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UPDATE - (WHAT’S NEW) SINCE

JUNE 'q%
(DATA)
DATA oLD NEW
LIVETIME
Fc 535 days 736 days
PC 5§35 days 685 days
upmuy 51t days 516 days
RECoNSTRUCNON minor mprovements
el
(MonNTE CARLO)
LIVETIME 10 yr | 20 yr
X-sSens CCFR .S‘l'rud'u.rc -For DIS use
funchons GRV 1944 PpF
sol& wind solar cycle average solar Cycle min

Now have combined FC/Pc/quu analﬂs(s




FULLY AND PARTIALLY CONTAINED

sub-GeV multi-GeV
[ECelke) | = -
85.6% v, CC
10 s ._....-.- : 4.4% V. CC
H N [
\ e 9.9% NC
10 : =
=

10 s -+
® Data (stat. brrors) =
1 MC (MC stat errors)
1 IIIM E 1 1 .’Id 2 4 44 E‘% 4 - 1
102 10" 1 10 10°

Momentum (GeV/c)

Fully Contained (FC) Sample

- sele . gevents to enhance
CC-qe fraction

- divide sample into sub-GeV and
multi-GeV (E .>1.33 GeV)

Partiall¥ Cont?ined ?PC) Sample 1
- Q0 single ring requiremen

10

3

sub-GeV multi-GeV
I_Entiu 1918
95.9% v. CC
10° i 0.3% v, CC
‘ 3.8% NC
10 —

10
1
10% 107 4 10 102 10°
Momentum (GeV/c)
I Entries !I‘

s 97.6% quC
10 1.8% v, CC
4 ——— 06%NC

o
10 ==y
Vo
souul ETTT T EWTTTT
102 10" 1 10 102 10°
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NEW RESULTS

736 days FC + 685 pPc Prc.llmmar-\/
New 20 yr MC

ODATA MC
5!!\%'& e,"'llM& 1607 |502“‘7 SU\
rin ' \
J /u-hl«e. e 1T 2262.6 ( GeV |
Mulﬁ—rlnj 17| le3!. 0
Total 4495 5396.3

R, - 0.¢1 + 002 + 0.05

Sinale{ e-hike 336 | 351.9 |
"ML - ke 301 H19. —
mu\‘l‘i-rlnj 737 935.4 @
Total Yoy 1706 .4
PC (u-nme) 374 508.9

K,

FC+PC

- 0.66+t0.04% t0.08

l]
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ANGULAR DISTRIBUTIONS

Super-—Komnokonde 45 kt —yr Prel;mmary

L)

 sub-GeV(&-ike)

sub GeV.

mult| GeV +PC

VISAS SIS,

- VAT IS,

s:n229 =1

-

Am 2.3, 5x1 0° evz

-08-04 0 04 08

? cos® ¢

DOWN-GOING,

UP-GOING

-08-04 0 04 0.8
cos®



10 ANGuLAR BINS

-Kamiokande 45 kt-yr Preliminary
W7 80—
multi-GeV e-like multi-GeV p-like + PC
| ® Data
V/ZzzzzZ4 Monte Carlo (no osc.)
100 - — BestFitv,v, 100
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Zenith Angle Asymmetry |
0039__: .2“..

A = (U-D)/ (U+D) .:::
e cet (Y e
0050 U
| U
1 i -l lll1|l| 1 | lllllll L 1 LI
e-like
05 F "
0 =t g ,,/,,+ LTSI IIIIIIIIY
05} 1
@)
5.1 I Lt 1 aaael v 11111l I IR
= 10 1 10 10
g 1 L] L] L] LI Ill
= u-like
05 | -
FC PC
0 ™~ - ———— ] -
...
05 F F
-1 !
10~ 10

1
Momentum (GeV/c)

Amutti—gev p = ~0.311 + 0.043 + 0.01(570 from 0)
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FIT To OSCILLATION HYPOTHESIS

L= 2 ( Noam-Nosc) [ + Za‘/o-

)/’l cose;,‘ P
70 bins: (e,p) estimated
5 cosO systemahcs
9 los P

WEIGHTED Nosc = Ldata > w (520,407, %, €; )
MC 1,4(; events

S Y stemahc parameters

&y = (8 As,Bm, £, Ns, N, A)

PARAM Assumed
-2.71:8 - =

V $iux = (1 £x)E -y 257
_ 0.0S5
-like [e-hke rah s &7
M / ke rato | ?/(ébm 12/,
Fc/Pc raho P 87.
24y,

Zenith angle q,stmd"l’y (%Sm :,7/./'
<L) E, A IS/,

A
® Minimize ’)C at each sm"lB,Am?' wrt E.:,)
e Find 'X—zmm |
o Build conf level map as fen of 1z_x=.mm 16



Am? (eV?)

10

10

ALLOWED REGION

[ oo 68% C.L.
-— 90% C.L.
e 99% C.L.

] 1 ] 1 1 i |

0 0.2 0.4 0.6 0.8 1

" sin20
y
907 cL= Kpmnt 5.3

Best fit: Y'=62.1/67 d.o.f. , P=657.
SIn*20=1.0, anf = 3.5 x1073 eV*®

No oscictATions : L™ =175 /69 dof , P 0.0001 .

i ——— A

|+



20

18

16

14

12

Nbins
)

Best-Fit Residuals
for the 10 bins in the 'Lz Sum

llll’ll

—Norm.  8.4% (0=25%)
i EY -0.090 | ¢
—sub-GeV e 0.190
- multi-GeV w/e -1.03 ¢ -¢-
—PC/FC -0.36 o
- sub-GeV zen. -0.160
—multi-GeV zen. -0.09 o
- L/E -0.08 ¢

V-V

u /

— B
—~

how much did the

‘Ej’s movt’.

Mean
RMS

-0.3496E-01
0.9316

(Npara - Nosc)/o

18



Super-Kamiokande Preliminary: 736 days FC + 685 days PC

1 F

10

10

Am? (eV?)

10

10

90% C.L.

| ! | N |

— Kamiokande .
— Super-Kamiokande (Dec. 98)
----- Super-Kamiokande (Jun. 98)

| 1 | L ]

0.2

04 , 06 0.8
sin“20

/1



_MULTIPLE RINGS

Hngular distributions of selected samples o ennch

Zeni_th angle distribution of 2-ring, v, enriched sample Ve , Y
2ol .
| 7 inm
Z p-like rings g " NN | o o
OR. =71 R\\
| p-tike t 1 eike t NRICHED)
Pr > pe “r N\ A~
; % Ve
OR. ; 1 N
> * 7 '
=1 Mm2€e dCCBYS T
s L
89/ c¢o ), [ Super-Kamiokande Preliminary
¥ - 735.6 days
27. ce Ve s L
€7. NC
0 1 1 1 1 1 1 1 1 1
1 08 -0.6 0.4 02 0 02 0.4 0.6 0.8 1
coso
Zenith angle distribation of 2-ring, v_ enriched sample
[.]
s o[ -
2 e-like rings .; o
AND not 0 § s ocind B2 .
(mm‘,cqo);noua)g s NN AN ANNNNN 230300t o0 R
_ £ RRERRR OIS s
’}l"lke*‘e"lkc) 30 fﬂ/ s L7, 74P sz /,‘. —®
Pe 2 Pu 2 - 1 B
no M-de decny: ' -
n -
59 cc ub s
77.¢cc Vu - _
. o [ lokande Prelimi
3%7- NC u:- W‘rss.sdays minary |
‘ -
R T T Y ¥ S B TR R TR T 20



Nexr:

° o
(3] N

e
>

T T T T I T T ] T } T T T T I T T T T ’ T I

dFlux/diogE (x10*cm?s'sr™)

03

0.2

0.1

UPWARD- GOING MUONS

Parent Neutrino Energy Distribution (muon track length > 7m)

T P rrrery T T T TTrrTT T T TTTTT T ll!ll!'l! T T TTTTT

Super-Kamiokande (Preliminary) .

------ Bartol-GRV94
—— Honda-GRV94
Upward Through-Going Muons

T T r T T T T
1 1 I 1 1 1

Upward Stopping Muons

I 1 1 1 1 I 1 1 1 1 I 1 1 L 1 1

| 1 1 1

||Illll ' llllllll 1 II_IIII.I 1 Ll

-l

3 4 :
10 10 Brent Neutrinb®Energy (GeV)

* anqular dist

. S*oy /“w'u ( different suppression
‘For dufferen'l' = )

'_Z/



ZENITH ANGLE DISTRIBUTION OF (UP-THRU)

flux (x10"%cm™?s™'sr™)

st‘1'”']'”""‘”"_""“""'1"'1"-_
4'5: No oSc (HonpA) 13')dof=l7-‘3/q é
45_ ”6;—') \)-C: Sinzlesi 'S _f
: [ 4mt= 325107 ]
35 F £lack =73 + :
- -
3 .
25 - -
2t ;
1 ﬁ ‘ b
05 F :
.0'-J_lllll.l‘l"l“"Il']illllllil_ll_lll|||||
1 09 08 07 -06 05 -04 0.3 -02 0.1 0
| coso

gl



Stop/Through ratio

SToP /THRU RATIO VS, ANGLE

0.7 [ T SLAELE NLELELE) BLELELE BUNLEME BLELELES BURLALEY BLBLELE BLAL
i No osc ( HonoA)

06 N
6 i \)#"’\)1’, $1n*20 = |
I zAmﬁz 3.2x107>

0.5 n

0.4 i
- » e _L

0.3 £ .
; : | | ]

02 - I%;ﬁ | T _J
t ’ T :

01 F - _‘
o JLITAPIES WPWPBPUL (e |0 o s e 08 KAl /it ORI IPRPRTSE ST
-1 -09 -08 -07 06 -05 04 03 02 -0.1 O

cos

EXPECTED : g’for/Thm = 0.37 £ 0.05
(no 0sc)

MEASURED : Stop [Thew = 0.22 1 0.03

-

A



UPMU ALLOWED REGION (THRU 251'0?)

( 1)},_.-) Y )

c§1llll
2 [ Best fit: 51n*26 = |
NE ' {Am"f- 3.2 x \0'3e\11‘§
Q-'o -1__ a=4+107., ="/ E
|
10 F
-3.
10 F | ;
. — 90%CL
[ 99%CL
10 AR

0 02 04 06 08 .1
sin229



ALLOWED REGION , ALL SK DATA

FC + PC + upthru + upstop

A"lll
N
E -1 . Best {it: Sin*20 = |
<10 3 E‘m’-—-z.leo‘*e\l"% E
| Fonn = 70-2/ 82 40f
.2.
10 F -
/',‘—
.,' Lo
\ i‘\.
-3 N~
10 [ o T
.......... 68%0'_
: - 90%CL -
[ e 99%CL
10-4 " N N | " 2 N | 5 ) M | D M | M
0 0.2 04 0.6 0.8



WHAT FLAVORS ARE
INVOLVED IN THIS Vu Py
PISAPPEARAN CE 7

So ‘F&r hove assumed ))}L—*» \)-C

What about Ve = Ve ©

V,.;,—)Vs?

(or a combinati On)

. (pure)
* why t's t >y
WiLL FoecUS ON : | not R e

(PRELtMlNRRY)

ANALYSES * Vu>Js from FC[PC

ang. dist

* V2 Vs us. Y Ve

from slngle plons



600 Super Kamtokande 45 kt—yr Prehmunory

L] L]

sub GeV e-like : sub-GeV p,-llke

s |
e AT TS

_¢__—¢—:

: multi-GeV e-like 1] multi-Ge lé' ke + PC

ol _cpmty e e

4= == | sin?26=0.98
» . . _ 31 j . Arl}2=3.8)l(10'3 qu
-08-04 0 04 08 -0B-04 0O 04 0.8
cos® cos®
no excess of poor 41k here
multi-GeV o-like {00

Also, excluded by Cnooz !

CF



Could 1t be 9;&‘3 Qs?

Hard +o tell 'From ‘)P-_) l)r

E.xpec{' onla O-few 10's O'F s
in our date sample

(‘ook ke Ve'’s & Dpls anywmj)

One apgroach: ook carefully at angular

distmnbuhon °

l)/u_"a I’T and \’p,""l)s 3[‘1'&
slightly different angu'ar
dist. due v maHer effect

Vo - ek ) D
2
e.% ‘ e,% e"; e, 9
V= g_g N maxmol mncmﬁ L _Zﬂ'[Hg ] ¢
2 l $m'29 » -ji,_
2 [+§
=2m
AT
“__$ cHect ]arse .Fo l‘llgh E
(smail an

28



L)

Va>Vg vs Vu Vg

sin20 = 1, Am?=3.5x10" eV?

' | | T | T | T
1 -
| (€,=08GD
= 0.8 GeV
05 & 1 asub-GeV
— V=V,
1 ‘ : | 1 ?’u_) Ysterile
0 } [ } i | : i }
— 1
>::.
;:L 0.3 1~ mulh-GeV
R
! 1 I 1 I N
0 } | . | ‘
1~ PC
L :
t cos® A
UP GOING | pouw.

(Effect gets washed out over energrcs...)

BuT: bggest effect for PC

29



600

400

200

200

v,;.—) vs

Super-—Komuokande 45 kt —yr Prehmmory
]

sub GeV e-like

sub GeV p-like

v d P v,

1

" multi-GeV e-like

L

100 | : 11
ﬁf { |

0

11 multi-GeV %- ke + PC

ST — 6T

sin®20=1

Am =4, 5x1o“" ev&

-0.8-04 0 04 0.8
cos®

Can 3& sood -Fd'

-08-04 0O 04 0.8
cos®

= 643 /67 d.0.f

So



Am? (eV?)

Va2 Vs ALLOWED REGION

1 l | | |
V. =V
- S
10"k K |
10 °L  Bestfit x°=64.3 /67 DoF (P=57%) _-
: at(sin“20=1.0, 4.5x10%V?%) . j
-f /4
i e “~d)
X )
o ™ 68%C.L. : .......
10 — em— 90% C.L' ¢
E .......... 99% C.L. . :
10 -4 L | a 1 . I ) : .
0 0.2 0.4 0.6 0.8 1

sin®20

favors shghty hgher am
2
(expect PC distortion (@ small am )

5)



ANOTHER wAY OF INVESNGATING

Vu=2Vy Vs Vu=>Vs

LookK AT (Smm.e PloN@

N//_\w'

Sunglc T° production -l;aas NC)

Con use J-I'\Or normalization 37#_,05 . no NC

=2 look for 2 ¥’s : L e-like
rFings

S(L\et.ht)n e - rings
* both e-like
¢ no MU decay elechron
* 9o MeV/ct < Myy < 190 meV[c?

32



INVARIANT MASS

Number of evgnts

00 Super—Kamiokande Preliminary
- 735.6 days
80 - .
mass
cut
60 i fOr pion .
L QVM{T (gc’c
selechon [
a0l NG
20
o . ........
200 250  3p
Mass MeV/c

'

ANGULAR DISTRIBUTION

Zenith angle distribution of 7°

v L
§100 = Super—Kamiokande Preliminary
(T !
“« 735.6 days
|
o !
-E "
Ego -
Z B
60

40

20

llIIIIII']II]I]I]IIIllllltllltll]]l'lll
-1 -08-06-04-0.2 0 0.2 04 06 08 1 )
cneP '



@/&’llke ﬂﬂf@

~ NC/CC ) expect ~ 1 ’For \J/v.-) P-C (1){5 make NC.)

~0.T75 -For VP,-) I)_s (9 s really
d 'Sap Pearlng)

Background Subtracted : X3|.8 baTa

195, 9 McC

L1l % 0.06 £ 0.02 % 0,26
(ﬂ‘le.) MC PATA Me SYS

SmAT STAT ‘_J

NOTE BlG
ERROR BAR

d.omt‘nw"ed 53
X-SChn yncertq inty

N4

K2K neardetector
will he| p

cht)Df Va2V preference ...

Can Plaa O'Ha&r games with TT S & o'Hner-
mult- “rings

24



SUMMARY
NEW RESULTS

+ NEW DATA SAMPLE : 73¢ days Fc + 685 daye PC

* NEW 20 yr MC SAMPLE

Ko = 0.67 002 +0.05

Rmulti = 0.66 +0.04 £ 0.08

—0.31l £ 0.043 L 0.01

© @/u-?l)-c) t FITS VERY WELL

ﬁmul‘l:iju.

Am? eyt sin*26 Ezf dof
Fc/Pc 3.5%10° > ls 0 62.1/ 67
upmu 3.2:% 1073 l.o 8/ 13
al| 3.2x10"3 I, O Jo0.2/82

© W 2Vs) aiso firs well +o Fe/Pc data

Sin'20 = 1, ands 4.5x 1073 ev? x* = 64.3/07 dof

@ poor fi+  (also ruled out by Choo%)

MORE WORK IN PRDQ RESS . 7° s , mul{-}-r“fng , 3"'Flavog

35



