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Motivation
1. Can interactions between neutrinos and matter 
d t N Ph i h ff t t idue to New Physics have any effect on neutrino 
oscillations ?

ν-beam
e-

p
n

ν-beam
e-

n

2. Can such effects be measured experimentally 

p

p y
and be used to constrain New Physics ?
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New Physics effecty
New Physics breaks the NC interaction

di ti tiradiative corrections
e.g. MSSM with 

R i i l iR-parity violation

Direct exchange of the New Particle
Gauged B-αLe-βLμ-γLτμ

Z’ in topcolor assisted Technicolor 
Leptoquarks that couple different generations
MSSM with R-Parity violating couplings 
etc etc, Please consider the “fantastic model”.
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The effective Hamiltonian
U:MNS matrixCC NP

central value

derived from universality violation
in NC and/or New Physics

central value
of CHARM

: universality violation in NC, New Physics

： effective mixing matrix

： effective mass-squares

5loop correction



Can be measured ?

small value(ξ)
large matter effect

high energy
long base linelong base-line

to Japan from J-PARC (Japan)
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The expected number of νμ→νμ events@ HK
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from the blue or pink lines.
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The constrains on universality violation ξ

100
χ2 / 14dof (8GeV-22GeV)
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much tighter constraints
than that from
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New PhysicsNew Physics 

FNAL to HKFNAL-to-HK
ξ > ξ 0=0.005ξ  ξ 0 0.005

↓
constraints on new physics



Constraints on the New Physicsy
Z’ gauge boson

gauged B-(αLe+βLμ+γLτ ) with (α+β+γ = 3)
Topcolor Assisted Technicolor

Leptoquarks
Scalar leptoquarkScalar leptoquark
Vector leptoquark

R parity violationR-parity violation
Extended Higgs Model
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Z’ bZ’ boson
SU(3)C×SU(2)L×U(1)Y×U(1)X( )C ( )L ( )Y ( )X
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Z’ boson

( ) ( ) ( ) ( )μμμμ β llllll ′⎥
⎤

⎢
⎡
∑

1. gauged B-(αLe+βLμ+γLτ ) with (α+β+γ = 3)

( ) ( ) ( ) ( ) μτ
μ

τμ
μ

μ
μμ γγγβγαγ ZllllllqqgL ee

q
zZ ′⎥

⎦

⎤
⎢
⎣

⎡
−−−= ∑′′

( )[ ] ( ) 2

2

2

2

2 ZZ
npe M

gN
M
gNNNV

e

′′ −≈+−= ααααν ( )[ ] ( )

( )[ ] ( )
22

2

2

2

2

22

2
Z

Z

Z

Z
npe

ZZ
p

M
gN

M
gNNNV

MMe

′

′

′

′

′′

−≈+−= αβαβ
μν

( )[ ] ( ) 2

2

2

2

2
Z

Z

Z

Z
npe M

gN
M
gNNNV

′

′

′

′ −≈+−= αγαγ
τν

If ξ is larger than 0 005

( )
2

2

−
=′ξ τμ νν

NC
Z

Mg

V
VV

If ξ0 is larger than 0.005,
the effect on the neutrino oscillation
gives the constraint on the mass of Z’

( )( ) ( )
( )

005.0

3224

0

2

=≤

−+−−=

′

′′

ξξ

βαα

Z

W

ZZ

Mg
Mg

02
322

''

ξ
βαα

F
ZZ G

gM
−+−

≥

13



Constraint on MZ’ (gauged)Z  g g

Improve the limit
Current Limit|ξ0|=0.005, α+β+γ = 3, 10.0=′Zg
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Z’ boson C.T.Hill, PLB345,483(95)
G.Buchalla,etal, PRD53,5185(96)

( ) ( ) 1          tancot 1111 <<+′+′⋅−⋅′= μ
μμ

μ
μμ θθθ wsws BJJgZJJgL

2. Topcolor Assisted Technicolor
G.Buchalla,etal, PRD53,5185(96)
W.Loinaz,etal,PRD60,015005(99)
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L t kLeptoquarks
l q l q

LQ
LQ

lq lq
LQ
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Leptoquarksp q
There are many leptoquarks (more than 10)

Fermion number : F=3B+L,   S : scalar,  V : vector, subscript:dim.SU(2)
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(The others are in our paper)

There is no special reason.
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Leptoquarks (S2)p q 2
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Leptoquarks (V3)p q 3
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Leptoquarks 
S : scalar, V : vector, 

subscript : dim of SU(2) rep. S

p q
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SUSYSUSY
R-parity ViolationR parity Violation

DDUDQLELLW ˆˆˆ1ˆˆˆˆˆˆ1 λλλ ′′′ kjiijkkjiijkkjiijkR DDUDQLELLW
22
λλλ ′′+′+=/

ti htl
irrelevant

tightly 
constrained

by lepton univ. 
less stringent
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SUSY
R-parity violation
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SUSY
R-parity violation
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Extended Higgs

triplet Higgs for neutrino mass
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Extended Higgs Models K.S.Babu, PLB203, 132 (88)
A.Zee, PLB93, 389 (80)gg
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hep-ph/0608079, p497

( ) L+++−= + ..2 chhefef L
C

eL
C

e ττμμ νν fij : Yukawa couplings (anti-symmetric)
h+: Higgs particle with Y=1

22
ff

2

2

2      ,
++

−=−=
h

e

h

e

M
f

NV
M
f

NV τ
ν

μ
ν τμ

( )
( ) 2

2

2

222

8
244

2
Δ

=
−

=
−

=
+

++

+

λ
ξ τμνν τμ

h

h

FW

hee

NC
h MGMg

Mff
V

VV

8

22
− τμ ee ff ( )−−−810438

02 102.82 −×≈=
+

ξτμ
F

h

ee G
M

ff ( )ee νντ τ
−−− →× 8104.3

Current Limit

25

Cu e t t



Summaryy
New Physics effects on neutrino oscillation
FNAL -to- HK
ξ0 = (Vνμ – Vντ)/VNC ~ 0.005ξ0 ( νμ ντ) NC  

(coupling / mass)2

Loop correction to the NCLoop correction to the NC
Direct interaction

Z’ bZ’ gauge boson
Leptoquarks
R-parity violation
Extended Higgs Model
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Thank you very much
f tt tifor your attention
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topcolor assisted technicolorp

N 2 ⎞⎛ Λ

top quark condensate gives rise to a triplet of NG bosons   W,Z.
topcolor 
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⎛ Λ
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GeV10~GeV174 1413−⇔= Λf large hierarchy fine tuning of the c.c.

top-pions

GeV10GeV174 ⇔ Λfπ large hierarchy fine tuning of the c.c.

T.A.T.
LYC

TechniC
LWSWS SUUSUSUUUSUSU )2()1()3()2()1()1()3()3( ××⎯⎯ →⎯××××

emC
TopC USU )1()3(                                                                       ×⎯⎯ →⎯

TeV~    GeV,50         GeV,167 TopCΛfTechniCF ≈≈ ππ

The majority of the W and Z masses come from the technifermion condensate.

SU(3) × SU(3) → SU(3) : colorons and gluonsSU(3)S   × SU(3)W   → SU(3)C. : colorons and gluons
U(1)S   × U(1)W   → U(1)Y  :    Z’ and    B

3rd gene 1st 2nd gene

28
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Extended Higgs Modelsgg
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こんな格好
でしょ？

“ぺんぎんだいあぐらむ”って
知ってる？ でしょ？知ってる？
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Experimental Constraints (NC)p
Invisible decay width (LEP/SLC)

Invisible Z decay width, (20.00 ± 0.06)%
No information is available on the individual 

decay widths into each flavor. invisible

Individual decay width (CHARM/CHARMII ‘80)
Z couplings to neutrinos [PLB180,303(’86), PLB320 203(’94)]

0.9-1.2
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•The theoretical possibility of universality violation in p y y
many models

Th k f th t i t l b d•The weakness of the current experimental bounds

CHARM CHARM IICHARM,CHARM II

It would be interesting 
to analyze the effect ofto analyze the effect of
such a violation on neutrino oscillations.
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Yeah!!Yeah!!
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The effective potentials
charged current interaction neutral current interaction

Fierz tran 2Fierz tran.

2

: electron number density
in matter 0

34: neutron number density



effective mixing angles (normal)
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effective mixing angles (inverted)
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Survival Probability
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The energy dependence 
of the effective mass squared differences

normal hierarchy inverted hierarchy
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The energy dependence
of the effective mixing angles

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

normal hierarchy i t d hi h
θatm<π/4

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