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Can interactions between neutrinos and matter
due to New Physics have any effect on
neutrino oscillations?

m
@ ®

Can such effects be measured experimentally
and be used to constrain New Physics?
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0. Introduction

Matter effect In a number of models beyond the SM,
: the universality of the Zv,v,(¢ = e, u,7) couplings
V peam 0 G ® can be violated through radiative corrections.
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New Physics that can contribute to neutrino oscillations:
e R-parity violating couplings

* Gauged B-al-BL -yL, (o+p+y=3)

e Z' In Topcolor assisted Technicolor

» Leptoquarks that couple different generations

e etc.
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The experimental constraints
on universality violation in NC

from LEP
Z DECAY MODES  Fraction (T'; /T) Z NV
ot o (13.363 £0.004 ) %
e (3366 £0.007 )%  LEP/ OPAL, DELPHI
gl T p—— 3, ALEPH, SLD
invisible (20.00 +0.06 )% | mmp NO CONSTRAINT
hadrons (69.91 40.06 )%

No information is available
on the individual decay widths into each flavor
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The experimental constraints
on universality violation in NC

from CHARM, CHARM I
@ CERN (’80s)

Z couplings to neutrinos cf) Z couplings to charged leptons
gy — 0.0382 + 0.0005
g’e  0.528 +0.085 gt —0.0367 £+ 0.0023

gi, —0.0366 + 0.0010

g“s  0.502+0.017
gve/g’n 1.05101> mp 4o-1.2

% — 0.5011 4+ 0.0004

e §

} —0.5012 + 0.0005

~

gy — 0.5020 + 0.0006

Q

lQ

PLB180,303(1986), PLB320,203(1994)
LEP/ OPAL, DELPHI,

L3, ALEPH, SLD

( LEP invisible width = (g*<)? + (¢"%)? + (¢*")? =~ SM )
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* The theoretical possibility
of universality violation in many models

* The weakness
of the current experimental bounds

CHARM, CHARM I1

g’e  0.528 +£ 0.085

g“r 0.502 + 0.017

PLB180,303(1986),
o 40.15
g“¢/g"" 1.0515g PLB320,203(1994)

It would be interesting

- to analyze the effect of
such a violation on neutrino oscillations.
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Plan of Talk

e Introduction

e Matter effect

— effective potentials for neutrinos in matter
« W and Z exchange

— effective hamiltonian

In the presence of neutral current (NC) universality
violation

e Numerical results

* A hypothetical experiment

Fermilab NuMI beam
= Hyper-Kamiokande detector (1Mt)

e Constraints on New Physics
e Summary
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1-1. The effective potentials due to
W & Z exchange

charged current interaction Voo = \/§GFN€ (N, : number density)

g W in ordinary matter

Vy | Voo = {?G (for ve)

{=e,u, T (for vy, vr)

nt interaction '
neutral curre eractio (Np, : neutron number density)

Ve, 7 Ve,p,r

VNC: —% (\/ﬁG

o _l
e’p,@ e)p’@ ~ —5 Voo (for UE,IJ#,IIT) l




1-2. The

effective Hamiltonian

In the presence of NC universality violation
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:

U : MNS matrix CC NC
0 0
Hip=U |0 ém3,
O O
derived from universality violafion
0 0 0 a O 0 in Neutral Current interaction
=U|0 ém3, O UT+{O bé cw
2 0 —b central value
0 0 5m31 G\ ,‘5 of CHARM
£ =0.025
[x 0 0] v
=U| 0 XA 0 |U1 |
0 0 A3 ¢ :measure of universality violation in NC
7 : effective mixing matrix a=2EVpo = QﬂGFNEE — 756 x 10_5(6'\."':12 Ne E
1 g/em3 ) \g/GeV

A1, A2, A3 : effective mass-squares

b=2EVye = -V2GpN,E ~ -0
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3. Numerical Results
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The energy dependence
of the effective mass squared differences

matter density = 4.6 g/cm‘?' Siﬂz(Zﬂ'atm) = 1.0 5#1%1 — 2.5x 103 eV?
CP phase § = 0 tan?(fsun) = 0.40  6m3; = 8.0x 107> eV?
sin?(26,¢) = 0.16
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The energy dependence
of the effective mixing angles

matter density = 4.6 g/cm>
CP phase 6 = 0

Sin?(zeatm)
ta nz(ﬂsun)
sin2(26ct)

1.0 dm3, = 2.5x 1073 eV?
0.40 dm3, = 8.0 x 1072 eV?
0.16

normal hierarchy
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The oscillation probabilities ( L=9,120km )

Sin(260atm) = sin By3COS f13 =~ Sin 63

.

@ dm3; = 2.5x 1073 eV?

matter density = 4.6 g/cm3 %ﬂatm)

CP phase § = O tan“(fsun) = 0.40 dm3, = 8.0 x 1072 eV?
sin?(20rt) = 0.16
normal hierarchy inverted hierarchy
1 T T T é T IOI T T T T |I T T I T T T T T T T T T 1 I I I lgl IOI I I I I II 1 I 1 I I I( I I I I 1 I)
T RS A
___¢{=o0 p Vu Vr |

=o. ; Ny p(?/p, — vr) |

0.8
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0.4r

0.2HA

0IIII|IIIII_'1'—41:—|_I|_IIIIIIIII
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In the case sin2(26um) = 1
the oscillation probabilities ( L=9,120km )

matter density = 4.6 g/cm> sin?(20am) = 1 dm3,; = 2.5x 103 eV?
CP phase 6 = 0 tanz(gsun) = 0.40 5?’?1%1 = 8.0 x 1072 eV?
sin2(26,t) = 0.16

normal hierarchy inverted hierarchy

1 B e | e T T T T T T T T T
RPN /r\\
— £=0.025 .
0.8 \‘\
| \\_\\ |
0.6 / p(vy — vr) |
Please refer to our paper _
for detalils p(vp — )]
7 '
021 | | /
vy = ve) \ ;”; (o ve)
30 O "0 5 20 25 0

neutrino beam energy [ GeV ] neutrino beam energy [ GeV ]



16/22

The oscillation probabilities ( L=9,120km )

Sin(260atm) = sin By3COS f13 =~ Sin 63

.

@ dm3; = 2.5x 1073 eV?

matter density = 4.6 g/cm3 %ﬂatm)

CP phase § = O tan“(fsun) = 0.40 dm3, = 8.0 x 1072 eV?
sin?(20rt) = 0.16
normal hierarchy inverted hierarchy
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Can these shifts
be measured experimentally 77
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Fermilab (NuMI) - Hyper-Kamiokande

[ . ~9,120 km ] (1Megaton detector)
200
o HK (1Mt) |

= 1, 400events/Mt /yr NG 9;120km""' ""‘ | .
AGe2sP RN N\ UM Beam Lines

x 1,000
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The expected number of vn — vVu events @ HK

after Syears of data taking
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number of events
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|
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. . 1 -
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The constrains on universality violation

chi*2/14dof (8GeV-22GeV)

100 \ J | |

ey
. . 10years | | vede
much tighter constraints | e
80 | oyears 90% L1, N
than that from o5/ 1.
CHARM and CHARMII | dyears  oprer
5 60 | | |
\ lyear
\ /
99%CL '- | /
95%C. |
20 r 90%C.L. |
0

0.03 -0.025 -0.02 0.03
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Constraints on New Physics

Leptoquarks that couple 1st and 2nd generations

S : scalar, V : vector, subscript : dim of SU(2) rep.

Xi

0.01

U.UUB:
U.UUG:
0.004:
0.002:

=0.002
=0.004

-0.006
-0.008F

_0.01 1 Il L 1 1 1 1 1 Il
0 0.0005 0.001

(G MLONG M) Xi
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Summary

We investigated the matter effect on neutrino oscillation
from universality violation in neutral current interactions.

The violation effects normal inverted
mixing angle 01o 0>3
oscillation probability sin?(26,3) = 0.92
[ L=9,120 km J sin?(2053) = 1 (best fit)
17GeV %

\
>This result is highly sensitive to the value of sin?(26).

Fermilab = Hyper-Kamiokande

>If sin?(203) is NOT too close to 1,
we may be able to either observe this effect, or

Impose a much tighter constraint on universality violation
than that from CHARM and CHARMII.
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