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Compellings Evidence for v—QOscillations

—Vatm: SK urP-DOWN ASYMMETRY

0z—, L/E— dependences of y—like events
Dominant I/’u — UVt K2K, MINOS; CNGS (OPERA)

—UV(): Homestake, Kamiokande, SAGE, GALLEX/GNO
Super-Kamiokande, SNO, BOREXINO; KamLAND

Dominant Ve — V,uﬂ' BOREXINO; LowNu (7?)

— LSND: pominant ljlu — Ve;

MiniBOONE 2010: l/lu — Ue incompatible, D'u — 776 compatible (l?)

v = > U, l=¢e,u,T.
j=1

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



The reference scheme: 3-r mixing

3
L= 2. Ujvj  l=enpT
=1



Three Neutrino Mixing

3
Vi — E Ulj viL .
j=1

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

Uel UeQ Ue3

U7'1 UT2 UT3
e U - n xXn unitary:

N 2 3 4

mixing angles: In(n—1) 1 3
CP-violating phases:
e vj— Dirac: f(n—1)(n—-2) 0 1 3
e v;i— Majorana: In(n — 1) 1 3 6

n = 3: 1 Dirac and
2 additional CP-violating phases, Majorana phases

S.M. Bilenky, J. Hosek, S.T.P., 1980



PMNS Matrix: Standard Parametrization

1 0] 0]
U=VP, P=|0 &% 0 ,
0 0 €=
C12C13 8$12C13 s13e "
V = | —s12c23 — c12823513€"°  c1oc23 — 512523813 so3ci3
812823 — C12¢23513€"°  —c12823 — S12C23513€"  Co3C13

® S = Sin Oij, Cij = COS@i]‘, Qij = [O,g ,
e 0 - Dirac CP-violation phase, § = [0, 27],

e a1, @31 - the two Majorana CP-violation phases.
S.M. Bilenky, J. Hosek, S.T.P., 1980
e Am2 = Am3; £ 7.59 x 107° eV? > 0, sin®61o = 0.318, cos2012 2 0.26 (30),

o |Am2,. | = |Am2,| = 2.4 x 1073 eV?, sin?203 £ 1,

e 013 - the CHOOZ angle: sin?6;3 < 0.031 (0.047) 20 (30) (see further).
Mezzetto, Schwetz et al., arXiv:1003.5800



sin€0y3 = 0.016 4+ 0.010, sinf13 = (0.077 — 0.161), 1o

A.B. Balantekin, D. Yilmaz, arXiv:0804.3345;
E. Lisi et al., arXiv:0806.2649
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T. Schwetz, arXiv:0710.5027 [hep-ph]



e sgn(Am3,,,) = sgn(Am3,) not determined

Am?2,, = Am3; >0, normal mass ordering

Am2,., = Am3, < 0, inverted mass ordering
Convention: M1 < M2 < m3 - NMO, m3 < mi1 < mo - IMO

my1 < mp < ms, NH,
m3 < m1p < mp, IH,

mi = mo = ma, mi273 >> AmZ,, QD; m; 2 0.10 eV.

e« Dirac phase - V| <> vy, Ijl — Dl/' [ # l/, Agé/) o« Jcp o< Sinf13sind
« Majorana phases as1, a31:
— V] <> Yy, V] <> Uy not sensitive;
S.M. Bilenky, J. Hosek, S.T.P.,1980;
P. Langacker, S.T.P., G. Steigman, S. Toshev, 1987
— |<m>| in (86)o,—decay depends on ¢, (31,
— N(p — e+ ) etc. in SUSY theories depend on a1 31;

— BAU, leptogenesis scenario: 21 37



Absolute Neutrino Mass Measurements

The Troitzk and Mainz 3H (B-decay experiments

my, < 2.3 eV (95% C.L.)

It is expected that the following sensitivity will be reached:
KATRIN : my, ~ 0.2 eV

Cosmological and astrophysical data: the WMAP result combined with data from
large scale structure surveys (2dFGRS, SDSS)

Y my=X <(04-14)eV
J
The WMAP and future PLANCK experiments can be sensitive to

ij = 0.4 eV
J

Data on weak lensing of galaxies by large scale structure, combined with data
from the WMAP and PLANCK experiments may allow to determine

R 5§ £ 0.04 eV.
j



Future Progress
e Determination of the nature - Dirac or Majorana, of v; .

e Determination of sgn(Am?2,,,), type of v— mass spectrum

m1 < m2 < ms, NH,
m3 < m1p < mp, IH,
mi = mo = ma, mi273 >> Am2,, QD; m; 2 0.10 eV.
e Determining, or obtaining significant constraints on, the absolute scale of v;-
masses, or min(m,;).

e Status of the CP-symmetry in the lepton sector: violated due to § (Dirac),
and/or due to a1, az1 (Majorana)?

e Measurement of, or improving by at least a factor of (5 - 10) the existing upper
limit on, sin®6;s.

e High precision determination of Am2, 0o, Am2,.,, Oatm.

e Searching for possible manifestations, other than v;—oscillations, of the non-
conservation of L;, l =e,u, 7, such as u — e+ ~, 7 — u -+, etc. decays.



e Understanding at fundamental level the mechanism giving rise to the v— masses
and mixing and to the L;—non-conservation. Includes understanding

— the origin of the observed patterns of vr-mixing and r-masses ;
— the physical origin of CPV phases in Upmns ;

— Are the observed patterns of v-mixing and of Amgm related to the exis-
tence of a new symmetry?

— Is there any relations between g—mixing and v— mixing? Is 61> + 0.=n /4 7
— Is 023 = 7/4, or 023 > w/4 or else O3 < w/47

— Is there any correlation between the values of CPV phases and of mixing
angles in Uppns”?

e Progress in the theory of vr-mixing might lead to a better understanding of the
origin of the BAU.

— Are the Majorana and/or Dirac CPVP in Upuns the leptogenesis CPV
parameters at the origin of BAU?



“Some Recent Developments’: a very subjective choice.

The main recent development: the “coming back’” of
sterile neutrinos.

A number of hints at ~ (2.0 — 2.5)0 (do not make an
evidence, need to be tested experimentally).

« Reactor v, flux and anomaly.
« LSND and MiniBooNE.

« Neutrino counting from cosmology.

The possibilities of CPT violation and NSI are also being
widely discussed.



New reactor v. flux predictions

"new fluxes” Mueller et al., 1101.2663 compared to
"old” fluxes Schreckenbach et al., '82, '85, '89.
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New reactor v, fluxes and SBL reactor data
1.3
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Schwetz, Tortola, Valle, 1103.0734

e Flux free analysis (dashed lines)

old flux best fit f = 0.984, f =1 within 1o0.

new flux best fit f =0.942, f =1 at 2.50:
“reactor »r anomaly”, Mention et al., 1101.2755.

013 = 0, or sterile neutrinos, or just a systematic error?

e #13 ~ 0.1, or sterile neutrino with Am2 = 1 eV2, sin?26 &£ 0.12
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3-v analysis with the new reactor v, fluxes
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0.039



The results on 6,3 depend on SBL reactor data treatment

sin” 613 Ax?(013 =0) 30 bound
solar + KamLAND + SBL 0.02375 515 2.9 (1.70) 0.072
Chooz + Palo Verde + SBL 0.005 055 0.07 (0.260)  0.038
atmospheric + MINOS 8:8;8123%%2 15 823% 88?2
atmospheric + MINOS + solar 8:8;3%2;2% 33 822% 8822
giobal with SEL oo® 33080 0%
global with SBL (free norm) g:gcl)g%gggiz ig gjg 8823
global without SBL 88;3%% I 8:22% oo%e
global without SBL (old fluxes) o%%f@%ﬁo gg 8;3% 882;

NH: upper entries; IH: lower entries.



Prospects for 03

Discovery potential at 3 ¢ for NH 2 Discovery potential at 30'in 2018
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Width: experiments with v beams - dependence on the CP phase; DayaBay -

syst. uncert. 0.18% — 0.6%
Mezzetto, Schwetz, 1003.5800
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M. Mezzetto, T. Schwetz, arXiv:1003.5800[hep-ph]
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T2K: First results

Observed 1 e -event passing all cuts and having all the characteristics of
being due to v, — v. oscillations. The estimated background is: 0.30 &
0.07(syst.) events; 29% probability to observe 1 event when the expected
average is 0.3 events.

NH: sin22613 < 0.44; IH: sin226013 < 0.53 (90% C.L.)
Assumed: Am3, = 2.4 x 1073 eV?, sin?20,3 =1, § = 0.

Japan experienced very severe earthquake on March 11th 2011 at 14:46 JST.
The J-PARC facility suffered some damages. Fortunately, the Tsunami did not
hit the J-PARC.

“Our present priority is to restore life-supporting infrastructure such as
electricity, water supply and gas at J-PARC. It may take some time, but we
promise the full recovery of the J-PARC accelerator and T 2K experiment in
the near future. I thank you for the messages of solidarity and sympathy”.
Director of the Institute of Particle and Nuclear Studies, KEK

Koichiro Nishikawa

Spokesperson of the T2K experiment

Takashi Kobayashi

We wish success to our colleagues from T2K, J-PARC and KEK in their
reconstruction efforts.



Neutrino oscillation parameters summary.

parameter best fit 10 20 30
Am3, [10-°%eV?] 7.597 020 7.24-7.99 7.09-8.19
2.45 + 0.09 2.28 — 2.64 2.18 —2.73
2 -3 2
Amz, [107° eV7] —(2.381239) —(2.17 — 2.54) —(2.08 — 2.64)
sin? 012 0.312F3 97 0.28-0.35 0.27-0.36
5 0.51 + 0.06 0.41-0.61 B
sin= 023 0.52 + 0.06 0.42-0.61 0.39-0.64
5 0.010793%2 < 0.027 < 0.035
SN 913 +O‘009
0.01375 507 < 0.031 < 0.039

Schwetz, Tortola, Valle, 1103.0734

New reactor ve fluxes 4+ SBL reactor v, data used.
Am3y, Sin? 63, sin?0;13: upper (lower) row - NH (IH).



Sterile Neutrinos ?



Sterile neutrinos: oscillations with Am? ~ 1 eV? can ac-
count for v, disappearance at L < 100 m

vy — Ve, Uy — be data at E/L ~ 1 eV?

o« LSND, vy — Ve, 87.9 = 22.4 £ 6.0 excess events
P = (0.264 £ 0.067 £0.045)% ~ 3.80 away from zero.

o« MiniBooNE, v, — Ve, ~ 20 excess;
Consistent with LSND in a 2-v mixing scheme.

« MiniBooNE, v, — ve,
E > 475 MeV: no excess; E <475 MeV: ~ 30 excess.

« KARMEN, v, — ve, tight constraint on the LSND re-
gion (slightly smaller L/E than at LSND).



Unidentified excess at  Mills Eogm?(evl) _MiniBooNE

low energy O L

— 95% CL

/ Neutrino v, Appearance Results (6.5E20POT) s — 99% CL
u ' : KARMEN2 90% CL
s BUGEY 90% CL 4

- Data 10

1.4 1.5 3.
ESE (GeV)

107F
.LSND 80% CL

| [ |LsND 99% cL

0—2

_ | Best fit point in
0gz 04 oo o8 do iz a0  Bugey excluded area

ETE (GeV)

G. Mills, Talk given at NeuTel, Venice, March 2011



34+ 1 and 3 4+ 2 fits to the global SBL data
3 4+ 1 Oscillations:

2
Pee 2 1—-4|U.4]2(1—|U.a|?) sin? A?f@lL, reactor SBL data;

LSND, MiniBooNE, KARMEN data :

2 Amg, L
4F 7

PMG = 4|Ue4|2|U,u4|2 SIn
effectively 2-v oscillations, no CP violation.

Ueq|? (|Uua|?) constrained by the data on ve (v,) disap-
perance.



3 + 2 Oscillations:
LSND, MiniBooNE, KARMEN data:

Ppe = 4|Ue4|2|U,u4|2 sin? A4

+4|Ucs|?|U,5|° sin? Asq

——8|U€4UM4U€5UM5| sin A1 Sin Agq Cos(Agg — @),

2
=2t ¢ = arg (U U,,aU5U*
1) = T 4AF — ed™ pated 5 |-

¢ - CP violating phase (MiniBooNE).

Sorel et al., 2003; Maltoni and Schwetz, 2007; Karagiorgi, 2007

A
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3 + 1 analysis (disappearance: CDHS + reactor SBL (solid (dashed) line
- new (old) fluxes) + atmospheric v data, 99% C.L.).
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Kopp, Maltoni, Schwetz, 1103.4570

Dashed lines: old reactor v, fluxes;
solid lines: new reactor v, fluxes.



Results of 3 + 1 and 3 + 2 Fits

SBL Reactor Data

Amz, [eV?]  |Uesl Am2, [eV?] |Ues| x?2/dof
3+1 1.78 0.151 50.1/67
3+2 0.46 0.108 0.89 0.124 46.5/65

Global SBL Data
Amg;  |Ues Uual  Amzg;  |Ues| [Ups| 6/m x*/dof
342 0.47 0.128 0.165 0.87 0.138 0.148 1.64 110.1/130

Ax?(old versus new fluxes)= 10, 3+42.

Ax? (3+1 versus 3+2)= 11.

Kopp, Maltoni, Schwetz, 1103.4570



Comments.

e 3 4+ 1 neutrino mixing scheme is strongly disfavored by the data (no
CP violation, tension between the description of the “appearance’” and
“disappearance” data).

e 3 4+ 2 neutrino mixing scheme (with CP violation and two eV mass neu-
trinos) provides a good fit to the global SBL data.

e Only a relatively small active-sterile neutrino transition probability is al-
lowed by the data.

e T heoretrically, light sterile neutrinos are not partricularly “needed”, but
can be incorporated in the neutrino mass models. If they are proven to
exist, this will be a very important discovery and we will have to under-
stand why “they are there’.

The notion of sterile neutrino: B. Pontecorvo, 1967.



Other possible indications of sterile neutrinos

e Deficit in the observed rate due to a radioactive source with known in-
tensity in the Gallium experiments (Giunti, Laveder, 2010).

e Cosmology

CMB, SDSS, HST (68%, 95%, 99% C.L.)
0.8 ' '

0.6
=
o
~ 0.4
3

0.2

0L I ]

Hamann et al., 1006.5276
BBN: N, < 1.2 (95% C.L.)
Mangano, Serpico, 1103.1261



Prospects for sterile neutrinos

Experimental verification of the hints of existence of sterile neutrinos
needed.

e New results (from 5.66 to 8.0 pot) from MiniBooNE are expected in the
summer.

e C. Rubbia proposal: two argon detectors of 150 t and 600 t (ICARUS
from LNGS) at L ~ 150m and 600 m at CERN, using the PS neutrino
beam (can provide the best test of the LSND and MiniBooNE results).

e BOREXINO radioactive source experiment (Ianni et al., 1999).
e New SAGE radioactive source experiment (Gorbachev et al., 2011).

e NUCIFER in Saclay: OSIRIS (core size 57x57x60 cm?3), detector 1.2x07
m? (850 1), L =7 m (Lasserre et al., 2011).

e Many other proposals (move MiniBooNE closer to the source, Micro-
BooNE - 70 t Liquid Argon TPC, etc.).



CPT Violation in Neutrino Oscillations?

EI. Bigi, 1982; Mur%ar_na, Yanagida, 2001 (LSND))
Barger, Marfatia, Whisnant (2003) (LSND: 4 v's’%4 CPT))

—— A = A y UPER
o — Search for CPT violation in atm. v aK
= | MINOSY,90%  — MINOSv,90% |
o SEEEEETEER MINOSV, 68% ---- MINOS v, 68% m Under the CPT theorem, P(v> v) and P(V>7) should be same. Jun2009
OPC) 5__ ® Bestv, Fit e Bestv, Fit o = Testv oscillation or v oscillation separately. SK-l+11+lll
— - ] By ], 7 ',‘ [ ,l ," "','[ ‘ T_l ' : Preliminary
: I i | Neutrino: '
o 4 - e e T — Am232=2.2)(1 0'39V2
E v N f T ) | sin?20,4,=1.0
S— i ] -+ | Anti-neutrino:
'8 ] k Am,;2=2.0x103eV?2
© i e sin220,,=1.0
- MINOS Pngllmlnary
& _F 1.71x10° POT v,-mode No evidence for CPT
g 2f|7;214 X 10|2 POT ‘I’pjmoqel T violating oscillations
= is found
05 06 0.7 08 0.9 1 .
. 2 e 0.2 0.4 0.6 0.8 1Ifb> s
- y Roger Wendell
sin“(20) and sin“(26) 2, o

Expected further data from MINOS this summer.



The 3-neutrino mixing - still the reference framework.

3-v oscillation parameters summary.

parameter best fit £1o 20 3o
Am2, [10~%eV?] 7.597 )% 7.24-7.99 7.09-8.19
2.45 £ 0.09 2.28 — 2.64 2.18 — 2.73
2 -3 2
Amz 1072 VI (5 344010y (217 —254)  —(2.08 - 2.64)
sin? 012 0.31210217 0.28-0.35 0.27-0.36
5 0.51 4+ 0.06 0.41-0.61 B
Sin® 023 0.52 + 0.06 0.42-0.61 0.39-0.64
<in?g 0.0101925% < 0.027 < 0.035
L3 < 0.031 < 0.039

+0.009
0.01376 007

Schwetz, Tortola, Valle, 1103.0734

New reactor ve fluxes + SBL reactor v, data used.
Am3q, Sin? 63, sin?6013: upper (lower) row - NH (IH).



Neutrino Mixing:

e 010 = 0o = ¢, 023 = Oatm = 7, 013 < {3
2 1
IR
~ 1 1 T
Upmns = | —1/€ 3 —\/; ,
/1 1 1
6 \/3 2

Very different from the CKM-matrix!
e Cosfio 2 cos(f — L) = %(1 + ), sinfp = %(1 — ),
e A =(0.20—-0.25): 0o+ 0c= (47 +£1.2)9®9 =7x/4 7

e Uppns due to new approximate symmetry?



A Natural Possibility:

U= U|Tep(>‘) Ubim(tri) P(a21,31),

with
2 1 1 1
2 oo s v 0
1 1 1
Ueri = - % % - % , Ubim = ) 2 V2
1 1 1
1 1 1 = —= =
Ve V3 2 2 2 V2
o Uﬁep(A) - from diagonalization of the [~ mass matrix,

o Upimriy? - from diagonalization of the v—mass matrix.

o Unriy: %, =1/3, s33 =1/2, s3; =0, in agreement with the current data.

Harrison, Perkins, Scott, 2002
Uiriy:  Groups A4, S4,... (vast literature)

(Reviews: Altarelli, Feruglio, 1002.0211, Tanimoto et al., 1003.3552)
Typically, 013 ~ (\.)? is predicted.



o Upim: 82, =1/2, s3, =1/2, s2, = 0; s, = 1/2 must be corrected.
Upim: Groups S4,...; typically 013 ~ A..
e Upim: alternatively U(1),

L'=Le—L,— L, (Am3 < |Am2,,])
S.T.P., 1982
Ubim(triy reauires a p — 7 symmetry of M,

e Additional possibility: sin?6i, = 5+2\/§ 2~ 0.28, “Golden ratio”:; As.

Kajiyvama et al., 2007; Everett, Stuart, 2008, 2011

COSf1> SinfHio 0]
U _ __Sin 6, CoS 0:- 1
GR — 2 2 V2
__Sin 6, COS 01 1
2 2 V2

Feruglio, 2011

Which is the correct approximate form of Upmns? Perhaps none of the above(?).



For sin®6;; = \;; “small”, A\12 > A13 (natural),

sin?015 = 3 —sinf13 cosd , Upim

o is the Dirac CPV phase,

Sin2 615 = % — 2@ Sin 013 CoSo , Uyi-
P. Frampton, S.T.P., W. Rodejohann, 2004;
S. King, 2005; S. Antusch, S. King, 2005; I. Masina, 2006;

K. Hochmuth, S.T.P., W. Rodejohann, 2007

Can be tested experimentally.
S. Antusch, P. Huber, S. King, T. Schwetz, 2006



Neutrino Mixing within a Framework: A4 Flavor Symmetry

A4 the group of even permutations of 4 objects;
A4 representations: 3, 1, 17, 17;
related to the TETRAHEDRAL symmetry;

leads to Uppmns = UtgP.
Leptogenesis: see-saw mechanism; N; - heavy RH v's;

N;, v, - Majorana particles.

Altarelli-Feruglio (AF) Type: A4 x Z3z x U(1)gn X Zo;
Altarelli-Meloni (AM) Type: As X Z4 X Z>.

3: Y, vi; 1, 17, 170 e, 7¢, uc.

See-Saw (symmetries):

diag(Mler, M2€i%02’ M3€ig03) = U%:B MgrUrp,



M; = |X4+3Z] = |X||1+ «e?|, g1 =arg(X +32)
| X, @2 =arg(X)
M:; = |X-3Z| = |X||1 —ae?|, ¢3=arg(3Z —X),
X[, a=1[3Z/X|, ¢=arg(Z) —arg(X);, @i = vi(a, ).
A Majorana mass term for v, (type I see-saw mechanism):

5
[

m, = —Mnggl Mp = U*diag (m1, m2, m3) Ut
U = i Upp diag (1,62'@2/2,@%/2) — idiag (1,1, —1) Upmuns,
Usmns =V P : V =diag(1,1,-1) Upp, P = diag (1,62'%1/2,@@'0‘31/2) ,

az1 = @2, a31 = @3 (813 ~ A2~ 0.04).

_ ()Pd 1
i X ’
M,; M,;

i=1,2,3



The parameters a and ¢ are constrained by the v- oscillation data:

_ Am2 (14 a?—2a cos¢)(a+ 2cos )
S lami] 4| cos ¢|

T = 0.032 £ 0.006,

AmZ = Am3; =m3 —m3 >0 and |[Am3| = |[Am3,| = |Am3,|.

cos ¢ > 0 corresponds to light v- mass spectrum with normal ordering (NO);
Cos ¢ < 0 corresponds to v-mass spectrum with inverted ordering (10).

1 2(1 2
m? = Amar -+ (A +a)r , NO spectrum ;
A\142a2 (14 2a2)3
1 (14 a?)r
2 __ 2
ms = |AmA| (T‘{Q —I- a2(1 + 2@2) , 10 Spectrum .
Sin Sin

tanas = — —2SN® 4o = 2959

1+ acoso a? —1

The general sum rule holds (valid for both types of spectrum):

eia?ﬂ 1 2€ia21

!

ms3 m1 mo



r = 0.032 £ 0.006,
NO: 0.8 S a S 1.2
My £ 2M> £ 10 M3; M3 ~ 1012 GeV;
a1 =0, 75 az1 S 27,
3.8x103%3eV S m; £ 6.9x1073eV;

6.25x 1072 eV S mi+ma+m3 S 6.76 x 1072 eV ;

[<m>| = ‘%ml —|—§\/m§ + Amg( = (6.5—-7.5) x 1073 eV.
I0: 0.07 Sas$ 2 (0.07: mio3 <0.5eV);

My 2 My 2 M3/3; My ~ 10'? GeV;,

OS a1 S TS a3l S 27T,

2x102eV < m3 S 05eV:, mi+mo+ms > 0.125 eV,

1
0.018 eV S 5\/m§+ IAma] S |[<m>] S \/mg—l— |Am3Z]|, for mz 2 0.02 eV.
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Leptogenesis

Higher order corrections to MDMZT) must be taken into account.

3
YB ~ ZYBi’ YBi = —1.48 x 10_361‘ Mii
i=1
1 Im[(MpMT)2 - ~
€ = 2 [(A DATD i (ﬁ) , Np=U'Mp,
8y “z (MpMp)ii m;

fx) = (xf_ -+ log (1 +%))

1
o _ (33x107%ev m; e
i = s 0.55 x 10 3eV !

_ (MpM)
m; —=
M;

= m;(1 + O(\?))



The Majorana phases as1 and «3z1 - leptogenesis CP violating parameters.

—6
€] = — 10 <6f(m1/m2) sin a1 Re(yA)2 —|— f(ml/m3) sin 31 Re(y3)2) ,
2 x 10°° . 2 . 2
€r = T (3f(m2/m1) SIN a1 Re(yA) -+ f(mg/m3) Sln(ozzl — 0431) Re(yB) )
10 . . 2
€3 = (2f(m3/m2) Sln(o{31 — 0421) -+ f(m3/m1) Sin 0431) Re(yB) .

Correct sign of Yg: sing < 0.
C. Hagedorn, E. Molinaro, S.T.P., 2009
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AF type model:Yg(red continuous curve) versus a (sing < 0, Am3Z and r are fixed
at their best fit values). Left panel: NO spectrum; right panel: IO spectrum.
The horizontal dashed lines: the allowed range of the observed value of Yp,
Yp € [8.5,9] x 10711, Ypi: green dashed curve; Ygs: orange dotted curve; Ygs:
blue dot-dashed curve. On the right panel, the lines corresponding to Yz; and
Yo overlap.



Conclusions
New results on the reactor v, flux: the flux is by ~ 3% larger than that obtained

in the preceding calculations.

3-neutrino mixing: hint of #;3 # 0 at (1.8 - 2.6)0.

Intriguing accumulations of hints for the existence of eV-scale sterile neutrinos;
the 3 + 2 model with two eV-scale neutrinos provides a good fit to the global
(SBL) data.

These hints need further experimental verification.

We expect a wealth of new neutrino data from the (88)o.,-decay, 3H B-decay and
oscillations experiments in the next few years.

A more clear picture of neutrino mixing is expected to emerge.



