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® |[ntroduction and motivation

# Nonstandard v Interaction with d quark,
solar v analysis

#® Nonstandard v Interaction with d quark,
v-N coherent scattering

® Nonstandard v Interaction with electrons

® Basedon:
1. O.G. Miranda, M.A. Tortola, J.W.F. Valle JHEP 0610:008 (2006)
2. J. Barranco, O.G. Miranda, T.l. Rashba JHEP 0512:021 PRD 76 073008 (2007)

3. J. Barranco, O.G. Miranda, C. A. Moura, J. W. F. Valle PRD 73 113001 (2006),
PRD 77 093014 (2008)
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Motivation

. N

here are many experiments confirming that the neutrinos
are massive particles

#® Solar neutrinos (Davis, SAGE-GALLEX-GNO, SK, SNO,
Borexino ...)

#® Atmospheric neutrinos (Superkamiokande)
#® Reactor neutrinos (KamLAND)

® Accelerator neutrinos (K2K, Minos)

o |
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Motivation

fI\/Iassive neutrinos are a strong motivation for physics
beyond the Standard Model.

M; D
DT Mp

Minkowski; Gell-mann, Ramond, Slansky; Yanagida;
Mohapatra, Senjanovic; Schechter, Valle
M, o = My, — DM7*D"

K = (K, Kp)
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Mohapatra, Valle, PRD 34 1642 (1986)
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Motivation
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IR, parity violating SUSY
Non-standard neutrino-electron and neutrino quark interactions: T
L= AZ]ké%*( ) eL + /\;jkdj dRVL

/.1. e
e

~1 3 1 € R

(a) (b)

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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W
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dr 73 v dr

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 form:

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

Here o, B=e s f=eud P=LR L=(1-15)/2% R=(+n7)/2
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Bounds on FD NSI v-q couplings from Davidson et al’03

vertex current limits future limit
(@yP Pu)(Dry,Luy) le¥L| < 1.4 —0.3 <%l <0.25
|evR| < 3 —0.25 < e¥f < 0.3
(Tino)™ KamLAND and SNO/SK
(dy? Ld) (D7, Lvs) edl| < 1.1 —0.25 < gL < 0.3
el < 6 —0.3 < ¢4l < 0.25
(Tino)™ KamLAND and SNO/SK
(ayP Pu)(DuypLvy) el | < 0.003 [evl| < 0.001
—0.008 < eftff < 0.003 entf| < 0.002
NuTeV s%,, in DIS at vFactory
(dyP Pd)(DuypLvy) e4h] < 0.003 e4t| < 0.0009
—0.008 < et < 0.015 et < 0.005
NuTeV s%, in DIS at vFactory
(ayP Pu)(DeypLve) ~1<e¥l <0.3 leul] < 0.001
—0.4 < ¥R < 0.7 |evB| < 0.002
CHARM s2, in DIS at vFactory
(dyP Pd)(Dey, Lve) —0.3 <l <0.3 g4 | < 0.0009

—0.6 < ¢4t < 0.5
CHARM

|e92t| < 0.005
s%, in DIS at vFactory

-

|

Nonstandard neutrino interactions and low energy experiments —p. 12



Bounds on FC NSI v-¢ couplings from Davidson et al’03

vertex current limits future limit —‘
(ayP Pu)(ry,Lvy,) evl’] < 0.05 e4F’] < 0.03
NuTeV s%,, in DIS at vFactory
(dy? Pd)(DrypLv,,) €4’ < 0.05 €4’ < 0.03
NuTeV s%,, in DIS at vFactory

(uyP Pu)(DyypLve) ‘655‘ <7.7x 1074
(Tip — Tie)*)
(dv? Pd)(DuvpLve) | €90 < 7.7 x 1074
(Tip — Tie)*)

(ayP Pu)(rypLve) vl < 0.5 exP] < 0.03
CHARM sZ, in DIS at vFactory

(dyP Pd)(Dry, Lve) €2 < 0.5 e42| < 0.03
CHARM s2, in DIS at vFactory

® All these bounds are derived taking one parameter at a time!

® NSl couplings with v, are already strongly restricted
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Solar Neutrinos

Z.one

Interface Layer
P ~

Radiative Zone
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Oscillations in matter

fWo/fensz‘ein 1978 T

# Neutral currents (NC): exchange of 7

C): exchange of W4

(N
(C
Ve = V2Gr (N—N?) V=V = V26 (—%)

Evolution equation
zi Ve _ Aﬁé cos20 + V2 GrN, Aﬁ; sin 260 Ve |
dt vy, Aﬁ;f sin 260 A4””E1 cos 260 vy,

o |
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Constant density case

o .

onversion probabilitly v, < v,:
. 9 . 9 L
P(ve — vy; L) = sin” 20, sin (7Tl—> ,
m

Mixing angle in matter

2
(AQ—%Q) sin? 20

2 2 2
(AQ% cos 20 — \fGFN)Q—k(Am) sin® 26

sin® 26,, =

Am?

Resonance V2Gp N, = - cos 20

LWo/fenstein 1978, Mikheev & Smirnov 1985 J

Nonstandard neutrino interactions and low energy experiments — p. 16



with

and

Oscillations and NSI

e ¢
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Non Standard Interactions

- -
Hyst = V2GpN; ( )oe ) |

E &

Mixing angle in matter + NSI

(55 ) sin 260 + 232G pe N,

tan 20, = 5
" A2'”E7’ c0s20 — V2Gpr N, +V2Gpe' N;
Am? ,
Resonance > c0s20 — V2Gp No +V2Gpe' Ny=0.
g > Ne
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Solar Neutrinos

Total Rates: Standard Model vs. Experiment
Bahcall—Serenelli 2005 [BS05(0P)]
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Flux (cm™2 s7!)

Solar Neutrinos
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Solar Neutrinos

|
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Solar + KamLAND without and with NSI
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NSI constraints from Solar + Kamland

15

— Present
—— Future
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NSI constraints from Solar + Kamland
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Confusion problem for 63

-
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Huber, Schwetz, Valle, PRD 66 013006 '02.
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Perspectives

Neutrino factory + two different neutrino detectors

Input: 5= n/4 sin’20,, = 0.001

) .
sin“26,, and 6 marginalized
gee = SET = ST’E = 0
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Ribeiro, Minakata, Nunokawa, S. Uchinami , R. Zukanovich-Funchal JHEP 0712:002,2007.

Nonstandard neutrino interactions and low energy experiments — p. 26



Perspectives

Neutrino factory + two different neutrino detectors

€., and €, marginalized €. and ¢, marginalized €, and € marginalized
6 s
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Ribeiro, Minakata, Nunokawa, S. Uchinami , R. Zukanovich-Funchal JHEP 0712:002,2007.
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Perspectives

Neutrino factory + two different neutrino detectors

|€2] sensitivity (30) |elr] sensitivity (307)
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f.’

L I

L 3 B

NSI with d, u 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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f.l

Proposed experiments to measure coherent - N scattering

TEXONO: 1kg of germanium, reactor neutrinos J. Phys. Conf. Ser. 39 266—‘

(2006) hep-ex/0511001

NOSTOS: spherical TPC detector, 10 ton of Xenon Phys. Atom. Nucl. 70

140 (2007) astro-ph/0511470

Stopped-pion neutrino beam and kg-to-ton mass detector K. Scholberg,

Phys. Rev. D 73 (2006) 033005

Low-energy beta beam with a Xe detector A. Bueno et. al. Phys. Rev. D 74

(2006) 033010.

42541>
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do/dT (Events MeV 'kg™'day™ at &
|
N
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ﬁNSI . GF
vHadron — \/5
£NC - GF
vHadron — \/5

Neutrino-nuclei interaction

[0 (1= 9")vs] (25 [avu(1 = 47)q]
d
n,T
L 1=
[Py (1 = 7)) (£25 [avu(1 = +")d]
d
W, T
ul NC 1 2 ~ A2 uwl uwl
faa — PuN 5_ gﬁll/NsZ + A + €aa
dL NC 1 1 ~ ~2 dL dL
faoz = PuN _§+§KVNSZ + A +€O¢O{
2.
i = o6 (=3 Ruwsd ) + AR el
1
A8 = o0 (grons} ) + A0 4l
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v-IN coherent scattering

do G2 M T\? MT
— = Gy +Ga)2?+ Gy —Ga)?1-— ) —(G?) -G%4) —
e o {( v +Ga)” + (Gy A) ( E,,) (GY/ 4) 2
Gy = [(oh +2ett +ell) 2+ (g8 +ert + 220 ) N| FYLa(@)
Ga = [(dh+2ei +e82) (2 = 22) + (g + et + 2622 ) (Ny = 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
+ Y |2t +el) + NG 2200

=W, T

B 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 the degeneracy

2
Z(gh + 288 +e20) + N(gh + et +2e20)] = [2g8 + Ngp)?
e"V(A+ Z)+ <2V (A4 N) = const.

Solution: take two targets with maximally different k = (A + N)/(A + Z2)

T T T N T T T T N T T T T T | T T | T T T | T
- N \ 208 g
| \ ‘.\ Pb —
120 i \\\ S C N
L \\\ '\_\. *{/\' N
100 \ —
K \ / 1
1 \ \ -
Z i ‘\‘ g k i
] - -
'3 = \‘\ T
2 60 l —
Z. r 86 } 7
i wGla | :
40 b —
L f p , N
L / EA R 10" events J

/ . 3

B . / . - 5x10 7
| A . |
20 [ S,Si/v //_/,, ______ 3% 10° i
:‘/'. ///ZIN:e-/_./" T[h=40()eV ---------- 103 :

0/ "I:.—I”.I | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1

0 20 40 60 80 100 120

Z [protons]
J. Barranco, O.G. Miranda, T.I. Rashba JHEP 0512:021 (2005)
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Estimated bounds on NSI from TEXONO-like experiment (Ge+Si)

N F\\\ T T T T T T T T T T ‘ T T T ‘ T T T ‘
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Flavor changing NSI

uV

2o US €

T, =400eV
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dv

0.1

0.05

TE
)

-0.05

NSI with d-quark only
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Present and future bounds on NSI

ne parameter analysis to compare coherent scattering sensitivity with present bounds and
vFactory sensitivity (taken from Davidson et al’'03)

Present Limits v Factory °Ge 1, —400ev | °Ge+28Sir,, —400ev

("°Ge 1,, =100ev) | ("®Ge+?3Si 1, —100eV)
edV | —05<edV <12 | |9V < 0.002 €2V | < 0.003 €2V | < 0.002
(ledY'| < 0.001) (ledY'| < 0.001)
edV €2V < 0.78 edY | < 0.06 €2V | < 0.032 €2V | < 0.024
(le2Y| < 0.020) (ledV| < 0.017)
vV | —1.0<e¥Y <061 | |e4] < 0.002 e¥Y'| < 0.003 v | < 0.002
(le4Y| < 0.001) (le4Y] < 0.001)
54 vV | < 0.78 vV | < 0.06 vV | < 0.036 eV | < 0.023
(le¥Y'| < 0.023) (le¥Y| < 0.018)
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The leptoquark as an example of NSI
f uV Ao V2 LAV )‘czz V2 T
ml2q 4G’ leq 4G

S. Davidson, D. C. Bailey and B. A. Campbell, Z. Phys. C 61, 613 (1994)

0.025F o~ ' ' ' _
N/-\ I el ]
> ..............................
O s ]
O 002k- R e -
8 I Current limit .-~ beta beam 15 keV| ]
g — TEXONO 100 eV/| -
= * = beta beam 5 keV | A
g 0.015F. —- TEXONO 400 eV | -
~ - --- Stopped pion case| A
S~ L
~ [ e
(<'U b T
00lF " T T T s e T
! . !
2 . 4 6
mass*time/(M 0 year)
J. Barranco, O.G. Miranda, T.l. Rashba Phys. Rev. b76 073008 (2007)
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What we have learned up to know

o N

#® Current constraints to NSl in the quark sector are
relatively weak, but future experiments, including
low-energy experiments could improve the present
bounds.

# Future constraints could take into account several NSI
parameters at a time if different detectors are considered

#® NSI constraints can be tranlated in future into competitive
constraints to specific models in physics beyond the
Standard Model.

o |
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The v.e interaction

Ly IR
-2 15 -1 05 0 0.5 1 1.5 2

eR
Eee

2G2 m.E,
o(Vee — ve) = Fﬂ_ (14 g% —|—5 —|—E|g gR+€ee 24 - Z |€eR 2]
aFe 04756

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

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

|
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The v_e cross section

In the Standard Model

3—; = —2Gime (97 + 9701 — %)2 — 9LIR W]:ng]
with
1 . 9
g, = 5 + sin” Oy
Jr = sin? Oy .

But this is the Eq. of an ellipse with axes 1 and (1 — El) and rotated an angle

v

Mme
(2E, —T)

tan 20 =

Barranco, Miranda, Moura, Valle, Phys. Rev. b73 113001 (2006)

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 10~4°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~**cm? /fission
MUNU 7. — e 0.7-2.0 68 1.07 4+ 0.34 events day —!
i |7 Riam
— LSND | |
0.5¢ .
o5 Of 7
-0.5¢ _, -
i |
TS0 T TR J
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The v.e interaction

-

Previous Limits

One parameter

Two Parameters

All Parameters

e¢l 1 -0.07 <€l <0.11 [—0.05 < €L <0.12 |-0.13 < €l <0.12 |-1.58 < ¢L < 0.12
R [ 10<eB <05 [0.04<eR <0.14 |—0.07 < eB < 0.15 |—=0.61 < e<B < 0.15
eck | e¢k| < 0.4 e¢l| < 0.43 lecl| < 0.43 leck] < 0.85
eclt | |e¢B] < 0.7 e¢l| < 0.27 lecl| < 0.31 le¢lt| < 0.38

0.5} .
1k i
1 S -
) | | | L
06 04 02 0 02
8eR

|
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The e"e~ — vy interaction
Y

ptheo (o) / da / de, H(z,5:8) ot0(3)

200 N2 2P
H(xz,s+;5) = (1——) +—,
TS~ i 2 4 _
_ N,,G%, S

JEM (s) 67 M%(g?% * g%’) [(s — M%)2 + (M2FZ>2}

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

2
7 2s S S M,
) gL ME(s —MZ)  [(s 4 ME)? (st ME)  ME 8
(s = M2)2 + (MzI' z)? 52 M3, s 2| [

|
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The ete~ — vy interaction

G% L \2 R \2 L R M3 (s — M3)
bk —2
a:ze,;ﬂ_ 67 S [(saa) + (50404) (ngaa + gRSaoz)( . M2)2 + (MZFZ)Q
G2 M2 2 M2 M2 3
+—Lel, X%V o QW) 1Og<s+2w>_ 3|
T S M, S 2
G2
P (GO
atB=e,u,T T

|
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The v, — v,ec interaction

do th}elc/)x M QG%’me - L |2
CdyR — o EV gL"’Z'goz,u‘
i aFp

+ |gr+ D ledlP | @ —y)
aFp

|
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The * analysis

90% C.L. Allowed Region One parameter Previous limits
el —0.14 < el < 0.09 —0.03 <el <0.08 —0.05<el <0.1
el —0.03 < elf <0.18 0.004 < el <0.15 0.04< el <0.14
el,,  —0.033 <ef, <0.055 el < 0.03 le;,] < 0.03
ell,  —0.040 <&, <0.053 et < 0.03 e/t < 0.03
el —0.6 <el <04 —0.5<ek <0.2 el | < 0.5
el —04<el <06 -03<el <04 lef | < 0.5

o |
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The * analysis

|
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Perpectives

-

® Solar neutrinos could be sensitive to NSI with electrons
® NSI could affect the propagation

® NSI Could also affect detection, especially in SuperKamiokande

o |
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Conclusions

o N

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

#® Low energy neutrino experiments can improve the
constraints to NSI with similar sensitivity that v-Factories
of LBL.

#® Low energy neutrino experiments can give constraints
that are independent of the oscillation parameters.

o |
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Constraints on NSI from one loop effects

o N

® On general grounds we expect that interactions in which the v, are replaced by the
corresponding leptons will be generated by one loop diagrams with virtual W’s or Z’s .

® Effective interactions, however, are nonrenormalizable and, therefore, a precise
prescription has to be given in order to estimate these corrections.

® Our If these are originated from a more complete theory at scales A > my which is
renormalizable (or perhaps finite) and in which observables can be computed in terms
of a few parameters.

o |
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Solar v oscillations and NSI

1
P(ve — vp) = 5 11+ cos 260 cos 20,,] ,

Am? cos 20 — 2v/2 EGp(N, — &' Ny)

cos 20,,, = ,
[Am2]matter
where
212 2 / 2
Am }matter = {Am c0s20 — 2v/2 EGp (N, — ¢ Nd)}

2
+ {AmZ sin 20 4+ 4v2 ¢ EGFNd}

o |
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