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e By 2013 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 (NEW 2013), [MINOS])
x Reactorr, disappear al. ~ 1 Km (D-Chooz,Daya-Bay, Reng (NEW 2012)
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All this implies that neutrinos are massive
and There is Physics Beyond SM

e Theimportantguestion:
What is the BSM theory?

e Thedifficult path:
Detailed determination of the new low energy parametarati
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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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e The charged current interactions of leptons are not didgeame as quarks)
9w+ ij i ' ij  TTi '
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e Two Possible Orderings
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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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3 v Flavour Parameters: Present Status

Global 6-parameter fit http://www.nu-fit.org
Maltoni, Schwetz, Salvado, MCGG
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Global 6-parameter fit http://www.nu-fit.org
Maltoni, Schwetz, Salvado, MCGG
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Global 6-parameter fit http://www.nu-fit.org
Maltoni, Schwetz, Salvado, MCGG
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|3 v Flavour Parameters: Present Status IHG

Global 6-parameter fit http://www.nu-fit.org
Maltoni, Schwetz, Salvado, MCGG Curves = uncertainty on reactor fluxes
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‘3 v Analysis: “12” Sector I

e Am2, > E/L = P3 = c{3Py, + si3
- d Ve Am?2 —cos 2015 sin 26015 0%3 0 Ve
id _ | Amg, NI
dt ( Vg, ) [ 4B ( sin2812 COS 2(912 r 0 0 Vg

( Solar High E : ¢i, sin? 26,

P.. ~ { Solar Low E : c‘ll3 (1 — sin? 2912/2)

. A .2 .2 Am3, L
Kam : ¢4 (1 — sin” 26012 sin® — 2=
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‘3 v Analysis: “12” Sector I
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‘ 3 v Analysis: “12” Sector and 63 I
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‘ 3 v Analysis: “12” Sector and 63 I

e Forf,3 =0 e \Whend;; increases

( Solar High E : cjlg sin? 2015
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‘ 3 v Analysis: “12” Sector and 63 I

e Forf,3 ~ 9° e \Whend;; increases
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‘ 3 v Analysis: “12” Sector and 63 I

e Forf,3 ~ 9° e \Whend;; increases

( Solar High E : cjlg sin? 2015
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‘3 v Analysis: “12” Sector Ams3, I

e Residual tension o3, between Solar and KamLAND
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3 v Analysis: “12” Sector and the Solar Fluxe

— 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 ~ ©S98uses older metalicities
fail in reproducing helioseismology data AGSXX uses newer metalicities
026" | 1,30 contours Flux GS98 AGSS09
) cm S
pp/1010 5.97(1 +0.006)  6.03(1 £ 0.005)
02 pep/108  1.41(1+0.011)  1.44(1 £ 0.010)
5024 hep/0? 7.9(1+0.15)  8.18(1£0.15)
>~ "Be/10? 5.08(1+0.06)  4.64(1 =+ 0.06)
0.23: 8B/106 5.88(140.11)  4.85(1 £0.12)
13N/10% 2.82(1+0.14) 2.07(110 15
2070 071 072 073 074 00T 209(1%55)  147(1 %0 5)
Rez TR SeSOGI)  adsaiBi)

Fig. courtesy of Aldo lanni Talk by F. Villante



3 v Analysis: “12” Sector and the Solar Fluxe

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



3 v Analysis: “12” Sector and the Solar Fluxe

— Two sets of SSM: Impact in Parameter Determination
GS98uses older metalicities
AGSXX uses newer metalicities 9 Solar+KamLAND
I LS L AL IR R
+ What is the effect on the determination 55 EJnIIeSSA%zsog e
of oscillation parameters? . ]
Very small s E
i
6.5 i —

90,95,99,30

o6 058 03 03 034 036




3 v Analysis: “12” Sector and the Solar Fluxe

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

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

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

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

Comparison with Models

_O 90 ETTTTTTrTT ‘ \\\\\\\\\ E 10 E\ TTT ‘ TTTT ‘ TTTT ‘ T ‘F‘i{‘ TT \E
867 5 g f N ] s E -...0808 -
Ro NS o = 2O B A e AGSS09T
= PP = :f7Be - =
45 — S - =
225 ¢ FACEER N - =
O ; Lle\l\ L'r\ \‘ ‘\sLLL \E O g\ L1l " f.‘ | \‘\‘L[‘PLL \H\;

0.95 1 105 0.5 0.7 0.9 1.1 1.3 1.5
_Q 50 ;\ T ‘ \\\\\\\\\\\\\ 4 ET E:\ T ‘ T 1T ‘ \\\\\\\\\
8 40 ;fpep = 32 ; f1:’aN =
O 50 2.4 0t =
20 ; 1.6 ? E

g S
10 = 0.8 it 3
O g\ O E';I \\\\\\\\

0.9 0 1.5 3 45 6
_Q 4 g\ \:':\ ‘f T ‘ T 1T T \g 15 :\ 1T T ‘ T T T
O 32- 1 Tso = 120 =
Qo4 =i = 9c =
165141 s 3
0.8 |1 e Ve =
O ; 2l 1M LML ‘ L1l = O :J.J’\'\ ﬁ‘\'\ \“‘ ) L:i“\-\ \J.J:
o 1 2 3 4 0.6 0.8 1 1.2 1.4

MCG-G,Maltoni,Salvado JHEP 2010



3 v Analysis: “12” Sector and the Solar Fluxe

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

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

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

Some improvement if CNO determined:
CleaneBorexinoTalk by F. Calaprice
SNO+Talk by J. Kaspar

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

Comparison with Models

.8 90 ; \\\\\\\\\ ‘ \\\\\\\\\ ; 10 g TTT ‘ TTTT ‘ T \&\F\i{\ T \;
g N E E ....0S98 I
675 fpp D = 7.5 ?f S e AGSS09T
o T -T78e =
45 — SRR - 5
225 ¢ FACEER N - =

O ; Lle\l\ L ) ‘\sLLL \; O ;\ L1l " f.‘ | \‘\‘L[‘PLL \\\\;

0.95 1 1.05 0.5 0.7 0.9 1.1 1.3 1.5

-Q 50 E\ 1T ‘ \\\\\\\\\\\\\ 4 ET ::\ T ‘ T ‘ \\\\\\\\\
8 40 ;fpep = 32:=n f1:’aN =
T i :
20 = ¥ =

10 %— ':'! I =

O g\ ": \\\\\\\\

0.9 15 3 45 6
-Q 4 E\ \l'l\ ‘ T ‘ T 1T \; 15 :\ T 1T ‘ 1T 1T T
Os2:- ! f1s0 = 12— =
Qoo ity - 9~ =
165141 s 3

0.8 |1 e Ve =

O ; 2l 1M LML ‘ L1l = O :J.J’\'\ ﬁ‘\‘\ \~‘ ) L:i“\.\ \J.J:
o 1 2 3 4 0.6 0.8 1 1.2 1.4

MCG-G,Maltoni,Salvado JHEP 2010



Concha Gonzalez-Garcia

3 v Analysis: “23” Sector ATM and LBL v, Disapp

e Dominant Oscillations,, — v :
x*Am3, is best determined
by Minos-DISv,, — v,, data
x 023 best determined b§K

* Minos-DISfavours non-maximaflss
Talk by P. Vahle

3.5

[10° eV?]
w

2
Am31
N
(€3]

1.5

T T T 1 T
- 2
r 0,,=0,4m, =0 Atmospheric

Minos-DIS

C [30’]

| I [ S [ I N [ N S [ I [N S [ I |
0.75 0.8 0.85 0.9 0.95 1

)
sin 2923
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3 v Analysis: “23” Sector ATM and LBL v, Disapp

e Dominant Oscillationg/,, — v, _ Normal hieracchy inverted hierarchy
x*Am3, is best determined

by Minos-DISv,, — v, data it ﬁ | .

x fo3 best determined b$K

1
1
_+_
-
l
T I
"IASD-GNS B-MS

1,

1F I I =C [ =
x Minos-DISslight favour non-maximafss : +— L[t +— [ [
Talk by P. Vahle 09} 1F .
2 i ]
e FOrfs; 7£ 0 : + If 0
+*ATM sensitivity tooctantf,s & sign Am3, a H> + 10 H» + {e
AT LTyl g
]]\\;g) — 1~ (¢35 — 1) Po(Am3y,012) [Am3; term] : sin2(2613)|:0.09| + 10 . =|7.5x1|05e\7i> §<
0.9 oles} ] v ]
+(7 535 — 1) Poy (Am3y, 013)  [015 term] :
—2r 813823623R6<A26AM6) [5013 term] @
1.1¢ ]
7= @Y /30 ~ 2(subG), 2.6-4.6(multiG) ; g
18
1<

09F
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3 v Analysis: “23” Sector ATM and LBL v, Disapp

e Dominant Oscillationsy,, — v;:

x*Am?2, is best determined o NOTEl e Bem merted

by MinOS-D|Sl/u — Uy data g 8; —T2KDIS 1 ]

* 023 best determined bgK 5 it i

+ Minos-DIS slight favour non-maximafa3 4 1t ]
e Forfs;; #0 o

«*ATM sensitivity tooctantf,s & sign Am3, =i

]]\\/{8 — 1~ (Fcag — 1) Poy(Am3y, 012) [Am3; term]
+(r 533 - 1)P2V(Am§1, 013) [013 term)] 2—

—277813823623}%6(14:614“6) [5013 term] ¥z

x In our analysiexcess of sub-GeV e’s
= slight preference fof;3 < 45° in ATM
Also analysis by Fogli etal 1205.5254

Not so clear in SK analysis
Talks by J. Kameda and K. Okumura




Concha Gonzalez-Garcia

‘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 %

1.3p

dicted

e Sonegativereactor experiments g

at short baselines (RSBL) inde®d'}
observed a deficit £osk

0.7-

1.2

1.1

0.8

[= 0 .
> @ .
@ >
™ 3 o
> N 7
o g O 48
2 BN T
a = 1
O - -
o Ny 1 F
- T I s 1
L ol

5= ,EJlii‘E .

e If due to oscillationsAm? ~ eV? = steriler’s (more soon)



Concha Gonzalez-Garcia

‘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 %

1.3p

dicted

e Sonegativereactor experiments g

at short baselines (RSBL) inde®d'}
observed a deficit £osk

0.7-

1.2

1.1

0.8

[= 0 .
> @ .
@ >
™ 3 o
> N 7
o g O 48
2 BN T
a = 1
O - -
o Ny 1 F
- T I s 1
L ol

5= ,EJlii‘E .

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



Concha Gonzalez-Garcia

‘3 v Analysis: 6,3 from Reactors and Flux anomaly I

e Experiments without near detector

NS0T T T Chodz 4PV (Habkr) A | 1 Doya'Bay E
<5 +RSBL (fl(ux free 11l 1 Reno E (CHOOZ, Palo-Verdd®-CHOO2
e D—Chooz (Hub Jr ] . .
20 +RSBL (flux ffee) | - . sensitive to the flux assumptions

15 e DAYA-BAY andRENO
Near-Far comparison

= results flux independent

10 N

e TWo extreme priors :
a) Use fluxes fronHuber 1106.0687
without RSBL data
sin” 013 = 0.02370 0054
b) Leave flux free and include RSBL
sin® 13 = 0.0227 9 0059

Uncertainty atv 0.5-1 level




3 evZ)

Am?5, (10

Concha Gonzalez-Garcia

‘3 v Analysis: Reactor Data andAms3, I

CHOOZ + PALO VERDE
+ DOUBLE CHOOZ + RSBL

e Due to different baselines
the combination of reactors
provides independent determination

of the largest mass splitting
DAYA BAY RATE

e Improved with Daya-Bay spectrum
DAYA BAY RAT+SPEC

2 ///Qjéﬁg%}f/ s

Talks at LEN IV Parallel Session

ALL REACTOR

3o regions 2dof
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‘3 v Analysis: LBL vs REACT and 6,3 and Ordering I

e INLBLAPPv, — 1,

2
~ 2 ain?2 Az .2 (Bx L
7 A12 Agy o (VeLY . (Bl Az L
+J Ve B sm( 5 ) Sm( 5 COS 5= T ocp

Bj: = A31 + VE J = c13 sin2 29138in2 2923Sin2 2912

So SiIl2 20 pp = 2 SiIl2 023 Sin2 2013

e InLBL DIS P,, ~ 1 — sin? 20p;g sin? (%)

S0 sin? fOpig = cos? A3 sin? o3 > 7
= two possible octacts fdi,3

e In Reactorp.. ~ sin? 2015 sin? (23-£)

So sin® 20REAC = sin? 2013

Vv

sin? 20rEac < sin® 20app = 6a3 favoured

="
INA
RN

sin? 20rEAc > sin® 20app = 6a3 favoured
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‘3 v Analysis: LBL vs REACT and 653 and Ordering I

e INLBLAPPv, — 1,

2
O o2 i 2 Aszq .2 (B L
Pe ~ 554 5in” 2013 (B]F ) sin 5

7 A12 A31 g (VELY gin (BxL Az L
+J Ve B sin | —5 sin 5 COS 5= T ocp
Bj: = A31 + VE J = c13 sin2 29138in2 2923Sin2 2912

So SiIl2 20 pp = 2 SiIl2 023 Sin2 2013

e In LBL DIS P, ~ 1 — sin? 20p1g sin? (#)

S0 sin? fOpig = cos? A3 sin? o3 > 7
= two possible octacts fdi,3

e In ReactorP.. ~ sin? 26,3 sin? (%)

So sin® 20REAC = sin? 2013

favoured

Vv

sin? 20rEac < sin® 20app = 6a3

="
INA
RN

sin? 20rEAC > sin? 20App = 0o3 favoured

CP

6CP

3 (n)

5 ()

37 T T T T T |
F \ T2K preliminary 5
2 ) E
1 / ]
r /'/ ]
oF / —ower
r —Bestfit
’1;_ Normal Hierarchy k|
b |Am?2,,|=2.4x10° eV?2 ]
F sin?20,;=1.0
-3t P B
e
3 \TZK preliminary.
2 \\) =
1 // —
/ / 1
oo /) e
/ 7] — Bestfit ]
< [ Inverted Hierarchy ]
2 | lAm?,[=2.4x10% eV2 ]
\ \ sin’20,3;=1.0
-3 X ; | i i | i =
0 0.2 04 0.6

sin®20,,

Am?>0

— MINOS Best Fit 0,, < /4]
..... MINOS Best Fit 6,, > /4]
EN68%CL O, <w4 |
[ 90% C.L. 6,, <m/4 ]

AmM?<0

MINOS 1
10.6x10*° POT v-mode
3.3x10%° POT ¥-mode ]|

0.1 0.2 0.3 0.4
2sin’(26,,)sin’e,,
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‘3 v Analysis: LBL vs REACT and 6,3 and Ordering I

e INLBL APPv, — 1, LBL—DIS + LBL—APP + REACT
M N 10 r RN L
, é]< NO' | PUbeIR: 5
i Voo ree L ]
Pe >~ 333 sin? 2013 (AB—?]’;) sin? % 8- ' I
7T A A . Ve L . B L Agq1 L i 1
+J V—1EQ B—i’; sin (%) sin (%) cos (% :|:5(;p) 6 1
Bj: = A31 + VE J = c13 sin2 29138in2 2923Sin2 2912 4 E
So SiIl2 20 pp = 2 SiIl2 053 Sin2 2013 5 - E
A L O :\ L1 ‘ L1 1 ‘ L1 ‘ L1 L1 ‘ [ \:
> 2 < p— Free+RPBL -
SO sin® Oprg = cos? 03 sin® Oa3 # T 8p '. E
= two possible octacts fdtys 5
e In Reactorp.. ~ sin? 2613 sin? (%) . ;
So SiIl2 20REAC = Sin2 2013 9 - 1

At present with new T2K data 2.2 ; 0.8

19‘23

.2
sin“ 20reac ~ 0.09
e = o3> 7 favoured

. 2
S1n 29APP—T2K ~ 0.1



‘3 v. Global Status of 63 and Ordering I

e (53 determination in global analysis:

— Maximal 8,3 = 45 Disfavoured aflL..4 o level
Now mostly driven by MINOS/,, DIS

—NO: 6535 < 45 Favoured afL.6—2¢ level

Driven by SK I-IV ATM Sub-GeVv, excess
Also in MINOS-APP+REACT

—0O: 053 > 45 Favoured afL.4-1.60 level
Driven by T2K-APP+REACT

e sign(Am?,

) determination in global analysis:

— No significant difference Normal versus Inverted
1O favoured at 0-1 level

15

Concha Gonzalez-Garcia

NUFIT 1.2 (prelim)

10

N

AX

Olllllll

0.3

I|III|IIII|IIII|III|I
—-- NO (Huber)

—— NO (Free+RSHL)
-- 10 (Huber)

|
|
|
|
|
\
\
\
\

~
IIII|IIII|IIII

\ ~
Nl R

0.4 0.5
. 2
sin 923
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‘BV Analysis: Leptonic CP violation I

e Driven by the LBL-APP vs REACP,3 e Projection over leptonic Jarkskog param
with slight influence of ATM

J = sinjo c0S19 Singg COSo3 SIN{3 (308%3 sin 0 p

NUFIT 1.2 (prelim)
15 _I [ | L | L | L I_ NUFIT 1.2 (prelim)
- ——-- NO (Huber) -
- —— NO (Free + RSBL) ] 15 T L L L T
10 = ---- 10 (Huber) — - | .
. [ —— IO (Free+RSBL) 1 - g
>~ B T — I -
< T : - .
5 — 10 — : —
/ 7 B I 7]
/ B | 7
- l -]
0 o L i
0 90 180 270 360 5 | —
Ocp B 1 7
- 1 -
L 1 - -]
e ForlO Besté ~ 270° - ' fl’ | -
] | | I | | I | ]
e FOrNO Besto ~ 300° 004 -002 0 002 004

(5cp = 270 = sin? Opo is Smallest) Jep



‘ Flavour Parameters: Present Statuslo (30): Iez-Garcia

Amd, = 7.45 £0.18 (1989) x 1075 eV? 6y, = 33.5°70% (£29)

(N) 41. 80+1 850 (J—rzll.zééo)
(I) 50. 20+2 50 (t%ég.go)
Am[(1) = 2425087 (£512) x 1072 eV? 0hg = 870G (H10)

| v 315015 E%igog

CpP— o o
(1) 270°T55 (*5%

Am3 (N) = 2427075 (To7s) x 1072 eV? by =

0.799 — 0.844 0.515 — 0.581 0.129 — 0.173
UlLep(se) = | 0.212 — 0.527 0.426 — 0.707 0.598 — 0.805
0.233 — 0.538 0.450 — 0.722 0.573 — 0.787



‘ Flavour Parameters: Present Statuslo (30): Iez-Garcia

Amd, = 7.45 £0.18 (1989) x 1075 eV? 6y, = 33.5°70% (£29)

(N) 41. 80+1 850 (J—rzll.zééo)
(I) 50. 20+2 50 (ﬁég.;o)
[Am3,|(1) = 2427507 (Foig) x 1072 eV? 013 = 8.7°755¢ (ﬂ-?;o)

(N) 315+, E%i’zog

(1) 270°3%. (+99.

Am3 (N) = 2427080 (F938) x 1073 eV? Oz —

CP—

0.799 — 0.844 0.515 — 0.581 0.129 — 0.173
UlLep(se) = | 0.212 — 0.527 0.426 — 0.707 0.598 — 0.805
0.233 — 0.538 0.450 — 0.722 0.573 — 0.787

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
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\Neutrino Mass Scale |

Single3 decay : Dirac or Majoranar mass modify spectrum endpoint

K(T)

2 _ 277 12 2 2 .2, 2 .2 2, 2 2
my, = E :mj‘U€J| = C13C12M7 + C3572M5 + S13MN3

v-less Doubles decay: & Majoranar’s sensitive to Majorana phases

p If m,, only source oAL (TP,) ™" o (1)
\I—»— al (liee = |ZUe2jmj‘

2

_ 1.2 2 i 2 ino 2 —iécp‘
[ . - = ‘6136127711 et + c{3879mo €"'* 4+ sigm3 e

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




|Neutrino Mass Scale: The Cosmo-Lab Connection i

Global oscillation analysis

= Correlated ranges fon,,_, m.. and> _m,,
(Fogli et al(04))

Maltoni, Schwetz,Salvado, MCG(05%)

—11 "I'Xe 90% CL

s
0.‘0.0'
e

>

>

() ’I'Xe 90% cL Ge Claim
—

[ 3]




|Neutrino Mass Scale: The Cosmo-Lab Connection i

Global oscillation analysis

= Correlated ranges fon,,_, 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

Analysis of Cosmological data

Global oscillation analysis

= Correlated ranges fon,,_, m.. and> _m,,

(Fogli et alhep-ph/040804F

Maltoni, Schwetz,Salvado, MCG(05%)

’_\ E T ‘ T I T : ;\ \‘ . 3
S ¢ SR N I
L - o: YA 4
ool : . 1
o B AT
[ <, o “5o<f ' 7
—1 B <; .9 4
vl0 = < : o 5 & oo o
Y = ~ Qe <! - 1o
E L= = = B
C =! +: +' =] o [
- Fio0l o ¥ g
[ [ON c: ; (%] [
oo = Bl
- T I S
-2 Fr s FH 3T
| - o P+ o
10 & . % S
F N E‘i E _'E_i g D; T
i £ 3 I 4 g E
B = A 5 3 £ it
I 3 2 o g3 3
_3 <. ©: <:; g o| ‘O
10 Lo I ST ET I N B
’—\ \‘ T L \‘ T
QO - I'Xe 90% CL Ge Claim P P &
, = ’ : T 525 e
' —1 Xe 90% CL = .
@ O — ,4/‘?"0".0’0". r =
C FERLALLLE <K
L BRAELR AR s
st ol
L seteeses”
) e~
10 -
-3 |
10 —

Bound on) | m, changes with:
cosmo parameters fir analysis
cosmo observables considered

Model Observables ¥m, (eV) 95%
ACDM + m,, Planck-lowL+rprior <1.31
ACDM + m,, Planck+WP+highL(A) < 1.08
ACDM + m,, Planck+Lens+WP+highL(A) <0.85
ACDM + m,, Planck+WP+highL < 0.66
oACDM + m,, Planck+WP+highL <0.98
ACDM + m, | Planck+Lens+WP+highL+BAG <0.25
oACDM + m,, | Planck+Lens+WP+highL+BAQG < 0.36

Talk by M. Lattanzi



‘ nght Ster”e Neutrlnos I Concha Gonzalez-Garcia

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

Reactor Anomaly Gallium Anomaly LSND, MiniBoone
New reactor flux calculation Acero, Giunti, Laveder, 0711.4222 — —
W reactor Tux caicliato Giuntl, Laveder 1006 8244 vy — Ve @nduy, — Ue

= Deficit in data atL < 100 m

Radioactive SourcesS{Cr, 37 Ar) 10 e
13 - < Sy . ; . . < F H ot
. § Laf ; in callibration of Ga Solar Exp; — ot
31'2;% g “52 8 = g _ E ;.P =) ﬁﬁ? 71 71 i :i‘;\RMENZQO"/ CL
§1_1;§ S n: ~ ihf Nl ;m &:Hm A Ve T Ga— Ge +te™ 10§_ ---'--'---BUGEY§90%CI_
RS SRS ERRE B )59 65E Give a rate lower than expected
Pl TTITI IR T Al
gl §1{F Ny
j ¢ ] R=—"-=10.86£0.05 (2.80)
th ol
Bahc ; DLSNDQO%CL
Explained as/. disappearance Explained as. disappearance [ Dsrosen
T T T T T T TTT 10-2 o S o E—
10° 102 10" 1
rates + @ sin?28
B 3 1L 2
10 &= splz:gc? E 10 §
' _
T > -
= = 10% ———
5 SBL by :
< 1 = rates genal(;/t 3 g - é
107'¢
i 95% CL
I90, 95,99% CL (2 dof) 103 072
O.(])Ol 1 1 1 11 II(I).l 1 1 1 11 Illl

2
. 2 |Ue4 |
sin 2614

Kopp etal, ArXiv 1303.3011 Kopp etal, ArXiv 1303.3011



‘ |_|ght Sterlle NeU'[I’InOS I Concha Gonzalez-Garcia

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

5

4

1-3




‘ |_|ght Sterlle NeU'[I’InOS I Concha Gonzalez-Garcia

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

5

4

1-3

1-3 1-3 5

3+1 3+2 1+3+1

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

v, — v, disapp(CDHS,ATM,MINOS, MiniBooNE)
e Generically:P(v. — v,) ~ |U%U ;| [+ =heavier state(s)]
But |U,;| constrained byP(v. — v, ) disappearance dat

: : = Severe tension
And |U,,;| constrained by”(v,, — v,,) disappearance daja
Talk by J.Kopp



L|ght Sterile Neutrinos:3+1 oncha Gonzalez-Garcia

e Comparing the parameters required to explain signals vatmfs from dissap

Kopp etal, ArXiv 1303.3011 Giunti etal, ArXiv 1308.5288

10! T ——rrr — 10 =y
4.‘90%, 99%, 99.73 % CL, 2 dof ] [| e 68.27% CL - o
e - = mmee) 5, ~
z’.-:'f-n?s“’ 1 H 99.00% CL - /
~r\‘{..~ J | 99.73% CL 1 ,
\!‘l \ '
———— oS \ |
--“-’___-.:_:::‘
: ~-'=.~‘t:’:. _
Fo—————=mranen T >
el T 48 ! QO
B o100 . Tt |
- le T <
o TnnTE TS bl £
..... q
T mTE RS, g
T %
‘q
ISt Ce 3+1-30
""""""" VoI
------ s
101 . . L 107 : : i — . e
1074 10-3 10-2 10-! 107 107 1072 107 1
L2
sin“2%
2 e
sin© 26
ue

— Difference in the analysis of both appearance and dissapea
— Somewhat different conclusions:

Y2 in/dof Y5 /dof PG
K etal 712/689 — 6) 18.0/2 1.2x10"*
Getal LOW 291.7/@59 —3) 12.7/2 2x107°
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e Comparing the parameters required to explain signals vathnds from dissap
Kopp etal, ArXiv 1303.3011

3+2 1+3+1
01 Am 7 =05 eV? Am} =09 eV?
A 2 —na <72 m521 :()ch2
E! E!
> >
S 10-2" %
S >
03 ' 90%, 99% 103 : 90%, 99%
1073 1072 10-! 1073 1072 10-!
|Uea Ul |Uea U ul
2 . ldof 2 c/dof PG
Xmin XPG

3+2  701/689 —14) 25.8/4 34x10°°
1+3+1 694/689 — 14)  16.8/4 2.1 x107*°

Also tension with cosmo bounds on dark radiati@itk by N Saviano
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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) O 0 O ‘|‘\/§GF Z Nf(r) 52: 5{;’“ 5{;7_
0 0 O f=eu.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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\I\/Iatter Potential/NSI in ATM and LBL |

e \Weakest contraints when

2 equal eigenvalues df .
Friedland, Lunardini,Maltoni 04

e General parametrization for this case

Hmat — QrelUmatDmat UrLatQIel

( . {Xe" {Xe" —t] — 1l
Qrel :dlag(e Loe"™2 e " 2),

8 Umat = Ri2(pi12) Ris(pis),
| Dumat = V2GrNc(r)diag(z, 0, 0)
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\I\/Iatter Potential/NSI in ATM and LBL |

e \Weakest contraints when

2 equal eigenvalues df .
Friedland, Lunardini,Maltoni 04

e General parametrization for this case

Hmat — QrelUmatDmat Ur-LatQIel

No bound ore from ATM+LBL

1

g

e & E
o
(6]

o ¢
o o
TTT 7T

(1+eg,
[ENLN
ErTTTrTT

Y

7 . . . . .
Qrel — dlag (ezal ) ezag’ e "t 7JOQ) )
8 Umat = Riz2(p12) Ris(p13),
| Duwat = V2GpNc(r)diag(s, 0,0)
So
Eee —Eppy = € ((:.0822 012 — S.in22 ©12) (:0522 p13 — 1
Err —Eup = € (sin® 13 —sin® 12 cos g_013)
Eep = —ECOS P12 SIN P12 cos? P13 ¢Z(O‘1_O‘2)
Eer = —ECOSP12 COS P13 Sin Y13 e?(20‘1+0‘2)
Eur = ESINP12 COS P13 Sin Y13 etla1+2az)
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Maltoni, MCG-G, Salvado ArXiv:1103.4265



\I\/Iatter Potential/NSI in Solar and KamLAND IG

. 4 4
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| Matter Potential/NSI in Solar and KamLAND IG

e LMA and LMA-D (0,2 > 7) allowed

. 4 4
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\I\/Iatter Potential/NSI in Solar and KamLAND IG

e LMA and LMA-D (0,2 > 7) allowed
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Due to no observation of MSW up-turn



‘ Matter Potential/NSI: Global Analysis Inle

e All parameter space of matter potential is bounded

LMA LMA-D

-0.25 0 0.25
ff
€ T €, € €

90% CL 90% CL Bounds from global osc fit
Param.| OSC SCATT|| Param.| 0OSC SCATT stronger than Scattering ones
B3 0.51-1.19  0.7-1| |2, 0.51-1.17 0.3-0.7 for £
v 0.03  1.4-3[ |7, 0.03 1.1-6 5B
ev, 0.09 0.05|| |ed, 0.09 0.05
e 0.15 0.5|| 2| 0.14 0.5
et 0.01 0.05|| g%, 0.01 0.05
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‘Summary I

e First TAUP with the three leptonic mixing angles determifa@dt: 30/6)

Ami; =245 x 1072 eV? NO
|[Am3s| =2.43 x 107° eV? 10
0.59 IO

Sin2 (912 = 0.3 (4%) sin2 (923 = 0.44 NO (82%) Sin2 (913 = 0.023 (96%)

Am3; = 7.44 x 107° eV? (2.3%) (2.6%)
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‘Summary I

e First TAUP with the three leptonic mixing angles determifa@dt: 30/6)

Ami; =245 x 1072 eV? NO

Am3, = 7.44 x 107" eV? (2.3% 2.6%
°! (2:3%) [Am2,| =2.43 x 1072 eV? 10 (2.6%)
. . 0.59 IO .
sin® 012 = 0.3 (4%) sin® fg3 = ot NO (8.2%)  sin® 613 = 0.023 (9.6%)

e Still ignoreor not significantly determine{But interesting interplay LBL/REACT)
Majorana or Dirac? 0,3 Octant

Absoluter mass Normal or Inverted ?  CP violation in leptons?
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Majorana or Dirac? 0,3 Octant

Absoluter mass Normal or Inverted ?  CP violation in leptons?

e Steriler’s: Not satisfactory description of all LBL anomalies
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‘Summary I

e First TAUP with the three leptonic mixing angles determifa@dt: 30/6)

Ami; =245 x 1072 eV? NO

Am3, = 7.44 x 107° eV? (2.3% 2.6%
°! (2:3%) IAm32,| = 2.43 x 1073 eV? 10 (2:6%)
. . 0.59 IO .
sin® 012 = 0.3 (4%) sin® fg3 = ot NO (8.2%)  sin® 613 = 0.023 (9.6%)

e Still ignoreor not significantly determine{But interesting interplay LBL/REACT)
Majorana or Dirac? 0,3 Octant

Absoluter mass Normal or Inverted ?  CP violation in leptons?
e Steriler’s: Not satisfactory description of all LBL anomalies
e Purely empirical determination of matter potential

= strongest constraints on vector NSl.of



