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M otivation

-

Massive neutrinos are a strong motivation for physics
beyond the Standard Model.
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0

DT

0

Mohapatra, Valle, PRD 34 1642 (1986)

L

M; = DM~ umT ' DT

g’

~ 2sin O

D

0
MT

Zwiy K Kvr, .

0
M

(4

Non standard interactions in the neutrino sector — p

(1)



R, parity violating SUSY

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

L= Azjkél;%*( L) 6L + A;jk:dj dpvy, +

el X

(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
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See e.g. Roulet’'91, Amanik et al’05
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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, Lyg) (FAPPF)




Solar neutrino data

f.p Solar neutrinos could be sensitive to NSI T
# NSI could affect the propagation for d quark and e

# NSI Could also affect detection, especially in
SuperKamiokande

2G2m.FE
o(vee — ve) = —E =7
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Oscillations in matter

Wolfenstein 1978, Mikheev & Smirnov 1985

# Neutral currents (NC): exchange of %
# 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® Am® 1590 vy,

dt Yy T sin 20 i
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Constant density case

-

Conversion probabilitly v, < v,

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

Im

Mixing angle in matter

2
(Agg ) sin? 20

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

Am?

Resonance V2Gp N, = - cos 20
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Am%l and sin’ 015

ZOIHIIII!IIII_'I

15

.‘ g i -- solar
< L) | IS SO TS R 4 |- KamLAND
\ | 5 ‘ — solar + KamLAND

W T e
Q

a1
UL L

1
/90% C

Y : : N !
M N "
1 /'I P AR B T

i

0 Il I Il \

T I T | LI I | L T I//I' T
- solar 1r o e ol T .
— —] - QO B (R P ]
150 10 8 o i
N> B 1T 9 . E 7
() B 10 i 7 ]
0 i 10 :
o 10— -1 - —
= T F 1t -
- [ 1 —— i
NN | ] I ]
5 sk 1k 7
0 L 1 I 1 1 1 I 1 I 1 I 1 1 1 I 1 ] _I 1 I 1 I 11 I I | I I | I 11 I_

0

0.2 04 06 08
. 2
sin'6,, Ax

5 10 15 20
2

Schwetz, Tortola, Valle New J. Phys. 10 113011,2008
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Solar v Oscillations and NSI with quarks

- o
Hys1 = V2G Ny ( )oe ) .

e &
with

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

TT



Non Standard | nteractions
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Mixing angle in matter + NSI
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Solar + KamLAND without and with NSI - d
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Escrihuela, Miranda, Tortola, Valle, PRD83 093002 (2011)
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Solar + KamL AND without and with NS
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NSI-d constraints from Solar + Kamland

90%C.L.
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Predictions for the probability
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NSI-d constraints from Solar + Kamland

Palazzo, Valle PRD 80 091301 (2009)
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NSI-d constraintsfor v,

o(VeN — vX)+o0(WeN — 0X)

R® =
o(VeN — eX)+ o(WeN — eX)

— (gLe) + (gRe)

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

- .

v+d—v+p+n

SNO NC is proportional to g2
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NSI-d constraintsfor v,

RM —

oc(vuN - vX)+o(W,N — vX)

- o(wuN — pX) +o(vuN — iX)

— (gLu) + (gRu)

NuTeV [Bentz et al ]

]
1
NuTeV [NNPDF Coll ]

NuTeV
SM [Global EW fit]

0.21 0.22

0.23 0.24

sin’e,,, [on-shell]

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

RH oc(vuN - vX)+o(W,N — vX)

B o(vuN — puX)+o(W,N — pX) = (9rp) + (GRru)

Bentz et al.

i i
i AN
CHARM + CDHS

av \Y
My sST
Escrihuela, Miranda, Tortola, Valle, PRD 83 093002 (2011)
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NSI-d constraintsfor v,

01

01

Bentz et al.
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NSI-d constraints for

vV

Global with NuTeV reanalysis NSI with down NSI with up
NU NU
NNPDF —0.042 < €} < 0.042  —0.044 < €4} < —0.044
—0.091 < e < 0.091 —0.15 < efify < 0.18
Bentz at al. —0.042 < €?} < 0.042  —0.044 < €4} < —0.044

dA
—0.072 < €

< 0.057

A
—0.094 < €44 < 0.14

FC

FC

NNPDF/Bentz et al.

—0.007 < %Y
—0.039 < ed4

< 0.007
< 0.039

—0.007 < €Y < 0.007
—0.039 < €l < 0.039

Escrihuela, Miranda, Tortola, Valle, PRD 83 093002 (2011)
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Solar neutrino data and NSI -e
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Bolanos, Miranda, Palazzo, Tortola, Valle PRD 79 113012 2009

o -

Non standard interactions in the neutrino sector — p. 2



Solar neutrino data and NSl -e

Bolanos, Miranda, Palazzo, Tortola, Valle PRD 79 113012 2009
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NSI-e Laboratory constraints

- .

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



Thev.e interaction

Experiment | Energy (MeV) | events measurement T
LSND vee 10-50 191 | 0 =[10.1 % 1.5] x E,_(MeV) x 10~4°cm?
Irvine v, — e 1.5-3.0 381 oc=1[0.86=+0.25] Xoy_4a
Irvine U — e 3.0-45 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 —!
A
| — LSND | |
0.5r .
= o _
-0.5} _, :
4 ;
SAETTOE Y0 TR J
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L aboratory constraints
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L aboratory constraints

Non standard interactions in the neutrino sector — p. 2



NSl -e constraints

Solar analysis

Laboratory analysis

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, Miranda, Palazzo, Tortola, Valle PRD 79 113012 2009
Barranco, Miranda, Moura, Valle PRD 77 093014 '08
Davidson, Pena-Garay,Rius,Santamaria JHEP 0303:011 (2003) hep-ph/0302093
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NSl -e constraints

Laboratory analysis

el el <0.13
el led,| < 0.13
el el | <04
el el | < 0.27
el, el 1 <0.1
eil, eft ] <0.1

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

Davidson, Pena-Garay,Rius,Santamaria JHEP 0303:011 (2003) hep-ph/0302093
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Future perspectives

Neutrino factory + two different neutrino detectors
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Ribeiro, Minakata, Nunokawa, S. Uchinami , R. Zukanovich-Funchal JHEP 0712:002,2007.
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Future Per spectives

‘ Neutrino factory + two different neutrino detectors
M| sensitivity (307) M| sensitivity (307)
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Kopp, Ota, Winter, PRD 78 053007 '08
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L I

L 3 B

NSI with d, v quark, Coherent v — N scattering

Coherent scattering if the momentum transfer, @, is small, QR < 1
(R is radius of nucleus): =— v-s doesn’t "see" structure of nucleus!

For most of nuclei: 1/R ~ 25 — 150 MeV

Planned experiments to measure coherent v-N scattering: NOSTOS, TEXONO
...and many proposals

Experimentally difficult: very low energy threshold
Good statistics due to quadratic coherent enhancement

Sensitivity to v-quark couplings

Bl
N\

-
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Proposed experimentsto measure coherent v-/N scattering

® TEXONO: 1kg of germanium, reactor neutrinos Nucl.Phys.Proc.Suppl.
221 (2011) 320-323; J. Phys. Conf. Ser. 39 266 (2006) hep-ex/0511001

® Large-Mass Ultra-Low Noise Germanium Detectors  P.S. Barbeau, J. |.
Collar, O. Tench JCAP 0709:009 (2007)

® Stopped-pion neutrino beam and kg-to-ton mass detector K. Scholberg,
Nucl.Phys.Proc.Suppl. 221 (2011) 395; Phys. Rev. D 73 (2006) 033005

—
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v-N coherent scattering

do G2 M T\? MT
— = Gy +Ga)?+(Gy —Ga)? (1—-=—) —(G3 —G%) —
e o {( v +Ga)” + (Gy A) ( E,,) (GY/ 4) 2
Gy = [(oh +2ett +2ll) 24 (gp et + 220 ) N| FYLa(@)
Ga = [(dh+2ei +e82) (2 = 22) + (g + et + 2622 ) (No = No)| Fila(@7)
G2 M MT
d—O(EV,T) = E (1 — —) X
dT i 2F?2

2
x {[Z(g%’}+2eZX+eZX)+N(g$+sZX+2eZX] -

2
b 2t et + N +2:0))]

o=, T

® Axial couplings contribution is zero or can be neglected

® Coherent enhancement of cross section

® Degeneracy in determination of NSI parameters
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Estimated boundson NSI from TEXONO-like experiment (Ge+Sl)
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Conclusions

- .

#® NSI arise naturally in many models of physics beyond the
SM and may be important in oscillation experiments.

#® For big values of NSI the neutrino oscillation parameters
can change drastically.

#® Current and future neutrino experiments will be able to
give stronger constraints on these parameters and
perhaps could give a hint on the physics underlying
neutrino masses.
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