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Dear Colleague,

On 19-20 December 2013 the  first  NuPhys  workshop will  be held  at  the Institute  of  Physics,  

London, UK.

In this conference we will discuss the current status and prospectives of the future experiments, 
their performance and physics reach. This conference will  be unique in addressing the synergy 
between the planned experiments  and their  phenomenological  aspects and is  timely as these 
experiments are currently  being  designed.  A dedicated poster  session has been organised for 
December 19. Speakers include leading scientists from the UK, Europe, US, China and Japan: F. 
Feruglio,  E.  Lisi,  Y.  Wang,  M.  Fallot,  P.  Huber,  S.  Soldner-Rembold,  T.  Nakaya,  D.  Wark,  C. 
Backhouse, R. Wilson, T. Katori, A. Bross, A. Blondel, J. Kopp, M. Pallavicini, G. Drexlin, M. Chen, 
F. Simkovic, F. Deppisch, L. Verde, J. Miller and C. Kee.

 

The conference website, including travel details, can be found at 

http://nuphys2013.iopconfs.org 

As co-Chair of the Organising Committee I would like to ask you to display the workshop poster 

and to convey the information about the event to all  interested parties.  Participation by young 

researchers is particularly encouraged.

Best wishes,

                                   Shaped by the past, creating the future

mass

S. Pascoli, YLZ, arXiv:1604.00925; arXiv:1606.xxxxx
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SM + massive neutrinos
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Neutrino oscillations
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Future:  DUNE, Hyper-K, JUNO, PINGU,...

Global analysis of neutrino oscillations
Normal Ordering (�! 2 = 0.97) Inverted Ordering (best fit)

bfp ±1" 3" range bfp ±1" 3" range

sin2 #12 0.304+0 .013
! 0.012 0.270 � 0.344 0.304+0 .013

! 0.012 0.270 � 0.344

#12/
" 33.48+0 .78

! 0.75 31.29 � 35.91 33.48+0 .78
! 0.75 31.29 � 35.91

sin2 #23 0.452+0 .052
! 0.028 0.382 � 0.643 0.579+0 .025

! 0.037 0.389 � 0.644

#23/
" 42.3+3 .0

! 1.6 38.2 � 53.3 49.5+1 .5
! 2.2 38.6 � 53.3

sin2 #13 0.0218+0 .0010
! 0.0010 0.0186 � 0.0250 0.0219+0 .0011

! 0.0010 0.0188 � 0.0251

#13/
" 8.50+0 .20

! 0.21 7.85 � 9.10 8.51+0 .20
! 0.21 7.87 � 9.11

$CP /" 306+39
! 70 0 � 360 254+63

! 62 0 � 360

�m2
21

10! 5 eV2 7.50+0 .19
! 0.17 7.02 � 8.09 7.50+0 .19

! 0.17 7.02 � 8.09

�m2
3!

10! 3 eV2 +2.457+0 .047
! 0.047 +2.317 � +2.607 ⇥2.449+0 .048

! 0.047 ⇥2.590 � ⇥2.307



Fundamental questions of neutrinos
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Origin of lepton flavour mixing
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Constant mixing patterns

Before 2012, Tri-bimaximal (TBM)

sin2 ✓13 = 0

sin2 ✓12 = 1/3

sin2 ✓23 = 1/2

Xing, 02
Harrison, Perkins, Scott, 02
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After 2012,

|U| =

0

B@

2p
6

1p
3

0
1p
6

1p
3

1p
2

1p
6

1p
3

1p
2

1

CA

|U| =

0

B@
⇥ 1p

3
⇥

⇥ 1p
3

⇥
⇥ 1p

3
⇥

1

CA|U | =

0

B@

2p
6

⇥ ⇥
1p
6

⇥ ⇥
1p
6

⇥ ⇥

1

CA

TM1 TM2

U ⇡TB-Cabbibo

……



SM! ST = M !TMlM
 
l T

  = MlM
 
l

A4

Z2Z3

Tri-bimaximal

Relations between symmetries and mixing

breaking

7

T =

!

"
1 0 0
0 ! 2 0
0 0 !

#

$

S =
1
3

!

"
�1 2 2
2 �1 2
2 2 �1

#

$

S0 =

0

@
1 0 0
0 0 1
0 1 0

1

A

T Ml M
 
l T   = M l M

 
l

SM! S
T = M!

S0M ⌫S0T = M ⌫

Z !
2

Residual !
symmetries

Semi-direct approach,  King, Luhn, 13



Common features of A4 models
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Field contents (a sample)
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The vacuum alignment problem

Imply the idea of spontaneous symmetry breaking?
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Altarelli, Feruglio, 05 Altarelli, Feruglio, 06

UV IRy

localize flavons on !
different branes

Extra dimension Supersymmetry

Introducing driving fields  
(no soft breaking)

Too many degrees of freedom

Traditional solutions：cross couplings are forbidden
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A new approach based on cross couplings

Cross couplings exist, but are small enough compared 
with the self couplings of each flavons.  

    and    gain VEVs separately from their own potentials. 

Small cross couplings tune the VEVs, but cannot disrupt 
them completely.  These corrections result in deviations 
from TBM and are responsible for θ13 and CP violation.

11

S. Pascoli, YLZ, arXiv:1604.00925

Vßavon = + + V (',�) + · · ·V (') V (�)
�'

Basic idea



Flavon vacuum modified by cross couplings
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Cross couplings of #, $
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Phenomenological application of this approach

New particles, flavons , are introduced in flavour models.

13

V (') V (�) V (⌘)

L l L⌫

V (',�)

V (', H), V (�, H), V (⌘, H)

V(', ⌘), V (�, ⌘),

' ! ⌘

Interactions between flavons and leptons give explanation to 
flavour mixing, they may also contribute to other processes.

The flavon potential is essential to determine vacuum alignments 
and flavour mixing.

CLFV " NSI

Higgs precision properties, Rare decays                   .

Z3, #2-breaking effects

Z3-preserving effects Z2-preserving effects

Cross couplings with the Higgs

H ! µ!

Associated production of ßavons in Higgs factory.   

Simplicity ÑÑonly 7 real degrees of freedom



Current allowed region

Future allowed region
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CLFV for a pseudo-real flavon
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Z3-preserving ßavour triality Ma, 10

v! ! m! 2 ! vEW ! Br < 10! 10 Exp. upper limit ! 10! 8
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Suppressed by lepton masses

S. Pascoli, YLZ, in progress
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CLFV for a complex flavon
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µ! ! e! �

Current allowed region

Future allowed region
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Summary and outlook
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We develop a new approach to realize flavour mixing based on 
flavon cross couplings.

It is possible to test flavour symmetries in other processes?

Non-standard interactions in neutrino oscillations, hadron semi-leptonic 
decay, Higgs rare decay, direct detection of flavons at colliders, 
flavoured dark matter, ……

Our discussion is not limited in A4 models, but can be generalised to 
other symmetries, e.g., S4, A5. 

v' & v = 246GeV

We apply this approach to analyze how CLFV decays are affected 
by flavons. CLFV without & with flavon cross couplings


