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A Review of Works
on the Neutrino Non-Standard Interaction

Hiroaki Sugiyama

(Theory group, KEK)

* |n this talk, no unitarity violation
no specific model
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[Introduction]

® Theoretical view
Neutrinos have already presented
new physics beyond the standard model

A\/ neutrino mass

two large mixings
Neutrinos showed that /\ : s
nature does not hate large flavor violation

> | More new physics with flavor violation for neutrinos?

ex. Non-Standard Interaction
® Experimental view

Precise measurements of oscillations
for tiny 9,; and leptonic CP-violation etc.

> | Some signatures in oscillation experiments?
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Places of
Non-Standard Int.
for Osci. Exp.

Source, Matter, Detector
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[NSI In Source and DetectorJ

® |[n source Y. Grossman, PLB 359, 141 (1995)

o 1 € v
= et +7, + v ( ):( “)( )
S S
Vv, = Vy — € Ve Vi —€ep 1 Yy

Q: large NSI ( sine, cose)??
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® In detector

vitn s u +p (y

=

= Uy — €., Ve

T

ep
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[NSI N I\/Iatter]

® Standard matter effect

Charged lepton in matter is only electron

extra potential (charged-current) @
for e-flavor neutrinos only

Neutral-current gives overall (flavor-blind)
phase for propagation ... irrelevant

A0 - al00) (8 ) ()4 (6 1)
s () () ()(2)

A =2V2EGFN., N, : electron number density (left+right)
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® Non-standard matter effect
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, Some Examples
Y 7~ of Effects of NSI




9/34

[Confusion between Oscillation and NSIJ

® Naive expectation

(\ oscillation
Roughly, P, .osition ~ (6 + 22/ non-standard effect

0.1

sensitivity at » factory | (0 +¢)?=10""°

P~10"* '
¢ 0.01

We have only upper bound
on ¢ and ¢ even if

experiments observes 0 001 R
non-zZzero P 0.001 0.01 0.1

0

needs combined analysis
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® Confusion with NSI in Matter

P. Huber et.al, PRL 88, 101804 (2002)

setup: v. = v, and 7. = 7,, Ami, =0, €, €, no phases

P =~ Cy8%; + Ca813€™ + 03'@/ almost indep. of ..

10~ | v-fact @3000km, 99%CL |

]
o= | T four samples
Cer . sensitivity to sin? 26,5
107 : \ baseline | 700 3000 7000

w/oNSI | 2x10~* 3x10~* 5x10~*

wNSI [[1x107! 7x107% 5x1073

large loss of sensitivity

1077

—4 1073 1072 7—1 .
10 sin® 20,4 10 How to improve?
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1071 | 99%CL | baseline | 700 3000
w/oNSI | 2x107* 3x10* 5x10~*
@3000km wNSI | 1x107! 7x1072 5x10°3
em 1077 | ‘ ‘
@700km baselines 700 7000 3000
1073 | . & 3000 & 7000 & 7000
w/oNSI | 2x10~* 3x10~* 3x10°*
wNSI [ 2x1072 2x1072 2x1073
10-4. | J not so bad
10—5 1074 ) 1073 10—2
SiIl2 2913

combining two baselines is useful

\_/ spectral information
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® Confusion with Non-Standard Interaction

In Source and Matter
P. Huber, et.al, PRD 66, 013006 (2002)

setup: ve » v,, Ami, =0, €, €, no phases

P..(s13,€ 0t E) =~ C1(E)sis + C2(E)sizelr + C3(E)(elr)?
+C4(E) 2‘ gT+C5( )(’e’r) +Cﬁ( )513627'

s13=0, €, =€5x = P., =Ci(E)c2; (€)?

% situation is the same for P, also

If <. and ¢ can be larger than si}*/c35 ,

we can not reject s;3 = 0 even with spectral information

loss of sensitivity on s;3 :
How to improve?
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( ¢° appears for any experiments in principle

A

¢™ can be negligible for experiments
with short baseline or low energy

It will be better to constrain ¢° first

m true

> escape from the condition €., =€, = s13/c23
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A short baseline (near detector) P = ‘[US(Ud)T]aﬁ‘

U*=U" = noeffect ;/ same int. capua (la7,Prvs) (@y” Pd)

ud = ptv, vd — ul™

ex. super-bea
reacto

d— ue v, vu — dlT

U° +U% <= nu-factory p™ = eTvw, vd = ul”

% P~ (e =)’ Q: How to distinguish ¢* and ¢ ?7?

LSND? ... next sli@

A low energy

U =U? is simple ex. reactor (far detector) ;
(Am?); L .
— Pap= Z[USUMNS]QJ. exp (z( 4};31 )[U UMNS];[Q
J

Q: How to distinguish U*Unns and Unins ?7?
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[LSND Result with Non-Standard Interaction]

S. Bergman et.al, PRD 59,093005 (1999)
LSND: p" — e+Ve i p—etn
result: P,. = (2.64+0.67 +£0.45) x 1073
it = €10 (7) Ewe TvpPLV) (P Pe)
p = ey eﬁedu (Tuv,Pre) (d’y’oPu)

= \/Z(eiewe — eﬁedu)Q ~ 5 x 1072

<disfavored

KARMEN: P,. < 1.7x 1073 => \/ S (e — €tegu)? <4x 107
(90% CL, @17m) v

MiniBooNE: if no signal = \/Z e — Ehege)” < 2% 10702

other constraints? .. .nb
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Constraint on NSI
from Non-Osci. Exp.

Decay, Scattering

L A=A
| F oy :' O

TS S=T R

m; B e (L3N
" I:FII""' i
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[Constraints on NSI with SU(Q)] PDG2006
table in A. Ibarra, NPB 715, 523 (2005)

assumption: no cancellation | (e; —e)? <1072 = €, e <107}

-

1x107%™ 3x1072 *79x10°*
077 3.2x107° 1x103
3.2 x 106

® 1t s etigr,  €upue (WY, Pryg) (Vo Pre)

pm s eeten —(ute) o (umet)

for LSND

€pece Epepe

€pere

€upee  Cpppe  Cppre

€uree Curpe CEurre

T

standard model like (def. of Gy ?7?)

Q: interaction with right-handed charged-lepton (¢ )??
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o [vad—lzu w0 STl PapPLls) (dy” Puu) €afag

v, — (matter) — vg el Buw PaYePrLyg) (Wwy? &u)

T - ~ 0
T —e 7
for LSND i (
efeqq eﬁm ef,rqq 1.6 x 10737 2.1 x107% "25x 1074
L L —5 —4
Shmn Gimn | % 20x107°7 2.0x10
L _
ETqu / 32 X ].0 3?
T — UV T —> VT 0

standard model like T

\/Z<eﬁm — b2 <3x107° (LSND: 5x 1072 )

Non-standard interaction can not explain LSND result




Z. Berezhiani et al., PLB 535, 207 (2002) 19/
® JL Vo€ — Vg€ €afee (VaYpPrLVa) (gf},pﬂe)

Vo, — (matter) — vg

nwo — e ete”

ete” — e + o=

e T —e e
1x107°% "4.5 x 10~*

3x1073% 1x103

€rupee Curtee <
. = - — _
standard model like “#¢ ve { T e
e+e_

T

66666 Ee,uee 661"86

o

— summary of constraints with SU(2) —

Only €c..e and e...- can be rather large
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[Constraints on NSI without SU(Q)]

S. Davidson et al., JHEP 0303, 011 (2003)

ex. dim-8 op. with higgs
(LoaPrH®) 5, (HO)'PLLg) (fA*Pf) —— (T, Pryp) (?'YPPJ“)> e
(Lo, Prls) (F+*PY)

cf. my #my

NSI for neutrinos can be constrained
by experiments with neutrinos

In principle...

Q: explicit model??
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assumption: no cancellation | (e —€)* <1072 = €, e < 1071

® < v.e — e egﬁee (Vay,Pvs) (€7 Pe)
v, — (matter) — vg
(Voo Prvg) (€Y° Pre) ( p — eee LEP ete” — voy
-0.07 < e, <0.11 €5 ee] < 5 x 1074 me| < 0.4
—0. 025<ewee < 0.03 H,,eel < 0.1
T s s
LSNDv.e — ve
CHARM Il v.e — ve
(ZavpPrLyp) (€7° Pre)
_1<€€€€€<0'5 | e,uee|<5><10 : | €T€€|<O7

—0.027 < €,,., < 0.03

pLpee | ,u*reel <0.1

—04<elt <06
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® v, — (matter) = vg € suu VaYpPrvs) Wy’ Pu)
€apdd TaYpPrvp) (dy? Pd)

CHARM v.q - vq
(fa’}/pPLV@) (ﬂ’}/pPL’U,) / \

—1 <€, <03 |el ] <7.7x107%  |el .| <05
L
;tp:uu| <0. 003 |6,u.'ruu| < 0.05
|6£‘m| <14
poTi— e Ti NuTeV qu—nfq\ Fissi

(7o Puvs) (777 Pr)
—0.4 < eeeuu < 0T |€§uuu| < 7.7 X 10_4 Ieguul <0.9
~0.008 < R, <0.003 |ef .| <0.05

Lpuu

6] < 3
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(TaYpPrvg) (dy* Prd) / ﬁ

legeddl <0.3 |E£pdd| < 7.7 X 10_4 |€£Tdd| <0.9
el ual <0.003  |eb .l < 0.05

( e qal < 1.1

poTi— e Ti NuTeV vug — vq Z—H/?
(ZavpPrvs) (dv” Prd)
0.6 <elly; <05 el 44l <7.7x107* e 4] < 0.5
—0.008 < €] ;; < 0.015 |ef ;| < 0.05

[ 4] <6

71d
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® 1" et €upue BV PLvg) (Wu Pre) 2, (BPLvs) (V. Pre)

B=w «—— W —e 77

Q: explain LSND??

BH*w «— 77

® vid—lzu, m =T, €apdu VYo PLlp) (Efpr’u,)

T —e vV tﬂ- — ﬂ_y v/r_ — U
€cedu €epudu €erdu 1.6 x 10737 [2.0 x 107°?| [3.2 x 1073?

€nrdau | < | 1.6 x 10737) 2.0 x 107°7| [3.2 x 10737
1.6 x 1073?7] |12.0 x 107°?] |3.2 x 10737

€uedu €Eppdu

€redu €rpdu  Errdu

summary of constraints without SU(2)

e.., €ov, e can be large (especially €;7)

ee’ er? TT

no strong constraint for non-standard 1 decay??
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NSI and Osci. Exp.

Atm.r and K2K
Solar ¥ and KamLAND

Long baseline
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[Atmosphericy , K2K, and NSI with MatterJ

A. Friedland et al., PRD 72, 053009 (2005) . ' ' ' i ! ! ' '
6~ Eee — _]. __eee — _0.5_
2-flavor case al 1] |
&t
P Sl 21 + y
30(1d.0.f.) 0% = —
osc. + NS A
—0.02 £ €ur < 0.03; 6| <0.07 6 €oo =0 T €0 = 0.5 ]
4_ .
N. Fornengo et al., PRD 65, 013010 (2002) . 95%,99%, 30 (3d.o.f.)
2L 1 ]
3-flavor case o} / 1
| ‘ 1 q read off| —+—+—+—+—+——+—+—
arge €'s are allowe 6 =1 Je,.,=1.5"
l€er| < |1+ €l 4 + .
€
e~ e (14 €) Tl 1 ]
?f = /
S up: Am% = 0, 913 — 0; €eey €ery €77 0 | | | ]

bound on €-- €or er
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atm. v | €ee = —0.15, €., =0-0.9
measuredvalueSWIthNSI 4||||‘||||‘|||||||||‘|||||||||

as pure oscillation & e
( arger €er
|

sin” 26,, = 1, Am?,

[10 eV’
W

comparison
— bound on e| ¢’ 2 A
2K S | 95%(5d.0.£.)
true values @ @ @ 1||||\||||\|||||||||\|||||||||_|
. 90 2cos? 3 0.2 03 04 a5 06 0F 8
T T T cos? sin’e,,
1 1
2 N 2
Ay = 2 (1 T COSQﬂ) Ama, MINOS v, — v,
tan 28 = 2ec:] 2ec (14 ece) — minor change
W + €ce —€rr (14 €ce)? — €2, A. Friedland et al.,

PRD 74, 033012 (2006)

€u- IS constrained by 2-flavor analysis(?)
l€,.-| < 0.03 (30, 1d.0.f.) «— N. Fornengo et al., PRD 65, 01301 (2002)
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[Solar I, KamLAND, and NSI with I\/IatterJ

O.G. Miranda et al., JHEP 0610, 008 (2006),[hep-ph/0406280]

NS setup: 2-flavor, NSI with d
Ian AN I L L

hg 10" F ‘ﬁ\\\r":ﬁ ER3 (€3 E HNSI = \/éGpnd ( L €12 )
Y 1 : €12 €22

- A 10 !

410_5 3 _— = F - €12 = ZP(_823€£—dd)

-|||||||||||||||||||: :|||||||||||||||||||- 2 P P
0O 02 04 06 08 10 02 04 06 08 1 6222213(3236 )

rrdd — €eedd
solar+KL+NSI

€12,€22 € [—1,1]

1> 10_4 3 qE - ——= e
o, - 1E LMAGL MA- G
3 1L ] €12 €22

e oL 1L = — LMAI 0 —0.05
(L "+ LMAD]| 015 0.0
el Lot —"TMASO | 010 0.30

02 04 06 08 1

sin0. | in2 I I
sor sin” 61 % diff. in low energy v,




fixed oscillation parameters

20_| I 1T 1 | ] IIIIIIII|IIII_ _I 1T 1 ||III|III1|I|II_

- | = Present il I i

_F |=— Future 4 F -
E iy 3
X 10k A _
g 1% 1T .
5 1 i .

[E—
1
[u—

almost no constraint from solar and KamLAND
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® v, appearance in nu-fact

® y.appearance in nu-fact

A

q

[Long Baseline Experiments and NSI]
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P. Huber et.al, PRL 88, 101804 (2002) —— previous slides

A.M. Gago et al., PRD 64, 073003 (2001)

setup: NSI with matter (u or d) 10 Vo Vs
R )] = e -
Setup: €pry €6 [pe——ags Y —  miam0007 &
g 10k 1; — ]
If true values exist within EL i:i .
e region,we can reject RORCH e
i l: ]
€Eur = €rr = 0 100k i! sin? 2013 = 0.02
sensitivity: €, ~ 6 x 1077 10— =) ~
— 10 10 10
€Err ™ 1.7 10 etrue
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Av.—>v, + V. =T,

Ve =2 1
setup: €er, €7 1 s e b TS
- 0=0 L Bt ]
w L | = wizssmes
: T —2f ii SR
If true values exist within ||
e regionpwe can reject 10 F B
EeTZETTZO 10_4;_ s |;; T _
Woe=mz |
. ~ 10 E 1
sensitivity: e, ~7x107° s | :
for6=0 | 58 ' [E,=20Gev ||| ‘j
_3— l: ]
€er = 1.3 x 107 0 Esin® 2613 = 0.02|| |
10~4 10 L 107 1

étfue

eT
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® v, — V. Iin MINOS and NSI with matter

A N. Kitazawa et al,. hep-ph/0606013
S.H., talk in Joint Meeting (APS-DPF2006+JPS2006...), Hawaii, Oct. 2006

B M. Blennow et al,. hep-ph/0702059

setup for A: ecc,€er, (€-+)

19 (o mm e cyrrent
5. excluded @improve

MINOS can put a bound e.-| < 1

€ee [ dep.only on 4+ arg(c.)

setup for B: ¢~ for v, — v,, complex €., for v, — v,

MINOS can put a bound |e.-| < 2.5

% need stringent bound on 6,5
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® v, — Ve in T2KK and NOVA

similar baseline length to MINOS
better sensitivity on P,. with off-axis beam than MINOS

neutrino mode + anti-neutrino mode

4

much better sensitivity on NSI than MINOS??

® Others?

ex. Okamura-san’s talk
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[Summary]

® Sensitivity on 6,3 is made much worse by introducing NSI
— We need more study on effects of NSI

There are several open questions

® NSI| has been constrained stringently
by charged-leptons stringently with su2)

— Onlyrv.e” - v.e”andv,e” — v,e” can be rather large

66666 E’T‘Tee

® Large NSl is possible in the case without SU(2)

—— | €ceff, €crff, €x-ff CaN be large
No strong constraint for = — ez, ?>

® MINOS and nu-fact have some sensitivity on NSl (\Sb@)



Backup



Log = —2V2Grelss; (VavoPrvg) (FY°PY)

neutral-current-like

fZB,’U,,d P:PLaPR

Fierz transformation

.

(?a’YpPLf) (TWPPLV)G) = — (?a’YpPLV,B) (T’YPPLf)
charged-current-like

1

(o Prf) (fPrys) = 9 (PavpPrvs) (17" Prf)

(FaJiPRf) (TJiPLVQ) = —% (?a')’pPLyﬁ) (?’}/pPRf)
i=1,2.3



$() = &) )

(7)

Fy

Ve
Vy

14+¢€.. €Ecp
+:1( Cen Cpp )] (
N . .
€ap =) 5chars Ny number density of / (left+right)
£,

Vu

Am2,)2 A2 . Am?2/A

( Z’é‘f) - ( Z’ cosQQ—(l—Feee—eW)) m/

Am? ’

+( - sin29+zem) %

)

Am?sin 26 + 2 Ae.,,
Am3,

sin 29;14 —

20




short baseline

Py = ‘ Ud

vacuum OSC.

s (Am*) LY - s (77
Pop = Z[U Umns|a eXP( 4E31 U Onslyy, [U° (U],

0ScC. In matter

s / Am L s s
Pas = |3 [U°Uihs], 0 ({8221L ) 003 (0701,
7.k




