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\The New Minimal Standard Model |

e Minimal Extensions to give Mass to the Neutrino:

x Introducerrp AND imposeL conservatior= Diracv # v°.
L=Lgy — M,vrvg + h.c.

« NOT imposeL conservation= Majoranav = v°
L=Lspn — %Myﬁyg + h.c.
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\The New Minimal Standard Model |

e Minimal Extensions to give Mass to the Neutrino:

x Introducerrp AND imposeL conservatior= Diracv # v°.
L=Lgy — M,vrvg + h.c.

x NOT imposeL conservation= Majoranaz/ = xv°
L=Lspn — MVLVL—i—hC

e The charged current interactions of leptons are not didgeame as quarks)

—W+Z iyt Lvd + U Uiy LD?) + hc.
e In general forV = 3 + m massive neutrino8 ;, zp IS 3 x N matrix

ULEPU;/EPZIBXB but in general ULEPULEP#INxN

e Urpp: 3(N — 2) anglest 2N — 5 Dirac phases +#V — 1 Majoranaphases
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\Effects of v Mass: Oscillations |

e If neutrinos have mass, a weak eigenstate) produced in, + N —v, + N’

is a linear combination of the mass eigenstates): [vo)= Y Ua: 1)
1=1

e After a distance. it can be detected with flavour with probability

Paﬁ = 5045 = 4ZRG[U;iU5¢UajUEj]Sin2 <A2w> -+ 2ZIm[U3iU5¢UajU§j]sin (Aw)
JFi e
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\Effects of v Mass: Oscillations |

e If neutrinos have mass, a weak eigenstate) produced in, + N —v, + N’

is a linear combination of the mass eigenstates): [vo)= Y Ua: 1)
1=1

e After a distance. it can be detected with flavour with probability

Paﬁ = 5045 = 4ZRG[U;iU5¢UajU§j]SiH2 <A2w> -+ 2ZIm[U;iU5¢UajU§j]sin <A%J)
JFi e

_ (m;—m?) L/E
- E)L _ 97

eV? Km/GeV

No information onv mass scale nor Majorana versus Dirac
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e Generically there are two types of experiments to search @mcillations :

Disappearance Experiment Appearance Experiment
v source v d(letector vadﬁtector v, source v. detector
_ 1. _ _ b Searches for
- — Bdiffo
L= % Pa ) L ~
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Compares ®_, and ®,, to look for loss
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‘u Oscillations: Experimental Probesl

e Generically there are two types of experiments to search @mcillations :

Disappearance Experiment Appearance Experiment
v source v d(letector vadlel:tector v, source v. detector
_ 1. _ _ b Searches for
- — Bdiffo
L= % Pa ) L ~
- |_ -

Il
Compares ®_, and ®,, to look for loss

e To detectoscillationswe can studyhe neutrino flavour
as function of thdistanceto the source As function of the neutrin&nergy

PSUI’V
PSUI’V

4w E/Am? -~

POSC
sin?29

POSC
. sin?29

NE=2 x Am? x L/~
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\ Matter Effects |

e If » crossmatterregions (Sun, Earth...) it interact®herently

v v v e

— ButDifferent flavours
havedifferent interactions
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e, N Ve, Vp, Vr e, N only ve

— To include this effectpotential in the evolution equatiofe # V),

=- Modification of mixing angle and oscillation wavelength
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\ Matter Effects |

e If » crossmatterregions (Sun, Earth...) it interact®herently

v v v e

— ButDifferent flavours
havedifferent interactions

€ v
e, N Ve, Vp, Vr e, N only ve

— To include this effectpotential in the evolution equatiofe # V),
=- Modification of mixing angle and oscillation wavelength

e The mixing angle in matter

Am? sin(26)

il ) = vV (Am? cos(20) — A)? 4 (Am? sin(20))? A=2E(Va—Vp)

— WhenAm? cos(20) ~ A = Enhancement of Oscillation (MSW Effect)
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e By 2014 we have observed with high (or good) precision:

* Solarv, convert tov, /v, (Cl, Ga,SK, SNO, Borexing

x Reactolv, disappear aL ~ 200 Km (KamLAND )

+ Atmosphericv,, & v, disappear most likely to. (SK,MINOS)

+ Acceleratorv,, & v, disappear al. ~ 250[700] Km (K2K,T2K, [MINOS])
+ Some accel,, appear ag. at L ~ 250[700] Km (T2K [MINOS])

x Reactolr, disappear al. ~ 1 Km (D-Chooz,Daya-Bay, Reng
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e \We have confirmed;
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SK MSW conversion in Sun

« Data - BG - Ge®,
 — Expectation based on osci. parameters

e o o - - - =
P oo = NR O

Data/Prediction (null oscillation)

I - + determined by KamLAND E
] 2 o8- 2 ‘
F Q L
r =i C = I °
3 o 0.6 +
02f s f | = l { ‘
2 2 L
: el el el 5 04r- e
% 1[0 1ch2 1ch3 10 3 1 + S L —
| /F (kem/Ge\D 0.2~ o pep - Bo
b T E e :B - SNo
L e °B - sNO
%) 1 .57 T T T ] 0 = MSW-LMA
o | MINOS 1 20 30 40 50 60 70 80 90 100 oF ‘ L ‘ L
= + { LJE,, (km/MeV) o 1 o
= L ] E, [MeV]
T i L0 KamLAND
o L
. }
C -
8 05? —4— Far detector data ]
o F —_— Il
— ——— Stats. only decay fit
é:u ——— Stats. only decoherence fit

2% 6 8 10
Reconstructed neutrino energy (GeV)



Phenomenology with Massi\1 3V F | avour Param ete IS I Concha Gonzalez-Garcia

e Forfor 3v's : 3 Mixing anglest 1 Dirac Phase 2 Majorana Phases
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e Forfor 3v's : 3 Mixing anglest 1 Dirac Phase 2 Majorana Phases

1 0 0 C13 0 31367;501O C21 S12 0
ULep = | 0 c23 s23 0 1 0 —s12 c12 0
0 —s923 c23 —Slge_i(ng 0 C13 0O 01
NORMAL

Mms &

=

o~ ©

=

<

e Two Possible Orderings

2
A msolar

Experiment Dominant Dependence Important Dependence
SolarExperiments — 019 Am3, , 013

Reactor LBL(KamLAND) — Am3, 015 , 013

Reactor MBL(Daya-Bay, Reno, D-Chooz) — 0,5 Am?2,
AtmosphericExperiments — a3 Am?2, ., 013 0cp
Accelerator LBLv,, Disapp(Minos) — Am?Z 03

Accelerator LBLv, App (Minos,T2K) — 013 Ocp » 023
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Global 6-parameter fit http://www.nu-fit.org
Maltoni, Schwetz, Salvado, MCGG
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Maltoni, Schwetz, Salvado, MCGG Curves = uncertainty on reactor fluxes
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\“12” sector;: KamLAND and SOLAR |
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\“12” sector;: KamLAND and SOLAR |
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“12” Sector and the Solar Fluxes

— Newer determination of abundance of heavy- Two sets of SSM:
elements |n Solar Surface glve Iower Values Starting from BahcalétaIOS, Serenelletal0909.2668

— Solar Models with these lower metalicities GS98uses older metalicities
fail in reproducing helioseismology data AGSXX uses newer metalicities
A Flux GS98 AGSS09 Diff (%)

L AGsso9  —— Cm_2 S_l
L AGSSO09ph --..---

0.010 AGSO05

pp/101Y 5.97  6.03(1 £ 0.005) 0.8

2 oot ] pep/10% 141  1.44(1 4 0.010) 2.1
wonof S e N hep/L03 7.91  8.18(1 +0.15) 3.4
I R P "Be/10° 508  4.64(1 % 0.06) 8.8
N 8B/106 5.88  4.85(1 & 0.12) 17.7

O-12F Tsos | ' ' - ] +0.14
0.10:_ ﬁgggggph_ b _: 13N/108 2.82 2.011_013) 26.7
: : 150/108 209 14711916 30.0

. 0.06:— oo — 40.17
5 oof _: 171016 5.65 3.48(1" 14 38.4

i S It — Most difference in CNO fluxes

R/R_
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“12” Sector and the Solar Fluxes

— Two sets of SSM: Impact in Parameter Determination
GS98uses older metalicities
AGSXX uses newer metalicities Solor+Kom|_AND
| o UURaigses | w—ot
+ What is the effect on the determination 85~ Lines AGSS09 .
of oscillation parameters? . ]

Very small

90, 95 99 S0

- | | -
o6 058 03 03 034 036
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Phenomen0|ogy with Macggive Neiitrinag

“12” Sector and the Solar Fluxes

— Two sets of SSM:
GS98uses older metalicities
AGSXX uses newer metalicities

+x What is the effect on the determination
of oscillation parameters?
Very small

* Which SSM does the solar data favour?
Both model statistically equally prob

Future CNO determined:
CleaneBorexino, SNOHTalk by Meye)

3v oscillation fit with solar fluxes free:
(within luminosity constraint)

Comparison with Models
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Caoncha Gonzalez-Garcia

Phenomen0|ogy with Macggive Neiitrinag

“12” Sector and the Solar Fluxes

— Two sets of SSM:
GS98uses older metalicities
AGSXX uses newer metalicities

+x What is the effect on the determination
of oscillation parameters?
Very small

* Which SSM does the solar data favour?
Both model statistically equally prob

Future CNO determined:
CleaneBorexino, SNOHTalk by Meye)

—Test of Solar Luminosity:

Lo (v — inferred)

To =1.04£0.14

3v oscillation fit with solar fluxes free:
(within luminosity constraint)

Comparison with Models

-O 90 ETTTTTTTTT ‘ \\\\\\\\\ El 10 E\ TTT ‘ TTTT ‘ TTTT ‘ T ‘ﬁi{‘ T \E
O £ f A E E -...CS98 -
~67.5 = Tpp aoah = 7.5 ;f7B o e AGSS093
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‘3 v Analysis: 6,3 from Reactors and Flux anomaly I

e Recently the reactar, fluxes have been recalculated
T.A. Mueller et al.,[arXiv:1101.2663]P. Huber, [arXiv:1106.0687].

e Both reevaluations find higher fluxes by ab8ut %
1.3

} Goesgen
ILL
= Krasnpyars
1
I

T
E
[N
III=
IIIIIIIIIIIIIIII

Bugey 4
ROVNO

e Sonegativareactor experiments g r
at short baselines (RSBL) indeédlg‘_ e e ) i :
observed a deficit £ ool ‘ L T :

08:— e old E l __ __ __

0.7-

e For 3v analysis a consistent approadh$chwetz et. al. [arXiv:1103.0734]
— Fit oscillation parameters and reactor fluxes simultasigou
— Use theoretical calculation and/or RSBL data as priors
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‘3 v Analysis: 6,3 from Reactors and Flux anomaly I

1.05_IIII|IIII|IIII|IIII|IIII_

e Experiments without near detector
(CHOOZ, Palo-Verdd®-CHOO2
sensitive to the flux assumptions

e DAYA-BAY andRENO

) Near-Far comparison

SBL + PV +

— = CHOOZ +Dg = results flux independent
O'850 0.01 0.02 0.03 0.04 0.05 .
sirfo e TWO extreme priors :
13
WO T ) ciobal a) Use fluxes frontHuber 1106.0687

c0 p— TRSBL flux ffee ? without RSBL data
00 ] sin? 015 = 0.0223 + 0.001
400 B :
o ] b) Leave flux free and include RSBL
- E sin® 613 = 0.0219 =+ 0.001
100 ; Uncertainty at~ 0.50 level
Foi 005 003 0.04



Phenomenology with Massive Neutrinos
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‘3 v Analysis: 6,3 In Long Baseline vs REACT I

e INLBL APPv, — 1,

2 B
Pje ~ 554 5in” 2013 <_B sin <i2

sin (M> sin <E> cos (A31L + 5Cp>

_|_j A1a Azq

Ve Br 2 2 2

By = A3 £ Vg J = c13 sin2 29138in2 2923sin2 2019

So SiIl2 20 pp = 2 SiIl2 (923 Sin2 2(913

2

So sin? 20REAC = sin? 2013

e In Reactorr,, ~ sin2 26,5 sin? (

favoured

'V

sin” 20rEac < sin® 20app = 0a3

m—f
INA
RN

sin? 20rEAc > sin® 20app = 6a3 favoured

o
o
[Ze)

6CP

3'_— [N T
- \ T2K preliminary
2 \
: /
1
oOF 0% L
r — Best fit
_1:_ Normal Hierarchy
_2:_ \\ | Am?2,,|=2.4x1073 eV?
. \ sin?20,,=1.0
3k N
F \ T2K preliminary.
25
1=
0F , oL
C / — Best fit
-IF " Inverted Hierarchy
_2:_ | Am2,,|=2.4x10"3 eV?
- \ sin?20,,=1.0
-3k P
0 0.4
sin“20

5]

=1 | IS N S S S S 1] N R R SR N N |
@)
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3 v: 0,3 Octant and Mass Orderin

15IIII

NUFIT 1.3 (2014)

I|IIII|IIII|IIII
—NGO, IO

e Determination of Octant ofss:

— Maximalf,3 = 45 Disfavoured atl.5¢ level o

Now mostly driven by MINOS/,, DIS
—NO: 655 < 45 Favoured afl.50 level
Driven by SK I-IV ATM Sub-GeVv, excess g
Also in MINOS-APP+REACT C gin? 0, |
—0O: 6,3 > 45 Favoured afL..7 o level
Driven by T2K-APP+REACT

-

e Determination of Mass Ordering:
— No significant difference Normal versus Inverted
1O favoured at 0-1 level

e Sign and size of these 1-b:5hints”
vary among analysis

Talks by Kearns, Palazzo, Maltoni
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3 v: 0,3 Octant and Mass Orderin
NuUFIT 1.3 (2014)

15I|IIII|IIII|IIII|II

e Determination of Octant df,3: = NO, 10

— Maximal 6,3 = 45 Disfavoured atl.5 ¢ level o

AX

Now mostly driven by MINOS/,, DIS
—NO: 655 < 45 Favoured afl.50 level
Driven by SK I-IV ATM Sub-GeVv, excess

\

0I|IIII|IIII|II 1 11

. 0.3 0.4 0.5 0.6 0.7
Also in MINOS-APP+REACT sin” 0,
—0O: 6,3 > 45 Favoured afL..7 o level
Driven by T2K-APP+REACT Ordering: Future
s T‘rue NO | : LBNE'//’;:

34kt L
o,

(=)

e Determination of Mass Ordering:
— No significant difference Normal versus Inverted

|O favoured at 0-1 level

Median sensitivity [o]

e Sign and size of these 1-L:5hints” 1}

LBNE

| _Jekt

Blennow etal arXiv:1311.1822

vary among analysis N

Talks by Kearns, Palazzo, Maltoni Talks by Sekiya, Cowen

2030



Phenomenology with Massive Neutrinos

Concha Gonzalez-Garcia

‘BV Analysis: Leptonic CP violation I

e Driven by the LBL-APP vs REACTP;3 e Projection over leptonic Jarkskog param

with slight influence of ATM

NuFIT 1.3 (2014)
15IIIII|IIIII|IIIII|IIIII

—— NO, IO

IIIIIIIIII

lllllllllll

0 90 180 270 360

6CP

e ~ 2¢ “Hint" CP phase around¢cp = 3?2
(beware of diff notation fobcp in literature)

15

10

J = sinjo c0S19 SiNgsg COS93 SiNg3 COS%3 sin 0c p

NUFIT 1.3 (2014)

e

__—

0
-0.04 -0.02 0 0.02 0.04

max .
‘JCP - JCP SméCP



F’hen°”| Flavour Parameters: Present Status & (30): Iez-Garcia

Am3, = 7.5 £0.18 (F73%) x 1072 eV? 015 = 33.5°T0 10 (£37)
(N) 42.1°F%:2 (ﬂfﬁ)
(I) 49. 40+2 0° (i?ig.;o)
AmB[(1) = 2495087 (X511) x 1072 eV? 015 = 852710 (£550)
(N) 300°+43° E+§8803

(1) 25104577 (+1997

Am3;(N) = 2467002 (T011) x 1073 eV? g3 =

CP—

0.801 — 0.845 0.514 — 0.580 0.137 — 0.158
U|Lep(ss) = | 0.225 — 0.517 0.441 — 0.700 0.614 — 0.793
0.246 — 0.529 0.464 — 0.713 0.590 — 0.776



F’heno”| Flavour Parameters: Present Status & (30): Iez-Garcia

Am3, = 7.5 £0.18 (F73%) x 1072 eV? 015 = 33.5°T0 10 (£37)
(N) 42.1°F32 (i%,,lﬁ)
(1) 49474560 (H3se )
Aml(1) = 2497683 (F611) x 1072 eV? 01 = 85701 (1)
(N) 300°+43° E+§8803

(1) 25104577 (+1997

Am3;(N) = 2467002 (T011) x 1073 eV? g3 =

CP—

0.801 — 0.845 0.514 — 0.580 0.137 — 0.158
U|Lep(ss) = | 0.225 — 0.517 0.441 — 0.700 0.614 — 0.793
0.246 — 0.529 0.464 — 0.713 0.590 — 0.776

e Good progress but still precision very far from:

0.97427 4 0.00015  0.22534 £ 0.0065 (3.51 +0.15) x 1073
V]ckm = [ 0.2252 4 0.00065 0.97344 £ 0.00016  (41.27:1) x 1072
(8.67T537) x 1073 (40.4151) x 1073 0.99914610 050034



Phenomenology with Massive Neutrinos Concha Gonzalez-Garcia

\Neutrino Mass Scale |

Single decay : Dirac or Majoranar mass modify spectrum endpoint

K(T)
2 _ QFT 2 2 2.2, 2 2.2 2. 2
M, = E mF|Uej|* = cisciami + cizsiams + s13m3

v-less Double3 decay: & Majoranav’s sensitive to Majorana phases

p If m,, only source ofAL (Tl%)—1 X (Mee)?
;;—’— e Mee — |ZUe2jmj‘

)

2 2 i 2 in2 2 —iécp‘
> o~ ‘613612777/1 € —|— 613812m2 € _|_ 813m3 €

COSMO Neutrino massirac or Majorang
modify the growth of structures > m;




|Neutrino Mass Scale: The Cosmo-Lab Connection i

Global oscillation analysis

= Correlationsn,,_, m.. and) _m,,
(Fogli et al(04))

Maltoni, Schwetz,Salvado, MCG(05%)

’-\ E m ‘ T T ‘
> r
b) B
_']7
g10 -
_27
10
_37
10 Lo L
\ = T T T T ‘ T T T T T T T T ‘
> r .
3] - I'Xe 90% cL Ge Claim
2 L >
1 —1 Xe 90% CL N_d‘;::%:’;g.
AR -
$10 - I "I‘of:.}:‘::z;f”’.’
c |
_27
10 _
_37 ‘
10 —




|Neutrino Mass Scale: The Cosmo-Lab Connection i

Global oscillation analysis

= Correlationsn,,_, m.. and) _m,,
(Fogli et al(04))

Maltoni, Schwetz,Salvado, MCG®5%)

> T | Width due to range in oscillatign
e | parameters very narrow
$10 . - L
c High precision determination of
162 m,, and > m; can give informaf
: tion on ordering
10_37 | ‘ |
- \ ‘ \ E
D /e 907 ol Ge Claim P
— 1 TxeogozcL B
£ SS o | | Wide band due to unknown
1672 i — Majorana phases
_37
10 - |




|Neutrino Mass Scale: The Cosmo-Lab Connection i

Global oscillation analysis Presently only Bounds
= Correlationsn,,_, m.. and) _m,, e From Tritium 8 decay (Mainz & Troisk expe)
(Fogli et alhep-ph/040804F m,. <2.2eV (95%)
Maltoni, Schwetz,Salvado, MCG®5%) Katrin (20167) Sensitivity tom,,_ ~ 0.2eV
ET T S A I I
> ¢ 3l e FromOr 33 decay (EXO, KLandZEN...) :
v i g
— 5 £ 2y Mee < 0.14 — 0.45 eV (90%)
- e ~e =243 5 :
c 33 RN In 5-10 yr Experimentss> m,. ~ 0.015eV
: I IR FIRE - -
o 7 eondiid e From Analysis of Cosmological data
: i ffgic i
; EE-FER Bound on>_ m, changes with:
10 L N P I cosmo parameters fir analysis
> B cosmo observables considered
O - 'I'Xe 90% CL Ge Claim : s
— 1 Pxe 90% cL RS Model Observables Ym,, (eV) 95%
310 7 29 . 7 ACDM + m,, Planck-lowL+rprior <1.31
S : \.;;:;;’zt};%’ ] ACDM + m, Planck+WP-+highL (&) <1.08
102 /R ' . ACDM +m, | Planck+Lens+WP-+highL(A) <0.85
- : ACDM + m,, Planck+WP-+highL < 0.66
L . , 0ACDM + m, Planck+WP-+highL < 0.98
10 === B 1‘ | ACDM + m,, | Planck+Lens+WP+highL+BAQ <0.25
> m, (e\/) oACDM + m, | Planck+Lens+WP+highL+BAQ < 0.36




Phenomenology with Mass‘ nght Ster”e Neutrinos I Concha Gonzalez-Garcia

e SeveralObservationsvhich can be Interpreted @scillations withAm? ~ eV?

Reactor Anomaly
New reactor flux calculation
= Deficit in data atL. <100 m

1.3r < . .
b > g ] ]
120 2 8 T 4t ]
i N o B ]
T fpeg 2 2 & Jippis
2 [ o @ = 18 & 8 8 7
S11f3 2 .y /- ]
N st I ﬁ
Y S B S | I f T T B
R e 5 50 i e ]
N S T T A R S i | R E
2009 I
© r I ] ]
0.8; e old = q F 4
C e new,| 1 ] ]
0.7t

T T T TTTT
rates +
Bugey3
10 = spectr. 4
R
>
2,
“s
5 SBL react

rates only 3

90, 95, 99% CL (2 dof)
1111 | 1 1 1 | I |
0.1 1

.2
sin 2614

Kopp etal, ArXiv 1303.3011

Gallium Anomaly

LSND, MiniBoone

Acero, Giunti, Laveder, 0711.4222
Giunti, Laveder,1006.3244

Radioactive Sources{Cr, 37Ar)

in callibration of Ga Solar Exp;
ve + "1Ga— "1Ge + e~

Give a rate lower than expected

‘;:..

101 L

SBL reactors

l
!

100 L

!

LBL react

.
.
~

=

Am  [eV?]

107!

95% CL
1073

102
|Ue4|2

Kopp etal, ArXiv 1303.3011
Talk by T. Schwetz

%102 ETTT
4 F

107

10~2 L1

10k

F |l| LSND 90% CL

- |:| LSND 99% CL

— 90% CL
— 95% CL
— 99% CL
— 30

ol ol vl

UL
— 68% CL

KARMEN2 90% CL |
wwe BUGEY 90% CL

103

102
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e These explanations require 8+ mass eigenstates N, sterile neutrinos

5

4

1-3

3+1 3+2 1+3+1

v, — U, dISAPP(REACT,Gallium,Solar, LSND/KARMEN)
e Problem: fit togetherv,, — . app(LSND,KARMEN,NOMAD,MiniBooNE,E776,ICARUS)

v, — v, disapp(CDHS,ATM,MINOS,MiniBooNE)

e Generically:P(v, — v,) ~ |UZ;U,i| [+ =heavier state(s)]

But |U,;| constrained byP(v. — v.) disappearance dat _
. . = Severe tension
And |U ;| constrained by’(v,, — v,,) disappearance daja
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e Comparing the parameters required to explain signals vathnds from disapp
Kopp etal, ArXiv1303.3011  Gijunti etal, ArXiv 1308.5288

10! T~ ——rrr — 10 =y
4.‘90%, 99%, 99.73 % CL, 2 dof ] [| e 68.27% CL -7 o7
ey ] =z y
z‘."-:'f-ﬁ?s“’ 1 H 99.00% CL f /
e\‘:.u | | 99.73% CL ' ;
N | ;
E— - ' ‘
~mz T
------- X T"'m""ﬂ'ﬂf’ N’%
B o100, Z o :
- T ~
T n TR R e £
..... q
ittt E 2
A LS pp@
-
%
------ Ce
———————————————— 3+1-30
""""""" S o
------- . DIS
10! . . . ot b R
1074 10-3 10-2 10-! 107 107 1072 107 1
L2
sin“29
2 ey
sin” 26
ue

— Difference in the analysis of both appearance and disappea
— Somewhat different conclusions Talk by T. Schwetz



nomen Wi - - - nch nzalez-Garci
Phenomenciogy th‘ Light Sterile Neutrinos:3+1 I ha Gonzalez-Garca

e Comparing the parameters required to explain signals vathnds from disapp
Kopp etal, ArXiv1303.3011  Gijunti etal, ArXiv 1308.5288

10

T 10 ey
* ] [ 3+1-GLO ) >~
4.‘90%, 99%, 99.73 % CL, 2 dof ] || e 68.27% CL . :
‘ ‘ ] | = svomscL O’
1= g5
99.73% CL
<
S 2,
5 10° br ]
~y
€
<
3
'Ope
-
Q[]
CG 3+1-30
=74 - v DIS
vy DI
DIS
— APP
10_1 , , . 107! I Ll I
1074 10-3 10-2 10-! 107 107 1072 107 1

Si n2219€u

— Difference in the analysis of both appearance and disappea
— Somewhat different conclusions Talk by T. Schwetz

e Adding more steriles (3+2 or 1+3+1): not much improvement
Also tension with cosmology



Phe”°me”°"| Light Sterile Neutrinos in Cosmology I'G

One lightr, mixed with 32/ s contributes tg asN.¢¢.

From evol eq fo + 1 esemble one finds | 1l os
= So if “explaination” to SBL anomalies? | |
1 v, contributes as much asi, : . | 8

log10(Sin226,,)



Phe”"me”O"] Light Sterile Neutrinos in Cosmology I'G

One lightr, mixed with 32/ s contributes tg asN.¢¢.

From evol eq fo3 + 1 esemble one finds | |

o
2]

= So If “explaination” to SBL anomalies:,

1 v, contributes as much as/j, A |

4 35 3 25 2 -5 -1 -05
log10(Sin226,,)

2/eV?2)

log10(Am 14
=]
wn

But presently cosmo data tells us
Plank+WP+high-l1+BAO +BICEP2 +HO+PlaSZ

25

2

ANeff

. 0 O.I5 1 1 .‘5 2 2.r5 3
m eV m eV m eV

= No compatibility with SBL unless NP at work to prevent fully thermalization

Talk by M. Archidiacono
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\ Determination of Matter Potential: Non Standard v Int |

e In the three-flavor oscillation picture, the neutrino e¥mn equation reads:

d Ve Ve _
Z% vy = H" Vy with H” = Hvac‘|‘Hmat and H" = (Hvac_Hmat)*
Vr Vr

e Themost general matter potentiedn be parametrized

1 0 0 el 5& el
Hmat — \/iGFNe(T) 0O 0 O ‘|‘\/§GF Z Nf(r) 52: 5{;’“ 6[L7‘
0 0 0 J=e,u.d elr elx el

Deviations fromH>M = \/2G N, (r)diag(1,0,0) can be due td\SI

Lrst = —2V3Gre! D (warvg) (P Pf), P =L, R

(87

with 5f6 = 5% + 5£§

e The 3v evolution depends o (vac) +8 (mat)=14 Parameters
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\Matter Potential/NSI in Solar and KamLAND |

e Solary’s: 2 relevant combinations of NSI

. o f _ f
8fD = c13s13Re [625013 (823 €£u + c23 657)} N T A3 (023 Cep T 523 867)
—10cp |: 2 _f 2 Jox
— (1 + 8%3) 023823Re(5£7) T13€ $23 €pur — Ca3 €t
/ f

2 2 2 2 B
_cI3 gf o gf 4 523—513¢33 E-:f - €f +c23S823 (67-7_ 5##)}
2 ee He 2 TT L
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\Matter Potential/NSI in Solar and KamLAND |

e Solary’s: 2 relevant combinations of NSI

. o f f )
efD = c13513Re [e“SCP (823 €£u + co3 ng)} N €13 (023 Fep T 523 Fer
—id 2 _f 2 _fx*
f f
2 2, —s52.c2 +c23523 (57'7' — & )i|
_6173 (5£e _ 8lJiM) + 523 ;13023 (64“7 _ Eljiu) Y

r T ]
0.7 N s Super-K -
e SNO

i . ®  Borexino (SB) ]
r Borexino (pe|
06 ino ('Be (bep) ]

Due to no observation of MSW up-turn
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\Matter Potential/NSI in Solar and KamLAND |

e Solary’s: 2 relevant combinations of NSI

o _ ( f f )
; S = (13| Cc23¢ — 823 ¢
e}, = cizsi3Re [625013 (823 el + ca3 657)} N e“f eTf
—19 2 2 *
s13€e” OCP |s8,6),r — C5q €
— (1 + 8%3) 023323Re(5£7) +513 23 CuT 23 “uT
cis (f f s53—513C53 (_f f +C23523 (54?7 - 516#)}

e LMA and LMA-D (6, > 7) allowed

SOLAR+KamLAND
[90%, 95%, 99%, 30]

[10° eV}
q
o

Am

2
21
~




Phenomeno‘ Matter Potential/NSI: Global Analysis IJIG

e Parameter space of matter potential is bounded Osc parameter robust
(but solar dark side)

LMA LMA-D

“““““““““““““““““““““““

H4 - : : 2 .2
1r 1 sin” . sin” @,
T ol W 12 13

-0.25 0 0.25

ff
& T 8

Maftdni, MCG-G, ArXiv:1307.3092

90% CL 90% CL
Param. 0sC SCATT .
Param.| 0SC  SCATT Bounds from global osc fit
u 0.51-1.19  0.7-1| |¢% 0.51-1.17 0.3-0.7 :
ez | stronger than scattering one
B 0.03  1.4-3| |2, 0.03 1.1-6 f w.d
B 009  0.05| |, 009 005 Orers
|ev 0.15 0.5(| |eZ | 0.14 0.5
e, 0.01 0.05|| |2, | 0.01 0.05
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‘Summary I

e Finally we have the three leptonic mixing angles determif@te: 30/6)

Am3; = 2.46 x 107 eV? NO

Am2, = 7.50 x 1072 eV? (2.3% 1.9%
2! (2:3%) [Am2,| =2.45 x 1072 eV? 10 (1.9%)
. . 0.58 10 .
Sln2 (912 = 0.3 (4%) SlIl2 (923 = 0.44 NO (85%) Sln2 (913 = 0.0219 (48%)

e Still ignoreor not significantly determined
Majorana or Dirac? 053 Octant(But interesting interplay LBL/REACT)

Absoluter mass Normal or Inverted ? CP violation in leptons?

e Steriler’s: Not satisfactory description of SBL anomalies. Tensiotihh Cosmo
e Much more physics in this data than masses and mixings

Tests of solar models, of ATM fluxes, reactor fluxes ...
New Physics: NSI, Lorentz Invarance, Tests of CPT ...



