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The Super-Kamiokande Experiment started taki ng data on Apri l 1st 1996. By
November a �rst prel imi nary anal ysi s of sol ar neutri no data f rom the �rst 100
days of data taki ng was compl eted. The 
ux measured above an energy threshol d
of 7MeV i s (2:51+0:14

�0:13
� 0:18) � 106 cm�2s�1, whi ch agrees wel l wi th the ol d

Kami ok ande resul t.No concl usi oncan at thi sstage be drawn concerni ng a possi bl e
day/ni ght e�ect. A cal i brati one�ort wi th a l i near accel erator f or el ectrons i s
currentl yunder way. Thi s i s expected to greatl yreduce the systemati c errors.

1 The Expe rime nt

1.1 Struct ure and Locat ion

Super-Kamiokande i sa large50kt watercherenkov detectorfor neutr i nophys i cs .
Located1000m underground i na mi ne i nMt. Ikeno (I kenoyama) i nKami ok a-
cho, Gi f u- ken i nJapan i ti sshi el dedf romcosmi c rays by an overburdenequi v-
al ent to 2700m of water . The cyl i ndr i caldetectori s di vi dedi nto an i nner
detector( ID)and ant i counter . The di ameter of the i nner detectori s 33:8m
and i t shei ght i s 36:2m. The 32:5 kt of ul t ra- purewater i t contai nsare read
out by 11146 photomul t i pl i ertubes (PMTs) of 20 i nch di ameter . The i nner
detectori scompl etel ysurroundedby 2m of water that i sused as ant i counter .
The ant i countervol ume i sseperatedf romthe i nnerdetectorby a l i ght barr i er
and i nst rumentedwi th 1885 PMTs of 8 i nch di ameter .

1. 2 Dat a Taki ng

O�ci aldata taki ngwi th the Super -Kami okande detectors tartedat 00: 00h on
Apr i l1st 1996 - just as schedul ed! The exper i ment current l yruns at an e�-
ci encyf orbei ngal i ve of 93:5%, the down t i me bei ngal most ent i rel yatt r i butabl e
to ongoi ng cal i brat i one�ort s . Dur i ng the �rs t weeks of Super -Kami okande
data taki ngcal i brat i ontook a heavi ertol lon the l i vet i me; the overal lupt i me
of the exper i ment i n the per i od f romApr i l through November of 1996 was
83:2%.
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1.3 Trigger

Inner detect orand ant icount er gener at ei ndependent t r i gger st hat each lead
t o a ful lr eadoutof t he det ect or 's> 13 k e l ect r oni cchanne l s .The I Dt r i gger s
ar e gener at edf r oml ogi cals i gnal sof 200ns dur at i ont hat come f orever yhi t
on an I Dt ube . Thes e l ogi cals i gnal sar eadded i nt oan anal ogs umwhi ch t hen
i sAC-coupl edi nt oa di s c r i mi nat or .Thi s AC- coupl i ngaut omat i cal l ys ubt r act s
t he noi s el eve l gener at edby t he dar k r at eof t he 11146 PMTs . The aver age
dar k noi s er at ef ora s i ngl ePMT i s3:1 kHz. Two di �er ent t hr es hol dsi nt hi s
di s c r i mi nat orcur r ent l ygener at etwo I Dt r i ggerl eve l s .The l ower t hr es hol dcor -
r e s ponds t o29 hi tPMTs or ,aver agedover t hewhol e�duc i alvol ume, 5:5MeV
of ener gyr e l eas edi nt ocher enkov phot ons .The t r i ggerr at eat t hatt hr es hol di s
11Hz . The hi ghert hr es hol dat 31 hi tgi ves 5Hz . The t hr es hol df orant i count er
t r i gger si sat 19 hi t s .Wi t ht hes es et t i ngst he t ot aldat ar at eof f ormat t edr aw
dat a i s12Gbyt e=d.

1. 4 Cali brati on

For each hi ton a PMT i t st i me and char gear e r ecor ded.The ar r i val t i me of
cher enkov l i ght at t he s ur f aceof an I DPMT wi l lbe us edf orver t exor t r ack
r econs t r uct i onwhi l et he char ge accumul at edi nal lPMTs s t r uck i nan event
wi l lmeas ur eener gy. Thus bot hquant i t i e shave t obe wel lcal i br at edt odo t he
pr ec i s i onmeas ur ement s Super - Kami okande i sdes i gnedf or .

To guar ant ee uni f ormi ty of t he det ect or ' sr e s pons e t hr oughouti t svas t
vol ume t he r es pons e of al lI DPMTs t o a s t andar dl i ght s i gnalwas bal anced
by adjus t i ngt he hi ghvol t agef or each i ndi vi dualPMT. The s t andar dl i ght
s i gnalwas gener at edby a Xe- l ampdr i vi nga s c i nt i l l at orbal l .By mo vi ngt he
s c i nt i l l at orbal lal ongt hedet ect oraxi st omi ni mi zeaccept ancecor r ect i onst he
PMT r es pons eswer eequal i zedt owi t hi n7%.

The cal i br at i onof abs ol ut et i mi ngf orI DPMTs wi t hr es pectt ot het r i gger
t i mi ngwas done us i ngs hor tni t r ogenl as erpul s e s .The l as erl i ght was s cat t er ed
uni f ormel yf r omt he cent erof t he t ankby a di �us erbal l .Fi gur es1 and 2 s how
t he pul s ehe i ght dependenceof t he t i mi ngand t he t i mi ngr es ol ut i on.Whi l e i n
t het i mer es ol ut i onpl ott heaver ageover al lI DPMTs i sdi s pl ayed, t hes o- cal l ed
TQ map i sa typi calcas ef ora s i ngl ePMT.

The char gei nt hePMT s i gnal si sconver t edi nt ophot oe l ect r onequi val ent s
(PE). For hi gherener gi e st heabs ol ut eener gys cal ei s�xed by t he ener gys pec -
t r umof decay e l ect r onsf r oms t oppi ngmuons , t he cor r e l at i onof t r ackl engt h
and depos i t edener gyf ors t oppi ngmuons ,and t he decays of neut r alpi ons .
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Typical TQ map
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Figure 1: Absolute t i mi ngsas a funct i onof pul s ehei ght (s i ngl ePMT)
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Fi gur e2: Ti mi ng r es ol ut i onas a f unct i onof pul s ehei ght ( aver ageover al lPMTs )
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For low energyevents 
uctuat ions of the charge measuredby the PMTs at
the 1PE l evel mak es an energycal i brat i onbased on the totalcharge observed
i n the event rather i mpreci se.For these l ow occupancy events i t i s saver to
count the number of hi t PMTs under the assumpt i on of 1PE per tube. The
absol uteenergy scal ef or theseevents i scurrent l y�xed by 
-rays emi ttedi na
Ni (n,
)Ni react i on.In our case the neutronneeded to i ni t i atethi sreact i oni s
suppl i edby a 252Cf �ss i onsource.A gas counter surroundi ngthe 252Cf source
suppl i esa �ss i ontr i ggers i gnalat the t i me the neutrons are rel eased.Wi th
a t i me constant of 85�s subsequent 
- ray i nduced events are observed i nthe
Super -Kami okande detector .The averageenergyof the var i ous
 l i nesemi tted
by Ni i nthi sreact i oni sof order 9MeV .

Bes i desbei nga cal i brat i onbased on the detectorresponse to 
- rays , the
Ni cal i brat i on�xes the scal eat one poi nt onl y and i snot accurateenough to
yi el dthe 1% preci s i onneeded f or the i mportant work on the sol arneutr i no
spect rum. For a more preci seenergycal i brat i onan el ect ronLINAC i scurrent l y
bei ngprepareda i n the mi ne r i ght above the Super -Kami okande detector .I t
wi l lal l ow to i njectel ect ronsof var i ngenergi esi nto the i nnerdetectorvol ume
at di �erent pos i t i ons .

1.5 Detector stabili ty

Ama j orconcerni na watercherenkov detectorthe s i zeof Super -Kami okande
i s the attenuat i onl engthf or cherenkov photons i nwater . Great care was i n-
ves tedi nto the construct i onof a waterpur i �cat i onsystemthat i sdes i gnedto
remove Radon - i t sradi oact i ve i sotopes are a s i gni �cant sourceof background
at the l ow energy end of the sol arneut i noanal ys i s- as wel las i mpur i t i esthat
coul dabsorbor scattercherenkov l i ght i nthe tank.

Con t i nuous moni tor i ngof rel at i ve changes i nthe attenuat i onl enght can be
provi dedby the detectorresponse to through goi ngmuons - assumi ng a stabl e
PMT response. Fi gure 3 i ndi catesthat through Apr i l and Ma y the water
t ransparencykept i ncreas i ngs i gni �cant l y, whereas by June i t had reached
equi l i br i um.t = 0 corresponds to Apr i l 1st 1996.

Fi gure 4 shows the resul t sof var i ousNi cal i brat i ons .The t i me scal eon
thi s�gure i s i npart s of the cal endaryear 1996 and start sonl y short l ybef ore
the per i od of t i me rel evant to our current data anal ys i s .The number on i t s
ver t i calaxi s ,\n50", i sa measure of IDhi t sassoci atedwi th the event . Comi ng
f roma �t to hi gh stat i s t i csn50 di s t r i but i ons ,the er ror on the data poi nts

aFirst sets of data with electrons from the LINAC in the Super-Kamiok ande detector

were successful ly taken shortly after the INS Symp osium.
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Figure 3: Attenuation length from horizon tal ly through going muons

Figure 4: Ni cal ibration data as a function of time
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Figure 5: Vertex di stri buti onfor the contai nedevent sample

is smaller than the circles used to display them. The initial rise seen in this
quan tity is expected from the impro vemen ts in water transparency . The �gure
demonstrates that during the time the data used in the analysis stem from the
stabil ity of the detector was stable within at least 1%.

2 First PreliminaryResul ts

2.1 Contained Event s

As discussed in the previous chapter the detector reached a regime of stable
op eration at the end of May 1996. Therefore data analysis at this stage is
restricted to data taken after this date. 111 days b of l ivetime are curren tly

bSi nce the symp osi um the data set f or thi s anal ysi s has been extended f rom 68 to 111

days.
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being used i n the analysi s of ful l ycontai ned events above an energy threshol d
of 30MeV. A contai ned event i s requi red to have no tri gger si gnal f rom the
anti counter attached to i t or have < 25 hi ts i n a 800 ns window from the
anti counter. In the ID i thas to have more than 200 PE in300 ns . The resul ti ng
sampl e i s then cl eaned of through goi ng or stoppi ng muons, events caused by

ashi ng phototub es, and events wi th too few hi ts i n ID (l ow energy events).

Fi gure 5 shows a two dimensi onal pro jecti on of the vertex di stri buti on
for the contai ned event sampl e. Al though the verti ces are evenl y di stri buted
throughout the �duci al vol ume there i sa cl earl yvi si bl ecl uster of excess verti ces
near the edge at the top of the i nner detector vol ume. Ab ove these are the
feedthroughs for the massi v e bundl es of cabl es f rom the 13 k PMTs in the
detector. These cabl e bundl es provi de bl i nd spots i n the anti counter. The
a�ected areas wi l l soon be covered wi th sci nti l l ators.

The i nner box drawn inthi s �gure del imi ts the �duci al vol ume. It i schosen
to be 2m from the physi cal boundari es of the i nner detector and contai ns
22:5 kt of water.

Of the 934 contai ned events found insi de the �duci al vol ume 606 are found
to have a si ngl echerenk ov ri ng associ atedwi th them, 162 events have two ri ngs
and 166 events have three or more cherenk ov ri ngs.

2.2 Solar Neutrino Fl ux

Thi s prel iminary anal ysi s i s based on 101. 9 l i ve days of l ow energy data taken
between Ma y 31st and Octob er 7th 1996. Ev ent sel ecti oncri teri afor the l ow
energy data stream requi re the event to be compl ete c and have a time di f -
f erence to the previ ous event � :20 �s, a total charge � 1000 photo el ectron
equi val ent (PE) and � 20 hi ts over 600 ns i n the anti counter. 48 M events en-
ter thi s prel iminary anal ysi s. In the next step event characteri sti csare checked
to el iminate events generated by 
ashi ng PMTs or el ectroni c noi se. The re-
maini ng events undergo vertex �tti ng. Tw o reasons exi st that thi s mi gh t fai l :
Too few (< 10) sui tabl e hi ts are found inthe event or the �t do es not converge
reasonabl y . A total of 47 M events survi ve these two steps.

The bul k of these events come from locati ons very near the wal l s of the
i nner detector and/or have very l ow energi es. The same �duci al vol ume cut
as i n the anal ysi s of contai ned events - 2m from the ID physi cal boundari es,
corresponding to 22:5 kt of water - pl us an energy threshol d imp osed at 7MeV

cIncomplete events occur when automatic pedestal data taki ng bl ocks one ei ghth of the

i nner detector el ectroni cschannel s.
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reduces this number to the 106124 events that thi s preliminary sol ar neutri no
anal ysi s i s based on.

Given the measures impl emen ted to control the radon concen trati oni nthe
detector, the ma jor bac kground to the sol ar neutri no anal ysi s above 7MeV i s
radi oacti ve spal l ati on products from through goi ng muons i nteracti ng wi th
oxi gene nucl ei i n the detector. Li vetimes of these spal l ati on products range
f romtens of seconds down tomi l l i seconds. Indi vi dual events become suspected
of bei ng radi oacti ve decays of spal l ati onproducts by bei ng correl ated i n time
and space wi th muons passi ng through the detector. Muons themsel v es become
suspected of creati ng spal l ati onproducts by dep osi ti ng excessi ve amoun ts of
energy i n the detector. Expl oi ti ng these correl ati ons a set of cuts i s empl o yed
to el iminate spal l ati onproducts f rom thi s �nal event sampl e. The spal l ati on
cut i n thi s prel iminary anal ysi s reduces the sampl e si ze to 14376 events at the
exp ense of 37:8% addi ti onal deadtime.
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The resulting forward scatteri ng peak wi th respect to the sun i s shown in
�gure 6. The energy range used for thi s pl ot extends f rom 7 to 20MeV. The
�duci al vol ume contai ns 22:5kt of water and the detector l i vetime i s101:9 days.
The measured sol ar neutri no 
ux i s (2:51+0:14

�0:13�0:18)�106 cm�2s�1. As usual
the er rorsare gi ven i n the order s tat i s t i cal�rs t and systemat i csecond. The
systemat i cer rori shi ghl yprel i mi nary.

The f orward scatter i ngpeak f romthese�rs t 102days contai nsa total of
1005 neutr i noi nteract i ons .Kami okande III 1 i ni t ssampl e of 836days of data
i n the same energy range pl us i t s200days of data i n the energy range f rom
7:5 to 20MeV observed a totalof 390 sol arneutr i noi nteract i ons .The �duci al
vol ume of Kami ok ande was 0:68 kt . I n i t s2079days of l i vet i me avai l abl eto
the measuremen t of sol arneutr i nosKami ok ande II+III observed a totalof 597
events i n the f orward scatter i ngpeak. Compared to the 1992 vers i onof the
Standard Sol arMo del of Bahcal l and Pi nsonneaul tthe Kami ok ande III data
yi el ded:

DATAKamIII
SSMBP92

= 0:496+0 :044
�0:042 � 0:048

The prel i mi naryresul tf romSuper -Kami okande trans l atesto:

DATASK
SSMBP92

= 0:441+0 :024
�0:023 � 0:032

and thus i sa con�rmat i on of the ol dKami ok ande resul t s .
No deci s i ve answer can yet be obtai nedf romthe data to the i mportant

quest i onof whether or not therei sa day/ni ght e�ect .The data can be di vi ded
i n56:3 days of dayt i me data (sunabove the hor i zon)and 45:6 days of ni ghtt i me
data (sunbel ow the hor i zon) .The 
uxes measured f or thesesubsampl es are:

(2:30+0 :18
�0:17 � 0:17)� 106 cm�2s�1 f ordayt i me

and (2:75+0 :21
�0:20 � 0:20)� 106 cm�2s�1 f orni ghtt i me.

3 Conclusions

The Super -Kami okande exper i ment has s tartedsucces s f ul l y. A �rst prel i mi -
nary anal ys i sof 100days of sol arneutr i nodata reproduces the resul t sof the
Kami ok ande exper i ment . We expect to consol i datethi scurrent anal ys i sf or a
f ormal publ i cat i onbef oresummer 1997.

The i mportant next s tepf orthe Super -Kami okande sol arneutr i noanal ys i s
wi l l be the l ower i ngof the tr i ggerthreshol dof the detector . Measures are
current l ybei ngdevi sedto cope wi th the tr i ggerratewe wi l l i ncurby mo vi ng
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towards the envisaged 5MeV analysis threshold. The pending calibration with
electrons from the LINAC will greatly reduce our systematic errors.

The �rst 8 mon th of running the Sup er-Kamiok ande experimen t have
proven that we indeed built a very �ne detector. What are the physics is-
sues we want to address with it? In the near future we should see a decisive
result on a possible day/nigh t e�ect in the solar neutrino data from matter en-
hanced neutrino oscil lations in the earth. Within 2y from lowering the trigger
threshold we shall be able pinp oint possible distortions in the low energy end
of the 8B solar neutrino spectrum. At about the same time we shall receive the
�rst neutrinos from the KEK neutrino beam for the long baseline exp erimen t.
After 3 years of data taking the zenith angle distribution of the �/e-ratio in
atmospheric neutrinos should give us another handle on oscil lation parameters.
And in 5 years Sup er-Kamiok ande will test SUSY predictions for proton deca y.

And all the while we are on the watch for sup erno va explosions.. .
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