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Global analysis of solar neutrinos
EXACT FORMULA OF PROBABILITY AND CP VIOLATION
FOR NEUTRINO OSCILLATIONS IN MATTER

METHOD FOR DETERMINATION OF |U(E3) |

NEUTRINO OSCILLATION APPEARANCE EXPERIMENTS
BREAKING EIGHT FOLD DEGENERACIES IN NEUTRINO
CP VIOLATION, MIXING, AND MASS HIERARCHY
Resolving degeneracies between CP-delta and
theta_{13)

CP, T & CPT violation at future LBL experiments
T-violation tests for relativity principles

Effects of new physies in Oscillations in matter

The nu e -> nu _tau channel as a tool to improve
the leptonic CP violation measurement

Matter profile effeet in neufrino factory
The effects of matter density uncertainties
on neutrino oscillations in ~=m mmqés
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16:30-17:00 Q. Shafi Neutrino mass in extra dimensions
17:00-17:30 T. Blazek GUT models

17:30-18:15 J.W.F. Valle Non- m*m=nmqn interpretations
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not covered in dzm S ummay
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14:88-14:38 Y. Shimizu Theories of lepton flavor violation

14:30-15:00 N. Shimoyana Neutrino Bimaximal Texture in MSSM with Right-
handed Neutrino and Lepton Flavor Violation

cc ~m m: M. Koike Calculation of mu-e conversion
: J. Sato OSCILLATION ENHANCED SEARCH FOR NEW

_m;na INTERACTION WITH NEUTRINOS

16:30-17:10 K. Babu LEPTON NUMBER VIOLATING MUON DECAY AND
THE LSND NEUTRINO >zoz}r<
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WG2  Summary (Phenowencbgy) 0. YASUDA
. . . (2 @ %)
anomalies in U physics

Vo Amg ~ 0(I0°eV?)  sin*20s ~0.8 LMA
Vatm A~ O(I0%eV?)  sin®20atm~ 1.0

LSND Amaw~ O(leV?)  sin28uswo~0(10>-102)

Bt . .
(BR)ov O.lleV < M, S 0.58eV not disscussed here

bPhemmenologists can always assume

Majorana mass term and can shift m,,
SO nho proble.m arises.

framework Ve | Vatm LLSND comments ’

Nv=3  [VOVbkos)| X Perfect except forLSND.
262) | p(tenSonbetwen)| . | Both schemes have
le=4*( ) LA(V‘-" ?fvat'“) \/(V 0sc) tension, SO this
(3+1) |V (H%)|/(-0s¢) ﬂ(m‘?mg || doesn't work wel|.

Babu-Pokvasa| V-9 V(4159 / (LFV) | heronencbgically perfect |
..Q?’l’ w/No=3 J[V—ﬂsc)' V-oxc)| V (v-0sc) (E;‘;“b';tii,}ﬂﬁ'bfm&‘ﬂﬁ),

Nv=3 — main Subject @ WG?
Nv= 4 —— not discussed

Babu- Pakvasa — discussed @ joint WG2+WG4



o 4y SCemarios have tension w/ data
J.W.F. Valle )

(212) - scheme ZOLA% 2

O :
we Ve @9%%
pure
VG Ve Vactive Ve Vs
no weriap of  90%cL allowed pesinns
of Vatm % Vo
(3+1)— scheme
e o 100
| oy )
2
g 0 +
Bu;ae)f (Ve=Ve) . AEH_]
HUes! < Sin 208ugy < [}
CDHSW (Vpo 1) :
k 4[U|ﬂ- l15 S."llzeulﬁu 0L
\) LSND (a3~ scheme
?.B,_f,..p -~ 41Uo+| IUI‘4]1

< ZC Slﬂ’?ﬁ&w SN Zacmsu



o Lepton # violation in W-decay
K S.Babuw - B
P’* - o' + Ve + V, (:.—; E’,,U,t)

AL= 2  process explains LSND

NB Mml — Roo ne \UEH see hntlﬁfﬂﬂ,

LTL - dEt&y )

o CP T v’]o la’t ir:::rn

Mu.ray ama- Yana gida [o]

1t ﬂh’r{j 's  different tor v € V
then  Ny=3 s enough to explain

LSND. P no Ve Ve for Am‘:j=dm5

= 1f Kamland sees defiat in Ve<V,
for Am*®= Ame (LMA) then this scenario

will be excluded,



Subjects discussed @ WG2 (pheromenology)

Nv= 3‘
(dmm,&z) (ﬂmaz B3 ) |913 Slgn(ﬂmaa) 8,
Ll}q@ " Vatm to be measured b Future
%%ﬁ; \}/al o lng baseline ex r'lrhents

m ,& mo ti va
oexact formulﬂ ‘FOY' P(Vr} UF) |n matter

with constant density

K. Kimura
o degeneracy in parameter Space
- (&, 03) H. Minakata
. :tﬂm; K. Whishant
¢ (0 =0 O. Mena
23, 2 3) > Meloni
o determination of Ne(@) from LBL exp.
T Ota
W. Winter
o exotic SCenarios
P Huber cPt aswellas CP. X
Y.X.Y. W0ﬂ9 violation ot equivalerce Pnhﬁip,fg
M. CamPane“'}ﬂw exotic Interactions
J. Sato
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Impact of SNO NC on Parameter Space

i

o | S ]

m‘”ﬂ 0 10" 10 mrmJb
0™ @ .. 0™
107° 107
w/ SNO NC wjo SNO NC
-{_;‘m*' 10
.
e 107 Q 107
1=
-]
10" 10"
— 90% C.L. sy
10 — 95% C.L. — 107
99% C.L. foom i
99.73% C.L.
10" F o) + Ga + SK + SNOCC £1+ Ga + SK + SNOCC 10"
SNONC + SKSPEC + f,, free SKSPEC + f, free
mrl;u" 107 10" 10° e e 0™ 10° m'u‘u
t,:m2 (5]
e LOW appears only at 3o
e Values of Am?2 above 3 x 10~ disfavored
e VO-QVO and Just-So not allowed at 3o
¢« Maximal Mixing is disfavored at 3o

» SMA further disfavored

« Dark Side solutions are gone = Am? >0



< K. Kimura Exact formula of P0k-V) in matter w/ const. density
(AT B ) e
PV VB )jn watter = .m%.. &w_ﬂm&x% x,mJ SIn bmmj

122 _Mim%mﬁ sin (A, L)

%8\ [ (B EE D) [

D:_m.mﬂbmun
Xa! ~EE BB - | ZEBXT

_

X | B E, —(E+E ¥+ SAZE. PSP : %.
/qu\ \ 2828, ( E g, —(E+E :\ Mumuxu > >W_m%m o >W_m.ux.ﬁ

where AnC%mwﬁm_hmn.. mwucl_+ ammm (A,0,0) = Q %mm Hm..: _..m...fmvaq_

O&__m = €, T..___..ﬁ. m,u m.\ .ﬂ:+3,.w..

)

X,zw = C&Cm (In vacuum)

)
r ...X..wnv Us; C&. ¢in matter)




K Kimura showed for Ny=3

@ Y;P can be @.XPIICI'tly Q_XPTESSQd

in terms of ><§13‘ E"J and E;
( linear in Xj"F)‘

@ Plh-Ve)= Acwsd + Bsiné +C
where A, B, C are functions of E; &0

His results are wore useful than
previous works (eq. Za(jlauer-—gc,hwarzﬁr'%’)

because
) the expression does not wse particular
Par'ametrizatinn for qu‘

ii) it is relatively easy to see under
what condition enhance ment  ocCurg,



H Minakata Method for determination
(5 240)  of Uea| . amiL
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: L=295km — Am',>0,5in26,,=005 |
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FIG. 1. CP trajectory diagrams showing the contours of (P(v)) = (P(y, — v.)) and
(P(#)) = (P(#, — #,)) as a function of §. The Gaussian energy distribution of neutrino beam with
(E) = 0.5 GeV with width o = 0.1 GeV is assumed and the baseline length is taken as L = 295 km.
The mixing parameters are fixed to be Am3, = £3 x 107% eV?, sin? 20,53 = 1.0, Am}, = 6.2x 107°
eV?, tan? 8, = 0.35. We take the matter density as p = 2.8 g/em® and the electron fraction as Y,

= 0.5.
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= Hin-a,kata_ Am
Tune (E,L) such that =2—= -7

Then the @llipsis becomes thin and

the degeneracy in (§,0s) is reduced.
2.8 i
R 24f _
= | :
. i Am ., >0
A 20F ———— <0
-~
Sy
~ V16t _

12 } 0 §=0 ?
' 0 é=nn '
! ®o=n |
0.8 - A =3n2 }
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<P(v)> P(\jr >Ve) In%

FIG. 3. The thinnest CP trajectories for a tuned peak energy for sin® 26,5 = 0.05 and 0.02.

The beam profile, the mixing parameters and the matter density are taken as in Fig. 1.
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K. Whisnant Breaklng Z
. L=300km, E,=0.70GeV
(8; @.3) @ ﬁm‘,, “3x1000V?
amDIQIUt)/ 0.008 | e
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P(vy—sve)

-fold degeneracy

Measurements at
two baselires

lift these
7 ambiguities

-> Measurement cnt
VE'—’VE ‘&t a

V factory [ifts
this degenerac)/

| of. in vacuwm

PV V)= Saasin28is A
P(Ve> V)= C:, sin 20 O
A=

Sin‘(8m3z L/4E)
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=




K. Whisnant I3

Add'hs a Lt measuremen' reduces reaqrohs with

deqeneracies to isolated points in (§8,) space

L= =
0 PP I .H."ﬁrrr.'r"j'.' Y.« BT
0.0001 0.001 0.01 0.1 1
sin22913
Mea surements Reqion with degeneraces
v,y @4=T between solid [ineg
add v@ B=5 along dashed curves
add @ 8> 3 baxes only

Degeneracies do net have +o be remaved CWP""“"‘T.;

they are nef a Pnhlem rf they occuv at

'51“125,3 below +he reach of +the E.letrirn-th"f'
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°D.Meloni Ve » Vx channel|
Ve = Vi channe| :

h..;KmII\T |
r_.ulu.._ﬁ_t
= - Q. AQ = Oi- 0
AG =2 Gs @bﬁ.uu fake

Figure 7: Equiprobability curves in the (A0,5) plane, for 0,5 = 5°.§ = 60°, £, € [5,50
GeVand L = 732 Km for the v, — v, and v. = v. oscillation (neutrinos on the left
antineutrinos on the right).
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D. Meloni

o I =) ) *qu kw
both <m|j\_m & Ve~ J.\.n o cmlu J\T on _v\ _____C\ g PR
m | %0 W/ L. wnﬁﬁrnl.. - ” _ - - RN
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Figure 12: 68.5, 90 and 99 % C.L. contours resulting from a x* fit of 0,5 and §, for
013 = 1°,6° and 11°, and § = —90°,0° and 90°, for the combination of an iron detector
at L = 3000 Km and an emulsion detector at L = 732 Km: (left) both “silver” and
“golden” muon events are taken into account (same figure as in Fig. 11, lower right);
(right) only “golden” muon events are taken into account. Five years of data taking
for both polarities in the distant detector and only five years in the ut polarity in the
near detector have been considered.

With the silver chamnel , the errors are significantly reduced.

10 Iz



T.0ta Matter protile eTrect . l

(ﬁ i —g "‘1.Pn1 J On y

| E'fﬁf;‘) A= ZGeNelt) = n=z-m An€ . aﬂ; Q,
BHow large is the matter profile effect?| arc

i rml}or"t'aﬂt

Based on PREM \\

pla/cm3]
5

: ‘pg:average matter dens.l

4.5 |

4

35

In these regions, the matter profile
effect is large in terms of the com-
parison with the average density.




T 0Ota3

BConclusion:

In

L < 10,000km,

*

The profile including up to a7 can reproduce
the event number using PREM.

*

There is a strong correlation between ag and a;.

To ignore the matter profile effect.é ap — 0 .

- To shift ag from the average based on PREM.

v

1

Even if we use the average density based on
PREM, a disregard of the matter profile effect

" brings unexpected extra uncertainty (~ 5%) to
ag in 5,000km < L < 10,000km.

From the viewpoint that the analyses should
be independent of the Earth model, the mat-
ter profile should be fitted in experiments. We
recommend to introduce a as a fitting param-
eter.

" ing average density value.

We can deal with the change of the matter profile keep-




BThe region where the correlation exists

Contour plots of AT;;;:_L

neutrino anti-neutrino
10000 § L 10000 ; | |
region IV
__ 7500 7500 |
.J_Ec_, P re‘gion}ll o /3
" region II )2
2500 2500 n/3
1000 region I n/6
10 20 30 40 10 20 30 4o
E,|GeV] Ey|GeV]
neutrino | anti-neutrino | correlation
region I 0 0 O
region II 0 /2 O
region III | 0, m/2 — O
region IV | 0, /2 ... /4:_— —

*In these regions, anti-neutrino events are
not significant in statistical sense.




W. Winteyr

Summary: Comparison of models

1. Single
perturbation

§
_
T 4
;u
il |

15

Osc. probs.
Small for
lakes, mines,
etc.

Only limited
applications

2. Random
fluctuations

i3

L | 1 I

I | =

}

t:uth-".-u-

Yes

AR ADp
(Interference
effects re-
maining)

Numerical

Osc. probs.

For A <€ L:
small

For A > L:
3. good ap-
proximation

High computa-
tional effort

3. Measured
mean

1 pr——

]
gl _
}i

1.5
- ]

13

Numerical

Full analysis

Similar magni-
tude as other
error sources

Conservative
choice



P. Ruber Sensitivity to Oﬂlﬁa_m_ﬁz E mnm = +a\m
RN | | | _ [ []]
___ __.T.xu. ad il | ] i
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107 10° 10°% 10* 10° 102 10v 10°
sin®26;,

Figure 21: The mmzmancﬂ@ to CP wviolation for écp = +m /2 at the 90% confidence level,
plotted as function of sin® 20,5. The plot shows the ranges of the sensitivity to CP violation
for several values of Am3,, where the top row corresponds to the lower bound, the bottom
row to the upper bound, and the middle row to the best-fit value of the LMA region. If
no bar is drawn for an experiment, it does not have any CP violation sensitivity. For the
paramneters, the choose the LMA values.
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“New exotic interactinns

J Sato (1% B& X)
M. Camp&neui

aingw' = A(EYEP’)(T}; 711/') ﬁ*‘e

gives the same signal w/ V osc.

Udiaﬂ(El,Ez, Ei)U-l + diaa (A,0,0)

Cee EE[-L eer\
"V epe e

E-e Exp €tc )

However the energy dependehce
IS diffﬂr?nt 'Frum V 0SC.



o For (V. — A)(V — A) interaction type

B v, — vg, the effects induced by esa’?Bn The others
are too small or easy to be absorbed into the error of the
oscillation parameters.

B The expected sensitivity is € = O(107%).

€on (€1e) €07 €47
Ve — Vy VAN X
v, — U, X X O
Ve — Uy X O
v, — Vs X O
vV, — Ve AN X X
Ve — Vg X X X

¢ In many models €,,, 1s large.

— T appearance is important !

The CNGS experiments will be able to detect the new inter-
actions with € = O(107?), depending on their phases.



Using the conventional beam: v, — v; channel
e, =3x 107
I GL”T =0
~ 30GeV
<«The unit is 10° neutrinos.
This is the ©(102) times
larger exposure than that of

the current experiments.

1000

900

800

700

600

L[km]

500

400

300

200

2 3 4
E,[GeV]

ICARUS and OPERA:

¢ Low statistics make a study of the energy spectra
infeasible. We compare the total event number made
by the new interaction with the error.

«'The contour denotes that
the effect made by new in-
teractions is as large as the
lo error.

SM 2
N; Osys  Otot

ICARUS-A 40.4 11 7.4
ICARUS-B 235 1565 5.2
OPERA 16.3 0.75 4.3




8 M, mmawmum:_

Use the enerqy

spectrum of the
wYong mﬂ: P ons

from T-[¢ deceys.

&

1.5

U diag (§5)U™ + diag (A,0,0)

x m“mm ¢n._,r mmq

\ e €xp €rc






