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Non Standard Interactions (NSI)

Most extensions of the SM, in particular neutrino mass theories, predict
neutral current non-standard interactions (NSI) of neutrinos which can be
either �avor preserving (NU – non-universal) or �avor-chan ging (FC).

NSI effective Lagragian form:

L NSI
ef f = �

X

��fP
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Applications (not complete list!)

� oscillations in matter
. . . , Guzzo et al'91, Fornengo et al'02, Friedland et al'04'05, Miranda et al'04,

Ribeiro et al'07 (talk before by S.Uchinami), Kopp et al'07'08

� scattering experiments
. . . , Barger et al'91, Davidson et al'03, Barranco et al'05, Kopp et al'07'08

supernovae explosion
Freedman et al'77, Fuller et al'87'88, Amanik et al'04'06, E steban-Pretel et al'07

LEP (ILC)
Berezhiani & Rossi'02, Davidson et al'03, Barranco'07

Early Universe Mangano et al'06

. . .
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Coherent neutrino scattering off nuclei

Good statistics due to quadratic coherent enhancement

Sensitivity to � -quark couplings

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

For most of nuclei: 1=R � 25 � 150 MeV

Well satis�ed for most neutrino sources like supernovae, solar, reactor and arti�cial
neutrino sources

Planned experiments to measure coherent � -N scattering: TEXONO, CLEAR,
Chicago group . . . and some other proposals

Experimentally dif�cult : very low energy threshold
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Coherent � -N scattering cross section

Figure by Henry Wong
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Future experiments to measure coherent� -N scattering

TEXONO: 1kg of germanium, reactor neutrinos hep-ex/0511001, � '08

Chicago group: different detectors studied nucl-ex/0701012, � '08

CLEAR: stopped-� � beam and kg-to-ton detector hep-ex/0511042, � '08

beta-beams Bueno et al, PRD'06

NOSTOS: spherical TPC detector, 10 ton of Xenon astro-ph/0511470

dark matter detectors could be sensitive to solar � -s Monroe, � '08

more ideas in the past,

superconducting detector
(Drukier & Stodolsky'84)

acoustic (Krauss'91)

cryogenic (Oberauer'02)
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Neutrino-nuclei interaction

L NSI
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� -N coherent scattering
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Axial couplings contribution is zero or can be neglected

Coherent enhancement of cross section

Degeneracy in determination of NSI parameters
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Resolving degeneracy
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maximally different
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Note: experimentalists also
would like to use two targets
to minimize systematic errors
[K.Scholberg - CLEAR coll.]
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Estimated bounds on NSI from TEXONO-like experiment (Ge+Si)
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Present bounds and future sensitivity to NSI

One parameter analysis, to compare coherent scattering with present bounds and � Factory
sensitivity (from Davidson et al'03), see Kopp et al'07 and Ribeiro et al'07 for detailed recent
studies

Present Limits � Factory 76 Ge T th =400 eV
76 Ge+ 28 Si T th =400 eV

(76 Ge T th =100 eV ) (76 Ge+ 28 Si T th =100 eV )
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Neutrino magnetic moment

TEXONO: � � < 7:4 � 10� 11� B (90% C.L.)
Wong et al. PRD 75 (2007) 012001

Gemma: � � < 5:8 � 10� 11� B (90% C.L.)
Beda et al. [arXiv:0705.4576]

Borexino: � � < 5:4 � 10� 11� B (90% C.L.)
Borexino [arXiv:0805.3843]

Astrophysical limit: � � < 3 � 10� 12� B
Raffelt'99

SM with massive � -s: � � < 3 � 10� 20� B � (m� =0:1eV)
Fujikwa and Shrock'80
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Speci�c NSI scenarios
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Extra heavy neutral gauge bosonZ 0

Z 0 are predicted in string inspired extensions of the SM, in left-right symmetric models, in
models with dynamical symmetry breaking, in "little Higgs" models and in certain class of
theories with extra dimensions. In many of these models Z 0 mass can be around TeV scale.
Example: Z 0 which arises from E6 gauge symmetry See Gonzalez-Garcia & Valle'90
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LHC is sensitive up to 5 TeV
No chance to compete!
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Leptoquark

A leptoquark is a scalar or vector boson that couples to a lepton and a quark. There are no
such interactions in the SM, but they are expected to exist in various extensions of the SM,
such as the Pati-Salam model, grand uni�cation theories bas ed on SU(5) and SU(10)
gauge groups and extended technicolor models. See Davidson et al'94
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In some SU(5) models leptoquark can be very light, see e.g. Dorsner et al'05
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SUSY with broken R-parity

R-parity violating MSSM (imposing baryon number conservation) with a
superpotential that contains the following L- violating terms:

See e.g. Barger et al'89
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The � ee interaction and sin2 � W
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The � ee interaction and sin2 � W

0.050.10.150.2 0.250.3 0.350.4 0.45 0.5 0.55

sin
2
qW

0

1

2

3

4

D
 c

2

global
Irvine
Krasnoyarsk
Rovno
LAMPF
LSND
MUNU

1 s

90 % C. L.

Barranco, Miranda, TR, PLB (2008) [arXiv:0707.4319]:

sin2 � W = 0 :259 � 0:025

not competitive to NuTeV (sin2 � W (on-shell)=0:2277 � 0:0013 � 0:0009),
Moller scattering (SLAC E158) (� 0:5%) and atomic parity violation (Cs) (� 0:5%),
but different channel: � ee scattering!
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The � ee interaction and a � e effective charge radius

The existence of a non-zero neutrino effective charge radius as a gauge-independent
quantity has been the subject of a recent polemic: J. Bernabeu, J. Papavassiliou and
J. Vidal, Phys. Rev. Lett. 89, 101802 (2002); arXiv:hep-ph/0303202. K. Fujikawa and
R. Shrock, Phys. Rev. D 69, 013007 (2004); arXiv:hep-ph/0303188.

We follow effective approach denoting

gV = 1 =2 + 2 sin 2 � W + (2
p

2��= 3GF )hr 2
� e

i ;

This expression translates into an effective displacement in the value of the weak
mixing angle sin2 � W = sin 2 � W + � with the radiative correction

� = (
p

2��= 3GF )hr 2
� e

i = 2 :3796 � 1030 cm2 � h r 2
� e

i

Besides the standard tree-level amplitude and the hr 2
� e

i SM contribution, one should
keep in mind that the full neutrino-electron scattering amplitude in one-loop
approximation contains additional terms: the photon-Z mixing term and the box
diagrams involving W and Z bosons. Therefore, in a single process experiment like
the one considered here, one cannot separate and measure different contributions.
Potentially this can be done by combining data from several neutrino-electron and
neutrino-neutrino scattering processes.
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i = 1 :69+1 :01
� 1:09 � 10� 32 cm2 for 1� deviation

PDG limit (based on LSND only):

� 2:07 � 10� 32 cm2 < hr 2
� e

i < 4:14 � 10� 32 cm2 at 90% C.L.,

Theoretical SM prediction (Bernabeu et al, PRD, 2000):

hr 2
� e

i SM = 0 :4 � 10� 32 cm2 :
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Summary

� -N coherent scattering has a lot of potential to make precision tests
of new physics, not only in the case of � � , but also to probe NSI.

sin2 � W with 10% precision at energies below 100 MeV from � e-e
(�� e-e) scattering experiments was derived by combining all available
data from accelerator (LSND and LAMPF) and reactor (Irvine, Rovno,
Krasnoyarsk and MUNU) meauserements. This analysis was also
applied to set a new limit to the effective hr 2

� e
i which improves

previous bounds.

Future reactor experiments with the estimated precision of
� (sin2 � W ) � 1% will be able to �nd a strong evidence for theoretically
predicted electron neutrino effective charge radius.

Thank you!
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� e-e scattering,sin2 � W and hr 2
� e

i

Experiment Energy Events sin2 � W hr 2
� e

i > hr 2
� e

i <

MeV 10� 32 cm2 10� 32 cm2

90% C.L. 90% C.L.

LAMPF 7 � 60 236 0:249 � 0:063 � 3:56 5:44

LSND 10 � 50 191 0:248 � 0:051 � 2:97� 4:14�

1:5 � 3:0 381
Irvine

8
><

>:

9
>=

>;
0:29 � 0:05 N=A N=A

3:0 � 4:5 77

Krasnoyarsk 3:15 � 5:175 N=A 0:22+0 :7
� 0:8 � 7:3 7:3

Rovno 0:6 � 2:0 41 N=A N=A N=A

MUNU 0:7 � 2:0 68 N=A N=A N=A

Global 0.259� 0.025 -0.13 3.32

� These limits of hr 2
� e

i are quoted by the Particle Data Group.
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Non Standard Interactions (NSI)

Non-standard NC (and also CC) neutrino interactions may arise:

from a non trivial non-unitary lepton mixing matrix
Schechter & Valle'80

in models where neutrino masses are "calculable" from radiative
corrections Zee'80, Babu'88

in SUSY models with broken R-parity
see review by Hirsch & Valle [hep-ph/0405015] and refs therein

in uni�ed SUSY models as a renormalization effect
Hall, Kostelecky & Raby'86

. . . some other models, like left-right models, majoron decays etc . . .

Predictions:

In most models NSI contributions are expected to be small, being supressed by the small-

ness of neutrino masses, however in some models NSI are not related to neutrino mass

and therefore are not strongly restricted Constraining neutrino properties with low energy experiments – p.24



Current bounds on NSI couplings

Bounds on NSI couplings come from

� -scattering experiments: reactor, LSND, CHARM, NuTeV, MUNU,
MINOS

Barger et al'91, Davidson et al'03, Barranco et al'05'07
Friedland et al'06

e� e+ ! � ��
 measured at LEP
Berezhiani & Rossi'02, Barranco et al'07

analysis of atmospheric neutrino data
Fornengo et al'02, Friedland et al'04'05

lepton �avor violating interactions, appeared at loop level from NSI,
like � capture by nuclei

Davidson et al'03

Invisible Z-boson decay width including loop corrections due to NSI
Davidson et al'03
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Current bounds on NU NSI � -q couplings from Davidson et al'03

vertex current limits future limit

(�u
 � P u)(�� � 
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W in DIS at � Factory

( �d
 � P d)(�� � 
 � L� � ) j" dL
�� j < 0:003 j" dL

�� j < 0:0009

� 0:008 < " dR
�� < 0:015 j" dR

�� j < 0:005
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W in DIS at � Factory

(�u
 � P u)(�� e 
 � L� e) � 1 < " uL
ee < 0:3 j" uL

ee j < 0:001

� 0:4 < " uR
ee < 0:7 j" uR

ee j < 0:002

CHARM s2
W in DIS at � Factory

( �d
 � P d)(�� e 
 � L� e) � 0:3 < " dL
ee < 0:3 j" dL

ee j < 0:0009

� 0:6 < " dR
ee < 0:5 j" dR

ee j < 0:005

CHARM s2
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Current bounds on FC NSI � -q couplings from Davidson et al'03

vertex current limits future limit

(�u
 � P u)(�� � 
 � L� � ) j" uP
� � j < 0:05 j" uP

� � j < 0:03

NuTeV s2
W in DIS at � Factory
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 � L� � ) j" dP
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(�u
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 � L� e) j" uP
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(Ti � ! Ti e) � )

( �d
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(Ti � ! Ti e) � )

(�u
 � P u)(�� � 
 � L� e) j" uP
�e j < 0:5 j" uP

�e j < 0:03
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( �d
 � P d)(�� � 
 � L� e) j" dP
�e j < 0:5 j" dP

�e j < 0:03

CHARM s2
W in DIS at � Factory

All these bounds are derived at 90% C.L. taking one parameter at a time!

NSI couplings with � � are already strongly restricted

See Barranco et al'07 [arXiv:0711.0698] for NSI neutrino-electron couplings bounds
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Solar � oscillations and NSI
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2GF Nf

 
0 "
" " 0

!

:

with,
" = � sin� 23 " fV

e� "0= sin2 � 23 " fV
� � � " fV

ee

and
" fV
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Note:
� oscillations are sensitive mainly to vector couplings because matter is
not polarized.
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Solar + KamLAND without and with NSI

before SNO salt after SNO salt
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neutrino-nuclei scattering

76 Ge+ 28 Si T th =400 eV
76 Ge+ 28 Si T th =100 eV
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NSI with d-quark only

"dV
�e versus "dV
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Example: Rp= parity violating SUSY

Non-standard neutrino-electron and neutrino quark interactions:

L = � ijk ~ek �
R (�� i

L )cej
L + � 0

ijk
~dj
L

�dk
R � i

L + : : :

Barger, Giudice & Han'89

See e.g. Roulet'91, Amanik et al'05

Constraining neutrino properties with low energy experiments – p.32


	Outline
	small Non Standard Interactions (NSI)
	small Applications (not complete list!)
	small Coherent neutrino scattering off nuclei
	small Coherent $
u $-$N$ scattering cross section
	small Future experiments to measure coherent $
u $-$N$ scattering
	small Neutrino-nuclei interaction
	small $
u $-$N$ coherent scattering
	small Resolving degeneracy
	small Estimated bounds on NSI from TEXONO-like experiment (Ge+Si)
	small Present bounds and future sensitivity to NSI
	small Neutrino magnetic moment
	small Specific NSI scenarios
	small Extra heavy neutral gauge boson $Z'$
	small Leptoquark
	small SUSY with broken R-parity
	small The $
u _e e$ interaction and $sin ^2	heta _W$
	small The $
u _e e$ interaction and $sin ^2	heta _W$
	small The $
u _e e$ interaction and a $
u _e$ effective charge radius
	small $langle r_{
u _e}^2
angle $
	Summary
	small $
u _e$-e scattering, $sin ^2	heta _W$ and $langle r_{
u _e}^2
angle $
	small Non Standard Interactions (NSI)

