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Motivation

1. Can interactions between neutrinos and matter
due to New Physics have any effect on neutrino

oscillations ?
®© ©
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2. Can such effects be measured experimentally
and be used to constrain New Physics ?

r-beam

IN



New Physics effect

= New Physics breaks the NC interaction

radiative corrections €Ly, Vei dr; Vei
. Z /7 A /7
e.J. MSSM with AN Rk ANANNK dRk
R-parity violation €Lj\ Vi drj ™

Vesi

= Direct exchange of the New Particle
Gauged B-al -4 -1,
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
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Can be measured ?
N

small value(¢)
large matter effect
<~high energy
<~long base-line
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Fermilab by HK[ L~9,120 km ]
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The expected number of V.V, events@ HK
after 5 years of data taking (1Mton)
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to be clearly distinguishable
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The constrains on universality violation &
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New Physics

FNAL-to-HK
£> &£,=0.005
\}

constraints on new physics



‘ Constraints on the New Physics

= Z’ gauge boson
o gauged B-(aL,+BL,*yL,) with (a+p+y = 3)
o Topcolor Assisted Technicolor

= Leptoquarks
o Scalar leptoquark
o Vector leptoquark

= R-parity violation

= Extended Higgs Model




Z’ boson
SU(3)-xSU(2), xU(1)yxU(1)y




'Z’ boson
1. gauged B-(al,+pBL,+yL,) with (a+p+y = 3)

Ly = g{Z @r*q)-aliys,)-pl,y1,)- 1Ly, )}Z p

q
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‘ Constraint on M.,. (gauged)

|&|=0.005, a+pB+y=3, g, =0.10
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ﬂnprove the limit
a=p$=0 (y=3)

(g. =0.65: N
M ,. >860GeV|= 5500GeV
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‘ Z’ boson | C.T.Hill, PLB345,483(95)

G Buchalla,etal, PRD53,5185(96)
2. Topcolor Assisted Technicolor | W.Loinaz etal,PRD60,015005(99) |
L=g’(cot¢9-st‘—tanH-J{jV)Z/’ﬁg’(Jf; +ijV)Bﬂ 0 <<1

1/- — 2 _ 1-— 1/ _ _
Jf; - E(tLVﬂtL +bL7/ﬂbL)+§tR7ﬂtR _Ebﬂ/ﬂbR _E(TLVﬂTL +Vr7ﬂvr)_TR7/ﬂTR

J# =[1st.and 2nd. generation|

Current limit
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‘ Leptoquarks

There are many leptoquarks (more than 10)
Fermion number : F=3B+L, S :scalar, V :vector, subscript:dim.SU(2)

F:2:S1’§1’§3’V2ﬂ,172ﬂ F=0: SZ,SZ,V v V

T " 1w

Ly, = [gquLCiTZIL +glRL7RCeR:|S1 +§1R [JRCQR]Sl + g5 [q,:cirzflL]S?’
+[g2LdRC7/ﬂlL +g2Rq_1S7/ﬂeL]V2ﬂ +§2L[L7,€7/”IL]V2/J + h.c.

Ly _[hZLL_lRl +h2RqLiTZeR th[d ! ]
|-h1LqL7/ﬂI +h’lR 7 €r | Vly"‘ N 71Y4 eR] "‘thl-qLT?/ﬂl J h.c.




‘ Leptoquarks (S.)
LF=0 = [hgfﬁileL + h%qiLirzejR ok T zzlJZ{cZleLEZk +h.c. (k =1-- 'L)

712k (— - 13k (— - T 12k(7 o- , 7 13k( 5 o-
= hy; (“RVuL )SZk + 1y, (uerL )SZk +hy; (dRVyL )SZk +hy; (detL )SZk + h.c.

For M o = 100GeVand L =1
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Leptoquarks (V)

LF =0 ~ hgllj [@ij/”l _’Bku (k 1 L)
:hle[(uL)/ Vi 3;”, +I( d,y” Vo 3ku]
+h13k[<uL7/ Va 3k,ﬂ+\/7( d,y'v 3k’ﬂ]+hc'

For MS_ =100GeVand L =1

B9 <18x10* (2] <0.004(R,) (n2f <0.1(D - pv)




Leptoquarks

S : scalar, V : vector,

subscript : dim of SU(2) rep.
0.01
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0.0068r -~ SN il Vo et
0.004: 81
0.002r

~0.002} a - S~
~0.004f Vi 1 %@
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SUSY
R-parity Violation

1, »n N AP
Wy = ALy B + 2, LO, Dy + A3U.D, D,

ijk ijk

tightly ,_A
constrained less stringent irrelevant ]

L by lepton univ.

J




' SUSY

R-parity violation

1 AN ! > A N 1 4
Wy = AL+ 2, LO, Dy + 22,

y

U.D,D,

ik

Similar to S; and S5 type leptoquarks

L, 12 0., 12 L, 12 1., 12 - o
£ = Vvﬂ a Vv, _ _323: (J/Izj'l - /1211' )_ (Vajl - ﬂelj ) 1 __ 3\/2 Aﬂ;-
W, = (g/M,, Y M 8G, M:
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' SUSY

R-parity violation

oy el ME+ Y Ay
é:g _ Ve _ _ i=L3 i=1,2
2V yc (g/MW )2
2
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Extended Higgs

triplet Higgs for neutrino mass




' K.S.Babu, PLB203, 132 (88) !

‘ Extended Higgs Models A zee, PLB93, 389 (80)

. E.Accomande etal,

L=f,[Ciz,l, b +he. . hep-phi0603079, p497
/;;* Yukawa couplings (anti-symmetric)
h*: Higgs particle with Y=1

:—2( vee, +f. v )h++h.c.+---

er T

= \/EGFé:O ~8.2x107® ﬁ 3.4X10_8(’[— —> Vre_17e)




summary

= New Physics effects on neutrino oscillation

= FNAL -to- HK
0 &=V = VMV ye ~ 0.005
o (coupling / mass)?
= Loop correction to the NC
= Direct interaction
o Z’ gauge boson
o Leptoquarks
0 R-parity violation
o Extended Higgs Model




Thank you very much
for your attention
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‘ topcolor assisted technicolor

topcolor
top quark condensate gives rise to a triplet of NG bosons & W,Z.

Ne N
2=ni] ] 00)-om)

1. =174GeV < 4 ~10°GeV < large hierarchy < fine tuning of the c.c.

T.A.T.
SUB),xSU(@3), xUQ)(xU(1),, xSU(2), —C 5 SU(3) . xU (1), xSU(2),
—12¢ 5 SU@B).xUQ),,
F, ~167GeV, TechniC  f, ~50GeV, A, .~ TeV

The majority of the W and Z masses come from the technifermion condensate.
SU3)¢|x | SUB), |> SU(3).. : colorons and gluons
Ul)s /x| UQL),|— UQ), : Z and B
\

’_:%{.gene. 1st, 2nd, gene. .




‘ Extended Higgs Models

L=f,(Siryl, " +h (151, ™ = "Wk + he.

f; - anti-symmetric, h;: symmetr h}x "'-..‘h+

|
\

h* : Higgs #L = -2 vV

I
++
K™ : Higgs #L = -2 o \k\I//
| | |
(MV )y = B%amah:bmbjpbj .]ab
1 1 ~(m’
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’ (167[2)2 m, (m}f]

o 1-y yd-y)
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Experimental Constraints (NC)

= Invisible decay width (LEP/SLC)
o Invisible Z decay width, (20.00 + 0.06)%
o No information is available on the individual
decay widths into each flavor. VANAVAAVAVA

i invisible
1 V l'
“ L Ve II

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

g’e 1 0.528 4 0.085 g’ : 0.502 £ 0.017

g (g = 1.05131> mp 0.9-1.2




*The theoretical possibility of universality violation in
many models

~

J

\*The weakness of the current experimental bounds

/” Z DECAY MODES  Fraction (F;/T)  \ 4 CHARM.CHARM Il N
eTe (13.363 £0.004 )%
0w (13.366 £0.007 ) % g* 0.528+0.085
T (13.370 +0.008 ) % g’r  0.5021+0.017

; shsagsisessassenss T 015

k'Ha'ch')ﬁ%m'"""'(65.'9'1'"'i'd'olﬁm)l%") \gﬁhfgyﬂ 1.05_0_1& )
) @
G

It would be interesting
to analyze the effect of
such a violation on neutrino oscillations.
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The effective potentials

= charged current interaction = neutral current interaction
Ve e Ve,u,r Ve,u,m
(& Ve e,n,p en,p
G _
Mcc = \/— Z [ev*(1 — v5)ve] [7evu(l — v5)el Mye= P‘—E[mﬂl —mpul  (a=epn7)
Fierz tran. _ 2 _
ﬂ X [9£¢f’¥p(1 —75)¢; + Q’}fg"»bf'm(l + '75)'4),*]
= +5E 241 — v)e] [l — 75)ve] Y T
\/_ -~ U 5 -~ Y, Nf N_f
P _ o i = Vyo = pvV2GEN(g] + gh)
m) Voo = V2GgN. 9L+9 I3 = 2Qsin“ by,
= pV2GpNp(—1/2)

Ne: electron number density
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Vive & (—V2/2)Gphy
= {—1/2Voo

N,, :neutron number derity




effective mixing angles (normal)
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=0.15~0.24
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effective mixing angles (inverted)

o =0case, expandedin powersof ¢ =

in the region of
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shift of effective mixing by &

neutrino

anti-neutrino
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hierarchy
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‘ Survival Probability
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The energy dependence
of the effective mass squared differences
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The energy dependence

of the effective mixing angles

mattzr density = 4.6 gfan®  SIn?(20em) = 1.0 gy, — 25x109 a2
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The oscillation probabilities ( L=9,120km )

Sin(203tm) = Sin 053 COS f13 = Sin 3

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

Sin(203tm) = Sin 053 COS f13 = Sin 3
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Matter Profile
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