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Neutrino flavors

-

® For neutrinos coming from the decay:

n—p+e +Uv

we observe the reaction
V+Dp—n-+ et
® When neutrinos are coming from the decay:
T — U +UV
we observe the reaction

\— v+p—n+put

|
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Neutrino experiments without oscillations

- N

® Muon neutrinos on nuclel
CHARM, CDHS, NuTeV

o(vyN — v, X)
o(vyN — pu=X)

® Muon neutrinos on electrons
CHARM Il

v

o(vye” — v e)



Neutrino experiments without oscillations

- N

NuTeV PRL 88 091802 (2002); NNPDF NPB 823 195 (2009); Bentz et al PLB 693 462 (2010)

NuTeV [Bentz et al.]

NuTeV [NNPDF Coll.]

]
NuTeV

4 SM [Global EW fit]

0.21 0.22 0.23 0.24 0.25

L sin2€)W [on-shell] J

Neutrino experiments and nonstandard interactions — p. 6




Neutrino experiments without oscillations

- N

® Electron neutrinos on nuclei
Bugey, Chooz...

#® Electron neutrinos on electrons
LAMPEF, Irvine (Reines, Gurr, Sobel), ..., MUNU, Texono

0(Vee™ — Vee™ )



Neutrino experiments without oscillations

Barranco, OGM, Rashba PLB 662 431 (2008): sin? 8y = 0.259 4+ 0.025
TEXONO PRD 81 072001 (2010): sin? 6w = 0.251 & 0.039
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Neutrino oscillations

Pontecorvo (1957,1967), Maki, Nakagawa, Sakata (1962)
Massive v’s

the massive states v; (i=1,2,3) are not equal to the flavor states (weak

interactions) v, (e, u, 7)
Il/a> = Z Uai |V’L>

Time:t =0 |v,(x Z UqiePi® |1;)
Time: t >0 |vg(x,t)) = Z UgiePi*~ )
m2
Ultrarrelativistic v-s m; < p;  E; = \/ m; +pi A~ p; + 2];_

2

'm’L
yr~t |vg(z,t)) g U,e "20i’

o |
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Two neutrinos

-

conversion Probability v. — v,

2 X

Losc

Py, (v) = sin®(26) sin

oscillation lenght

E 10 5eV?
LOSC ~ 250 km (M—GV> ( A2 )

o |
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Oscillations in matter

Wolfenstein 1978, Mikheev & Smirnov 1985

# Neutral currents (NC): exchange of 7

o Charge currents (CC): exchange of W4
Ny,

N,
Ve=V2Gr (Ne—T) o Vu=Ve=V2Gr (—7) -

Evolution equation

d Ve — Aéfgz cos20 +v2GgN. Aﬁf sin 26 Ve
71— = :
Am’ sin 26 Am” cos 26 Yy

dt
Vn A1E AE

|
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Constant density case

o .

onversion probabilitly v, < v,:

L
P(ve — v,; L) = sin” 26, sin” (71'—) ,

Im

Mixing angle in matter

2
(AQ”; ) sin? 20

sin® 26,, = 5
(AQ%Q cos20 — V2Gpr N, )2+ (AmQ) sin” 26

E

Resonance V2Gp N, =

o |
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Three families

- N

U = Ra3(023;0) R13(013;0) Ras3(623;0) P,

cos B3 0 sinfi3e%
Ri13(013;90) = 0 1 0
— sin 643 eié 0 cos 03

P = diag(e’®, e’ 1)

o |
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Three families

-

C12C13 $12C13 sij3€ "
5 5
—(s12C23 + 12523513 €%)  (c12C23 — S12523513 €%) $93C13
5 S
(s12823 — c12¢23513€")  —(c12523 + S12¢23513€"°) 23013
2 2
P(I/a — 1/5) = Uﬁj —Z L —
Am?2
* * .2 1]
bag — 4;%{UaanjU5iUﬁj}s1n ( T L> (1)
Am?2.
x * 1A U*. L gi v
+ 2§J{UMU@ijUﬁj}sm< 5 L)
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The solar interior

Interface Layer
& ~

Radiative Zone

|
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Nuclear reactions in the Sun

p+p— H+e" +u1,

-

p+e +p—2H+ v,

(pp) 99.6 % \ / (pep) 0.4 %

°H +p— 3He+ v

He — *He + 2p

15 %

SHe+p — *He +et + 1,

SHe +* He — "Be + ~

00,57 o / \ .

"Be+ e~ — "Li—+ v,

("Be)

“"Li+p— 2*He

"Be+p— 8B+~

(°B)

8B — 8Be* +et + 1,

8Be* — 24He
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solar neutrino spectrum

1012 ¢ ———— —
1o /—1 Bahcall—Serenelli 2005 E
5 pp-| +1%
1010 Neutrino Spectrum (+10) -
10 ? _ "Be-|+10.5% ]
F BN -t s ]
= 108 F ,/M_’) Y S Vo 3
n =T T pep-£R% ;
o F 150 -~ I 1
P 107 -~ I =
- S | .
3 . _-tr-
106 ¢ "E>-- 3
5 f--"7  Be-
= 105 | +10.5% 3
104 ;_// E
109 F .
102 F E
101 [ 1 1 1 1 /|
0.1

Neutrino Energy in MeV

LBahca//’s home page J
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Homestake Experiment, R.Davis’68

- N

ve +37Cl — e~ +37"Ar  Pontecorvo’46

o |
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Homestake Experiment, R. Davis’68

|7 ve +37C1 — e~ +37"Ar  Pontecorvo’'46 T

Predicted 3Cl Rate vs. Time

o)
Z
0
T
0
-
g
T
0
19

P

2000 observed rate

1968 1976 1984 1992 2000
Year of Publication

o |
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Super-Kamiokande

-

Ve +e—vet+eandv, +e— v, +e

Event/day/bin
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<

2

Super-Kamiokande

-

Predicted & B neutrino flux: 4.85 x 10%¢m 251

Super-Kamiokande | PLB 539 179 (2002); PRD 73
112001 (2006)

¢ = 2.35 4 0.02 (stat & 0.08 (syst) x 10%cm 2?51

Super-Kamiokande Il PRD 78 032002 (2008)

¢ = 2.38 + 0.05 (stat 4+ 0.16 (syst) X 108251

Super-Kamiokande IlIl PRD 83 052010 (2011)

¢ = 2.32 4 0.04 (stat & 0.05 (syst) x 10%cm™?s™*

|
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SNO 02
fPF{L 89 011301 '02 T

ve+d — p+p+e” (CC),
v, +d — p4+n+u, (NC),
ve +€7 — v, +e” (ES).

g = 1.7670:03(stat) 5o (syst)
bur = 341G (stat) o (syst)

dael = 6.427 137 (stat.) T 22 (syst.)

o |
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0, (10°em2 57

S = N W ks, U N 0

SNO °02

IIII|IIII|IIII|IIII|',I'

-
—_
)
w
N

0. (106 cm? s

|
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theory vs. experiment

A\

Total Rates: Standard Model vs. Experiment
Bahcall-Pinsonneault 2000

\

7.6+13

-1.1

A\

+0.20
1 ‘070.16

0.55+0.08
71%7

SAGE

Kamioka

0.48+0.02
1
.
2.56+0.23
e
L2~
SuperK
cl H,0
7
Theory Be
8B

B PP pep
B CNO

'
Ga

128+2

|7
71i6

GALLEX
+
GNO

7z

% 1.0:3%

0.35+0.

o4
L 77

2H,0

Experiments

Uncertainties

SNO

02

=

rorz;fg%

A\

1.01+0.12

SNO
All v

[Bahcall's home page]
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solar neutrino spectrum

1012 ¢ ———— —
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Borexino experiment

0.8 T * 'Be - Borexino
: : e pp -all solar

0.7— : e ®B_allsolar
2 - A ®  All solar without Borexino
;: 0.6F- ' MSW Prediction
—8 i —— :I:
a 0.5 [ ® -
= T :
S 1
B o ;
§ 04— -
> 0.3F g t
Ay -

0.2

().1_ | | | | | 11 1 r | | | | | 1 1 I

10" 1 10
E, [MeV]
Borexino PRL 107 141302 (2011)

Neutrino experiments and nonstandard interactions — p. 27



SNO experiment

0.9 e . —
---. P, 1o band
0.8F
SNO
0.7} ¢  Borexino "Be )
-+ pp - All solar v experiments |
0.6 |
;| { ....... _ |
¥ 0.5 = :
0.4} \x\\ _
03 - /.“._ | _
0.2}
107! 0w
E,(MeV)

LSNO 1109.0763

|
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KamLAND °02
ERL 90 021802 '03 T

20 = reactor neutrinos
- @ geo neutrinos
15F = accidentals
10F
= 5F
= :
l(-,\? I— PR N R R N W NN TR TN T TN (N N TN TR T N SN S SN
~ "
S o5F 2.6 MeV e KamILAND data
é - analysis threshold —— no oscillation
L 50 C : —— best-fit oscillation
F :_ : sin’20 = 1.0
- Am’= 6.9 x 10”eV?
15F
10F ‘
5¢ ‘
O - 1 1 1 1
0O 2 4 6 8

Prompt Energy (MeV)

—_— . . 2
UVe+p—mn+et: P _p; (z)=sin’(20)sin’ (Aﬁ% :C)
and nonstandard interactions — p. 29

Neuthno experiment:




KamLAND °02
ERL 90 021802 ’03 —‘
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log(Am ZeV?)

-11

-12

-10

SNO °02

m ]
| (a) ‘: |
r 0 |
CE? 7

r . ]
—— 90% CL ]

- —— 95% CL @ .
99% CL _ . _

— —— 99.73% CL = —
r VAC B
;L 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 -IE
-4 -3 -2 -1 0 ) 1
log(tan” 0)

|
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Other solutions

1073
10"
{ 107

10°®
{ 107
| 108

107
10-10

| -1
10
10410210210 10° 10" 10% 10° 10*

2
L tan®o J
Barranco et al PRD 66 093009 (2002)
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Data fit
f KamLAND PRL 100 221803 (2008) —‘

20 , .
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""""" abelel Relalatr bk AP ikt ol Wikttt ittt ekt el
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Am? =T7.59 x 107 eV %, tan? 0, = 0.47

Neutrino experiments and nonstandard interactions — p. 33



Am%l and Siﬂ2 (912

85 | I I I I I

[107°eV?]

N \
O,
| | | | | | | | | | | | |

MRS

S

<

7.0
] ] ] | ] ] ]
0.2 0.3 0.4
. 2
sin 9.,

sin? 015 = 0.31218901L,  Am2, = 7.59708 x 1072 eV ?

LSchwetz, Tortola, Valle New J.Phys. 13 (2011) 063004 J
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Atmospheric Neutrinos

1Y cosmiic ray

20 000

15 000

e
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Atmospheric Neutrinos

W

e will have the decays:

st

,LL+—>€+—|—V6—|—EM
and
T — U FV

B —e +lVet+v,
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Atmospheric Neutrinos

300 .
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150

100

[

Multi-G 1-R p-like

20

OIIIIIIIIIIIIIIIIIII

Super-Kamiokande PRD 74 032002 (2006)

o

|
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Atmospheric Neutrinos

0: Ll 1l ol Ll

1 10 10° 10 10
L/E (km/GeV)

Super-Kamiokande PRL 93 101801 (2004)

o |
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Accelerator Neutrinos

1 T
-

MINOS Near Detector.

OFERMILAE §98-13321D
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neutrino oscillations

Schwetz, Tortola, Valle New J. Phys. 13 063004 (2011)

1107 eV?]

2
31
N

Am

global

atmospheric

0.25 0.5

.
SN 923

0.75

1

|
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neutrino oscillations

Schwetz, Tortola

GLOBAL

90% CL (2 dof)

SK+K2K+MINOS

, Valle New J. Phys. 13 063004 (2011)

|
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neutrino oscillations

T2K PRL 107 041801 (2011) \
Tr I i
B ) _
/2 — _
o | il
O O i
- — Best fit to T2K data
2 B 68% CL ]
- B 90% CL _

|
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neutrino oscillations

Schwetz, Tortola, Valle New J. Phys. 13 063004 (2011)
parameter best fit 10 20 3o
Am32, [107%eV?] 7.5970 9% 7.24-7.99 7.09-8.19
2.5019-97 2.25 — 2.68 2.14 — 2.76
Am2, [103eV?] o
—(2.407005) —(2.23 — 2.58) —(2.13 — 2.67)
sin? 012 0.31279-017 0.28-0.35 0.27-0.36
0.5279-09 0.41-0.61
sin? fa3 —0.07 0.39-0.64
0.52 %+ 0.06 0.42-0.61
oy 0.01375 0% 0.004-0.028 0.001-0.035
sin“ 013
0.01615-00% 0.005-0.031 0.001-0.039
(—0617572) =
) +0.65 0— 27 0— 27
(—041%0%5) =
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Nonstandar interactions

fBeside the Standard Model Lagrangian:

Lot = —2V2GCr (757, LEs)[F7* L) + h.c)

—2V2G Z 577, Lvs) [f7 P )

P,f.B
—%{EQ cos20 + /2 GrN. AélfrgQ sin 20
Af; sin 260 Aﬁf cos 260

|
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Non Standard Interactions (NSI)
-

fMost extensions of the SM predict neutral current non-standard
interactions (NSI) of neutrinos which can be either flavor preserving (FD
or NU) or flavor-changing (FC).

NSI effective Lagragian:

LY == " el 2V2G (Do, L) (FAPPF)

Here o, B=e, s f=eud P=LR L=(1-1)/% R=/(+7)/2
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IR, parity violating SUSY

An example of non-standard neutrino-electron and neutrino quark
interactions:

L= Nijieh (7)°€], + Nijpdy dpvy +

el R

(a) - (b)

->
xr

FIG. 2. Feynman diagrams for v,e scattering from (a) the
standard model, and (b) the R-breaking interactions. o ,
Barger, Giudice & Han’89

Vi dr
W
: dr vy,
| b
! Aggy = — e Aia1
/\ .
A1 .
dr v s dr

See e.g. Roulet’'91, Amanik et al'05
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Solar  Oscillations and NSI with quarks
- -

Interface Layer
P ~

Radiative Zone

Core




Solar v Oscillations and NSI with quarks

- -
Hys1 = V2G Ny ( )oe ) .

e &
with

£ = — sin fo3 857‘./ e = sin® O3 57]57‘-/ - 55«0}/
and
el =elr el

TT



Non Standard Interactions

- -
Hyst = V2GpN; ( )oe ) |

E &

Mixing angle in matter + NSI

(55 ) sin 260 + 232G pe N,

tan 260,, = - .
" %% c0s20 —\/2Gr N, + V2 Gpe' N,
Am? ,
Resonance > c0s20 —V2Gp No +V2Gpe' Ny=0.
g > Ne

o |
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[eV]

2
Amg

Data fit

OGM, Tortola, Valle JHEP 0610:008,2006
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'

|
( B 7,
|

J

0 0.2

04 06 038

)
sin GSOL

10 02 04

0.6 0.8 1

)
Sin GSOL

Neutrino experiments and nonstandard interactions — n. 51



Data fit

-

Tortola, OGM, Valle, JHEP 0610:008,2006

)
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Nonstandar interactions
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Escrihuela, Miranda, Tortola, Valle, Phys Rev.D80:105009,2009
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Predictions for the probability
-

0.7 B | | | | | | | | | | | L |
- T — global best fit
0.6 — -—+  BF without NSI
i s e G =l SR ——- BF dark side
Ao 0.5 — 1
Q_‘O L pp(al)
V 04
: T |
0.3 |
B ~ *B (SNO)
0.2 i | | | | 1 1 1 | | | | | | | I | |
1 10
E [MeV]

|
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NSI-d constraints from Solar + Kamland

T 1T T T T 1T T T T 1T T T T T T ] [ T 1T 171 T 1T 1771 T 1T T ]
15 4 F -
NX C 1 L ]
S R E
sC i ]
IS N AN 0%CL. 1 L .\ 90%CL. /[ .\ i
0 C | I | | | 1 | | I | | | I I | i C | I I | | | 1 | I | | | I I | i
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
€ e’

|
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NSI-d constraints from Solar + Kamland

Palazzo, Valle PRD 80 091301 (2009)

o |
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NSI-d constraints for », and v

o(VeN — vX)+o0(WeN — 0X)

R = c(eN = eX) + 07N — 2X) (gre) + (Re)
Constraints from CHARM |l experiment
el —0.3< |el] <0.3
el —0.6 < [eff] < 0.5
el ek, | < 0.5
el el,| < 0.5
el el | < 0.5
elt el | <0.5

CHARM Il Collaboration, P. Vilain et. al. Phys. Lett. B335 246 (1994)
Davidson, Pefia-Garay,Rius,Santamaria JHEP 0303:011 (2003) hep-ph/0302093

o |

Neutrino experiments and nonstandard interactions — p. 57



NSI-d constraints for v,

-

SNO NC is proportional to g2

v+d—v+p+n

€A — — Z <Pea>

a=¢e, 1, T
3 [ T II T T I T T T T I T T II T ]
B Eb CHARM (99%CL) —>i 7
s ! ! —
20, | I
L W | 4
B :“ solar + KamLAND (99%CL) E ]
1 ; : i ;
< e L i ]
Sw” SR i ]
o ! -

| |
L | .y 4
- 1 F i) -
L 1 { .
1= .
L | 4
L 1 4
|
L | . 4
_2 [ |: 1 1 | 1 1 1 1 | LN :I il
-1 0 1
dA
(5]

[\S)

dA

NC €aa s

|
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NSI-d constraints for v,

RH oc(vuN - vX)+o(W,N — vX)
- o(WuN — pX) +o(vuN — iX)

— (gLu) + (gRu)

%
NuTeV [Bentz et al.]

{

NuTeV [NNPDF Coll.]
NuTeV

SM [Global EW fit]

1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0.21 0.22 0.23 0.24 0.25

sinzeW [on-shell]

Escrihuela, Miranda, Tortola, Valle, PRD 83 093002 (2011)

o |
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NSI-d constraints for v,

R oc(vuN - vX)+o(W,N — vX)
- o(WuN — pX) +o(vuN — iX)

— (gLu) + (gRu)

dA

4

3.
3.0.5

Escrihuela, Miranda, Tortola, Valle, PRD 83 093002 (2011)
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NSI-d constraints for v,

Bentz et al.
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0.05—
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NSI-d constraints for v,

Global with NuTeV reanalysis NSI with down NSI with up
NU NU
NNPDF —0.042 < €l < 0.042  —0.044 < €4} < —0.044
dA A
—0.091 < et < 0.091 —0.15 < efify < 0.18
Bentz at al. —0.042 < €l¥ < 0.042  —0.044 < €4} < —0.044
dA A
—0.072 < €l < 0.067  —0.094 < €4} < 0.14
FC FC
NNPDF/Bentz et al. —0.007 < €%¥ < 0.007  —0.007 < €Y < 0.007

—0.039 < el < 0.039

—0.039 < €l < 0.039

Escrihuela, Miranda, Tortola, Valle, PRD 83 093002 (2011)

o
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NSI-e Laboratory constraints

- N

#® |aboratory experiments:
1. Reactor neutrinos
2. LEP data (ete™ — vi)
3. CHARM



The e interaction

- N

ZG%meEV

T

o(Vee — ve) =

1 1
IL\2 L2 RN\2 R |2
(1+ g% +ecl) +§eleze + 5 (95 +<&) +§§elsze ]

® Davidson, Pefia-Garay,Rius,Santamaria JHEP 0303:011 (2003) hep-ph/0302093:

—0.07 < ¢l < 0.1 —1.0< e <0.50at90% CL
® Berezhiani, Raghavan, Rossi PLB 535 207 (2002) hep-ph/0111138:
—0.15 < e¢L < 0.17 —0.95 <e¢lt<050at99% CL

o |
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The v, e interaction

Experiment | Energy (MeV) | events measurement —‘
LSND vee 10-50 191 o =[10.1 £ 1.5] x E,_(MeV) x 10~*°cm?
Irvine 7, — e 1.5-3.0 381 o =[0.86+0.25] X oy _4
Irvine U — e 3.0-4.5 77 oc=[1.7T£0.44] X oy_4
Rovno 7. — e 0.6-2.0 41 o = (1.26 £ 0.62) x 10~4*cm? /fission
MUNU 7. — e 0.7-2.0 68 1.07 + 0.34 events day !
I+ e | T Rt
— LSND | |
0.5¢ .
o5 Of 7
-0.5¢ -
1k ~ = |
TS0 T TR J
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The v,e — v,c interaction

doli ey 2GEme ) L 2
CdyR — o EV gL"’Z'goz,u‘
i aFp

~ R 2
+ 9r T Z lgoz,u‘z (1 o y)
aFp
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The e"e~ — vy interaction
Y

stheo () _ / dz / de, H(z, 5,:8) ot10(3)

200 N2  zc?
H 9 ; — (1 T _) ! 9
(x 7 S) TS~ 2 + 4
_ N,/G% S

Mz (9% + 97)
o [

(s —M2)2 4+ (MzI'z)?]

N G_%M‘%V{erQM%V_M‘%V <5+M3V>log<s+M§V>

2s S S

grLMZ(s — M2) (3+M{§/)21 s+ M3, Mz, 3
O - o - N )

(s — M2)2 + (MzTz)? 52 S\ Tz s 2

|

Neutrino experiments and nonstandard interactions — p. 67



G2

S Gh ko)t () - danche + oneti)
aZe?l’l”T

G? M3z, )? M? Mg, 3
+—F€£e ‘%V (S+ QW) log <S+ 2W - )

s S M, S

G2

P [CEE G

afB=e,u,T T

The e"e~ — vy interaction
Y

|
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Laboratory constraints

Barranco, Miranda, Moura, Valle PRD 77 093014 ’08

o |
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Laboratory constraints
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Laboratory constraints

Region at 90% C. L. one parameter previous limits
el —0.14 < e&, < 0.09 —0.03<el <008 —0.05<el <0.1
el —0.03 < el <0.18 0.004 < el <0.15 0.04 <l <0.14
el, —0.033<ef, <0.055 e/l < 0.03 le,] < 0.03
ell,  —0.040 < ¢/l <0.053 e/t < 0.03 ek, < 0.03
el —0.6 <el <04 —0.5<el <0.2 el | < 0.5
el —04<el <06 -03<elf <04 eE ] < 0.5

Barranco, Miranda, Moura, Valle PRD 77 093014 ’'08

o |
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°

°

Solar neutrinos

solar neutrinos could be sensitive to the NSI with T
electrons

Propagation could be affected

Detection could also be affected! especially in
SuperKamiokande

|
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Solar neutrinos

[ [ [ [ [ [ [ [ [
0.1- i 0.1- 0.1- i
3,8 o:— 13,8 of 3 8 0:_ ]
0.1F ] 0.1 0.1 i
| | | | 11 | | | |
1 0 I 1 0 I 1 0 I
eR eR eR
£ £ £
cec ce ce

Bolanos, OGM, Palazzo, Tortola, Valle PRD79:113012,2009

o |
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Solar neutrinos

0.5F

elL
1T
o
T I T

AT IPEPEPIT EPE AT NP B
-1.5 -1 -05 0 05 1
eR

T T TT

Bolanos, Miranda, Palazzo, Tortola, Valle Phys.Rev.D79:113012,2009

o |
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Solar neutrinos

Solar analysis

Laboratory

-

Previous limits

el —0.036 < el < 0.063 —0.14 < ek, < 0.09 —0.05 < el < 0.1
ell —0.27 < el < 0.59 —0.03 < el <0.18 0.04 < el <0.14
el —0.033 < g, < 0.055 el < 0.03
ell, —0.040 < 7, < 0.053 ek, < 0.03
el —016<el <o0.11 —0.6 <el <04 el | < 0.5
el —1.05<el <0.31 —04<el <06 eE | < 0.5

Bolanos, OGM, Palazzo, Tortola, Valle PRD79:113012,2009

|
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Improving NSI constraints

150
100
50,

Deu

-50
~100
~150

0.002  0.004 0006  0.008
|€c,l

Coloma, Donini, Lépez-Pavon, Minakata 1105.5936

o |
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Confusion problem for 63

- N

Rep %As%g—|—3813€p+C€2P+DEPES—|—E€%—|—F813€S

Erpr €
S v t 6/14311
€ atm
uT
I /\\:
i
atm b —
T 67?;1
Yy
s
€
s P _P
€prr €

Huber, Schwetz, Valle, PRD 66 013006 '02.
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Confusion problem for 63

Neutrino factory + two different neutrino detectors

Input: 5= /4  sin’20,, = 0.001

) .
sin“26,, and 6 marginalized
gee = SET = ST’E = 0

0.02 : ; : 0.02
=~
=
(=3
(=3
en
=~
(=3
(=3
(=
o~
=
] @
=
© p—y
,,,,,,,,,,,,,,,,,,, —g
- 10 =)
0.01 - 20 0.01 02 1 ©
— 30 04}
0020301 0 o102 2T 0 s 03 01 0 0102
Eee ST’C Eee

Ribeiro, Minakata, Nunokawa, S. Uchinami , R. Zukanovich-Funchal JHEP 0712:002,2007.
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Confusion problem for 63

Neutrino factory + two different neutrino detectors

€., and €, marginalized

€. and ¢, marginalized

€., and € marginalized

6 |
1 ==
=
4
S
Input: 5=3m/2 sin’20,,= 0.001 | €7
See = SET = STT = 0
1 =<
S
S
=
1~
@ = ~ T
4t | &
*
=
“ £
=
2 = 1o 1 QO
- 20
- 30
0= 3 - 3 2 3 2
10 10 10 10 10 10 10
o 2
sin“20,,

Ribeiro, Minakata, Nunokawa, S. Uchinami , R. Zukanovich-Funchal JHEP 0712:002,2007.
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Confusion problem for 63

Neutrino factory + two different neutrino detectors

|€] sensitivity (30)

|elr] sensitivity (307)
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Kopp, Ota, Winter, PRD 78 053007 '08
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Improving NSI constraints

[J. Barranco, OGM, T.l. Rashba JHEP 0512:021 ’05] Neutrino-nuclei coherent scattering (for
gR << 1)

\

.TGGe. E .
do G%,M T

2

MT
- = Gv+GA)°2+(Gv —GA)[1-—=—) —(G% —G*?

a7 o {(V+ A)°+ (Gy A)( E,,) (GY A)E,% :

M is the nucleus mass; T recoil nucleus energy (from 010 Tinqr = 2E2/(M + 2E,)); E,

neutrino energy.

Neutrino experiments and nonstandard interactions — p. 81



uV

0.06

Coherent scattering

0.04

0.02

ee
o

T, =400eV

-0.02 —

-0.04 —

-0.06 —

ffffff 7°Ge [90% C.L.]
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S,
S
S D
s \
s
S
1 1 1 1

N
N
D
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-0.04 -0.02

0 0.02 0.04 0.06
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€c

uVv

0.06 T T T | T T T | T T T
T, =100eV ]
0.04 |
0.02 —
g 0
L - ]
-0.02 Ge [90% C.L.] _
| 7°Ge [99%] ]
004 °Ge+"*si [90%] N
[ | °Ge+7*Si [99%] i
_0'06 . 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | I\\\\\ |
006 004  -0.02 0 002 004 006
dv
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J. Barranco, OGM, T.l. Rashba JHEP 0512:021 05
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Coherent scattering

"°Ge [90% C.L.]

— "Ge [99%]
70Ge+*Si [90%]

B °Ge+"Si [99%]

-0.6

-0.4 -0.2

J. Barranco, OGM, T.l. Rashba JHEP 0512:021 05

o

7°Ge [90% C.L.]

— Ge [99%]
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B °Ge+’Si [99%]
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Estimated bounds on NSI from TEXONO-like experiment (Ge+Si)

N R\\ T T T T T T T T T T ‘ T T T ‘ T T T ‘
0.06 N | — L — LA I B B BB 0.6 N\ O _ —
AR T, 00V | [ T, =400eV
004 - - 04 |- ]
i ] - ] 76 28 Q;
0.02 - 02 |- s Ge+=°Si Ty, =400eV
i 1. | : €2V < 0.036
Z 3 0 C 0
T ] ] ] 1%
: 1 | evV| < 0.038
002 L |— "Ge [90% C.L.] N 02 | | "6Ge [90% C.L.] - v
[ | "Ge 99%] ] [ | Ge [99%] ] ety | < 0.48
004 Ge+si [90%] 1 04 "Ge+si [90%] a WV
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-0.06 o b by PR BN S MR R Ly v b vy by EETEI BRI BN
2006 004 -0.02 0 002 004 006 06 04 02 0 0.2 0.4 0.6
dv dVv
ee Te
0.06 0.6 | T T T T T T T T T ‘ T T \_‘ T T T ‘7
i T, =100eV | i Typ =100V
i ] i ] 76 28 Qi
0.04 | - 04 - Ge+-“°Si Typ=100eV
L E i ] dV
002 |- ] 02 ] |€ee | < 0.018
[ 1.. | : €%y | < 0.019
> 3 = 8 0
. 1 ? edV| < 0.34
i ] - o 1 TE )
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-

Conclusions

-

The solar neutrino problem remained unsolved for more
than 30 years.

It was the motivation, together with the atmospheric
neutrino puzzle, for several experiments that have
allowed to get a better knowledge of the Standard Model
and of the neutrino properties.

Neutrino physics counts now with several experiments
that are improving the measurements of neutrino
parameters and it is expected that new generation
experiments could give a clue of the direction for physics
beyond the Standard Model.

Although we now better the neutrino masses diferences J
and miXinqu there are manv Open queStiQmmoexoerimentsandnonstandardinteractions—o.85



R-parity breaking Susy

i 1 mk
Aijk L Ly B
/ i NI Nk
Nijelr Q1 DR (2)
A2j1
o e ) €1
ERL |
A2 Aot} |
€1 1%0)
€1 I 1%}
//\zyl\x\
a) b)

J. Barranco, OGM, T.I. Rashba PRD 76 073008 (2007)

o

Neutrino experiments and nonstandard interactions — p. 86



R-parity breaking Susy

J. Barranco, OGM, T | Rashba hep-ph/0702175
1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1
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