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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

Ye-Ling Zhou (IPPP, Durham) 4 Aug 2016



Mixing angles: theoretical predictions
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Neutrino oscillation experiments
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Type Probability     Existing Experiments

Solar Super-K, SNO, Borexino, ...

Atmospheric Super-K, ...

Reactor KamLAND, Daya Bay, Reno, Double Chooz, ...

Accelerator K2K, T2K, MINOS, NOvA, ...

OPΕRΑ, 

Pee

Pēē

Pµµ, Pµ⌧

Pµµ, Pµe

Pµ⌧

Pee ⇡ sin2 ✓12 Pee ⇡ 1� 1
2 sin

2 2✓12 (MSW effect)

Next generation: DUNE, T2HK, JUNO, PINGU,……



Mixing angles: theories vs experiments
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Flavour symmetry
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Gauge symmetry

Continuous Discrete

Abelian U(1) Zn
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Constant mixing patterns

Before 2012, Tri-bimaximal (TBM)
sin2 ✓13 = 0
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Harrison, Perkins, Scott, 02; Xing, 02
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Interference 
between  
Z3 and Z2

Break Z3 and Z2

Deviation of TBM  
sizable θ13 and δ

Modify mass structures

After 2012, special 
corrections are needed: 

U = UTBM + �U

T
S

Altarelli, Feruglio, 05; 06. 
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Mixing induced by flavon cross couplings
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An economical model Pascoli, YLZ, JHEP 1606, 073 (2016)
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Origin of CP violations

Explicit CP violations 
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Branco, Gerard, Grimus, 84; de Medeiros Varzielas, Emmanuel-Costa, 11

Spontaneous CP violations

CP

No CP violations at some high scale.

CP violation arises from complex vacuum 
expectation values (VEV) of some scalars. 

 Geometrical CP Violation: analytical calculable CP-violating phases

Real coefficients

Complex coefficients

h�i = (v1e
i↵1 , v2e

i↵2 , v3e
i↵3)T

L = |�|ei↵�4 + |�|e�i↵�⇤4 + · · ·

L0 = |�|ei↵�⇤4 + |�|e�i↵�4 + · · · 6= L
Explicit CPV

Geometrical  
CPV

Spontaneous CPV

SM

Our model



Generalised CP symmetry
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Generalised CP symmetry (GCP)
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X is a unitary matrix (may not be an identity matrix).
Consistency condition Holthausen, Lindner, Schmidt, 1211.6953 

Once the flavour symmetry 
is fixed, all GCP candidates 
are determined. 
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Feruglio, Hagedorn,  
Ziegler, 1211.5560

Powerful prediction



Predictions of generalised CP symmetry

CP conserving
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CP violations from generalised CP symmetry
μ-τ reflection symmetry  =>  Maximal CP violations

M⌫ =
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θ23=45°, δ=90°,270°.

δ=0,180°.

Generalised CP symmetries also provide other possibilities
that δ does not take specific values, e.g. Δ(48), Δ(96), and 
some other groups in the Δ(3n2), Δ(6n2) series. 

μ-τ reflection symmetry is predicted by A4, and any groups 
containing A4, e.g. S4, A5, …

X =13x3

Ding, YLZ, 1304.2645; 1312.5222;Ding, King, 1403.5846; Hagedorn, Meroni and 
Molinaro, 1408.7118; Ding, King and Neder, 1409.8005; Ding, King, 1510.03188.

Babu, Ma, Valle, 02;  
Harrison, Scott, 02.

Feruglio, Hagedorn, Ziegler, 1211.5560; 1303.7178; Girardi, Meroni, Petcov, Spinrath, 1312.1966; Li, 
Ding, 1312.4401; Ballett, Pascoli, Turner, 1503.07543…… For a review, see Xing, Zhao,1512.04207. 

CPV

CPC

)



Lepton asymmetry in the early Universe

Baryon asymmetry in our observed Universe
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Baryogenesis via classical leptogenesis (in type I seesaw)

Decay of lightest N 

N are Majorana fermions

Complex Yukawa couplings

Lepton asymmetry)
Baryon asymmetry

Sphaleron (ΔB=ΔL)

Lepton asymmetry                       in classical leptogenesis�f`↵ ⌘ f`↵ � f`↵

[Fukugita, Yanagida, 1986]
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Alternative way for lepton asymmetry: CPPT
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CPC phase

CPV  
phase

CPV  
phase

CP phase transition (CPPT) below the seesaw scale

Weinberg operator

CP violation (CPV)

Out of equilibrium

Pascoli, Turner, YLZ, in progress CPV time-dependent 
Weinberg operator

)
CPV  

phase



Closed Time Path (CTP) formalism

Lepton asymmetry

Alternative way for lepton asymmetry: CPPT

Time-dependent coupling in the Weinberg operator
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Alternative way for lepton asymmetry: CPPT
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Lepton asymmetry

ν mass before CPPT

ν mass after CPPT

Loop factor

Temperature of CPPT

Preliminary
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The Standard Model

Pascoli, Turner, YLZ, in progress
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Flavour mixing & 
CP violation

Neutrino oscillations

Matter-antimatter 
asymmetry

Thank you very much


