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1. Motivation for research on New Physics

High precision measurements of v oscillation in future
experiments can be used to probe physics beyond SM by

looking at deviation from SM+m,,.
— Research on New Physics Is important.

Phenomenological New Physics
considered in this talk: 4-fermi

exotic Interactions:
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e NP In propagation (NP matter effect)
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e Constraints on €,

Davidson et al., JHEP 0303:011,2003; Berezhiani, Rossi, PLB535 (‘02)
207; Barranco et al., PRD73 (‘06) 113001; Barranco et al., arXiv:0711.0698

Biggio et al., JHEP 0908, 090 (2009) w/o 1-loop arguments

related to each can be improved
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2. High energy behavior of vam data & NSI
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— High vam data gives constraints on NP:
col K1, |cq| K1




C1+ 620L2 + Co1 SiI].Q(CQQL)
E E?

Col K1 = | €ep I<<1, | €y |<<1, | €z |<<1

| €41 |<<1: Already shown by Fornengo et al. PRD65, 013010, '02;
onzalez-Garcia&Maltoni, PRD70, 033010, '04; Mitsuka@nufact08

1—- Py, = v,) ~ Co++

| Sup |<<1: Already shown from other expts. by Davidson et al.
JHEP 0303:011, '03

| 89” |<<1Z New observation (analytical consideration only)

2 Already shown by
C4| <1 — ‘ Er1-| Eer | /(1+899)‘<<1 Friedland-Lunardini,

PRD72:053009,'05




® Summary of the constraints on €
To a good approximation, we are left with 3
iIndependent variables €ge, | €e1 |, arg(€er):

Furthermore, Vatm
data implies
tanﬁ=|SeT|/(l+See) <1.3

Friedland-Lunardini, i
PRD72:053009,'05 Allowed

Region
b Allowed regionin| *

(See, | €ex |)




3. Sensitivity to NSI of propagation at T2KK

T2KK proposal with baselines L=295km, 1050km
—|.=1050km iIs sensitive to the matter effect

- |Am?34|L/4AE | |[Am?y|L/4E | AL/2E dependence on
2

L=1050km is
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Black : standard Red : non-standard

(NS(NSI) = N, (std)f
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parameters |
_ (sin® 20y, —sin® 20,7)° s (AmZ, — AmZPe)? s (sin® 26, —sin® 207

(5sin® 26,,)? (5AM?))? (5sin® 26,,)°

Ay?>4.6: Deviation of NSI from vSM is significant
compared with errors (at 90% CL of 2 degrees of

freedom €ee, | €er | )




Sensitivity to €ee, | €e1 |

arg(ee,)=0 0=0
arg(e e) =0 6=90 o
arg(e)=0 =180 Marginalized over g
arg(eg,)=0 6=270

sin”26,; = 0.08

13 ?

0,; Am§1 |, Sign (Amgl )

® Outside of the curves :
Effects of NSI can be
distinguished from the
standard case.
=@ |nside of the curves :
Effects of NSI are not
significant.

90% CL




® Dependence on phases O and arg(€er)

P(v, =>v.) =RV, =>v,)

2
a0 T Am;, P (v, = v,)

Function of Approximately

o+arg(€er)

function of
arg(€er) only
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90%CL
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arg(e,)=0 5=0
arg(eq,)=0 6=90
arg(ee)=0 6=180
arg(ee)=0 6=270

arg(eg,)=0 6=0 ——
arg(e.)=0 5=90 —
arg(ee)=0 6=180 ——

arg(ee,)=0 6=270 —— -

sin?26,, = 0.08

arg(eq,)

arg(ce)=0 5=90
arg(e.,)=0 5=180
arg(ee,)=0 6=270

=0 5=0 —

Sensitivity to €ge, | €1 | for various 0,5

arg(ee,)=0 5=0
arg(ce)=0 5=90
arg(ee,)=0 6=180
arg(ee,)=0 6=270

sin * 20, =107°

regions depend on
6,;.0,arg(eg,,.)




Precision of €ge, | €er |

| €,, 12 0.5
E,.5| €

ee’ er |

determined
separately

~J

€. not determined
| €, |determined (if > 0.1)




Sensitivity to 0 and arg(€er)
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Kamioka+Korea .

® Correlation of measured arg(g,,) and &

Kamioka e
Korea
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OIf (¢... . |.5y3) are large, we can determine arg(g,_),0



4. Conclusions (1)

® \We studied phenomenologically sensitivity to
NSI in propagation of the T2KK proposal

® Under the assumptions €g, = &, = €1 =0 &

Err=| €er |?/(1+E€ee), We found that T2KK can
restrict the NSI parameters |€ee| S 1, |eer| S 0.2

3 [

i

Present
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4 3 2 1 0 1 2
gee

® If Ecc,| €er | and Syzare large, then T2KK can
determine €ee, | €e; |, © and arg(€e;) Separately.




4. Conclusions (2)

®\\We provided an analytical argument on the
oscillation probability for high energy

atmospheric neutrinos that | &, [<<1 &
| €11-] €er |?/(1+Eee)|<<1 must hold.

® Deviation of 1-P(v,—v,) from the standard case

In high energy v,,, data gives strong constraints
on New Physics.

— |t would be great if we can constrain/determine
Cos C1, € (J=0,1,2) In high energy v, data:

ﬁ-]— CQ()L2 —+ Co1 SiI].Q(CQQL)
E E?

1- Py, —v,) =~ Co+

Is It possible at SK, IceCube, HK?
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AXT"XEH ~ 11—

1+ €ep + €rr (|EE_.,,|2 + |€ppl* + |€ur]? . )2
(1 4 €ce)|€ur|? + €rrl€epu]? — 2Re(€cppr (€er)*) 1 + €ce + €17 a
|€eu|? + leuul® + lewr|® (1 + €ce)leur|? + errl€en|?* — 2Re(ecp€pr(€er)®)
(1+ €ee +€:7)2 (1 + €ce + €77)3
(1+ €elrl? + €relécul? = 2Re(eautur (cer)”)

1 4 €ee + €1r ]

R
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AE;,

<<1: Already shown by Davidson et al. JHEP 0303:011, '03

<<1: New observation




2 Already shown by Friedland-
> -
‘ Err-| Eer | /(1+896)‘<<1 Lunardini, PRD72:053009, 05
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® T violation : standard vs NP (1)

~ e oo —1 e e I - e ™
Tm (X1 X5e*) = AL VABLAR: Im [{Y2* — (B + Ey)Y$*} {V{* — (B + E)Y$<)]

—1
= _ — Im {Y*°(YFe)*L
B AL AL {3 (Y5°)"}

Y3 = (UEU ™ + A)ye = (UEU ™) e
Y = [(UgU-l + A) 2] — (UEU e + (UEU ) o Ao + (UET) 1 A

e

Im {V“(Y4)*} = Im [(USU—l);e {(UEQU_I)M T (U5U—1)WATBH
=T {4 (VI*)*) i + T {0 s




® T violation : standard vs NP (2)

Im {Y{*“(Y4*) "} = I [ (UEU ™), (UET™) e
= Im [{(ABs1)°X§° + (A ) X5 HAE (X4°)" + AEn (X5%)}]

= AEy AE3 AE;3 Im (X5°(X5°)")

I
= AEQl AEglAEgg §C13 sin 2912 sin 2913 sin 2923 sin o
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+AE3 AE Im{ (X49)* X4 €27 4 (X4)* X5 27}
+(AEy)* Im{(X5°)* X457 e}
~ AAE3; AEy | X | X4 Im(e., )

Im {Y5"(Y3)" byp ~ Aléer| sin(arg(ecr)) A leer|  10[€cr|
IIIl {nge (YQ”B)*}std B AE32813 sin 5 AEgQ 513 S13




® T violating part : standard vs NP

(T violation)

AE |s,, |sin(arg(s,.)) . 10]e.. | sin(arg(s..))
(T violation)_,,  |AmMZ |s,sind s, sin &

~/
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