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e Definition of Allowed regions-

e For solar néutri_nos x* presents several local minima

e allowed regions at a given CL are defined as regions of parameters
where |

x* (param) < X%lobal minimum T Ax*(CL, 4 of parameters)"

2
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A excluded .
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e The statistical probability of an allowed solution is given by

. Xfocal minim/94-0: f_ d.o.f = § data points —ﬂ parameters
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Including CHOOZ resultsi

R =1.01 +2.8%(stat) £ 2.7 %(syst)
a""\ 1 :""I'I LR R UL L LU B IR LN IR R
© [ g3
I."; T el |ee ]
€10 L O |3 EXCLUDED i
< - ]
: —2-
10 =
, o
10
10_4_ ||||||||||||||||||||||||||||||||||||||||
0 010203040506070809 1
sin®(29,3)
o Two—neutrlno and Four-neutrino scenario:
= . o, AmE,L
i ¥ PSHOOZ — 1 — sin®(26019) sin?(—127)
4F,
e Three—neutrino scenario:
i . Ama. L\
PSHOOZ = 1 _ cos* 013 sin’ (26012) sin® 21
4‘Ey
. | o Am3,L
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i d | . 4E,
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Solutions for Three—-neutrino Oscillations
Solar+Atmospheric+ CHOOZ data.
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m II.Two—Neutrino Oscillati()ns.

— The v, survival amplitude after propagation from the Sun to the
detector at the Earth:

A(Ve — Ve) = A,S'un(-Ve _*.‘Vl) X Ava.c‘(Vi — Vl) X AEarth(Vl — Ve)

+ Agyn(ve — v2) X Avac(va — 1) X Apgrth (V2 — ve)

— Where

IASun(_Ve — V1)|2 = eS’J.un =1~ |ASun(;«’e - V2)|2

= -

IAEarth.(Vl — Ve)|2 = Pﬁarth =1~ ]AEarth(V2 — Ve)|2

Avac(Vi — v;) = exp (—im? (L — Rsun)/2E)

— So in general:

Pée — P‘;S’lunpﬁarth + (1 _ Pﬁ“”)(l _ Plfgarth)

'.E-_
el

1 £ When matter doesn’t matter
pSun = pEeTth — ¢os? § = Vacuum Oscillations (VO)
For Am? > 108 V2 = VO averaged, P.. = 1 — 3sin® 20

¢t

— When matter does matter (1078 < Am? < 107?) : Matter effects
in the Sun (MSW) and in the Earth

F
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Solutions for Ve — Vgetive OF Ve — Vsterile

Updated with Super—Kamiokande 1258 days, BPOO v2
Allowed regions from Rates ( 90,95, 99, 99.7 % CL):

-3
?10 BPOIIOHIiill L] IITIHI LI I T TTTIT LILERRLL T IIIIIIII 1 llIIIlll T l]IIlli' T TT
= -
L1
~N_ 107 y
£
< 1oL | |
107 AR
. 10.8 =T
10”°
107" M
1ouE Active Sterile
ot Ga+Cl+SK -
10- | ll!!luj l LK Illl l Ligie 11
10° 107 107 10" 1 10. 10° 107 107 1 10
tan®s

¥ Why differences for oscillations into active or sterﬂe‘?

AL .
i 1

Main effect is different contribution to event rates in SuperK

Vu(ry + € — Vury + e — NCevents in SuperK

vs + e % vs + e — no NC events in SuperK

Also slightly different survival probabilities in the sun

Active Sterile
SMA LMA . LOW VAC SMA
- [RateAm?/eV5.5 x 107%1.9 x 1075(9.2 x 10789.7 x 10~ 1}{14.1 x 10~
| tan20 |1.6 x 1073  0.30 0.67 0.50 2.0) |[1.5 x 103
Prob (%) 56 % 8 % 0.5 % 2% 14%
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=~Energy Dependence of P,

D

¥ for Different Solutions

Neutrino Flux

Neutrino Flux

SMA

LMA

Neutrinc Energy (MeV)
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Other Super-Kamiokande Measurements

)
} Super-Kamiokande 1258 Days

¢ Recoil Day—Night Electron Energy Spectrum
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AL

— Spectrum compatible with flat x%,,, = 83/(37dof)
— Few more events at N than D 2875 = 0.033 £ 0.022 £ 0.013 (1.30)

3

117



Updated with Super—Kamiokande 1258 days, BP0O v2
Allowed regions from Rates ( 90,95, 99, 99.7 % CL):

-3
10 ] T |l|lllil LT TTTH 1 l[]lln] T |IIIHI! T TTTIT
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10—11 :
L Ga+CI+SK ; :
10- | !lllll | $ ] LLIL) LI LEe(]l 10 tragll L1111
10“’ 10'3 10‘2 100 1 100 10° 107 107 1 10

tan*d

z- Why differences for oscillations into active or sterlle‘7
Ma1n effect is different contribution to event rates in SuperK

f 1;v

|'I h‘
I‘I";

Upr) + € — Vur) + e = NC eventsmSuperK
vs + e 4 vs + e — noNC events in SuperK

Also slightly different survival probabilities in the sun

s

Active | Sterile
SMA LMA LOW VAC || SMA
Rateg Am?/eV|5.5 X 1079/1.9 x 1075}9.2 x 1078/9.7 x 107 '||4.1 x 107
tan2 8 [1.6 x 10~3 030 067 | 03020 |{1.5x 1073

—_

4 [Pob@®| 56% 8 % 05% | 2% 14%
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Solutions for v, — Vyetive OF Ve — Usterile

o R

Updated with Super—Kamiokande 1258 days, BPOO v2
Excluded from Spp and Spn:

N : H ’ :
?_;/10‘“ : %

~
<

Sterile
10-12 ?llellﬁm 1 IIII1|I| 1 I!IIIIIlE 1.1 1eavik 1 IIIIIII| ] Il1llul 1 IIl]IuJ 11 Iltlll; I IlIIII.:I-
10 106° 107 107 1 100 10° 107 107 1 10

tan?s

"l'.

l |

. Xa= ) (B*-E{™)o —Q(Rth R)
1,7=1,3

* Day and Night Recoil Electron Energy Spectra:2 x 19 bins

2 >th th
XS‘pD/S'pN = . .ZI:BS(QSPR?Z 6$p)o_ (O!spR — Remp)
t,=41,

In Global Analysis we use 3 Rates + SK Day a:nd Night spectra:

| -aA_ total of 3+38-1=40 independent data points
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Solutions for Ve — Vgctive OF Ve — Vsterile

Updated with Super—Kamiokande 1258 days, BP0O v2

Allowed regions from Global Analysis (Solar+CHOOZ data):

3
5—-\10 IIII|T| T T Trrrom T llilllll « 1 TTTE L L L} F ITTIT
< 10
e’
e 10°
= 10°
107 |
s 10° | e
- = 10° _ e
107 B B
11 Active Sterile | 3
,F Go+CI+SK+spDN SK T Q E
10- 1 ]lIIIII] 1 llllllll 1 IIlIll!l 1 l!!!luj | NNl 1 IIII!IlI i ]l[lllll 1 lllllu! 1 IIHIIIl Ll iy,
10° 10° 10° 100 1 100 10° 10° 100 1 10
tan®®
Active Sterile
SMA LMA LOW YAC SMA
Rated Am?/eV*5.5 x 107°1.9 x 107%9.2 x 10759.7 X 107 1}{4.1 x 10~°
tanZ6 (1.6 x 10~ 030 0.67 0.50 (2.0) [{1.5 x 103
Prob (%) 56 % 8 % 0.5 % 2 % 14%
Active Sterile
| SMA LMA LOW QVO SMA
Global Am>2/eV35.2 x 107%3.7 x 10751.0 x 10774.6 x 10~19|3.9 x 10~
tanZ8 |7.5x 1074  0.37 0.67 2.37 6.5 x 1074
ik Prob (%) 30 % ' 61% 42 % T 359 30%

-Allowed regions: How to discriminate theﬁi_‘? )
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- - (b) Oscillations in the Earth Matter :

In the case of crossing the distance I. inside a constant V:

Night
.'_Peeg -

Ii,

plisht = pDav _ (1 — 2P,)cos(20m.0) freq

freg — PEa‘rth sin2 9

-——‘--/-*‘*’—sm2 2t9m sin? ZL — ?‘;i—smz 20,7, sin? %—’-

f reg — .
o a5 L
: _ with the oscillation lenght in matter /., o
I, — —& ' sin 20,
m ™ Am?2 sin26
4E
As a result:

freg is ALWAYS positive.

PLEaY positive or negative depending on P.
Night Day
> Pee .

The adiabatic case, P, = 0, implies maximal P,

L

Matter effects in the Earth are maximal when
Am? cos(20) ~ 21571/(3

Since (Ve gartn) = 2 — 5 gem™ 3 and E ~ 10 MeV.
Effect is most important for Am?2 cos(26) ~ 1076 — 10-7 eV?2

Earth matter effects generally represented by the day—night asymmetry

__5D—N
ApN =2p7x
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. v . 9 .« 2 oL - - sin 28
f'r'eg = ——%zsin 20, sin %n_ lm = ﬁgz sinZgL

4E
sin(26.,) =

-4F
Am2 sin(29)ﬁ-
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- IV.Predictions for SK and SNO.

e Zenith Angle Distributions at SNO.
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s~ -# Optimum Binning for Zenith Angle Distributiens at SNO.
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IV. Unifying Active and Sterile Oscillations:
Four-neutrino Oscillations.

e To fit solar, atmospheric and LSND
— 3 Am? AmLSND S>> Am2,. > Ami,.,
— 413
¢ But LEP data implies only 3 neutrino flavours
— 4th v must be sterile
o U:6 mixing angles and 3 CP phases
@ Possible mass spectra:

— :-: F il F | 'y 4 T
my my my b Ty Lz ™My
Mg 4 mg F T3 ™3
4+ M2 + Mo
-« Ma + M3 m
1 msg T M2 T 2 4 M
L m) 4 m 4 my 4 my L L my

(1) (II) (L11) (Iv) (A) (B)

e Limits from Accelerator and Reactor: — A or B favoured

& A B | In B__for example:

B solar——— —— atm - Atm v, — vy

o 1‘ "Solar: ve — v—

iE LSND LSND V_ ™ CxVs + SxVr
atm _“__‘L___ ——— solar Vo = m8xVs T OxPr

x function of angles in U
e Open Question: 18 Vs part of Atm or Solar Oscillation?
* In 2-v oscillations we have seen the limiting cases:

Atm: v, — Vs
Solar: v — v~
o )
Atm: v, — vy 7
Solar: ve — vs

* But intermediate cases 0 < s, < 1 also possible
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e The mixing matrix U = 0724023034072

B . SR

1';\';;;.

L

b

b

O 3]

)
)

c12 $12 v >
—812023C4 S32923624 923824034 524534 523°345347924634 1
i
512323 —c12823 ©23C34 | C23334 }
512C23524 —C12C23924 —923924034TC24534 —5235245347°24°34 )/

e For solar neutrinos:

) 2 . . “ o ~,
c53054 = 0 — pure v. — Vgctive OScillations with mixing 12

2 2 » - . - o fal
C53C34 = 1 — pure ve — Vsterile OScillations with mixing 5-

T

. 2 2 i - 2
Intermediate cases 0 < cigcqs = |Us1|® + |[Us2]? < 1 also

- possible: v, — vx with mixing 612

:,sp..,,i
vt

2 2 2
Ux = Co3CaVs + /1 — C33C34Va.

— In this general case of simultaneous v — vs and v, — Vg !

—~4r _ p2u
Pee '—Pee

i

4y 2 2 2v
Pes — 023624(1 - Pee

Pl = (1~ casc3a)(1 — Ped

but P2¥ is computed for a matter potential
(=¥
‘ A —— 2 2
_'“1 = ‘ACC‘ -+ Co3Coyq ANC

* _ Analysis with the 3 parameters: Am73,,612, and c3505.,

—_—
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Solutions for Four-neutrino Oscillations

e LMA, LOW-QVO can have a subdominant ve — vs component
e SMA allowed at 95% CL for all mixtures active-sterile

0 01 02 03 04 0.5 06 N ALY )

1

Cort Co=IU,, P + U1

. . . . 2]
Three dimensional disappearing for,__c%3 Cha

.. t o
—

%CL | SMA LMA LOW-QVO
90 | <0.08 <044 = <0.30
99 al < 0.67 <077

e Impact of atmospheric data:
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Solutions for Four-neutrino Oscillations
Solar+CHOOZ data.
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What will we learn from SNQO?

o Dependence of [CC] on « ciscs, only via modlﬁcatzon of the m
Dotennal = weak limits

M.C G-G C. Peiia-Garay hep- ph/0011245 PRD63 (2001)
0.8 b
£ ) 0.6 B e e T = ]
| -2 LOW-QVO
0 o"b 10.20.30.40.50.60.70.80.9 1
cos’M,;cos™ P,
[CCl~ (Promvy)

: = Dependence in figure due to variation of size of allowed regions
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What will we learn from SNO?

M.C G-G C. Pefia-Garay hep-ph/0011245 PRD (2001)

—

[CCl/TESg]
07

©
o

Gyl
‘|‘W’ :
!

h

' I‘ ’"
t-r"";

0 O 1 0203040506070809 1
cos?9,;c05 5,
:.CCJ ~ 6<PV6'—’Ve>S\TO
5-]'ESISK 1 + 5<P1/e—>r/e>SK c)gc),i(l Pva—:rue}”K)

<& — Explicit dependence on c25c%, i
- = Better sensitivity but still large errors bars
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What will we learn from SNO?

=

M.C G-G C. Peiia-Garay hep-ph/00112435 PRI (2001) |

:
INC1/ICC]

forarlam
'uv' .

T g

fi

Ir"';

0070.10.20.30.40.50.60.70.80.9 1

2
cos’Y,;c08" Y,

NO 1= okl = (Pue)
[CC {

;& — Explicit dependence on ¢33, -
— Best sensitivity: | o

E . N . P o
forinstance === . = 5-23, > 4= al ov%CL
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- V.Summary.

e Solar neutrino data is explained in terms of neutrino oscillations.

e Two—Neutrino Oscillations:
= Several regimes remain allowed : LMA, SMA, LOW-QVO.

= Global fit i s not a superposmon of partlal analy81s

- = Sterile worse than Active scenario. =
~ % = Small impact from SNO CC rate on the solutions.

e Three-Neutrino Oscillations:
= Full agreement between CHOOZ result and

solar and atmospherrc data ‘
=> Values of 9 13 around Zero preferred althought the

stronger bound comes from CHOOZ result

"

I !-‘r"";

e Four—Neutrino Oscillations:
= Unified picture of Active and Sterile scenarios.
= Pure Sterile oscillations are allowed at 95 % CL when

compared with pure Active oscillations.
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