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Solar Neutrinos at Sup er-Kamiok ande

K.Inoue®
for Super-Kamiokande coll abor ati on

*Kam ok a Observatory Institutfor Cosmc Ray Research, Uniersiy of Tokyo,
Hi gashi - MozumKam ok a- dio, Yoshi ki - gun{Gi fub06- 12, Japan

A huge ring i magi ngwater Cherenkov detector super-Kam okande, has starteddata accumulati onon April Ist,
1996 as promsed. Thisexperinent i sexpectedto gie a defini teanswer to the neutrinooscill ati caol uti onsof
the 1 ong st andi ngsol arneutri noprobl emthrough hi gh statistiemd hi gh precisiospectrumand day/ni ght flux
neasurenen t. Super- Kam okande isaccumul ating®B sol arneutrinodata very qui &l y and prelimnaryresul ts
obtai nedfrom374 days of data are preserted here,insteadof 306 days of data preserted at the conference. No
significah day/ni ght variatiomor seasonal variatiomnare found. Systematic errorsof energy scal eare largely
reduced by the LINA C calibrationat variouspositions.And the experinent isgettingcloserto the lewel of
the systematicerrorswhere we can defini tel ydi scussabout the spectrumdistortionA so1nplicationsof those
prelimnaryresul tsare di scussedw thi ntwo neutrinooscill atidmypothesis.

1. Super-Kamiokande

Super- Kam olnde (SK) is a ring imag-

1ng water Cherenlov detectorl @ated 1, 000m Ny
(2,700m w. e.ynder gr ound nt he Kam oka ni ne ~ dWis \\
inJapan. The detectoronsistef the 39. 3n(¢) I ; N\
and 42n{ H) nain cylindrichdnkand 50kt onof /, : : N

pure water(curretnl ythe watertransparenciys
~100m at 420nm) . Min tankisoptical lsep-
aratedto 32. bkt orof 1 nnerdetectowi ewd by
11,14650cmp PMIs and 2m t hi knessout erde-
tectorviewd by 1885 20cmyp PMIs. Figurel
shows a scenaticof the detector.Sol arneu-
trinobserstiomses22. 5kt o 2mfromt hei n-
nerwal | asafiduci abol une and restoft hewater
1susedforshi el di mgal nsgamma rays and neu-
tronsf ront hesurroundi ngock (thiknessofthe
shiel ding2.5t02. 75nj and isal sousedas an
actie VETO courteragal nskosm cray muons. -
SK startedakingdatainAprill996. How
ever t he qual it of t he wat erwas not verygood
inApriland inMvy. Actual obserstionof so-

l arneutrinobeganin3lthof Mvy wi th5. 6MV ki gur.el. The Super- Kani oknde detector 'It
tri ggethreshol dinan el ectrohot alener gy At comt al nh0kt onof pure water.Inner32. bktons

thattine,triggeratewasabout 10Hz (3Hz from V% ewdby 11, 1460cny PMI‘S. and out ervol une
viewdby 188520ctp PMIs 1susedforanactie

shiel ding.

muons,7THz froml ov energyevents) . This | arge
detectoran provi de13. 2sol arneutrinevents
a day above 6. 5MV (ina totalenergyof a re-



coil eletrar) in 225kt fidudal vdume even
dter valas  baclgramd  rgetias. And futher
cHlag to lower tle adysis theldd dwm to
MeV is barg peafared  sie Jue 199%7. A
extra sp a-lo waergy  triger  (SLE triggr)  wth
4.6MV  theldd was atkd wth secad levd re
detim o a arpter. Ths 9E triger cases
attiad DMHz in event rde W wever 1t
d events lnve vatidss ma tle wdl ad by re
jectitg  thse wdl events wth o alire pgan
attiad event rde staed in a mAgetic tap e
libay is aly 5 events/sec. If we sweeed  to s
sda mtrio  sigd in ths sp a low aagy e
day wt aly tle staisticd pedsian ht dso
the leve am to se spedrun dstatiam wll be
o ved vay muwh

Becase d ths hgh sigd rde K isep eded
to ewaire dyhigh t vaidiay sewad  vailas
tiay spetrum  dstatiam ad so v wth  affi-
aen t sigifrare fa testing matnmo  calldia
sditias o lag stadig sda mtrio pdlen
(e lag agde sduiy sl age sdutia  ad
Jet-so  sdutiay).

2. Calibrati ons

Fa a dsainmdia d sda mtriro sduias
wth @y timm vaidias ad eaegy dstatias,
uifant  yd emgy sde indreticn ad in tim
ad dso dsdite awmgy sde & vaias  aa-
des ae esn tid ad lave to be dibded  ad
be an trdled & £05% levd. Hs aaray re
qurae t is vey cldlagg ad wll lave ot
ben ahev ed in ths knd o lag mtnmo e
pairm ts p to mw

We arren tly we fdlowrg 5 dffeen t dilra

tion sares.

1 gdl#dicn  po dts by cwie  ray mus
gma  ray fran mtran  dsapia a Ni
da y dedtran fran stqp ed mum

@ oxgn
detras  fran a lira adada M C)

Bst qditis o cdilraias ae dtared  fran
splaion ad TN C ad tle dlas  ae gug
syjeen td  cdilratias, arren  tly.

2
3
4 15N fran mun dsapian
a
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L L L L L
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Hgre 2 Sdilit y & the dteta in tim Te
rdaiv e amgy  sde clap  dtared  fran sp-
ldim events is slowm & a futim o tim
Slid lire, deless ardl dts sbow B £05% ad
+10% rep edivdey .

Jdldian  events ae aam daed in tle dta
& am ja ke kyand lo wever, tlar avesae
beta dea y spedrun  is sindla to 3B sp ectrun
dso thay ae dstrihting wfarly in vdus
in dreticn ad in tila & ae sda ratnms.
h ow the m jo b kgad  isa g od dibdian
saree.  Hgre 2 ad fgre 3 dlo wtle stdilit y
d rddiv e aogy  sde in tim ad tle rddiv e
aegy sde ® a furtiam o mdr Wiy thee
saldian  events, resp ediv dy. Bth cdibraias
reslted  better thm 056 wifarities.

T wmst 1p atm t pges was cared at
fran tke TM C dibdias. I C s daed
in tle sbaccess-turd to the tp o the detar
ad n ait dedras  wth aeges ylo 1MV
Wic h oves tle amgy regan  intaested in da
mtrio  dsav dim Hetran  awsges ae di-
hrded by a grmiun dtetar with  better  thn
Ak eV aaray . Ad dedras  In ve bemn igected
dwm wad to K tak wth seven dffien t aa-
des ad d& six dffen t paitias. T acray
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Figure 3. Uniformity d esgy scale in diredtion
The rddiv e amgy sde dbtared fran spdldia
events is do wn & a furtian o e o redr
Sdid lies, dstes ad dts ae tle saa & fig

ue 2.

d vsiHe eaeges  in tle K tak s estirded
to be £0.6% & MeV ad 0T a 10V
casidyirg rdletian d Clwak ov fddas a
te  LINAC bean ppe ad so v "hs vay
aarde  bean is @ esare  d tle dibdia
d dsdite amgy sde Ad a wdl-dlimed
detrmn bean dso po vdd pedse  dibdian
d @ apgla redticn  vhic h dayw imp atm t
rde & a extraticn  d dretiad sda  ratnmw
events ggamt wfam hx kgand Typed e
ergy dstribtias ad dretian  dstnhtias ae
dowm in fgre 4 ad in fgre 5, rep eiv dy,
togtler  wth tle ep eddin  fran a tued N
Te M rgro dess ey ad dretion dstn-
htias  vey wedl & slowm infgre 6 ad infg
we 7. eamgy dp athee d tlhe dffaere s
les tlm 0% fa aoges b ove the adys
thesldd (65 ad tle paitiam dp erhre
leak 0% swtedic  ara ina etrp ddi;
d tle amgy sde dteanmed & 6 poitias  to
te entire filmd  vdum

energy distribution for each linac energy x=-813.1 y=-70.7 z= 27 1997 Sep
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hgre 4 Emegy dstrihtias d the lire di-
Irdicn  Deatted bean amges ae the dedran
tdd ewmges in tke bean ppe Haizan td axs
1s a recastructed tdd emgy by K

In @ ealy stae & K ep airm t, we ddit
lavetle M Cad wewed N gia rmap fa
te dibdticn o & dsdde amgy sde A
tae tle aarade 1M C dilrdias, we fard
tht the scde dtared by N gve +2% hde
aerges  thm tht dtawed by the TN C s
dfrere I bem investigted Ad ar curen t
ko wede is s fdlow (3 98% g ray
an taiion fran surardrg mtaids  (lag
irg wre, bdts ad nus, sigd e, an tarer
d fisian sare  ad s a). THs an tania
was ressred by redadrg  tagt N wth H3BOj
Wic hls lag acs seim o By o)7L with
the sama aun t d mta dsapian acs
secticn b BB +0B%  dstale  aand
N an tams. We simuaed wres, cdles and
0 m & ddl & posHe ad fand 00 o
ek ov g hts thse dstale b wever
we diit ko w rdbctare ad pt % 5% fa
it. (¢ 4% +0%% poitim dp ethee o
tran  catue We ddit trae bdn va o ma
trag  fran fesm sare yto cgtue @ nc kd



angular distribution for each linac energy x=-813.1 y=-70.7 z= 27 1997 Sep
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Figure 5. Directiondisti butionef thelinaccali-
brationwithresmpct totheinjecteddirection.

ina siml ationThat w1lcause msmatch of the

generatedpositiomdistributionf garma rays.

Then, the attemationof gamma rays inmaterial
na y not be simul atedcorrectly(d) +0. 15%: ab-

sorptiomn **Ni. We neglectednall absorption
probabi l iyt of neutronson *N . (e)£0.5% 1ines
in%N and ®?2N. We didn’t sinul atevery de-

tailof decay linesof N and %N . (f) £0.5%

uncertal fiy of capturecrosssections.

As a resul t,we found H.4%=40.8% errorin
our previous N -basedenergyscale. By correct-
ingit,the differencebetween N and LINA C is
0.8%k0. 8%and bothcalibratiomrenore orless
consistetn. And, we seethe N sourcedoes not
match forthe calibratioof the absol uteenergy
scal eat £0. 5%l evel .

3. Reductions

The sol arneutrinodatausedinthisreportcov-
ersa perid from31thof May 1996 through 20th
of Oct 1997, and the totallie tine 1s374. 2days
out of 508 days cal endartine. Mst of the dead
t1ne cones fromcalibratiomnd preparatiorfor
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Figure 6. Energy dependence of the MC tuning.
Each poit shows an averagedval ueover 6 differ-
ent positionslnnererrorbarsarestatisticadnd

outerbars aresystemati cerrorsadded 1 nquadra-

ture. The combinedpoirt isan averageof 5 dif-
feret energieshown as bl ak circlesHorizonal
axisisa reconstructedotalenergy

them Total number of triggeredventsisabout
400 m111onThen, we rejectmuons, noiseevents
(el ectroni awise flashingPMI etc),decay el ec-
tronsfromstopped muons and so on. Then, we
set 22. bkton fiduci al vol une (2m fromthe in-
ner wall)and the event rate above 6.5MV is
0.016Hz at thisstep. Mst of the events near
the wal lare t hought to be gamma  rays fromma-
terialand rocks around the detector. Fi gure 8
shows energy spectrumof (A) afterfiduci al cut
togetherwith the othersteps(e) afterspall ation
cut, () afterganma cut, (—) expected®B neu-
trincevents fromBPI5[1] and (e) obserwd sol ar
neutrinoevents.

Now, the domnant background arethe spalla-
t1onproducts nade by cosmc ray muons. They
are beta emttersw th mass number lessthan
16. Sinceenergeti muons cause thosespallations
and lifdines of the betaemttersare lessthan
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Figure 7. Positimn dep etbre  d the MC tuirg
Each pant do ws an aveasd vdwe ove b5 dffe-
ent emges @ ove 65V.  Hra las  ae same
& figre 6 Inpeted poitias ae ldb ded bdow
da pdnts & (x,z) in reer.

arm ue (typaly 10me), we cn rget thoe
events by lodkirg & cardaias d mus  ad
low aergy  events inspre  (AL) ad intim (X))
ad by lodirg & etra amgy dp et d mus
aso ddirg sk (B, We dv dop el a likdi-
v od fudian  wth thoe 1emres, A A ad
XK By mring S/VN, we dtamd  redr-
tim fata 6 wth 2000 iffidary  in the spl-
ldim at. T eventrae is thm 2.9 x 10 3Hz
Direticn  ad vatex dstrihtias At tle
splldion at isdowm in fgre 9 As sen in
tle fgre tlae isalag lx lgand towad tle
wdl even in tle filod vdum ad thee events
mk e dretin  dstribtias vay waw. In adr
to ram ve thse events, we dfied a dbdiv e
dstare  fran tle wdl (dstare dag tle event
dretia) ad st 4.5n & a mim un vdwe
TH g ab redes 300 d events wth 8.0%
hicivicing fa sda mtnm  events. Te beat y
d the gmma  at 1saredtan twifom dredian
dstribticn & sen in fgre 9 hs wfant y
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Egre 8 By spetra o (A) dte filud
at, (o) dta spllain  at, (O)dte g al,
(=) ep etdian  fran BB  ad (o) dsav el sda
mtrio events. T  lat pants ae integaed
fran UMV to IMV

k& a sytaric has nmm un v we ex
trat sda matnmo  sigds  wth  dretian irfa-
THial Kre, we lnve dtared fid sage ad
numbea d events is D a the fid event rae
is 2.8 x 10 3% fran 65 to MV

Sigd efraticn 1s die by fitig apla  ds
trihtias  towad tle s wth tle agla  res
diticm  furtiam  dtared by tle IINA C di-
rdian  ad tle mfla b kgand dwp e e
tirked  fran tle s 0, dstribtion d the da
itdf (thw, it is drst i de to te g
at). Tgre 10 dow tle bet ft o the agla
dstiihtian fa tle events b ove 65 MV ad in
2Han  fdod  vdua In ths ft, nunbea o
sda mtrnmw events 1s ddard & 45l Sfﬂig
fa 312 dp d da hHs isqute lag vdwe in
amism  wth the Kaik a redt[d 57 ™)
fa 0 dp 4 Ha
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Figure 9. Vertex and directiondistributions be-
fore and after the gamma cut. The final sanple
isafter the garma  cut (hatched).

4. Solar v results

Figurél shovs neutriheliographknby
SK. Evert sused nt hepi ct ume et hefinals am
ple(6.5-20Me¥n22. 5kt ofiT4. 2days during
May 31,1996 hroug®ct20,1997)Usinghese
sol ameutrimoerts we have obt ai nepd el 1 m
inaryesul 6§3B sol ancutri flux,seasonal
andday /ni gthvari ati eamdener gypctr ums
fol¥o.

The ®B sol ameutri flaxi s( her exe assune
aspctrugi ¥nby Bahcal[B]);

¢sp = 2.37f8:8g(5tat.)100:8?(5yst. )[x 10 6/cm2/sec ]

o
w

SK 374day 6.5-20MeV 22.5kt ALL

I:vents/daglkton/bln
N
(&)]

o
N

0.15

0.1

0.05
0 L L L
-1 -0.5 0 0.5 1
- cosf,,,
Hgwe 10. Anglar distibution toward the sun

B ents wed here are erergies from 6.5 to 20MV
and verticies in 22.5kton fidwial volum.  Plots
are the data and histogram 1sthe best fit assum

ing ®B newtrimo  spectrum Dashed histogram s
an exp ected nonrflat  bac kground  distribution

or by taking ratio to the H95[1] flx, we obtain

Dda
SSMppos

Ad  the fix difference between day and night is;

= 0.38 X 00a(stat. ) ¥y 010 (syst.)

D—N

DIV - —0.031 £ 0.024( stat. ) £ 0.014( syst.)
Ad, mght data 1sfurther divided into 5 hirs as
shown in figwe 12. We don't see very significan t
diference in daymigh t flixes. 1In the figwe, the
exp ected day/righ t variations of the typical large
angle (sin?20 = 0.66, Am? = 2.82 x 107°) and
the typical smll angle (9.12 x 1072,6.31 x 10 ~%)
solutiors are overlaid.

The seasonal variation isinvestigated by diwid
ing data into 8 period as shown infigre 13. In
the figwe, exp ected flix variation from the eccen
tricity of the earth’'s orhit aromd the sun is also
shown as a solid lire. We don't see any signfi
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Figure 11. The neutrinoheli ograph. Si ze of the
boxes shows an ittensiy inthe upper figure and
the suni1slcated at the center.In the | aver fig-
ure,ittensiy isa height and background i1ssub-
tracted.

cant seasonal variatiomnd the statistiasstill
insufficiemntoobserse eccertriciytcur ve, yet.

The energy spectrumis shown in figure 14.
Systenaticerrorshave been reduced very much
due to the LINAC calibrations.In the figure,
expected spectrum of the typical snall angle
(9.12 x 1073,6.31 x 107°) and the typi caljustso
(0.83,7.08 x 10711y solutionsare overlaid.Itis
hard tosay spectrumdi stortiofiromthi sfigure.
But, small angl e sol utiomgi s betterfit than a
flat spectrum(mno oscillationhd justsesolution
gives slighl ybetterfit than the small angl e so-
lution. However, they are not yet significah as
discussed nthe next section.

1¢

data/SSMgpgs

Figure 12. Day/N ght variationErrorbars are

statisticahly N ght dataisdivideditob bins.
N ghtlishorizotaldirectionnd nighthisverti-
cal directiofneutrincones fromthe otherside
of the earth). Ibtted histogramisthe expected
vari atiomwf the typi call ar geangl e sol uti omnd

dashed hi stogram sthat of the typi calsmal | an-

glesol ution.

Systenaticerrorsof the energyscal ecan nak e
distortiomenergyspectrum and itna y f ale t he
neutrinooscillatiengnature Therefore system
aticerrorsareimwestigatedxtensiel yespecially
forthe energy scale. A& writteninthe section
on "Calibrations”the LINA C 1nproved ittrin-
sicscal eerrorvery much. However, we have to
considerfol lwing errorsas thescal eerror(errors
whi ch causespectrumdi stortionntrans! ati oof
the LINA C datatothe detectorsystematicerror.
LINA C data have been taken at 7 differem but
fixed energies@ different but fixed positionand
al sothe beam i1sinjectednl ydown ward. We use
MC forextrawl ating hesecalibrationsoentire
energiesyvolune and directionSo, sone errors
listedre comng fromthe repraluci bil ytof our
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Figure 13. Seasonal variation. Each season is
piledup among different years. Solid lineshows
the expected variationfrom an eccentriciy of the
orbit.

MC.

1. LINAC intrinsicerror: It isenergy depen
dent and typically0.6% at 6MV and 0.3%
at 10MV.

2. MU tuning precision: 0.1%

3. difference of position dep endence between

data and MZ 0.3%

4. precision of transparency mneasurenen t at

the INA C calibration: 0.2%

5. difference of direction dependence: 0.5%
This isobtained from spallationevents.

6. energy dependent scale difference between
data and MI 0.3% at 6MV, 0.1% at
10MV

By combining these errors, we obtain energy de-
penden t scale errors and the values are typically
0.9% at 6MV and 0.7% at 10MV.  These val-
ues are a littleworse than the value 0.5% which

=
(N}

data/SSMgpes
-
T

0.8 -

0.6 -

S S %%ELM-, “““

0.2 |-

qmw”_.on_.u.n_.mn_.mipm
MeV

Fgure 14. Fergy spectrum Inner error bars
are the statisticalones and outer bars are the sys-
teratic errorsadded linearlywth statisticalones.
Dashed histogram isthe exp ected spectrum of the
typical small angle solutionand dotted histogram
isthat of the typical justso solution.

we set as a goal. In order to reach at 0.5% ac-
curate energy calibrations in different directions
isneeded. In addition to this scale eror, msun-

derstanding of energy resolution and an uncer-
tainty of 8B spectrum itselfcan distort energy
spectrum  Our MU can reproduce measured emn
ergy resolution vithin 2% These experiman tal
errors reflect to the systematic error in flux as
3% at 6.5-7.0MV, 0% at 9.0-9.5MV, 1%
at 11.5-12.0MV  and 7 % at 14.0-20.0MV.

Md  the ®B spectrum error by Bahcall[3] at 3o
lewel. We took one third of the error as a sys-
tematic error. The systematic error comng from
this shap e error isenergy dependent and typical
val ues are woouwﬁ at 6.5-7.0MV, .@ﬁwﬁ at 9.0
9.5MV, 2% at 11.5-12.0MV  and 9% at
14.0-20.0MV.  This error is rather large and it
wll soon becone dommnan t by an inpro venen t
of the experinental errors. Al the above errors
are combined intable 1. This energy dependen t
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Table 1

Systematicerrors.Errorsare shown in%. Fluxerrorisan absol utesystematicerrorbut the othersare

rel atieverrors.And errorscomng from”Fnergy scal e& resol utionand "B spectruni are correl ated

errorsinspectrumanal ysis.

Hux Seasonal D/N Spectrum
Fnergy scal e resolution 4+23-21 H.2-11 H .2-1.1 ARSI SN
®B spectrum H.2-11 — - 39 oy T 19 sy
Tri ggereffici ency 40 .2 40 .2 — + '2@%8;@‘/
Noi se event cut +0.7 — — +0.7
Hrectiomesol ution 42 .9 — — +1.0
Reductioneffei ency +0.2 — +0.1 +0.2
non-flat B. G. +0.1 +0.1 +0.4 +0.1
Spall atiomead tine < 0.1 +0.6 +0.6 —
Vertexshift —-1.3 — — +1.0
Crosssection +0.5 — — +0.5
Livwe tine +0.1 +0.1 +0.1 —

+4 .0 H 4 H 4 see
Total -2.9 —1.3 —1.3 figure 14

spectrumerrorisfull yorrel atednong energy
bins. All the break down of systenaticerrorsare
al soshown inthesane table.

5. Implicdims in rutrimo adllaiam

Impact of the prelimnaryesul t§rom374 days
data was iwestigatedmithinv, — p,, oscil-
l ationhypothesis. Oscill aticmal cul ationhave
been done both for MSWI[5] paraneter region
(107 < i 20 < 1,107% < Am? < 1073eV?)
and forJust-so[ Garaneter regi on( 0 < siif 20 <
L,107125 <« Am? < 1079256 2).

Sincethe ®B sol arneut ri noflux has a 1 ar geun-
certaity (6.62 x (100%13) x 10%/em?fsec [1]).
We first perforned a flux independent anal ysis
on the IYN variatiomnd on the spectrumdis-
tortion. We defined follwing x? and the flux
nornal 1zationfactore was treatedas a freepa-
raneter.

X%/N = Z

i=D,N1,- N5

2

(Data)i —ax R?sci

/52 2
o7+ 05

where Thta/SSM is the resultshown in fig-
ure 12, R®® theratioof expectedevent ratewi th
oscillatiobo that wthout oscillatiofor each
(sifi20, Am?),o; thestatisticatrorofi-bimnd

Oy s thesystematicerrorlistedntablel.

' 2
(§857); — o RE" - [(B)

O'Z»—i—O'2
3) 2
(Eﬁ)

un.sy s
where Thata/SSM istheresul shown infigure 14,
F(B) the respnse functionof the correl atedr-
rorsintablel, § the paraneter that control sa
slom of energy spectrumthrough the function
f and 04 , the uncorrelatedystematicerror

combinedinquadrature. By usingthesey?, we
1 wked fort he m ni mum i neach MW and Justso
region,ndependently The contour naps shown
infigure 15 and infigure 16 are the equal - distdn
(5.991for 95% and 9.21for99% C L. ) li nefrom
XZ.n- And inthosefigures,al soshown as shaded
arethe al l wed regi onobt ai nedby Hat a and Lan-
gacker[4]consideringall the sol ar neutrinoex-
perinents. IYN anal ysisgave x2, = 4.1 at
(L26x1072%,3.98 x 107°) near the snal 1 angl eso-
lutiomt 5 degreeof freedomand excl udeda hal f
of the l argeangl esol utionBecause of a good fit
of spectruminJustsoregion,flat (nooscillation)
isexcludedat 95% C L. Ttisnot significah very
much, and flat revies at 99% C L. Ho wever,itis



log(Am? (eV3))

[ spectrum
I day ?nd night 5bilns

-4 -35 -3 -25 -2 -15

-1 -05, 0
log(sin“26)

Figure 15. 95% C.L.excluded regionat MSW

region.D/N anal ysi sexcl udesdot tedregi onand

spectrumanal ysisxcl udesregi onsi nsi deof soli1d
lines.Shaded regionisthe 95% C L. allwed re-
gionby Hata and Langacker[4].

qui teencour agi ngi nt he sencet hat we are al nost
reahingat thelewelof statisti and systematics
where we can discussabout the spectrumdistor-
t1on.

Then, we perforneda flux constrainednal ysis
withthe fol lwing x2.

2

, (8657);; —a-RE™ - f(B)
Xtot = Z
i ) \/Uz'zj—i_o-gn.sys
j=1,16

1—a\? 2

(20 ()

Ty ag
where, 1 st hefluxerr oi']g&‘%gievnby Bah -
call [y, wasl oledf obot i nMSW and

inJustswegiomi,m taneousmkthisase.

Themi nium wasfoundt (sf2,Am?) =
(0662141x 107V?) andt heval uwas39. 5
with2degreffreeddihey?val uad’typ-
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-11.2 ; pectruml
0 0.2 0.4 0.6

Figudé . 95%C. Land99 %C. Lconourast
Justsoegidnsideflottéddnasal Wed
at95%C. Landi nsiafsol 1dneexcluded
atI9% . Lfrompctrwmmal ysis.

icakmalalngllar gamglasn dust s®l ution
parame twarsd 0. 891 2x 103,631x10°),
41.6066282x 10°) and40. 40837.08x
10'Y) reseptdlvy Thresol ut isotnish de
s1mi lparrobabi liitiheeprel 1 mi maswyl ts .
Figurlédandfigurd 8shw equal - confidence-
l eevlcotnourast 6 8 %90 %anddb % Al It hree
sol ut iodbrtsai by Mat andiangher [4fil]
overl awp t hheal Wedr e g1 oonbst a1 nheedr e .
Expectesdect maday /nitgdari at iadhhe
alove t hreetypi capdramet arsover ]l ai d
withhé&Kresul tifsgurl2and nfigurled.
Lookingtthossepctramdda /nitghari a-
tiomdtypi cphrametarexpecl{ lppc-
trumMistor andmi ghhe xcef os maldn-
gleoluti(@myniformereafm gluxes
fotargaglseol utand 3ppctrumstor -
t1oamdnoni gl xcefsyus tswl ut i'lhm.t
meangalkksol ut has ale di ffe rtesn gnature
ofneutriosmeill aAndwe expctt hab K
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Figure 17. The 95% (thi &k soli d), 90% (dashed)
68% (thinsolid)C. L.allwed regionfrom D/N
and spectrum combined anal ysisw th flux con-
straihare shomn. Shaded regionisthe allwed
regi onby Hataand Langacker[4].

w 1 1defini tel ydiscrimnatdhose threesol utions
ina fewyears. And forjustsosol utionwe na y
seea pecul 1 aseasonalvari atioms a suppl enen-
tal evi dencesevralyearsl ater.

6. Summary

The statisticsf solarneutrinoevents 1sin-
creasingvery quikly And alsothe systematic
errorswerereduceddrastical llyy the LINA C cal -
ibration.The prelimnarysol arneutrinoresul ts
fromSK 374 days werereportedw th such hi gh
statistiamd smallsystenatics The obtained®B
sol arneutrinoflux 1 sapparentl ysnall ert han t he
expectatiorfromthestandardsol arno del . Ho w
ever,SK doesn’t show verysi gnificahtine vari a-
t1onsnor spectrumdi stortiomet. And the data

stilhlles allthreesol arneutrinosol utiongi.e.

snal | angle, |l argeangle and justscsol utions ht
al nost sane probabilitiedut, 1t1scertaithat
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Figure 18. Sane as figure 17 at Justsoregion.

we are al nost reading at the leel of statistics
and systenaticswhere we can defini tel ydi scuss
about neutrinooscillatiewl utionand SK has a
capabiliyt to distingui sheutrinooscillati mo-
lutions ILet’ sl wk forvard toseedefini teanswer
appearsina fewyears.

REFERE NCES

1. J.N Bahcall and M. H Pinsonneault Rev.
M d. Phys. 67, 781 (1995).

2. Y. Hkuda et al. ,Phys. Rev. lett. 77, 1683
(1996).

3. J.N Bahcall et al., Phys. Rev. (b4, 411
(1996).

4. N Hata and P. Langacker I ASSNs- AST
97/29, UPRT51T  hep-ph/9705339, My
1997.

5. L.Wolfenstei®hys. Rev. D7, 2369 (1978),
™0, 2634 (1979),

S.P Mkheyev and A Yu.Smrnov Sov. J.
Nucl . Phys. 42, 913 (1985).

6. L. Glashw and L. MK auss Phys.Lett.B190,

199 (1987).



