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Abstract. 300 days of data taking with the Sup er-Kamok ande detector give pre-
limnary new comstrain ts on peutrino oscillation paramters. 4400 solar neutri-
nos were detected wth emergies between 6.5 MeV and 20 MV . No evidence for
a day/migh t effect or spectrum distortion isobserv ed so far. The prelimnary value
for the otserv ed flux is 2.4473%0 (stat )220 (s ) x 10%ecm™2s™!. A prelinmary
vy—v, anlysis of owr atmspheric neutrino data indicates Am? of order a few

tims 1077 and a large mxing angle.

1 The Super-Kamiokande Experinent

Super-Tamiokande (S isa 50kt water cherenkov detector built and run
by a Japanese- American collaboration. Data taking 1000 m (2700 MVE) un-
derground inthe Kamok a Mning Conpan y's Mzum Mne 30km south of
the Japan Sea port city of Toyam started on April 1%! 1996. Apart fromits
neutrino related physics program SK sets new limtson the proton lifetina.

The cylindrical detector volune is divided imto an immer and an outer
detector (ID and OD), separated by a liglt barrier. The 32.5kt ID1s36.2m
high, has a diamater of 33.8 m and isviewed by 11146 20 inch photom ul tiplier
tubes (PM). The (D conpletely surrounds the ID with > 2m of water
viewed by 1885 8inch PMIS.  Together with 55 cm of dead volurne inside the
light barrier this anoun ts to a water shieldof > 2.6 m all around the 1D

Vital for SK isitswater purification system (V8), which naximzes wa-
ter transparency and mnimmzes natural radioactivity. The equivalent of one
detector volume isrecirculated through itinabout one mon th. By the end
of My 1996 changes 1in the attenuation length for cherenk ov photons had
dropp ed to the 1% lewel.Special precautions are taken to prevent admssion
of radon into the tank water, since the 3-decay of 21*B initsdecay chain
1sa serious source of bac kground at low energies. The current lewel of radon
activity is< bnByy - a factor 100 lower than in Kamok ande.

PVI' signalsfromthe ID are processed incustom nade ATM boards that
digitizetine and charge of PMI' hits. The boards are self-triggeringuth a
threshol d of 1/4 photo electron (PE) equivalent. A readout of the experiment
isimtiatedvhen a certain number of PMIE  receive hits wthin 200 ns. To
avold dep endency of the detector trigger threshold on changing PM['  noise
lewels the corresponding signal is AGcoupled into a discrimmnator. Girren t
trigger threshol ds for the ID correspond to 29 and 31 hit PV, the lower one
inplying an energy threshold of 5.5 MV . The corresponding triggerrates are
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10 — 12 Hz and 4.3 B2 . OD-triggers are generatedi ndependently at a rateof
2.7Hz . A 25hitthreshol disjust becomi ngoperationalinan effort tolover
the anal ysisthreshol df or sol arneutrinos.ata are collectedt a rateof
10 Gbytes/day. Calibratiorflortslimtthe 1iwtine of the experinent to
85% over the whol e perid of operatiominceApril 1¥¢ 1996.

2 ID Calibrati on Procedures

(hlibratiowf the ATM el ectroni dsoardsisdone wthastandardcalibrated
charge /tine generator The timngrange spans 1.2 us with 0.3ns resol ution
and chargeisrecordedup to550pC with 0.2 pC resol utiorlhar ge neasure-
nen t reaces overflow at the l eel of 250 PE.

Rel atier gains of ID PMI3  are bal ancedusingligh froma scitillator
bal ldrien by a Xe flashl anp. After adjustnent the spreadingai nanoun ts
to 7% For timngcalibratiothe short pul seof a nitrogenl aserisdiflused
fromthe centerof the ID The averageti mngresol utioaof theinnerdetector
PMIs  isfoundtobe 3ns at the 1 PE leel reachingalimtof 0.6ns at about
100 PE. Fhergy calibratiodepends on the energy range of iterestand is
discussed nthe correspndi ng anal ysisection.

3 Sol arNeutrinos

Two of the reactiond nthe sol arfuel cycl eproduce neutrinosw th energies
above 2 MYV : §-deca of ®B and protoncaptureon 3Ik. Predictionfortheir
ratesare inferredromsol arno del1ingSM. The rateof ®He-neutrinosis
expectedto be < 1073 that for 3B neutrinos,which itselfonstitutesnly
~ 107% of the totalflux of v,. Thus onl ythe B neutrinosare accessiblto

an experitent 11k SK wtha threshol dbf ~5 MV . Their spectrumends at

14. 1MV | itsshape beingindependend of sol arphysi cs[1].

The datadiscussediereweretaken between M y 31%% 1996 and June 237¢
1997. The accunul atedlietine 1s306.3 days. The fiduci al vol une forsol ar
neutrino(vse) and atnosphericneutrinoanal ysiscontains22.5kt of water.
Itisdefined by a mni mum distanceof 2m fromthe ID PM[' surfaces.

Background tothe v,,; anal ysishas threenain sources Cbsm ¢ ray muons
ma y produce radioactievspall atioproducts. kcays of spallatioproducts
areidertifiedusi ngtheirspace and tine correl atiom th preceedi ngmuons.
Ikadtine irtraluced anoun tsto 20% whilethe background iscut by 43%
-t as ori ginatingnt he surroundi ngrock or PM[' gl assproduce an excessof
eventsnear t he confines of the detector Event sforwhi ch t hei rthack projected
trak ittersectsiththe rock withinbm areremnmved fromthe sanpl e at the
costof 7.8% deadtine, yiel di nga furtherreductionof background by 30%
Radon decay events can not be isol ated.

The anal ysisdiscussednthiscontributionsthe first vs,; anal ysisw th
1tsenergyscal ebased on SK calibratiomth a snall linearaccel eratofor
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electrons (LINAC). Single electrons are injected irto the tank at various
radii and depth. At each positiondata are taken at discreteelectronenergies
ranging from 5 to 16 MeV. Energy definition by the IINA C system isbetter
than the 0.5% resolution of the Germanium detector used to calibrate it.
Only two IINA C positionsinthe ID were conpleted intine for the anal ysis
discussed here. Ater careful evaluation the energy scale for vy, events was
shifted by ~ 2% from what had previously been inferred from data taken
wth a v-ray source. Subsequen t IINA C measuremen ts at other points are
consistent with the imtialtwo and validate this shift. Yet the systenatic
error on the vo-flux is currently domnated by energy scale (+9.9% and
resolution (-3.1%. These errors have lessinpact on relatie neasureren ts
lilk day/might (IYN and seasonal variations. Vertex and direction fitting
contribute-1.3% and H.7% respectively Al other systematics are estimated

to be lessthan 0.7% bringing the total to fé%%% for the flux measurenan t.
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Fig.1. 4400 v., with energies6.5 — 20 MeV from 306d of SK data and their
spectrum normli zed to the predictiorfromBP95

The leftside of figure 1 shows the distributionof directionsrelatie tothe
directionto the sun inthe final sample. O itsalmest 60000 events with en
ergies from 6.5-20 MV 4400 are inthe peak towards the sun. The flux value
extracted fromthe fit (histogran) tothe data 152.441'8:8 2(5tat.)f8:§59(5y s) X
10%cm=2s~!. (bnparison  to the solar mo del of Bahcall and Pinsonneaul t[2]
(BP95)  yields 0.3681’8:86@5&& )fg:g?gsy s ) x BO5. The measured IYN as-
synatry (D—N /(D4+ N is—0.017 £ 0.026( sa. ) &+ 0.017( sys. ). The right
side of figmwe 1 shows the measured energy spectrum normalized to the 8B
neutrino spectrum wth BB5 normalization. The inner part of the error bars
represents the statisticalerror, the outer part the systematic error estimate.
N deviation from uniform suppression can be inferred.
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Fig. 2. Exclusion plots based on 300d of SK D/N (left) and spectral (right) data

Based on these results 90% CI exclusion plots for neutrino mixing para-
neters inthe MSW region are generated enplo ying a y?-metho d. In figure 2
these are shown together wth the 95% (I allaved regions obtained by Hata
and Tangac ker[3] from a combined fit to ol der solar neutrino data from var-
ious experimen ts (shaded areas). The exclusion plot on the right is derived
purely from the spectral information without constaint on the overall flux.
For the D/N plot on the leftthe nighttine data were further subdivided into
five cos (@,enitn) bins With 6. ¢p being the zenith angle of the noren tary po-
sitionof the sun. Vacuum oscillationparaneters too are further constrained.

4 Atmospheric Neutrinos

Prinary cosmc rays inpinging on the atrmosphere produce hadrom c showers.
Atnospheric neutrinos (Vgrm) originate from the decays of secondaries in
these showers. For neutrino energies below 1 GeV almast all vy, stem from
pion decay. That leads tothe predictionr = (v, +7,)/(ve +7c) & 2. Interest
1N V4, Was sparked by the observation that inallhi gh statisticsexperinen ts
this ratio differed from expectation. Since predictions for the absolute rate
of Varym are stillrather uncertain i1t remains unclear whether this anonaly
reflects a lack of v, or an excess of v.. Yet for the ratior large parts of these
uncertaintiescancel out and predictions by various authors agree wthin 5%
Th us the double ratio R = rpga/rarc has becone the focus of attention.
Like proton decay, neutrino imteractions produce contained events,i.e.no
particleenters through the OD Wth muons losingabout 200 MV /m inwa-
ter hi gh energy muons froma v, interactionma y exit fromthe detector. Th us
two event sanples are collectedfrom the data stream for the v, anal ysis:
Fully contained events (FG, for which no evidence of associated entering
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or exiting particles is sey  ad patidly o tamd  events (PC), fa which
ae edtirg trac kis dlowed Thaigrgimg ad stqprg s ae rgected
Vatex paiticn ad dretion  ae fitted ad tle fi resdts ae wed to acs
clee k the po jeted entrare regan fo m wanted sigs d enteairg ptides.
Abat 30FC/d ad 20R /d fran ths atased sdetion  ae susequn  tly
scared by speddists. Qs o ewgy ad fildd vdum (2 5k) estadlish
the fid I ad FC safes. Emrgyy dibdian  is etaddd  to hgh am-
des by rms  d a trac Hagh ocorddiad dtared  fran stqpig  mus,
s recastrictian fa mtrd pas ad aft to tle spetrun o dea y dec
tras  fran stgprg  mus.  FC events ae futler sb dudd  into socdled
sbGeV  ad mdti-@V  events by aat m vsiHe emgy o4 1.3 @V . T
mmrd lggn  men  ta reqirted  fa events to enter into tle sib@V  san
de ae 10 MeV fa dedtras  ad 20 MV fa mus
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Fig.3. Zenith angle dependence of R for 326d of SK sub-GeV (left)and
mul ti- GVH+PC (righ) data. Horizon al axisiscos@zenith), vertical s R

In chargedcurreti ((C) reactionsn the nucl eonsinthe detectomwa-
terthe out goi ng eptonpreseres the l ept orflavor of the i teracti ngeu-
trinoTo 1detiifghel eptorflavor eventsarecl assi fieab s howeri ngr non-
showering[4]j draluci ngsystematierrorsf 2% on the sub- G:Vsanple
and 4% on the mul ti- G¥anple.PC events area 97% pure v, sarple.
Hon production inthe interaction process gives rise to multi ring events. To
obtain the clearest possible sample of (C quasi-elastic scattering events only
single ring events are wed, giving rise to a 4% error from ring coun ting. Sys-
temtic errors arising from uncertain tiesinthe (© and NC interaction cross
sectios amomn  t to 3.6% and 2-3% respectively, bringing the estimated total
systeratic  errors to 8.2% on the sub-(&¢V data and 10.7% on the combined
multi-@VHRC  sarples.

Te prelimmary result for R from 325 .8d of vge observ ation wth SK is
0.64 fg:ggg + 0.018 £ 0.065. Te errors given are the statistical error of the
data sarple, MU sarmple, and the systematic error.
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Fig.4. 90 and 99% CL all owed regions for v, — v, oscillatiofirom326d of SK
atmosphericneutrinodata

Figure 3 shows the dependence of R on the zenith ange for the sub-GeV
and multi-@VW-PC  sarples.  cos 8,051, = 1 corresp onds  to down ward going
events. The zenith angle dep endence of the sub-G@V  data forces Am? down

to a few tims 1073 ina v, — v, oscillation amalysis as shown in figwe 4.

5 Conclusion

Solar reutrino ohserv ation wth SK entered a new era wth the adv ent of the
first LINAC data. Oscillation amlysis so far remims  inconclwsiv e. Extending
the spectal range of this maaswreran  t to lower neutrino energies is a clear
miority for SK
Atmspleric  meutrins show a zenmth angle dep enderce  when  comparing

the dserv ed to exp ected p-lile/e-lile event ratio. In the context of v, — vr
cscillatios o maswreman  t suggests a large mxing angle and Am? of order
a few timas 1073, Suitable long beselite exp eriman ts wll soon explore large
parts of this paramter  space.

References

1 J.N Baheal, By ys. Rev. D 44, 164 (1991)

9] JN Bieall, M.H.Bmomeadt, Rv. M d Hys. 67, 781 (1995)
3] N Hta, P.Tangac ker, Reprin t Do, HRBF9705339

4 S Ksua et a., Hys. let. B 374, 238 (19%)



