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REMARK ON MIXING ANGLES |

® Mixing angle range s 19,)- €[o,n/2]
(4Ast + 2nd OCTANT)

® In geveral, oscillation physics is
different in the two octants.

Qctant S}jmme,’(‘rﬂ (Simg‘."j-* Cﬂswg.;j ) IS
Unbroken only .go-.- 2y osdll. in vacuum

& sinZZﬂU maps ovne octant only
— not" a proper variable > 08soLeTE

® Better variables : ’sinz\%' (linear scale)

:tﬂﬂz i | C. log scale)

e Map both nd‘twﬁ”;
®e Preserve oclaml symwetry if applicable
es Avoid Pe;wdn-prcb‘.e.ms Kke 5iv11279>'i‘,el?:.

Use ol both octants awd of. loatam"ﬁ’,:}‘ originally
advototed in :

Fogli, E'L. Scloseia , PRD 52,5334 (1095) & Loky
Fogli, E-L., Montawine, PRDS4, 2048 (1996) « Solar v
Fogl, E.L., Montaviue, Scioscia, PRD 56,4385 (1993) < Atm. v




REMARK ON X%* STATISTICS

Two cownonical Xl‘l‘e.sfs (PDQ):

(A) PARAMETER ESTIMATION
¢ Uses X' Ximin = AX?
¢ dof = N(model param.)
¢ Tests if parameters are fluctuakions
ol best- fit

® Wl.d@,\‘lj used to draw CLl. contours
(innlmding ‘s Talk)

(B) HYPOTHESIS TEST
® Uses absolute X2
e d.of. = N(data) = N(model par.)
e Tests intrinsic geodviess of {it,

wdependently of existonce 0{- absolute. Xhy

WARNING @ Tests (A) amd (B) are DIFFERENT.
Parameters way fait (4) but pass (8)-
Information on (8) important when hgpol'hesug.
rejeckion i claimed (e, sp,m Yu—> Vs, efe. )




Atmospheric 29y oscillations

Well- known results (30%C.L):
{ﬁ.\'ﬂl o~ Bi?g % 107V

Sin*26 = 0.89

Con be wnttewn as :

2
log,, aM" -25%03

eV?

Sin2G ~ 05047
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® Diﬂemf Sk dale. cousistent wikh eoch other
e Differemt Q)xpenwmd‘; consisteut with eoch other

o Fit downiusled by a siwgle, striking auidemer. :
U/D asymmetry oL mulk GeN omwons

Super-Kamiokande (70.5 kTy)
e, 4 zenith distributions

Data / MonteCarlo
(+ 10 stat. errors)
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MG/u evemls
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Recent progress: 3D calanlahions o}
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ATMOSPHERIC 3y OSCILLATIONS

2y. TSy,

——_"a‘

- —

3y : Allowance for Ve m_i;rinﬂ- )
_VB - S v
T PYet Co(SyWar Cyvr)
l
—— Y/
2=
- ]LP= Ouz

|4 =6 (ksivg standand CkM ordering )

et 7

® Comments on e later
—_— "
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GRAPHICAL REPRESENTATIONS -
V3= SgVet CoSy Yt PO
= UQ_%M&"(' U/u_?, 'lj.g -+ Uzg Vr__

with Ugy+Uus+Uzz =4

Y
Ues

PURE )/'fu -(-—)V-E

sivﬁd{: %




EVOLUTION OF BOUNDS

pre— (Sk,CHo0Z)

uc ZZ77TT7
Vo 4 Ues

C 3["‘! E'{"'f Mﬂr‘r‘OﬂE) V ;




m? (eV?) SK CHOOZ SK+CHOO0Z

/




B 2 . - . .
Progress in m” bounds for unconstrained 3r mixing
(90% C.L., Ny =3)

. . pre—SK atmospheric
(+) : :
=% i + pre=CHOQZ reoctors
(4.- ]
' : : + CHOOZ '98
= f SK 70.5 KTy
{x=2) 5
e ; + CHOOZ '99
R 1077 107 1o

m* (eV?)

(+) C.L.Fogf, £. Usi, D, Montenine, and G. Sciescia, Phys. Rev. D 85, 4385 (1897)
(=) G.L Togli, E. Lisi, A. Marrone, and G, Scioscia,  Phys. Rev. D 59, 033001 (1999)
{(==¢} C.L. Fogli, £ Lisi, A, Morrone, ond (3. Montaning  Proceedings of Neutrina2000




BEST-FIT ZENITH DISTRIRUTIONS

suce Sk (M}, Ues, U3, Uts) = (3.5,00%,0.5%,0.36 )
—— Sk+(HooZ I ty ~(3,0,05,05)

No signi{{mnf evidemce. -ﬁor UE;:,;!O

Super-Kamiokande (70.5 kTy) | - SK besl-fil
| e, u zenith distributions | | SK+CHOOZ best-fit
= 1 I. -
1.8 ! 1 = | T - T
- ’_ SGe | MGe | SGu | MGu | US| UTu
1.4

R oyt i il !
Re | P 4174 + T| o :
O.E‘ I :I- - |'*- i : -
5 [ i J'_r+ st l
0.6 o _4at 't
- B e ST
0.4 | 17 ML S | -5
l | - | | 1 |
0.2 i 0 § -1 o A Q 1 =1 0 1 =1 =05 0=1 =05 0
cosy cos1 cos® cos® cosd cosd

—> No evidence dor Earth wnatter effets
—> No real seusitivity to sign(m?): = or =

— Hard to see Ug3#0 wem wike
Mﬂh@r SK <stahshes




SUMMARY OF 3V CONSTRAINTS |

(30% c.r.)
™ ~
v = -25%013 ~ as Lor
2V case
;- S
S“I' = sin? 923 ~ 0B5x0lI7 e robust

I
S..PESM O3 = Ués < 0.34 (sk)

S 0.04  (Sk+cHooz)




ATMOSPHERIC 4V osanLA—nows[

® - light 15 motivated loH
LSND + Solar+ abmoaspheric

e
® 2+2 spechrum ,?mmmol 214

(4¢3 not excluded )

N2

® RQC@.‘HHIj, pure *llf,.(--?Vs dl‘s{afomd
by atmospheric 3 dah.:

SK = no u->Ys malter effects observed
No sSuppression ﬂs. NC eveuly

MACRO - wo wmatter efjeets olbcorved

(). : How wuch Y5 tan we

Formalism —s
(’Foah‘, E-L., Marone)




ATMOs. 0SC. ¢ Vu — V;

)
AMsno
v
SOLAR 05C.: Ve — V.
Vi) (cosg sing (VE)
. ~sing  Cosg Vs

EHECHVQ -ge,rmfﬂn dEMSH‘lj .{OP
newlriwo Fof‘wh'al w amatter,

V{_ = T 4e N—F
Ny = --?Esin‘ﬁ ‘Nn (otwws.)

N{. = Ne — -é—rCOSzé‘ N (5-0[.0.1")




ATMOSPHERIC 4y 0sAULLATIONS:,
QRQPH1CHL REPRESENTATION

Vq. = Sgl;‘;u + quv.q.

ACTIVE 4+
STERILE




SK UTw distribution (1138 days)

Fm? = 5% 107 eV’

4+ mP=3x107 eV?

1.8 .
Z J
VAN BVANE BVA
14 v, <>V, DS B V, <>V,
1.2 b
i i IR : | g
T R M e
'u,Bl 'TI .4—!';.' +-a * *I { | l *
i . _
0.4 - i
= 05 c}']—1 0.5 ! 0.5 0
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Bounds -Efam qu\rmmrd?ar eshmakion Yest

m® (eV’) Sub-GeV Multi-GeV Up-going SK Combined

26

6.0x107

5.0X107°

7 g g il

s - MNT e

S§ ~ 0.5+ 0IF  (one agoin)
SI% < 0.67 (large % mixing {‘ch_raj“ed_)




m? (eV?) Sub-GeV Mulli-GeV Up-going SK Combined

3.0X107°

2.5X107°

20X107

15X 10™

1.0X107°

90% C'I_' 99% C‘L—‘

Pure %u>Vs excluded at 39.8 % by
PARAMETER ESTIMATION (= AX™)




Atmospheric v,—> v, oscillation fit

o0

45 |

BD _. R 1 T T L | o et o] ) i T
3 v. unconstrained
75 | | by = e
_ : Y coseens v, Ve
L £ IL-.l ........... By o= (L.IT—|— L.fsjl/ v;}
FL%) : \
'.‘ i
‘.i[} gy g | gy .I_|.._|._ T I I T | i | 1 I | § B i |
0 1 2 3 4 5 6 7 8

e (X 1077 eV?)

Goodness-of-Lit for pure. Yu > Vs :
X[t = 62/65-2) — P =48% < ACEPTABLE

Y5 NOT RULED oUT AS AN “A PRIORI"
HYPOTHESIS, (inour am@lysis)




SOLAR 2V OSCILLATIONS

Fogli , E.L., Montamine, Falazzo

V2000 dal. + BPIF SsSM.

Recent developments -

Detviled study of quasivacuwm ' (qv)
rwmge , intermediate  befivean

W vacuuwm Y M “M‘}W”

Friedloud

Fogl, B.L.;, Moutamine, Talazze

De QGowves,, Friedlomrd, Muwraysmna
Gonzalez - Garua, Teida-Garay

Goso, Nuwokowa, Zulkanovids Fumdhol

Borlier @V shudaes :

Peltcov
Tourtaleone.
Takvasa , Panbleova

Note : QV efleds hol ockamt symmetric




TOTAL RATES

Defecfor Units  Exp. dafa BPa8

BPOO

Goa SN 74.65£5.13 429*8
CE SNV 256 £023 73t

SK 10°%m's' 2.40x008 5.45%%32

+9
13012

8~0+L2

2.3]

=0

+ .00
- 034

o Go= SAGE ® GALLEX @& GNO
e Dato. o Y2000




Cl {SNU)

SuperkK/SSM

Solar neutrino deficit

10l % | 99% C.L. contours
,'l - (2 d.o.f. in each plane)
oY
6 | / : (D Data (2000)
\

4 - T SSM (BP98)
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sm* (eV?)

2v oscillations

-3
10 | RS O | | B B O W T ||||||| T T T TTTEI T T TTT1IT]
ik ; o i
50 . ' '
i (
B Q LMA :
Y SMA 4
-]D :_ =]
5 LDW._'F -
0 S { -
L \'_. 1 -
—8a
10 2 d.o.1. i
: 90 % C.L. :
e — 95 % X
10 5 99 % 5
-10 [ VACUUM
10 = :*:-“":'“-:__@E: -
Cl+Ga+SK rates - =k
10‘11 i | |||||l| | [ AR L 1] |'|| | I|:|_|'i | [WEE]]
T B R 1

o
tan“w




Fit 1o rotes ovly

( Gat CL+ SK) Joertans of §it

'y
Solution Smtev® om'w Xt P(x} do})

£MA 88x16° 9.4x109 0.29 59 %

LMA  33x107° 0.33 3,53 E %

Low 89x10% o 2. 94 0.5 %

VAC  LDo\XW0'®  0.89 0.30 58 %
dﬂ{- =3-7 =1

Relakve likelilood of solmbous 15
fadically cwanged by Sk Spectrum (DON)

Spectrum s ot Y “(slar) = 32.8
Jior- I8 +1€ dalu
and Lrec wormalizaKon

omd is wob 'iwt?rwed (im X*) by vsallobioms

Gl ’ﬂmﬂﬂ




om’ (eV?)

21 oscillations

-10 |
10 -

- 11
10

Z2d o g,

90 % C.L.

95 %

— 98.%

Sp(D) + Sp(N)

i G
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10
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-7 10*1

tan‘w
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sm? (eV?)

21 oscillations

-3
TD = T 1T T 1111 T T T 11110 T |||||| T 1 T TTRIT] T TTTTTI
-4 |
10 O -
i SMA i i}
—B !
10 : =
LOW :
. -
10 Q '. i
.12 | :
—8
10 2d.of :
90 % C.L. :
5 F 958 % QUASI L
10 |} 0g 7 VACUUM ==
m~m Cl+Ga+5SK rales
+ Sp(D) + Sp(N) :
=11 | : | | |
10 | L LLLLL Lt | Ll I A | W
o 10°° 1077 107" | 10

2
tan“w




o X?' . J_;w Go+(P+ 5k+5p (®)+ Sp(nv) fit

Solubiow SWYeNT 4,70, XY P(xtdefege)
SMA 2310 Bexi0t 403 27 <
LMA  4.6x107% (3, 36, | 51 o,
Low  383x10% o 33.3 35 9%,
/‘.
< Jeedness a(» {-d‘

® |MA : reasounable Convergace 0{ ra.fks-b.sFQC’f‘mm -Ff'
® SMA: Ltz rotes vudh Letter o Spectrum
o Low: ng. Spectrum much bekter Han rates

® VAC : disfovored vt lower part (just-so)
btj Sp-ac,{‘rm j befter -Ft'l" -I:Or' tiuﬂﬁ- VaCUlim

® There are SolmKoms at masirmal oynixi
(w=1/4 ) amd beyond (42cond octout) .
Such sslabons are wot ockauf Syvmelre
-> cin?2e clearly obsolete 'f“*“ solar y aumlﬁ;:};

® From the poiut of view of Wypothesis tesh
(dbsotule X1) hard To exclude amy of Hha
soluhous | altouolh LMA appears favered




Nokalalo ot NNN QO
Very reamt esults e

Hep neutrino

SSMgpys prediction

8B-neutrino 515 x 105(1.00 + 9:12) /cm?/s
E__=15MeV

Hep-neutrino 2 10x103 /em?2/s

E .= 18.8 MeV (no error estimate)

| (S(0)ep= 2.3x10%%keV " b)

Note: recent work by L.E.Marcucci et al.
(nucl-th/0006005)
hep flux : a factor of ~4.5 larger than SSM gpee

S(0)pep= (10.1£0.6 keV b\ 1wy imarporaed

] n BPOO
SK spectrum fit
4

R LSRN T F TR I RS R B
g 3 » 5303 + 4577 |
@ 107 04638 L D.O7RIE-0Z
= 107 ]
% j & TG T - : _'-
g 10 | . E:
2 10| |
% it reglon  : 7-25 MeV | !
€ 4p | filed squares : Data .
Z golid line - P1 x {BPOR HEP) + P2 x (BPSA 8B) E E
° 10 dolted line  : P2 x (BPSS BB)
2 = dashedline : P1x (BP9S HEP) |?
2 10 T |
o - J E

10 F hep$=ﬁ(5.4i4-6) SSM BP9% | | F

T T o | - . PR T '

8 10 12 14 16 18 20 22 24
Enerav (MeV)

hep, = (1.2% 1) SSMgpg, !




05711 D 6T

00 (L5001, 01059

LE0 (212700 D, 01%SHS

1o (220010D,01%819
909 (I 00 D, 01%1ES

LT 00D O[> 38
700 A< 6

20 (9000T), OTX6ET

00 0000 DV6'S

(ONS) (18 210 5,01)
PO 0 x0T 22IN0K

(004 g) SUONIIPALJ [PPOIA P-IvpuUB)S

7 pomN e {1eovuvg

o
Sl gpepiE e B/ SoPI S S A 0T LS, 95,1 I B s ding sand (] 2NGg6 STER DEd[




2v oscillations BPOO

1{:} : T TT1171 | TTE | ||||. |-||||||| IR 'l I'IIIII:
~4
10 O \ 3
5 ==
12 o - LMA =
ShaA, 3
P 1D =
o
= LOW
3 —7
10 Q
E
-8
© 0 - 2 d.o.f
- a0 %= C.L.
it 95 % QUASI =4
10 - 90 = VACUUM
m—m Cl+Ga+SK rates 2
-+ Sp(D) + Sp(N)
g | i
1.0 L | Ll | | | L1 | Ll | [ Lt |
107 107 107?17 | 10
2
tan®w

o larsgp hep flux tm BP0 $SM
-> SK spectrum excess v Wigh-emergy uil
“abosorbed " by shamdard predichsus
> Sk /S55M,, enen flatter thaum Sk /$5Mg,

> SMA, QV solukions Shrink slightiy




SOLAR 3V OSCILLATIONS

Ye U L7 — V3
]?L - vt g 'V?_
Y £} — v

Standard CKM orderivg happems to be
W‘)Q"Ml also -Y-Of‘ neubrino ?hgmmwto_gga

U=(°C¢5¢(04 O)(*choao
O -5y Cy ~S¢ 0 Cyllo 0 4

T

- rotabions ack

n the (,V/.MV'E)
Subspaca — irrelevomt {ar solar ¥V

Solar ¥ Pafml-m: (Sm"'*, W, (f? )
.f]'\
4s

Rewark : U is more and wore often being
nawed after Maki-Nakagowo, -Sakak , UsUpmnsg.
1 dow't see reasons 1o drop “pt (for Pontecorvo) -

U= Upmng




Ar oscillations:
Rates(Cl+Ga+SK) + SF’(D) E SP(N)

10 Er"rrq—'m—r'nﬂ—m-m—rm"rrr—r—rm! F||||1.|||u |.I'I'I'L||| |.|IJI'|'I'!' |I'I'I'- T TOEL T oTTIoE

dm? (eV?)

ém* (eV?)

| siiad whped gyl geanel o yoopiel vl eyl

F ton'e=0.54& @ & 3 [ ton'p=1.@% | ] [ ton’p=2.0 I

[T ‘M 11

ul 10

w1 w0 et et e 1 e ot et gt 10t !

1

tan®w tan‘w tan®w

o For small @, infereshing chamges aroumd
w="T/4

1w 10

¢ Radical chamges {or large @ « but excluded Lg CHOOZ
e Fit with cf..E?g; -frm impor fomt _fo-r cousistency check




@ (deg)
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- s SR - Fa
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2
SIN“p

Z2 2 ’
om® and tan‘w unconstrained

e Solar v dak prefer small lf:@;;

®* - Counsistent wikh atimos. 3y Ft‘

® > Cousistenr Wi, CHOOZ

® 7 OVERALL CONSISTENCY OF 23V SLENARIO
WITH SMALL U2,




SOLAR 4y OSCILLATIONS

VoY = Cos g V. - Singl)-,;

ochve + sterile.
osallaHons




? GQiunk , Pena-Ganw, amd (ownzalez- Garue
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SUMMARY OF PARAMETER ESTIMATION

f.r-"“ —_
'\,-—-’/; DV;

4y )

Armespheric ¥ dak. indicate thal one
(mass eigemstote (say, Ym) must be
dominontly coupled with Y ¢

[ VUn = AeVe +AuVu +AV. +AsV, |

A/u ""'(9(‘4/2) )

We have studied three Scemarios

AE+ Aﬂ‘i’A“-z;‘l'As - ‘d.-

SCENARIO Ae Au At As
2V (Ym=") i oy Cy| -~
3Y (ym=73) S |CoSy | CeCy| -~
4y (Vm=Ya) - Sy | CgCy| S¢Cy
2V, 3y, 4y { 03, T, ~-2.5+03

sinty = 05x0.7
3y sl‘n"'lga < 0.3 (sk)
£ 0.04 (sk+cHooz)
4v:  sin‘'eg < 0.67
]N pure Vue>Yg fovored. Upper bounds on 1

oddt’ﬁﬁnal Ve omd ¥g mixing.

— -




ATM 4v ANALYSIS — Sin“g_) < 0.7
(4:05&‘ ; E-.L. ;Marrone) *

SOLAR 4V ANALYSIS - 5in"% > 0.3
(Giumki , Gonzalez - Garua,
'PQWA-QM&QI)

e Cownsislemt .Fo'r 515 ~ 0.5 +072

o Spedific case : $¢ =05 —»
)"'e «— V. =

"1,}?20’5-3’1:)

)/)“ © %= 'U'E»E(V’s'l'h)
“Fourfold waxivmal miximg 7 !

(5{}% ochve + 50% sterile ocuillalowe
J{Or boltr solar omd &W&}ohﬂm‘c '.V)

=EETE-

Sex aléo ¢, Yaswda,




CONCLUSIONS

e Current bounds on 2v, 3v, 4y osdllation
pamme’mrs have been reviewed
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