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The Super-Kamiokande Experinent started taking data on April 1% 1996. By
November a first prelininary anal ysis of sol ar neutrino data from the first 100
days of data taking was conpleted. The flux neasured above an energy threshol d

of TMeV is (2.51tg'&§ 4+ 0.18) x 10® ecm~2s™1, which agrees well with the old

Kamiok ande result.MNo conclusioncan at thisstage be drawn concerning a possible
day/night effect. A calibrationeffort with a linear accel erator for electronsis
current]l yunder way. This isexpected to greatl yreduce the systematic errors.

1 The Expe rime fa

1.1  Structure and Location

Super-Kamiokande i sa lar ge50 kt watercherenlov detectorfor neutrinophysics.
Located1000m under ground i na mne inMt. Tkeno (Tkenoyana) inKam ok a-
cho, Gifu-éninJapan 1tisshiel dedromcosmcrays by an overburdenequi v-
alert to 2700m of water. The cylindricalletectorisdi videdito an 1nner
detector(ID)and anticouter. The dianeter of the inner detectoris33.8m
and itsheiglt 1s36.2m 'The 32.5kt of ul tra-purevateritcontainsareread
out by 11146 photomul tiplietrubes (PMIs) of 20ind di aneter. The inner
detectori sconpl etel ysurroundedby 2m of waterthatisused as anticoutier.
The anticoutiervol une isseperatedfromtheinnerdetectorby alighbarrier
and instrunerted wi th 1885 PMIs  of 8ind di aneter.

1.2 Data Taking

Offici aldat a t aki ngwi th t he Super- Kam okande detectorstartedt 00:00h on
Aprill®® 1996 - just as schedul ed! The experinent currenlyruns at an effi
ciencyf orbeingal i ® of 93.5 %, t he down t1ne bei ngal nost entirel gttributable
to ongoing calibrationfforts. During the first weeks of Super- Kam okande
data t aki ngcal i brationook a heaviertol lon the lietine;the overal luptine
of the experiment inthe perid fromApril through November of 1996 was
83.2%



1.3 Trigger

Inner detectorand anticoutiergenerata ndepndert triggertshateach lead
toa ful lreadoutof thedetector™ 13k el ectronichannel s The IDtriggers
aregeneratedroml ogi cadi gnal of 200ns durationhatcone foreveryhit
on an I Dtube. Thesel ogi cadi gnalareaddeditoan anal ogsumwhi & t hen
18AC-coupl ed toa di scrim nat othi s AG coupl i ngut onatical spmbtracts
thenoisel eel generatedy thedarkrateof the 11146 PMTs. The average
darknoiseratefora singl PMI' 1s3.1kHz. Two differetnt hreshol dsnthis
discrimnatonrrefl ygeneratéwo I Dtri ggelreel s The 1 avert hreshol dor -
respnds to29 hi tPMIs or,aver agedvert hewhol efiduci alvol une 5.5 MV
ofenergyrel easeidit ocher enkv phot ons . The tri ggerateat thatt hresholds
11Hz . The hi ghet hresholdt 31 hi tgies5Hz. The thresholfloranti couner
triggenssat 19 hits Withthesesettingshetotaldatarateof formattedaw
dataisl2Gbyte/d.

1.4 Calibation

For each hiton a PMI' itstineand chargearerecordedThe arrial tineof
cherenkv lighat thesurfacefan IDPMI willbe usedforvertesor trak
reconstructiwhilethe chargeaccumil ated nal IPMIs struk i nan event
wi | Ineasureener gy Thus bothquanti tidsave tobe wellcal i bratdddo the
precisiamasurenents Super- Kam oknde 1sdesignedor.

To guarait ee uni f or miyt of the detector’sespnse t hroughouti tsvast
vol une therespnseof al ID PMIs toa standardighsignalvas bal anced
by adjusting he hi ghvol taged oread 1ndividuaPMl. The standardigh
signalvas generatedy a Xe-lanpdriving scitillatbnll By no vingt he
scitillatballal ongthedetectonxistom nimzeacceptanceorrectiohde
PMI' respnseswereequalizetlow thinf %.

The calibratiofiabsol utéi mngforl DPMIs wi threspcttothetrigger
t1m ngwas doneusing hortni trogehasepul ses'The 1 asetighwasscattered
uni formel front hecerterof thet ankby a di flusebal 1 Fi guresl and 2 show
the pul sehei ghlependenceof thetim ngand thetimngresolutioMilein
thetineresol uti phott heaver ageoveral I DPMIs 1sdisplyed,theso-called
TQ map isa typicalaseforasingl ML

The char gei nt he PMI' si gnalisscomverted it ophotoel ectromqui ul ehs
(PE). For hi ghetrenergi esheabsol utenergyscal @ sfixed by theenergyspec-
trumof decay el ectronfsromstoppi ngnuons,the correl atiofitrakl ength
and depositedner gyf orstoppi ngnuons,and t he decays of neutralpi ons.
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For low ener gy events fluct uations of t he char ge measuredby the PMTs at
the 1PE leel nak es an energycalibratiobased on the totalcharge obsered
inthe event ratherinprecise.For thesel ov occupancy eventsitissaver to
count the number of hit PMIs under the assunptionof 1 PE per tube. The
absol uteenergyscal efortheseeventsiscurrenl yfixed by v-rays emttedina
Ni (ny)N reactionln our casethe neutronneeded toinitiatthisreactions
suppliedby a 252Cf fissionsource. A gas countersurroundi ngt he 2°2(f source
suppliesa fissiontriggersignalat the tine the neutrons are rel eased. With
a tine constart of 85 pus subsequert y-r& inducedevents are obserwed inthe
Super- Kamolande detector.The averageenergyof the variousy lineemtted
by N inthisreactionsof order 9 MV .

Besidesbeinga calibratiohased on the detectorreswnse toy-ras, the
N calibratiofixes the scal eat one poitt onl y and isnot accurateenough to
yieldthe 1% precisiomeeded forthe inportarnt work on the sol arneutrino
spectrum Foranore precisenergycalibraticanelectrolINAC iscurretnly
beingprepared® inthe mne righ above the Super- Kam okande detector.lt
willallw toinjectel ectron®f varingenergies rto the i nner detectorvol une
at differem positions.

1.5 Detectorstability

A ma jorconcerni na watercherenkov detect ort he si zeof Sup er - Kam okande
1sthe attemationl engt hfor cherenkov photons inwater. Great care was 1n-
vestedittothe constructiowf a waterpurificatiomystemthat isdesi gnedto
renove Radon - itsradioactierisotops are a significat sour ceof background
at the l ov energyend of the sol arneutinoanal ysis as wel las 1 mpuri ties hat
coul dabsorbor scattercherenkov 11 ghinthe tank.

(bn t1mous noni toringof rel atievchanges i nthe attemationl englt can be
provi dedby the detectorreswnse tothrough goi ngmuons - assumng a stabl e
PMI' resmwnse. Figure 3 indicatesthat through April and My the water
transparencykept increasingignificahl y whereas by June it had readed
equilibriumt = 0 correspnds to April 1*¢ 1996.

Figure 4 shows the resul tof variousN calibrationsThe tine scaleon
thisfigure isinpartsof the cal endaryear 1996 and startsonl yshortl ybefore
the peria of tine rel emnt to our currert data anal ysis.The number on its
verticahxis,“nb0”, 1sa neasure of IDhi tsassaiatedm ththe event. Comng
froma fit to highstatistiash0 distributionghe erroron the data poitts

?First sets of data with electrons from the LINAC in the Super-Kamok ande detector
were successfully taken shortly after the INS Syrp  osium
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Figure 5: Vertex distributiordor the contained event sample

is smaller than the circles used to display themm  The imitial rise seen in this
quan tity isexpected from the impro veran tsin water tramparency . Te figure
derstrates  that during the tim the data wed inthe analysis stem from the
stability of the detector was stable wthin at least 1%.

2  First PreliminaryResul ts
2.1  Contained Fvents
As discssed in the previows chapter the detector reached a regima of stable

operation at the end of May 1996. Therefore data amalysis at this stage 1s
restricted to data taken after this date. 111 days ® of liwetima are curen tly

bSince the symp osium the data set for this anal ysis has been extended from 68 to 111
days.



being used inthe analysis of full ycontained events above an energy threshol d
of 30 MeV. A contained event isrequired to have no trigger signal from the
anticounter attached to 1t or have < 25 hits in a 800ns window from the
anticounter. In the IDithas tohave nore than 200 PE in300 ns. The resul ting
sanple 1sthen cleaned of through going or stopping muons, events caused by
flashing phototub es, and events wth too few hits inID (low energy events).

Figure 5 shows a two dimansional projection of the vertex distribution
for the contained event sample. Athough the verticesare evenly distributed
throughout the fiducial volune there isa clearlyvisibleclusterof excess vertices
near the edge at the top of the immer detector volure. A ove these are the
feedthroughs for the nassive bundles of cables from the 13k PVIE  in the
detector. These cable bundles provide blind spots in the anticounter. The
affected areas will soon be covered with scirtill ators.

The imner box drawn 1nthisfigure delimts the fiducial volume. Ttischosen
to be 2m from the physical boundaries of the immer detector and contains
22 5kt of water.

Of the 934 contained events found insidethe fiducial volune 606 are found
to have a singlecherenk ov ring associated wth them 162 events have two rings
and 166 events have three or nore cherenk ov rings.

2.2  Solar Neutrino Fluz

This prelimnary anal ysis isbased on 101.9 lie days of low energy data taken
between M y 31°" and Qtob er 7' 1996. I ent selectioncriteriafor the 1ow
energy data stream require the event to be complete © and have a tine dif-
ference to the previous event > .20 us, a total charge < 1000 photo electron
equivalent (PE) and < 20 hitsover 600 ns inthe anticounter. 48 M events en
ter this prelimnary anal ysis. Inthe next step event characteristicsare checked
to elimnate events generated by flashing PMIE  or electromcnoise. The re-
mining events undergo vertex fitting. Bv o reasons exist that this mgh t fail:
Too few (< 10) suitable hits are found inthe event or the fit does not converge
reasonably . A total of 47 M events survi ve these two steps.

The bulk of these events cone from locations very near the wallsof the
inner detector and/or have very low energies. The sane fiducial volune cut
as 1n the anal ysis of contained events - 2m from the ID physical boundaries,
corresponding to 22.5kt of water - plus an energy threshold inp osed at 7 MV

¢Incomplete events occur when autonatic pedestal data taking bl acks one eighth of the
inner detector el ectroni cschannel s.
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reduces this number to the 106124 events that this prelimnary sol ar neutrino
anal ysis 1s based on.

Giwen the neasures implenen ted to control the radon concen trationinthe
detector, the ma jor background to the solar neutrino anal ysis above 7MeV is
radioactive spallation products from through going muons interacting with
oxigene nuclei in the detector. Liwetimes of these spallation products range
fromtens of seconds down tomlliseconds. Individual events become suspected
of being radiocactive decays of spallationproducts by being correlated intim
and space with muons passing through the detector. Mions themsel v es becore
suspected of creating spallationproducts by dep ositingexcessive anmun ts of
energy inthe detector. Exploiting these correlations a set of cuts isemplo yed
to elimnate spallationproducts from this final event sanple. The spallation
cut inthis prelimnary anal ysis reduces the sanple sizeto 14376 events at the
expense of 37.8 % additional deadtine.



The resulting forward scattering peak wth respect to the sun isshown in
figare 6. The energy range used for this plot extends from 7 to 20 MeV. The
fiducial volune contains 22.5kt of water and the detector lietine 1s101.9days.
The masured solar neutrino flux is(2.51f8:%§:|:0.18) x 108 cm=2s~1. As usual
the errorsare given inthe order statisticéitst and systematicsecond. The
systematicerrorishi ghl yprel i mnary

The forvard scatteringeak fromthesefirst 102 days containsa totalof
1005 neutrinoi teractionsKam okande III' initssanpl e of 836 days of data
inthe sane energyrange plusits200days of data inthe energy range from
7.5t020MV obserwed a totalof 390 sol arneutrinoi iteractions'lhe fiduci al
vol une of Kam ok ande was 0.68kt. Inits2079days of lietine availabl do
the neasurenen t of sol arneutri noskam ok ande IT+1IT obserwed a tot alof 597
eventsinthe forvard scatteringeak. Conpared to the 1992 versionof the
St andard Sol ar M del of Bahcal land Pinsonneaul tthe Kam ok ande III data
viel ded:

DaTAamin = (4967043 & 0.048

The prelimnaryesul tfromSuper-Kamokande transl ateso:

ST = 0.44179 035 + 0.032

and thus 1sa confirmation of the ol d Kam ok ande resul ts.

No decisier answer can yet be obtainedfromthe data to the inportar
questiomof whet her or not thereisa day/ni ght effect.The datacanbe divided
in56.3 days of daytine data (sunabove t he horizon)and 45.6 days of ni ght tine
data (sunbel av the horizon).The fluxes neasured forthesesubsanples are:

(230113 £0.17) x 105 cm™2%~!  fordaytine

and (2.75‘100:%%J +0.20) x 10°cm™2s=t  forni ght tine.

3 Conclusions

The Super- Kamokande experinent has startedsuccessfull yA first prelim-
nary anal ysisof 100 days of sol arneutrinodata repraluces the resul tof the
Kam ok ande experinent. We expect toconsolidatéhiscurren anal ysidora
formal publicatiobeforesummer 1997.

The 1nportart next stepforthe Super- Kam okande sol arneutrinoanal ysis
willbe the 1 overingof the triggerthreshol dof the detector. Masures are
currenl ybeingdevisedto cope with the triggeratewe willincurby no ving
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towards the envisaged b MeV amlysis threshodld The pending calibration wth
electros from the LINAC wll greatly reduce owr systematic errors.

The first 8 mon th of ruming the Super-Kamok ande experimn t have
poven that we indeed bhult a very fie detector. What are the physics is-
sues we want to address wth 1t7 In the rear future we should see a decisive
result on a possible day/nigh t effect inthe sdar neutrino data from ratter en
hanced reutrino oscillations inthe earth. Wihin 2y from lowering the trigger
threshold we shall be able pinp aint possible distartiorss in the low energy end
of the ®B sdar neutrino spectrum At about the sam tim we shall receive the
first meutrinos  from the KEK neutrino beam for the long baselire exp erimn t.
Ater 3 years of data taking the zenith angle distribution of the pfe-ratio in
atmspheric  reutrinos should give ws amother handle on oscillation pararaters.
Ad inb years Sp er-lamok ande wll test SUSY predictios for proton deca y.

Ad all the Wile we are on the watch for sup erno va explosions. ..
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