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Back in the day | assumed the... 7%@ 74



hep-ph/9806440

Single RHN model (1998)

Just add a single RHN to the SM

(Hy/vy)(dLe + €Ly + fLOVE™ 4+ MagmrE™ (vE™)€
To explain atmospheric neutrino oscillations assume
Assume charged lepton mass matrix is
d N f approximately diagonal (like the quarks)
Sothat |tanfas ~e/f ~ 1| |tanfi3 ~d/\/e? + f2 K 1

Maximal atmospheric
mixing

Small reactor mixing



hep—-ph/9904210

Two RHN Model (1999) roomone

Add a second RHN to the SM to account for solar neutrino oscillations as well

Solar

(Hu/vu)(aze -+ bZM -+ cL )V%ﬂ —+

Sol

( u/vu)(dL _l_eL,u‘l—fL ) atm

Atmospheric

_|_ MSO VSOI _I_ Matmy?gtm<y?{tm)
Assume charged lepton mass
Simpler matrix 801 MO ) matrix is approximately
notation — diagonal (like the quarks)
Assume dlagonal M
- Single RHN Dominance
Seesaw matrix P P P if
M, M atm M, M atm M, M atm
. __7n;)A4—4(7n;)yr___ ab de b2 o be of (€7f72 > (a»b»C)Q
o R o Msol Matm Msol Matm Msol Matm M M
ac df bc ef (32 f2 atm sol
sol atm sol atm sol atm
d =0
Atmospheric mixing . 9 . 9 2a Solar mixing from Reactor angle
s 23 ™~ . 12 ™
from dominant RHN 3 — ¢ | subdominant RHN 013 S ma/ms
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PHYSICAL REVIEW D, VOLUME 64, 113005

Leptogenesis with single right-handed neutrino dominance

M. Hirsch and S. F. King
Department of Physics and Astronomy, University of Southampton, Southampton, SO17 1BJ, United Kingdom

(Received 4 July 2001; published 5 November 2001)

We make an analytic and numerical study of leptogenesis in the framework of the (supersymmetric) standard
model plus the seesaw mechanism with a U(1) family symmetry and single right-handed neutrino dominance.
In presenting our analytic and numerical results we make a clear distinction between the theoretically clean
asymmetry parameter €, and the baryon asymmetry Y5 . In calculating Y, we propose and use a fit to the
solutions to the Boltzmann equations which gives substantially more reliable results than parametrizations
previously used 1n the literature. Our results show that there 1s a decoupling between the low energy neutrino
observables and the leptogenesis predictions, but that nevertheless leptogenesis 1s capable of resolving ambi-
guities within classes of models which would otherwise lead to similar neutrino observables. For example we
show that models where the dominant right-handed neutrino is the heaviest are preferred to models where it 1s
the lightest and study an explicit example of a unified model of this type.

DOI: 10.1103/PhysRevD.64.113005 PACS number(s): 14.60.Pq, 26.65.+t
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PHYSICS LETTERS B

ELSEVIER Physics Letters B 516 (2001) 103-110

www.elsevier.com/locate/npe

Discriminating neutrino see-saw models

M. Hirsch, S.F. King

Department of Physics and Astronomy, University of Southampton, Southampton, SO17 1BJ, UK

Received 6 June 2001; received in revised form 16 July 2001; accepted 17 July 2001
Editor: P.V. Landshoff

Abstract

We consider how well current theories can predict neutrino mass and mixing parameters, and construct a statistical
discriminator which allows us to compare different models to each other. As an example we consider see-saw models based
on family symmetry, and single right-handed neutrino dominance, and compare them to each other and to the case of neutrino
anarchy with random entries in the neutrino Yukawa and Majorana mass matrices. The predictions depend crucially on the
range of the undetermined coefficients over which we scan, and we speculate on how future theories might lead to more precise
predictions for the coefficients and hence for neutrino observables. Our results indicate how accurately neutrino masses and
mixing angles need to be measured by future experiments in order to discriminate between current models. © 2001 Elsevier
Science B.V. All rights reserved.



M. Hirsch, S.F. King / Physics Letters B 516 (2001) 103—-110

Well known In
2001
Unknown in 2001
Arguably | /4 =
SRHND has 01502 0.3 5 07 001 . O.
i s ~ sin?201y 5
fared better Satm ~ SIN~ 260»3 Satm So ~ SIn 12 So
than Anarchy I
Anarchy! SRHND Anarchy
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hep—ph/0506297

Constrained Sequential Dominance (2005)

. Z 2 Assume charged lepton mass
Recall me = ) ; matrix is exactly diagonal

. Lo T
We now add further constraints to enhance predictivity ‘/‘\
-
O

d=0 €:f taneggf\/@/ff\/l
Bi

a:b:—c tanelgN\/i&/(b—C)Nl/\/i ‘\‘/ )
It turns out that this gives 0 K:) 0 Accidenta.lly occurs due to
exact tri-bimaximal mixing with Y13 — orthogonality of two columns

More general examples called CSD(n) give approximate TBM with 6,, # 0



1304.6264; 1512.07531

CSD(n) (n=real number)

More generally assume the two columns of the Dirac matrix are proportional to

d
o | o (1) and ch « le (can be enforced by
f | . "9 symmetry)

Approximate TBM
tan O3 ~ €/f ~ 1 independently of n
tan Oy ~ \@a/(b —e) ~ 1/\@ (which cancels) but

depends on phases

The case n = 1 corresponds to the exact TBM case previously

The n # 1 results depend on relative phase of columns, find... 913 +0 ©



Assume charged lepton mass
matrix is exactly diagonal

Results for CSD(n)

p 0 a 1 gives seesaw mass matrix in
e | x (1 and [ b ] x| n terms of three effective input
f 1 C n — 2 parameters (for given n)
0 0 0O 1 n n — 2 b
0 1 1 n—2 nn—2) (n-—2)7
Bjorkeroth et al 1412.6996 5
m2
- - - - 012 013 b3 |dcp| Mo mg ) _ 013 ~ (n — 1) 1
e W DO 0 0 0 mew mew| X |TTY 3_ms3
1 | 248 289 314353 0 450 0 866 49.6 | 485 | CSD(1)=TBM

CSD(2) Antusch et al 1108.4278 F|nd beSt ﬁt

CSD(4) 1305.4846

for n~3

Highly predlctlve 3 inputs for 9 observables (6 so far measured)



CSD( 3) —“|jttlest Seesaw”

0.20

0.20

F.Costa et al 2307 13895

0.20

2 inputs fix all | | |
the neUtrino mb0.15— 0.151 0.15F
observables "¢, v o |+ o
(up to overall | ) | |
mass scale) |

0 1 772 3,7 4 5 6 ,7
Modular | , ,

Modular Littlest seesaw Flipped modular Littlest seesaw

S)’mmetr)’ ﬁxes allowed ranges | n=1+v6 bt allowed ranges
- [1.197,1.276] n/m | 0.742 [0.725, 0.806]
n=1+ \V/Ei 0.0684, 0.0786] r 0.0758 | [0.0683,0.0786]
n ~ 3.45 0.0205,0.0240] | sin?613 | 0.0231 | [0.0205,0.0240]

0.317,0.319] | sin® 601 | 0.318 0.317,0.319]

o 0.408,0.483] | sin®fe3 | 0.535 0.517,0.595]
Predictions for / [—0.640, —0.522] | dcp/m | —0.452 | [—0.478, —0.354]
6 ob b| 0.408, 0.555] B/m | —0.441 | [—0.562, —0.409]
OoDservables 0.0270,0.0321] | m3/m% | 0.0283 | [0.0270,0.0321]

Littlest Modular

Seesaw

Ding et al,
1910.03460,2311.09282

de Medeiros Varzielas,
M.Levy et al
2211.00654,2309.15901

de Anda et al
2304.05958,2312.09010









\,
Valencia, 22 January 2024 at 22:(

-



Backup slides




N.B. Both cases predict
normal hierarchy miightest=0

Flipped CSD(n)

Non-flipped Flipped  (n= real number)

d 0 a 1 G 1
e | o |1 b | o n or b | x| n—2
f 1 C TL—Z C T

The two predictions only differ in atmospheric angle and CP
phase (solar angle, reactor angle and neutrino mass unchanged)

Octant flipped tan 623 — cot ta3 0 — 0+

Alternatively we could use the following (only differs by unphysical phases):

d 0 a 1 G 1
e |l oc | 1 b | n or b))l x|2—n
f —1 c 2—n C n



I.de Medeiros Varzielas, M.Levy et al 2211.00654

Littlest Modular Seesaw =7~

Field | S* SP S 2ks 2kp 2kc | Loc

e 1 1 1 0 o —6|m2 ||Xm® too3 006 3re modular forms
. 1 1 1 0 0 4 T2 Y, (73) 1 1 3 0 4
A el e S 1 1 3 0 0 2 evaluated at the
2 . .
ve |11 1 0 -4 o | ||Ym 1 3 1 0 4 o fixed points of the
Ne |1 1 1 -2 0 0| T E(?)) i’ 1 1 (2) g 8 moduli fields (the
a\T2 .
¢pc |1 3 3 0 0 0 | Buk lattice vectors
013 1 3 0 o0 o0 |Buk| M0 t 1t 4 0 9 )
1
C C
T Yy (1), ?ffi) (1) Yy (1), Yy (7) A LOpcYalNy + LOacY N H,

<D (11— | +[LYee® + LY, u° + LY, 7% H,

1

( ) B C C C C
v2)) j 5 MalNgNg + S M NN

i+1 | (1, =2(1+4iv2), -2 (1 +1iv2))
15 (—1+iv2), L1+
i+ 3 (1,w(1+/6),w(1 — v6)) (1, -4, <)
r [ W0 [ 400 [vaoyo] (00 0 b
0 yu 0 a b(l—\/é)
. 2 227w - 0 0 Yr —a b(j.+‘\/6)
S e o Chargec Dirac
A — — leptons neutrinos




