Discussion
on

Neutrino Mass Models

December 17, 2018

Neutrino Workshop, IIT Bombay



- |s there any guiding principle behind leptonic mixing pattern?



- |s there any guiding principle behind leptonic mixing pattern?

- Discrete flavour symmetries:
- Unbroken residual symmetries?
- Broken symmetries”?

- Flavour symmetry with CP?



- |s there any guiding principle behind leptonic mixing pattern?

- Discrete flavour symmetries:
- Unbroken residual symmetries?
- Broken symmetries”?

- Flavour symmetry with CP?

- Anarchy?



- |s there any guiding principle behind leptonic mixing pattern?

- Discrete flavour symmetries:
- Unbroken residual symmetries?
- Broken symmetries”?

- Flavour symmetry with CP?

- Anarchy?

- Quark-Lepton unification?



- |s there any guiding principle behind leptonic mixing pattern?

- Discrete flavour symmetries:
- Unbroken residual symmetries?
- Broken symmetries”?

- Flavour symmetry with CP?

- Anarchy?

- Quark-Lepton unification?

- Other UV dynamics: Flux compactification, Clockwork,... ?
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- What does determine the seesaw scale?

- Seesaw naturalness?

- Higgs mass naturalness?

- UV dynamics?

- UV origin of radiative neutrino mass schemes?
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Unbroken Residual Symmetries

G = Zn G,/ = /5
T,cGy, T/ =1, m>3 S, €G,, S:Z=1
VIV =4, Vis, v, =d,

l

¢, 1s a column in V,,
corresponding to a unique eigenvalue

col = |V}c

fixed column of PMNS matrix



Unbroken Residual Symmetries

Predictions —ap2 |p wzeq/_qlz)
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can predict viable first or third column of PMNS matrix
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Unbroken Residual Symmetries

0.800 — 0.844  0.515 — 0.581  0.139 — 0.155
U|=10.229 —»0.516  0.438 —0.699  0.614 — 0.790
0.249 — 0.528  0.462 — 0.715  0.595 — 0.776

A

Smallest Group:  A(6x2°) =95 A@Bx2%)=A4;  A(6x11%)

For entire PMNS matrix

Smallest Group: A(6 x 18%)

Explicit model?
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Quark Lepton Unification

An example: minimal SO(10) model

Ly =16 (Yfg 10 + Y75, EGH) 16

= 1Y} + 2Yy9g

= ClYlig - 3C2Y1i‘27'6

— dlYlig + d2Y1i‘2j6 ™
— dlYlig - 3d2Y1i36

Xmln

_ 1
= VB Y15

0.00 0.01 0.02 0.03
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Quark Lepton Unification

Normal ordering Inverted ordering Fitted Profiles
Observable Fitted value Pull Fitted value Pull
n 0.51 0 0.54 1.00
Yo 0.37 0 0.37 0 Normal Ordering
Yr 0.51 0 0.47 -1.00
M /M 0.0027 0 0.0031 0.67 AT 000
M,/ 0.051 0 0.045 -0.86 Fio = Y3 0 A% 0
Me /M, 0.0048 0 0.0048 0 0 0 1
Me /M 0.0023 0 0.0023 0 ALS g
ms /My 0.016 0 0.015 -0.50 03 0o
My /M. 0.050 0 0.049 -0.50 Fg=A 0 A 0
Vs 0.227 0 0.227 0 o 0 1
V| 0.037 0 0.038 1.00 A2 0 0
Vs | 0.0033 0 0.0030 -0.50 Fy = )04 0 M8
Jop 0.000023 0 0.000021 -0.51 0 0 1
As/A4 0.0309 0 0.0320 0.73
sin® 012 0.308 0 0.309 0.06 _
sin? fas 0.425 0 0.435 -0.07 Inverted Ordering
sin” 013 0.0234 0.0237 gl 39 0 0
Ximin ~ 0 <% 5.75 2 Fio=X7( 0 X2 0
Predicted value Predicted value 0 0 1
Muightest [meV] 0.08 2.15 )\0.8 0 0
imgg| [meV] 1.63 30.4 0.4 0.4
sin 6b p 0.265 0.510 b5 =A 0 A0
My, [GeV] 3.85 x 10° 1.13 x 10* 0 0 1
My, [GeV] 9.31 x 107 3.06 x 10° A0 0
My, [GeV] 2.19 x 10 2.02 x 10*? Fy =\ 0 N5 0
vr [GeV] 0.05 x 10'° 0.18 x 10'° 0 0 1
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Flavour from Flux Compacitifiation

Abellan magnetic ﬂux

- An additional U(1) gauge symmetry and nonzero constant flux

Frg = 0546 — 0sAs = f

As(y) = —fyo

As(tmy) = As(y) — 05A(y)
y+L 27N
Mews) = A = [ MG / fLdy, = T

o L2f N, NeZ Flux is quantised!

- Bulk 16-plet with charge g and flux f give rise to N massless modes
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Flavour from Flux Compacitifiation

The massless modes

¢ — (qi,UE, d7?7 li, Bf,nf) +  parity even fields

N N+1
=3 [av® + 1w+ (de+nd) 9]+ D (g + eg) vl
i=1 a=1

YO () = N7 2V 3 2N (e ) im (gl s o)

neZ
k
X COS [27r (—QnN + 7+ %S> (y1 + Zy2)] 3
Nps —glimkps ., Nog = izele ,  kps,kaa=0,1.

Quark-Lepton unification is preserved!
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Yukawa sector

1 1
Wy = 6 Kgyia VY + Y VX + §yic xx) H,
1

1
+ (51/5& VY + Ygp UX + §y£c XX) H,

+ Ops
1
+ daq (—yfaG10¢10¢H5 + yg 10455 Hse

2

.~ -~ 1 ~
+ 0g <y£a5fbl¢Hg + ygb%loxﬂg* + §ygclOX10XH5
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Yukawa sector

1 1
Wy = 6 [(Qyia VY + Y VX + 5:115,,0 xx) H,

1 1
+ (5115@ VY + Ygp UX + §y£c XX) H,

+ Jps
1
+ daq (—ySaG10¢10¢H5 + yg 10455 Hse

2

.~ -~ 1 ~
+ 0g <y£a5;"bl¢Hg + yﬁbeploXHg* + §ygclOX10XH5

11 complex parameters,
Consistent with
charged fermion spectrum
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Yukawa sector

1 1 11 complex parameters,
Wy = o [(_yfia VY + yzll,b Yx + —szl,c XX) H, Consistent with

2 2
charged fermion spectrum

1 1
+ <§ygla Y + ycIib Yx + §yc1ic XX) Ho

1 1
- ((gha v sha+ pukox) B

1 1
+ Opg (53/};’5 4547 + T 454> + §y}j§ 4;4;) FF

1 1
+ daa (§yfaG10¢1O¢H5 + ygn 10455 Hye + y,i05%1, Hy + 5yf,chlxlxNN)

~ o~ ~ o~ 1 -~ o~ 1 . e~ o~
+ 4 <y£a5fpl¢Hg + Y5510, Hs + §ygclOX10XH5 + 5y;jcmx10XT*T*> ,
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Yukawa sector

1 1
Wy = b |(Guka 0+ sk o+ ok ) H

1 1
+ <§ygla ww =+ ycIib wX + §yc1ic XX) H2
1

1
- ((gha v sha+ pukox) B

1 1
+ Opg (53/55 4:;4:; + yqubs 4:;4; + §y5§ 4;4;) FF

1 1
+ daa (§yfaG10¢lO¢H5 +yg 10455 Hse + ypn 551, Hs + 5y,?c<?'1X1XNN>

~ o~ ~ o~ 1 -~ o~ 1 . e~ o~
+ 4 <y£a5:bl¢Hg + Y5510, Hs + ngcmxmxﬂg + §ygc10X10XT*T*> ,

Waix = ) 0p (UBYY + pbyx + tEXX + X V)
p=I,PS,GG A
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Observables O O°*P  Deviations (in %)
my [GeV]  0.00048  0.00048 0
m. [GeV] 0.23 0.23 0
my [GeV] 74.1 74.1 0
mg [GeV]  0.00096  0.00113 -15
ms [GeV] 0.018 0.021 -18
my [GeV] 1.16 1.16 0
me [GeV]  0.00051  0.00044 16
m,, [GeV] 0.094 0.093 1
m, [GeV] 1.61 1.61 0
m?  [eV?]  0.000075  0.000075 0
m2,., [eV?]  0.0025 0.0025 0
Vs 0.23 0.23 0
Vb 0.041 0.041 0
Vib 0.0035 0.0035 0
sin? 614 0.31 0.31 0
sin? O3 0.44 0.44 0
sin? 613 0.022 0.022 0
JZ 0.000030  0.000030 0
dmns [°] 279 261 7
nB 6.1 x 10719 6.1 x 10710 0

Fermion mass spectrum

Predictions
a1 [] 129 My, [GeV] 1.3 x 10%2
as1 [ 353 My, [GeV] 2.0 x 10*
m,, [eV] 0.0017 My, [GeV] 3.5 x 1014
mgg [eV]  0.0026 My, [GeV] 3.7 x 101
mg [eV] 0.0089 My, [GeV] 4.6 x 104
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1
0p*| ~ = Z [(YD)ia|* My,

I(YD)m|AfNQ S O(TGV)

M3 2 1/3
Nm,,2 <(TeV)? = My <29x107 x Datm GeV
4m? () my,
y1 xuy; 0O
YD = Y2 :I:’Lyg 0 and MN = Dlag(M, M, M3)
ys *uys 0
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