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After the measurement of sinf;3 = 0.15 (Daya Bay,

RENO, Double Chooz), one of the next most impor-

tant goals of the future research in neutrino physics -
determine the status of the CP symmetry in the lepton
sector.

All compelling v— oscillation data is compatible with 3-v
mixing:

3
v () = .MH Upjvj(z), l=ep,T.
-.w“

B. Pontecorvo, 1957; 1958; 1967
Z. Maki, M. Nakagawa, S. Sakata, 1962

U is the Pontecorvo-Maki-Nakagawa-Sakata (PMNS)
neutrino mixing matrix.
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The current “reference scheme”: 3-r mixing

n
v >= Mmﬂ_ﬁv, vi: mj#=0, l=ep 7, n=3]
=1

w
wFQVH .MH Q&ERE_EZE_S%%O“hHm,Fﬂ.
..H“

The PMNS matrix U - 3 x 3 unitary to a good approxi-
mation (al least: [U;,| & (<<)0.1, l=-e,u, n=4,5,...).

L/

iy T = 0. Dirac or Majorana particles.

Data: the 3 vs are light: v1 23, m123 5 1 eV.
3-v mixing: 3-flavour neutrino oscillations possible.

vy, B, at distance L: P(vy —vr) #0, Plvy — vp) <1

L._.Uﬁw.__h —r T_Tv = L.ﬁ.mw._.h —r Uy, b, LU, E.W — EMV
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Three Neutrino Mixing

3
- T
YL = m ._,\._h._;.__.“_“_l.
i=1

[/ is the Pontecorvo-Maki-Nakagawa-Sakata (PMNS) neutrino mixing matrix,

Uer U Uiz
.-....._q — .-....__q.n._”.._. ._....__q.n._”M .-....._q.n._nw

[ [ L/

<71 s T2 43

e [ - n = n unitary:

n 2 3 4
mixing angles: =n(n — 1) 1 3 6
CP-violating phases:
e v;— Dirac: s(n—1)(n-2) 0O 1 3
e v;— Majorana: sn(n— 1) 1 3 6

n =23 1 Dirac and
2 additional CP-violating phases, Majorana phases

S.M. Bilenky, J. Hosek, S.T.P.,1930
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PMNS Matrix: Standard Parametrization

1 0 O
U=VP, pP=1|0 &% 0O )
0 0 e
e12€13 $12€13 s1ze *?
V = | —s12c23 — 128238136  c12003 — 81282381360 so3ci3
S12 823 — ﬁ.._.m__w,.mw_m.._.w__..h.__.m —C12833 — _“uh".._.m__.l.,mw.m.._.wn..h.__...m Co3C13

L sin md..q.. Cij = _ﬂnum_ﬁ_..q.. m,_..q. = —D...W”_.
e 4 - Dirac CPV phase, § = [0.27]; CP inv.: d =0, 7.2,
e a1, a3l - Majorana CPV phases; CP inv.: azya1y = k(E)m, k(K')=0,1,2...

S.M. Bilenky, J. Hosek, S.T.P., 1930
o Am? = Am32, Z7.54x 10 5 eV? >0, sin“#i2 = 0.308, cos26» = 0.28 (3¢),

s _DEW:E_ = 247 (2.42) x 1073 eV?, sin® 3 = 0.437 (0.455), NO (10),

e 13 - the CHOOZ angle: sin®#,3 = 0.0234 (0.0240), Capozzietal. NO (10).
F. Capozzi et al. (Bari Group), arXiv:1312.2878v2 (May 5, 2014)
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e Am?Z = AmZ, =7.54x 105 eV? > 0, sin“#, = 0.308, cos26,, 2 0.28 (30),
“ _PEW:HV_ =247 (2.42) x 102 eV?, sin“ 3 = 0.437 (0.455), NO (10),

e 013 - the CHOOZ angle: sin®#;3 = 0.0234 (0.0240), NH (IH).

o lo(Am3,) = 2.6%, lo(sin®fn) = 5.4%;

o lo(|Am3,,s|) = 2.6%, Lo(sin®623) = 9.6%;

e lo(sin?#,3) = 8.5%;

e 30(Am3;): (6.99 — 8.18) x 10" ° eV?; 3o(sin“#12) : (0.259 — 0.359);

s mqn_bﬁw:ﬁ_u : 2.27(2.23) — 2.65(2.60) x 102 eV?;
3o(sin“#3) : 0.374(0.380) — 0.628(0.641);

™ m_qﬂm._:mm__puu : G.Gu_.ﬂmn_n_.ﬂu_.ﬂmu — E.Gmmmmﬂ.ﬂmmmu.
F. Capozzi et al. (Bari Group), arXiv:1312.2878v2 (May 5, 2014)
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« Dirac phase §: vy <> vy, Jp <> Uy, L F U AlL  Jep xsinfizsing:

P.I Krastev, S.T.P., 1938

1 . . . .
Jop =1Im ﬁbp UpUbUnt = a Sin 265 8iN 2653 5iN 26,3 oS3 5N 4

Current data: |Jop| = 0.040|sind| (can be relatively large!).

« Majorana phases asq, a31:

— V] < Yy, V] 4> Uy not sensitive;
S.M. Bilenky, 1. Hosek, S.T.P.,1980;
P. Langacker, S. T.P., G. Steigman, 5. Toshev, 1937

— _ﬂ ﬂ.ﬂ,uv_ in (383)o,—decay depends on (¥x21, (¥31;
— I (pt— e+ ~) etc. in SUSY theories depend on asz 31;

— BAU, leptogenesis scenario: 0, 21 31"
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The next most important steps are:

« determination of the status of the CP symmetry in the
lepton sector;

« determination of the nature - Dirac or Majorana, of
massive neutrinos.

o determination of the neutrino mass hierarchy:;

« determination of the absolute neutrino mass scale (or
min(m;)).
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Large sinfy3 = 0.15 (Daya Bay, RENO) + § = 3n/2 -
far-reaching implications:

« FOr the searches for CP violation in v-oscillations: for
the b.f.v. one has J-p = — 0.035;

« Important implications also for the “flavoured” lepto-
genesis scenario of generation of the baryon asymmetry

of the Universe (BAU).

If all CPV, necessary for the generation of BAU is due
to 8, a necessary condition for reproducing the observed

BAU is
|sinf13 sind| =& 0.09

S. Pascoli, 5.T.P., A. Riotto, 2006.
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Understanding the Pattern of Neutrino Mixing.

Predictions for the CPV Phase 4.
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Neutrino Mixing: New Symmetry?

e 12 =0p = m.ﬁ.ﬁ 023 = Oatm = mﬁﬂv, 013 20

2 1 \
(B
/1 J1 wmd :
6 V3 2\

1 /1 1
SRRl
Very different from the CKM-matrix!

e =m/4—-0.20, 613=0+47/20, 03 =7/4F0.10.
« Uppmns due to new approximate symmetry?

112

Ubmans
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A Natural Possibility (vast literature):

U= ?_munmm.,mJ Qv w)Utemem.Lc.. P(&1,&),

with
[ ]2 1 \ 1 4, 1
,\w ,\w 0 f\m +os 0 )
[ = — W W — W T IW H_HW P
TBEM z\w z\w 5 | BM HM w ,..\”.MW
rl,\w 3 V3 \ 2 T2 3

. Q_mnmm §Y) - from diagonalization of the [~ mass ma-

trix;

ﬁ.m;

« Urem.em LcC... P(&1,82) - from diagonalization of the v
mass matrix;

e (1, w), - from diagonalization of the [” and/or v mass
Bmﬁ:nmm

P. Frampton, STP, W. Rodejohann, 2003
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Urey Usramy Usrem,y, Uncm:

(1 1 \
s ova ©
c? cH
U e = Im I€\|M.w .m,mhw . p— 71 symmetry : oy = Fu/4,
523 _ S23 v
\ V2 v2 B
[ 1o sfa O ) (2 1 o)
| _S12 12 _ /1| 1 V3 1
Usr = fa\.‘m am..‘\m 2 v Unem = |M.«\m M.«\m Iz\|m
_ 512 €12 m 1 /3 1
\ T V2 V2 / \  2v2 2v2 V2 )

Usram: sin?@v, = (24 7)1 2 0.276, r = (1 + v5)/2
(GR: 7/1; a/b=a+ b/a, a > b)

Usrem: Sin“ @Y, = (3 — r)/4 = 0.345.
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corrected, :" mmm % ,n\h mm = o 5 mu ﬁ be n_u?mnﬁmn_

e UsM: 870 = 1/2, s33 = 1/2, s33 = 0; sf3 = O,

s35 = 1/2 and possibly s33 = 1/2 :._:mﬁ be corrected.

Urem(am): Groups Ag, Sg, T', ... (vast literature)

(Reviews: G. Altarelli, F. Feruglio, arXiv:1002.0211; M. Tanimoto et al., arXiv:1003.3552;
S. King and Ch. Luhn, arXiv:1301.1340)

. Qmm}. Group As,...; s23 = 0 and possibly s7, = 0.276

and mmw 1/2 must be corrected.
L. Everett, A. Stuart, arXiv:0812.1057;..

« U c: alternatively U(1), L' =Le— Ly, — L

eULc: 835 = H\m s73 = 0, s45 - free parameter;

mww = 0 and s7, = 1/2 must be corrected.

S.T.P., 1982
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e UGrg: s13 = 0 and possibly s7, = 0.345 and s33 = 1/2
must be corrected.

e Ung: s33 =0, s3, = 0.25 and possibly s33 = 1/2 must
be corrected.
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None of the symmetries leading to Utgn, Ugnpm OF
other approximate forms of Uppnys can be exact.

Which is the correct approximate symmetry, i.e.,
approximate form of Uppns (if any)?

In the cases of U, given by Utgn, Ugnme €tc. the

requisite corrections of some of the mixing angles
are small and can be considered as perturbations to
the corresponding symmetry values.

Depending on the symmetry leading to Urgm gwms
etc. and on the form of Uy, one obtaines diiffer-

ent experimentally testable predictions for the sum
of the neutrino masses, the neutrino mass spec-

trum, the nature (Dirac or Majorana) of v; and the
CP violating phases in the neutrino mixin .nm matrix.

Future data will help us understand whether there
IS some new fundamental symmetry behind the ob-

served patterns of neutrino mixing and D.E&

S. T. Petcov, NDM15, Jyvaskyla, Finland, 03 /06/2015



What is the minimal Uy, providing the requisite cor-
rections to Urtgm BM,LC,GRM,HGM?
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Predictions for 4

Assume: _
e Uppns = Q_w_uﬁmm,m& R, w)UteM,BM,GR,HGF (§1,&2) |

. _w_u - minimal, such that

i) sinfy3 = 0.16; BM: sin26;5 = 0.31;
i) sin?6,3 can deviate significantly (by more than
sin?613) from 0.5 (b.f.v. = 0.40-0.45).
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The simplest case (SU(5) xT17,...)
Uiep = 0{5(0{5); now Q = diag(e’, 1,1);

sinffy3, sint 6,3 - negligibly small (SU(5) x T7,...).
Usm(Lc): Sin2 612 = 5+ sin26Y, sinf13 cosé

0 is the Dirac CPV phase,

Usm: requires cosd = F1 as sin 207, = +1.

Urgm: sin2f1p = 3 F 2 % sin 13 COS 4.

Problem for Utgpm gm.GRA(B).HG if Sin? 623 = 0.44—0.45:

.m ITE_:mSwE I.M
sin mumlmﬁlm_:mmﬁvlo.mﬁ sin<613).

S. T. Petcov, NDM15, Jyvaskyla, Finland, 03 /06/2015



Larger correction to sin?64; = 0.5 needed.

Minimal case: Ujgp = Q_mnﬁmﬁ, m..mmv_
Q = diag(1,e7", e™ ).

Two possibilities.

__m.nm:n_m_d._ O_‘Qm::@.
Q_mnﬁmﬁ,mmmv = O @mmvﬁ (6% 15) (GUTSs typically);
in many theories - a consequence of m2 < m2 < m2.

“Inverse” OEm::@.
Smm@um,mmmv|ﬁ Qm MVQ ﬁm v

S. T. Petcov, NDM15, Jyvaskyla, Finland, 03 /06/2015



Standard Ordering

012(072)023(053)diag(1, e Y, e ) 0p3(6%3) O12(6%5) P,

diag(1, elsl. mﬁ.mmv .

U

P

Can be shown to be equivalent to: ~
U = 012(01,)diag(1, e'?, 1)023(023) 012(845) P(&1. 62 + 5)

O23 = 023(053, 0 — w,053), & = (053, 1,w, 053).
v, =7 /4 (BIM,LC), or sin~1(1//3) (TBM), etc.

Thus, 615,023,013, - functions of 64,,¢,023.
¢ serves as a ‘‘source” for 9.
Expect 6 = (012, 023,013)(!)
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For arbitrary fixed 675:

tan -5
Sin 201-5sin 0413

COSd = T_Um 26Y ,

+ (sin? 612 — cos?64,) (1 — cot? b3 sin? 613)] .
S.T.P., arXiv:1405.6006

M:mnm.wmm:_ﬁm iIs exact. For TBM and BM cases derived
irst in:

D. Marzocca, S.T.P., A. Romanino, M.C. Sevillia, arXiv:1302.0423

In a complete self-consistent theory corrections are possi-
ble: 6873 # 0 (see further), RG running effects (negligible

for mg < 0.01 eV), etc.
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Comparing the imaginary and real parts of U, _ﬂhm@_ﬂmm@ﬂhi
in the two parametrisations:

. sin 209, .
— 12
Sing = Sin 2015 Sin ¢,
sin 20 2 sin?g
——— 12 23 _
Cos 0 sin 2017 cos ¢ Am_:m >3 COS201345iN“ 013 1
I ﬁDmMme Sin 20-3 sinflq5

' sin Mm_u_.m m:.._m %MW COS2 %_H_.WITm:.._M m_u_.w _.

S.T.P., arXiv:1405.6006

The relations are exact.
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sinfy13 = |U.3| = sin{,sinf3,

. 2 i
in2 U3 . DA cos< 6},
Sin< fp3 = 1 jUg2 o 0237 <2 o sinZi5
. . 7 ,
sin2 01, = U2 T_: 0%, cos 0! ,+¢% Cos BY., cos fpz sin 6
1—|Ues) 1—sin267, sin2 03
- 2 H . D
., Sin mmm — SN mHm L
Sin“ f,3 = 03 2 0o

1 — sin? me

From first two eqgs.:
0o = 015(013,023), 023 = 023(013,023):;
substitute in the 3rd: cos¢ = cos¢(012, 023, 613,6045).

S. T. Petcov, NDM15, Jyvaskyla, Finland, 03 /06/2015



1
5 ? — 2sin mmw COS m_mw cos(w — ﬁSv :

¢ = arg mmlg cos 055 + e~ sin mmmv _

sin? 6,3

~ = arg hl e W coshs5 + e sin mmmv _

diag(1, et ¢t(€218))y =~ — 6,

v/
|

012(812)diag(1, ¢'®,1)023(823) 012 (642) P.

-
|

S. T. Petcov, NDM15, Jyvaskyla, Finland, 03 /06/2015



In all cases TBM, BM (LC), GRA, GRB, HG:
« New sum rules relating 615,013, 23 and ¢;

e Jop = Jop(012,023,013,0) = Jop(012,023,013).

« TBM case: 6 = 3n/2 or 7/2;
b.f.v. of 6;;: § =263.5° or 96.5°.

« GRA case, b.f.v. of 0;;: § = 286.8° or 73.2°.
« GRB case, b.f.v. of §;;: 6 =258.5° or 101.5°.
« HG case, b.f.v. of 6;;: 6 = 298.4° or 61.6°.

« BM, LC cases: § = 7 (sin261, = 0.32, b.f.v. of 01323)

S.T.P., arXiv:1405.6006
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« Jop = Jop(012,023,013,0) = Jop(b12,023,013).

« TBM case: § =37 /2 or 7/2; b.f.v. of 0;;:
o = 263.57 or 96.5%, cosé = —0.114, Jop = F0.034.

« GRAM case, b.f.v. of ;;: § = 286.8° or 73.2°
cosd = 0.289, Jop = +0.0327.

« GRBM case, b.f.v. of §;;: § = 258.5° or 101.5°;
cosdo = —0.200, J-p F 0.0333.

« HGM case, b.f.v. of 6;;: § = 298.4° or 61.6°;
cosd = 0.476, Jop = F0.0299.

« BM, LC cases: § = 7, coséd = —0.978, Jop = F0.008

The results shown - for NO neutrino mass spectrum; the results are prac-
tically the same for 10 spectrum. (Best fit values of #;;: F. Capozzi et al.,

arXiv:1312.2878v1.) S.T.P., arXiv:1405.6006
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By measuring coso one can distiguish between
different symmetry forms of U,!

_A.m_.m.ﬂ_..:m__.,‘1 Em_s Emnmm_.u::._mmmzqm:._m:.nﬁﬁmé:_-wm
performed at the future planned neutrino oscilla-
tion experiments, see, e.g., A. de Gouvea et al.,
arXiv:1310.4340, P. Coloma et al., arXiv:1203.5651.
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For 693 # 0, |sinf{3| < 1.
Cosd(f{3) = cosd — A(cosd),

cosd - from the exact sum rule,
A(cosd) - correction due to _m_:m 3| # 0,

Sinf§, COSk
A(coss) = —13 """ tan@y, cotfio tanbos,
Sin @13 sin o3

k = arg(c53e” R _ s53€" Wy |

For |sinfis3]| S 1073, the correction |A(cosd)| to the ex-
act sum rule result for cosé does not exceed 11% (4.9%)
in the case of the TBM (GRB) form and is even smaller

for the BM, GRA and HG forms of {7,. In what follows we

concentrate on the case of negligibly small sin {5 =
S.T.P., arXiv:1405.6006
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_hrmm%:@ order” (in sin 6,3, 653, with #{5 assumed to be
m .ﬁmum_m 53) sum rule:

1o = .w_m + %Hm COSJ.

S Antusch, 5. King, 2005

Can be obtained from

sin 207, .
sin @15 ~ sin @y + ———212 sin 13 COS 4 ,
2sin 67,

From the exact sum rules we get in “leading order":

sin? 61, 2 sin? 07> + sin 2015 sin 13 C0OSs 4,
sin 15 = sin® 655 + sin 2645 sinfy3 cos ¢ .

To “leading order", COsSd = COS .

S. T. Petcov, NDM15, Jyvaskyla, Finland, 03 /06/2015
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sin€601-, = 0.308, sin?f,3 = 0.437 (b.f.v.)
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sin? @13 = 0.0234, sin? 0,3 = 0.437 (b.f.v.):

sin260;, = 0.308 TBM  GRA

(Ccosd)E —0.0906 0.275
(cosd)Lo —0.179 0.225
(cosd)g/(cosd) o 0.506 1.22
(coso)e —0.221 0.123

(cosd)g/(coso)E 0.41 2.24
(coso)e/(cosd) o 1.23 0.547

GRB HG
—0.169 0.445
—0.265 0.415

0.636 1.07

—-0.29 0.297

0.581 1.50

1.10 0.716

For TBM, GRA, GRB, HG symmetry forms of Uy,:

2
612 — 612| ~sin“ 613.

Thus, the next-to-leading order terms important.
For the BM form: |015 — 6045| ~ sinf13, LO is O.K.
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The “leading order” sum rule (S. Antusch + S.
King, 2005) provides reasonably accurate predic-

tions for cosé in the BM and HG cases, and largely
iIncorrect predictions for cosd in the cases of TBM,

GRA and GRB symmetry forms of U,:
(cosd)g/(cosd) o = 0.506, 1.22 and 0.636. .
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0.437 (b.f.v.)

sin€6013 = 0.0234, sin? 653

5. T. Petcov, NDM15S, Jyvaskyla, Finland, 03 706/ 2015



sin? @13 = 0.0234, sin? @53 = 0.437 (b.f.v.):

sin201>, = 0.259 TBM GRA GRB HG
(cosd)g —0.408 —-0.0223 —-0.490 0.156
(cosd)Lo —-0.548 -0.129 -0.637 0.0673
(cosd)g/(cosd) o 0.744 0.172 0.769 2.32
(cosod)E —0.529 —-0.202 -—-0.596 —-0.0386
(cosd)g/(cosp)g 0.771 0.110 0.822 —4.05
(coso)e/(coso) Lo 0.966 1.57 0.935 -0.573
sin?0;, =0.359 TBM GRA GRB HG
(Ccosd)E 0.210 0.562 0.135 0.725
(cosd)Lo 0.175 0.564 0.092 0.749
(cosd)g/(cosd) o 1.20 0.996 1.46 0.969
(coso)E 0.100 0.461 0.0279 0.647
(cosd)g/(cosp)g 2.09 1.22 483 1.12
(cos¢)g/(cos¢) o 0.573 0.817 0.303 0.864
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sin€f013 = 0.0234, sin?6y5, = 0.308 (b.f.v.)
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sin? 613 = 0.0234, sin?6y, = 0.308 (b.f.v.):
sin?f,3 =0.374 TBM GRA GRB HG

(Ccosd)E —0.0618 0.262 —-0.131 0.412
(cosd)Lo —0.179 0.225 -—-0.265 0.415
(cosd)g/(cosd) o 0.345 1.17 0.494 0.993
(cosd)e —0.211 0.0866 —0.271 0.237

(cosd)g/(coso)E 0.293 3.03 0483 1.74
(coso)e/(coso) o 1.18 0.385 1.02 0.572

sin26,3 =0.626 TBM GRA GRB HG

(cosd)e —0.186 0.343 —-0.299 0.588
(cosd) o —0.179 0.225 -0.265 0.415
(cosd)g/(cosd) o 1.04 1.52 1.13 1.42
(coso)E —0.272 0.244 —-0.376 0.506

(cosd)g/(cosp)g  0.684 141 0.794 1.16
(coso)g/(coso) o 1.52 1.09 1.42 1.22
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Statistical analysis, likelihood method;

input “data”: sin?6,3, sin®#6i5, sin26;o, &

from F. Capozzi et al., arXiv:1312.2878v2 (May 5,
2014).

2
xy<(Ccosd)
L(cosd) x exp AI 5 v
No confidence level interval of values of cos:

L(cosd) > L(x2,,) - L(x? = n?)

[. Girardi, S.T.P., A. Titov, arXiv:1410.2056
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TBM, GRA, GRB, HG: J = 0 excluded at 50, 40,
40, 30 confidence level.

At 30: 0.020 <

Jcp| < 0.039.

BM A_I-“v. b.f.v.: fwn..._u = (O;

at 30: —0.026 (—0.025) < Jcp < 0.021 (0.023) for NO
(I0) neutrino mass spectrum.
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Prospective precision:
5(sin%615) = 0.7% (JUNO),
5(sin?613) = 3% (Daya Bay),

5(sin?6>3) = 5% (T2K, NOvA combined).

S. T. Petcov, NDM15, Jyvaskyla, Finland, 03 /06/2015
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b.f.v. of sin“4;; (Capozzi et al., 2014) 4+ the prospective precision used.
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The same, but for mmjm 1> = 0.33 (the BM prediction dependence on
m.__._m_m:mV.
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sin2 o3 = 0.557 (b.f.v.: C. Gonzales-Garcia et al., 2014, 10 case).
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In I. Giradi et al., arXiv:1410.8056, we have inves-
tigated also the dependence of the predictions for

(cosd)g, (cosd) o, (cosd)g/(cosd) o, (coso)e, etc.

on sin?#;3 and sin?6;> when the latter are varied in
their respective 30 allowed intervals in the case of

55 = 0. In this case:

.m IHMm_.:mEmH .m
Sin mmm|m_: SinZ6,2) = 0.5(1 —sin“613).

The predictions for (cosd)g, (cosd) o and
(cosd)g/(cosd) o are very similar to those shown for

non-negligible mmm" In particular, also in this case the

“leading order” sum rule provides largely incorrect
predicstions for cosé for the TBM, GRA and GRB

forms of [J,,.
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The predictions obtained for cosd are valid in a large
class of theoretical models of (lepton) flavour based
on discrete symmetries.

J. Gehrlein et al.,, “An SU(5) x As Golden Ratio
Flavour Model”, arXiv:1410.2095;

I. Girardi at al., “Generalised Geometrical CP

Violation in a 7T’ Lepton Flavour Model”,
arXiv:1312.1966, JHEP 1402 (2014) 050.
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T" model of lepton flavour: Utgnm ., 0 = 37/2 or «/2.

I. Girardi, A. Meroni, STP, M. Spinrath, arXiv:1312.1966

« Light neutrino masses: type I seesaw mechanism.
« v; - Majorana particles.
« Diagonalisation of My: Utgm®, & = diag(1,1,1(2))

e UTpnm '‘COrrected” by
Uy @ = R12(655) R23(053)Q, Q = diag(1,e™?, 1)

S. T. Petcov, NDM15, Jyvaskyla, Finland, 03 /06/2015



T model of lepton flavour: Utgpm ., 0 = 37/2 or «/2.

« T': double covering of A, (tetrahedral symmetry
group).

T 1,1 1" 2 o 2" 3

« T' model: v.r(x),,(x) Y, (x) - triplet of T,
ep(x),up(x) - a doublet, 7x(x) - a singlet, of T7;
ver(x),v,r(x) vrr(x) - a triplet of 17,

the Higgs doublets Hy(z), Hy(x) - singlets of T”.

« The discrete symmetries of the model are T" x Hcp X
Zg X Nm X Nw.x Z», the Z,, factors being the shaping sym-

:,_mﬂ,_mm of the superpotential required to forbid unwanted
operators.

S. T. Petcov, NDM15, Jyvaskyla, Finland, 03 /06/2015



Predictions of the T/ Model
« m1 2 3 determined by 2 real parameters + D2
NO spectrum A : (mq,mo, m3) = (4.43,9.75,48.73) - 103 «
NO spectrum B : (m1,mo2,m3) = (5.87,10.48,48.88) - 1073

IO spectrum : (mq,mo,m3) = (51.53,52.26,17.34) - 10~ 3

3
NO A: > m;=6.29x 1072 eV,

j=1
3
NO B : > m;=6.52x 1072 eV,
j=1
3
I0: Y m;j=1211x10?eV,
j=1

S. T. Petcov, NDM15, Jyvaskyla, Finland, 03 /06/2015



e 010,053,013, 0, 21,31 determined by 3 real parameters.

Given the values of 815,023,013, 0,a21, 31 are predicted:

= 37/2 (266°) (or m/2 (94°));

NO A: anq = 4 47.0° m_.u._ﬂ |L.ﬂ..©ﬂv ﬁ Mﬂv.

112

x31 — 23.8° A_U_a +Mf\w.mav ﬁn_l Mﬁv :

The model is falsyfiable.

S. T. Petcov, NDM15, Jyvaskyla, Finland, 03 /06/2015
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Conclusions.

e We have considered a simple scheme for obtaining sin“#y3 = 0.16 and sin®f.; = 0.44
from TEM, BEM (LC), GRA, GRB and HG and the charged lepton corrections; [/, =
Uep (85, #55) required.

e The results depend strongly on the ordering of the 1-2 and 2-3 rotations in U,,.

e Interesting results in the case of “Standard Ordering” , O23(#,)02(0],):
i) new exact “sum rules”: § = (#3023, 613, 6),);

i) BM (LC): § = ;

iiil) TBM: 4§ = 37/2 (hints from data), J-p# 0 at 57, b.f.v. Jop = —0.034;

iv) GRA, GRB, HG: J-p# 0 at ~ ds, b.fv. Jop =(—-030)— (—-0.33);

TEM, GRA, GRB, HG: |/~ = 0.02 at 3;

T he measurement of cosd can allow to distinguish between different symmetry forms of
[F.r cosd = (=1); (=0.091), 0.275; (—0.169); 0.445 for the BM; TBM; GRA, GRB; HG
forms (b.f.v. of #; used).

The predictions for cosd in the TEM, GRA, GREB and HG cases exhibit strong dependence
on sin” #,- varied in its 3+ allowed range: depend also on sin” f23:

“Leading order” sum rule (King + Antusch, 2005): § = 4(#2,8),,612); gives typically
incorrect predictions for cosé in the TBEM, GRA, GRB and HD cases:; can be reasonably
accurate for some of the forms for specific values of &,;,.

The predictions for cosé and J-p will be tested in LBL neutrino oscillation experiments.
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The measurement of the Dirac phase in the PMNS mix-
ing matrix, together with an improvement of the pre-
cision on the mixing angles #12, #13 and 623, can pro-
vide unique information about the possible existence of
new fundamental symmetry in the lepton sector. T hese
measurements could also provide an indication about the

structure of the matrix U, originating from the charged
lepton sector, and thus about the charged lepton mass

matrix.
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