, U* = MY = diag(my, ma, ms)
m;'s Real Positive.
Relation of flavor basis to mass basi$v; ), = (U),, vir

Charged current interaction in mass basis:

L=(—g/ VAV Uiy, W,
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U Parametrization

C12C13 S12C13 — 5137 10D e 0 0
_ 6 i6 ;
U = | —s12023 — C12523513€"°D C1aCo3 — S12823513€°0  —sazc1z | x| 0 ePM
i6 6
—512893 + C12C23513€"°P C12893 + S12C23813€" 7P C23C13 0 0 1

= PMNSx Majorana Phase Matrix
Cij = COS Hija Sij = SN 92']'
dp = Dirac phase

ay, By = Majorana phases
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In our chosen basis :

m. 0 0 M, 0 O
Mg — 0 my, 0 MR — 0 M2 0
0 0 m. 0 0 M;
and in this basis
a1 az asg
mp = | by by b3
C1 C2 C3
with complex elements.
M, from See-Saw
9 9 9
a1 as a3 ayby | agby | agby ajc; | agcr | azey
M1—|_M2+M3 M+]\422—|—M3 M1—|_M2+M3
M, = —mpMzimL = — | @b | asbp | agh3  bf | by b3 bio 4 beca 4 b3c
v DR D My VM, U Mz My My, " M; M My T M
ajcy 4 agcy | azey byep | bocg | b3e3 ) 3
M1+M2+M3 M1+M2+M3 M1+M2+M3
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Experimental Facts:

Am3 _
o |R|=5% ~32x 10 .

™

° 92321’ ngzsin_l %, 913 small

e No family of neutrino is decoupled

Additional inputs: m; #0 and  allM;’s are large (likel0? Gev or more)

detM, # 0 # detmp

Texture zeros assumed in the Lagrangian, i.en i

Maximum number of zeros allowed thp with above constraints= 4
(G.C. Branco, D.E.-Costa, M.N. Rebelo and P. ReyRD 08)

All four zero textures have been classified. 72 allowed tesu

One important property of these:

High Scale CP Violatiomompletely determined by tHeow Energy CP Violation
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72 textures categorised into two

CategoryA: 54 Textures

e 18 Textures, First row orthogonal to second rol/, )2 = (M, )9 =0
e 18 Textures, First row orthogonal to third row), )13 = (M, )31 =0

e 18 Textures, Second row orthogonal to third ro/, )s3 = (M,)32 =0
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CategoryB: Textures with two zeros in one row and one each in the rest

e 6 Textures, First row with two zeros
e 6 Textures, Second row with two zeros

e 6 Textures, Third row with two zeros

If the rows with one zero each ake! thendet cofactor(M,),,] =0
In addition for each textures B: (M,),, # 0
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wr symmetry, tribimaximal mixing and the consequences

Underur symmetry,

ap az a My 0 0
Vﬂ<—>VT,NN<—>NTI mp — bl bg bg, MV: 0 M2 0 1.
b1 b3 b

CustodialyT symmetry inM,:
P

*

A B B
M,=|B C D|= h=MM =
B D C

N 3y O
T N O

@
Q*
where

P = |A*+2|B|>, Q=A*B+B*C+D)
R = |BP+|CP?+|D]?>, S=|B|*+CD*+ DC*

Apply to four zero textures.
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CategoryA:

e 17 Symmetry in Lagrangian is incompatible with onfyzeros inmp for 52 textures
here

¢ In the remainin@ texturesu symmetry can be fitted

ap ao a9 ap as a9 M1 0 0
mM =10 b 0o, @mP=l0 0 b Mp=| 0 M, 0
0 0 b 0 b O 0 0 M

See-Saw formula=

MV: CLQbQ/MQ b%/MQ 0

[@%/Ml—FQCL%/MQ aQbQ/MQ ang/MQJ
CLQbQ/MQ 0 b%/MQ

for both.
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Under parametrization

b% M2 ay : / a9 ~
- _ 2 T T e etlatd) TE Lol
ms 2, 1 X b2 1€ b2 2€

M,, after phase factor absorptieft’ by v, :

k%€2m i ng ]€2 ]{2
MV — T3 ( ]ﬂg 1 0 J
ko 0 1

3real parameters;, ks, «
Further, tribimaximal mixing assumption, i.@, = sin~'(1//3)=
A+B=C+D

— ()427'('/2 k1:(2k§—|—]€2—1)1/2.

One real parameter.

/

Slide 12



Four Zero Textures : P Roy: BEYOND 2010 Slide 13

CategoryB:

Again, 16 textures here with only four zeros mp are incompatible withiw symmetry
Hence ruled out

In remaining two texturesr Symmetry imposed without ambiguity

ap 0 0 ag 0 0 M, 0 0O
mp = b1 bg 0 : bl 0 bg MR = 0 MQ 0
by 0 by by by 0 0 0 M,

See-Saw formula=

a%/Ml Cblbl/Ml albl/Ml
MV:— albl/Ml b%/Ml—Fb%/MQ b%/Ml ;
albl/Ml b%/Ml b%/Ml +b%/M2

for both.
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Under parametrization

b% .ZMQ aq 3! MQ bl '
- 2 — [P TS 2 el
ms 2, 1 X b2 1€ 1 X 1)2 9€

Absorbing phase factef” in v,

l% lllgezﬂ lllgezﬂ
MV = M3 lllgew 156%5 + 1 lge%ﬂ
Llpe 12628 (2628 4]
Again, 3 real parameters, [,, (.

Now, additional TBM assumptiofy, = sin'(1/v/3)=

B = cos (I /4ly),

1
=51 122

One real parameter.

Slide 14



Four Zero Textures : P Roy: BEYOND 2010 Slide 15

Phenomenology

Diagonlisation ofur symmetrich = M, M| —
2v/2|Q)|
R+S-P

Solar mass squared difference
Ams, = ms5 —mjy :\/(R +.5 — P)2 + 8|Q|?
Atmospheric mass squared difference

, 5 R—35—P—|(R+5—P)’+38Q)

2 _

> 0 (normal mass ordering)

tan 2912: along with 923 = g, 913 =0

<0 (inverted mass ordering)
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CategoryA with 7 symmetry

X
tan 2912 = fl

2
B Ams3, 2 (X12 + X22)
Amdy X = (XP+ X3

1/2
R

where,

X1 = 2v/2ky/(2k2 + 1)2 + 2k2(2k2 + 1) cos 2a + kb

Xy =1 — 4ky — ki — 4k?k3 cos 2o

X5 =1—4k; — k — 4k?k3 cos 2a — 4k5.
TBM —> R = 322
Only inverted ordered mass spectrum is allowed in this cayeca result originally du 2
to Merle, RodejohannPRD06

There is no common parameter spélce k», «) for 1o range ofR x 10> = —(2.88—3.37)
andf, = 33.15° — 35.91°

3D allowed common parameter spafe, k», «): For R x 10° = —(2.46 —
3.99)(30) and 615 = 30.66° — 39.23°(30) shown in projectedk;, ks)plane.
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4 T T T T T T T T
3.5 Category A .

2.5 r .

1.5 1 .
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Restrictions on parameter space

e 839° < a < 90°

e 2.0 < k1 <5b.3

o 1.2 < ky < 3.7

e Only inverted mass ordering allowed

TBM =— 1.95 < ky < 1.97 at the3o level
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CategoryB:
1T symmetry again=-

X1

tan 201, = —
all 2019 X,

CAmE 2(X2+ X))

R = —
Ami, X — (X7 +X3)"°
where,
X1 = 2V 2kp/(202 + 12)2 + 2(213 + 12) cos 23 + 1
Xy =4l — 1] + 4l5c0s28 + 1
X3=1— (203 +1)* — 4l5 cos 2.
TBM —
31
R— 1
2 — 402

Only normal ordered mass spectrum is allowed in this cajegor

3D allowed parameter spack, l», 5): For R x 10> = 2.52 — 4.07(30) and 0y =
30.66° — 39.23° (3¢) Shown in projectedl,, [») plane
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Restrictions on parameter space

o 87° < B < 90°

e 0.1 <7 <0.55

e 0.6 <y <0.76

e Only normal ordered mass spectrum allowed

TBM — 0.11 < [; < 0.15 at the3o level
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Radiative lepton decay: ln — lg7

la—>lﬁ’}/ Oé>5111:€, lQIILL, s =T
MSUGRA scenarios with universal scalar masses at high 3¢ale- 2 x 10'GeV)=

Mx
M;

BR(lo — lgy) o< BR(lo — lgvD) |(mp)ai(mp)s; In

M; = mass of I-th heavy right chiral neutrino
CategoryA:

Allowed two textures- (m, )3 = 0= BR(1 — uy = 0)
In both CategonA and Categors:

(my)13 = (my)12 # 0= BR(T — e7)# 0 #BR(1 — ev)

BR(T — ey) _ BR(7 — ev.r,)

a ~ ().178.
BR(x — ey) BR(p — ev,v,)
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L eptogenesis

Flavor dependent lepton asymmetry:
o _ TVi— ¢la) —T(N; — ¢'l)
= — =
2a[(Ni — ¢lg) + T(N; — ¢llg)]

« M2 « M2 -
7t () + 20 a

I% = Im(m%)ia<mD>o¢j(mEmD)ij - _I]qi

+ O(Myy /M)

X >
J#i

«73 = Im(mg)ia(mD)aj(mng)ji = _jﬁ

Fo) = va|—— —m 2] usswy

— In
1l—=x T
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Flavor independent leptogenesis

For M, < Mj s, f(M2,3/M1) # _3M1/M273

=3 € X Z [(mDmD) ]

Effective mass for washout of a flavor asymmetry

my = |(mp)a|*/Mi

(Mj2/Mi2)

con figuration b Ji mqt mq"
m%) {5 =175 # 0, rest zero 0 |nonzero 0 0
mﬁ? — —do— — 0 |nonzero 0 0
m%” Iy = Z7, # 0, rest zero 0 |nonzero|nonzero|equals m;y"
m%) Il = Z7, # 0, rest zero 0 |nonzero|nonzero|equals m;y"
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Deviations from RG

ur symmetry imposed at ~ 102 GeV

One loop RG running from to A ~ 10° GeV—deviations

In MSSM using m2 > m; , deviationA:
2

A, M (tan® 8+ 1) In (),

82?2

v =2(vi+v3), tanf = —

{

Now
A B B(1-A,)
m) = B C D(1—A))
B(1-A,) D1-A,) C(1-2A,)

Deviations affect the results in both categories but maifyinNew parameter space :ire
shown in figures.
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Results in category A fo3o variations ofR andé;

e 0°< Oy <27°
o 05 < 45°

e Inverted mass ordering retained
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Results in category B fdio variations ofR and6f,,

e 0° < 67y <0.85°
o 053 > 45°

e Normal mass ordering retained
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Conclusion

o Out of 126 four zero texturesr symmetry compatible witkOURtextures only leac -
Ing to only two forms of}M,,: one for category A, one for category B

o For thesef;, and R admit restricted regions in the parameter space &f§d) is in
some tension with data

e Tri-bimaximal mixing farther highly restricts the pararaet

o Small radiative deviations fromr yield rather smalb,; and further restric,s



