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Abstract. 300 days of data taking with the Sup er-Kamiok ande detector give pre-
liminary new constrain ts on neutrino osci l lation parameters. 4400 solar neutri -
nos were detected with energies between 6:5MeV and 20MeV . No evidence for
a da y/nigh t e�ect or spectrum distortion is observ ed so far. The prel iminary value
for the observ ed 
ux is 2:44+0:06

�0:06(stat:)
+0 :25

�0:09(sy s: ) � 106cm�2s�1. A prel iminary
��!�� analysis of our atmospheric neutrino data indicates �m2 of order a few
times 10�3 and a large mixing angle.

1 The Super-Kamiokande Experiment

Super-Kamiokande (SK) i s a 50kt water cherenkov detector bui lt and run
by a Japanese-Ameri can col l aborati on. Data taki ng 1000 m (2700MWE) un-
derground in the Kamiok a Mini ng Compan y's Mozumi Mine 30km south of
the Japan Sea port ci ty of Toyama started on Apri l 1st 1996. Apart f rom i ts
neutri no rel ated physi cs program SK sets new l imi ts on the proton l i f etime.

The cyl i ndri cal detector vol ume i s di vi ded i nto an i nner and an outer
detector (ID and OD), separated by a l i ght barri er. The 32:5kt ID i s 36:2m
hi gh, has a di ameter of 33:8m and i svi ewed by 11146 20 i nch photom ul ti pl i er
tubes (PMT). The OD compl etel y surrounds the ID wi th > 2m of water
vi ewed by 1885 8 i nch PMTs. Together wi th 55 cm of dead vol ume insi de the
l i ght barri er thi s amoun ts to a water shi el dof > 2:6m al l around the ID.

Vi tal for SK i s i tswater puri �cati on system (WS), whi c h maximi zes wa-
ter transparency and minimi zes natural radi oacti vi ty. The equi val ent of one
detector vol ume i s reci rcul ated through i t i n about one mon th. By the end
of Ma y 1996 changes i n the attenuati on l ength for cherenk ov photons had
dropp ed to the 1% l evel . Sp eci al precauti ons are taken to prevent admi ssi on
of radon i nto the tank water, si nce the �-decay of 214Bi i n i ts decay chai n
i s a seri ous source of bac kground at l ow energi es. The current l evel of radon
acti vi ty i s< 5mBq - a factor 100 l ower than i n Kamiok ande.

PMT si gnal s f romthe ID are processed i ncustom made ATM boards that
di gi ti zetime and charge of PMT hi ts. The boards are sel f -tri ggeri ngwi th a
threshol d of 1/4 photo el ectron (PE) equi val ent. A readout of the experimen t
i s i ni ti atedwhen a certai n number of PMTs recei ve hi ts wi thi n 200 ns . To
avoi d dep endency of the detector tri gger threshol d on changi ng PMT noi se
l evel s the corresponding si gnal i s AC-coupl ed i nto a di scriminator. Curren t
tri gger threshol ds for the ID correspond to 29 and 31 hi t PMTs, the l ower one
implyi ng an energy threshol d of 5:5MeV . The corresponding tri gger rates are
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10� 12Hz and 4:3Hz . OD-triggers are generatedi ndependent ly at a rateof
2:7Hz . A 25 hi t threshol di s just becomi ngoperat i onali n an e�ort to l ower
the anal ys i sthreshol df or sol arneutr i nos .Data are col l ectedat a rate of
10Gbytes=day. Cal i brat i one�ort s l i mi t the l i vet i me of the exper i ment to
85% over the whol e per i od of operat i ons i nceApr i l 1st 1996.

2 ID Calibrati onProcedures

Cal i brat i onof the ATM el ect roni csboards i sdone wi th a standardcal i brated
charge/t i me generator .The t i mi ng range spans 1:2�s wi th 0:3 ns resol ut i on
and charge i srecordedup to 550pC wi th 0:2 pC resol ut i on.Charge measure-
men t reaches over
ow at the l evel of 250PE.

Rel at i ve gai ns of ID PMTs are bal anced us i ng l i ght f roma sci nt i l l ator
bal ldr i ven by a Xe 
ashl amp. Af ter adj ustment the spreadi ngai namoun ts
to 7%. For t i mi ng cal i brat i onthe short pul se of a ni t rogenl aseri s di �used
f romthe centerof the ID. The averaget i mi ngresol ut i onof the i nnerdetector
PMTs i sf ound to be 3 ns at the 1PE l evel ,r eachi ng a l i mi tof 0:6 ns at about
100PE. Energy cal i brat i ondepends on the energy range of i nteres tand i s
di scussedi nthe correspondi ng anal ys i ssect i on.

3 Sol arNeutri nos

Two of the react i onsi n the sol arf uel cycl eproduce neutr i noswi th energi es
above 2MeV : �- decay of 8B and protoncaptureon 3He. Predi ct i onsf orthei r
ratesare i nf er redf romsol armo del l i ng(SM). The rate of 3He- neutr i nosi s
expectedto be < 10�3 that f or 8B neutr i nos ,whi ch i t sel fconst i tutesonl y
� 10�4 of the total
ux of �sol. Th us onl y the

8B neutr i nosare acces s i bl eto
an exper i ment l i ke SK wi th a threshol dof � 5MeV . Thei r spect rumends at
14:1MeV , i t sshape bei ngi ndependend of sol arphys i cs [1].

The data di scussedhereweretaken betweenMa y 31st 1996 and June 23rd

1997. The accumul atedl i vet i me i s 306:3days. The �duci al vol ume f or sol ar
neutr i no(�sol) and atmospher i c neutr i noanal ys i scontai ns22:5kt of water .
I t i sde�ned by a mi ni mum di stanceof 2m f romthe IDPMT sur f aces .

Bac kground tothe �sol anal ys i shas threemai n sources .Cosmi c ray muons
ma y produce radi oact i ve spal l at i onproducts . Decays of spal l at i onproducts
are i dent i �edus i ngthei rspace and t i me correl at i onwi th preceedi ngmuons .
Deadt i me i ntroduced amoun ts to 20%, whi l e the background i scut by 43%.

- rays or i gi nat i ngi nthe surroundi ngrock or PMT gl assproduce an excessof
eventsnear the con�nes of the detector .Ev ents f orwhi ch thei rback proj ected
track i nter sect swi th the rock wi thi n5m are removed f romthe sampl e at the
cost of 7. 8%deadt i me, yi el di nga f urtherreduct i onof background by 30%.
Radon decay events can not be i sol ated.

The anal ys i sdi scussedi n thi scontr i but i oni s the �rs t �sol anal ys i swi th
i t senergy scal ebased on SK cal i brat i onwi th a smal l l i nearaccel eratorf or
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electrons (LINAC). Singl e el ectrons are i njected i nto the tank at vari ous
radi i and depth. At each posi ti ondata are taken at di screte el ectron energi es
rangi ng from 5 to 16MeV. Energy de�ni ti on by the LINA C system i s better
than the 0:5% resol uti on of the Germanium detector used to cal i brate i t.
Onl y two LINA C posi ti ons i n the ID were compl eted i n time for the anal ysi s
di scussed here. After careful eval uati on the energy scal e for �sol events was
shi f ted by � 2% from what had previ ousl y been i nferred f rom data taken
wi th a 
-ray source. Subsequen t LINA C measuremen ts at other poi nts are
consi stent wi th the i ni ti al two and val i date thi s shi f t. Yet the systemati c
error on the �sol-
ux i s currentl y dominated by energy scal e (+9. 9%) and
resol uti on (-3. 1%). These errors have l ess impact on rel ati ve measuremen ts
l i ke day/ni ght (D/N) and seasonal vari ati ons. Vertex and di recti on �tti ng
contri bute -1. 3%and +1. 7% respecti vel y. Al l other systemati cs are estimated
to be l ess than 0. 7%, bri ngi ng the total to +10:1%

�3:5%
for the 
ux measuremen t.

0

0.05

0.1

0.15

0.2

0.25

0.3

-1 -0.5 0 0.5 1
cosθsun

E
ve

nt
/d

ay
/k

to
n/

bi
n

0

0.2

0.4

0.6

0.8

1

1.2

8 10 12 14
MeV

da
ta

/B
P

95

Fig. 1. 4400 �sol wi th energi es6:5 � 20MeV from 306 d of SK data and thei r

spectrum, normali zed to the predi ct i onf romBP95

The l ef tsi de of �gure 1 shows the di stri buti onof di recti ons rel ati ve to the
di recti on to the sun i n the �nal sampl e. Of i ts almost 60000 events wi th en-
ergi es f rom 6:5-20MeV 4400 are i n the peak towards the sun. The 
ux val ue
extracted f romthe �t (hi stogram) to the data i s2:44+0:0 6

�0:0 6(stat:)
+0:25
�0:0 9(sy s: ) �

106cm�2s�1. Compari son to the sol ar mo del of Bahcal l and Pinsonneaul t[2]
(BP95) yi el ds 0:368+0:0 1 0

�0:0 0 9(stat: )+0:0 3 7
�0:0 1 3(sy s: ) � BP95. The measured D/N as-

symetry (D� N) =(D+ N) i s �0:017 � 0:026( stat: ) � 0:017( sy s: ). The ri ght
si de of �gure 1 shows the measured energy spectrum normal i zed to the 8B
neutri no spectrum wi th BP95 normal i zati on. The i nner part of the error bars
represents the stati sti calerror, the outer part the systemati c error estimate.
No devi ati on f rom uni form suppressi on can be i nferred.
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Fig. 2. Exclusion plots based on 300 d of SK D/N (left) and spectral (right) data

Based on these results 90%CL excl usion pl ots for neutri no mixi ng para-
meters i n the MSW regi on are generated empl o yi ng a �2-metho d. In �gure 2
these are shown together wi th the 95% CL al l owed regi ons obtai ned by Hata
and Langac ker[3] f rom a combined �t to ol der sol ar neutri no data f rom var-
i ous exp erimen ts (shaded areas). The excl usi on pl ot on the ri ght i s deri ved
purel y f rom the spectral i nformati on wi thout constai nt on the overal l 
ux.
For the D/N pl ot on the l ef tthe ni ghttime data were further subdi vi ded i nto
�ve cos(�zenith) bi ns wi th �zenith bei ng the zeni th angl e of the momen tary po-
si ti onof the sun. Vacuum osci l l ati onparameters too are further constrai ned.

4 Atmospheric Neutri nos

Primary cosmi c rays impingi ng on the atmosphere produce hadroni c showers.
Atmospheri c neutri nos (�atm) ori gi nate f rom the decays of secondari es i n
these showers. For neutri no energi es bel ow 1GeV almost al l �atm stem from
pi on decay. That l eads to the predi cti on r = (��+��)=(�e+�e) � 2. Interest
i n�atm was sparked by the observati on that i nal l hi gh stati sti csexp erimen ts
thi s rati o di�ered f rom expectati on. Si nce predi cti ons for the absol ute rate
of �atm are sti l lrather uncertai n i t remains uncl ear whether thi s anomaly
re
ects a l ack of �� or an excess of �e. Yet for the rati or l arge parts of these
uncertai nti escancel out and predi cti ons by vari ous authors agree wi thi n 5%.
Th us the doubl e rati oR = rData=rMC has become the focus of attenti on.

Li ke proton decay, neutri no i nteracti ons produce contai ned events, i . e.no
parti cl eenters through the OD. Wi th muons l osi ngabout 200 MeV =m inwa-
ter hi gh energy muons f roma �� i nteracti onma y exi t f romthe detector. Th us
two event sampl es are col l ected f rom the data stream for the �atm anal ysi s:
Ful l y contai ned events (FC), for whi c h no evi dence of associ ated enteri ng
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or exiting particles is seen, and partially con tained events (PC), for which
one exiting trac k is allowed. Through-going and stopping muons are rejected.
Vertex position and direction are �tted and the �t results are used to cross-
chec k the pro jected entrance region for un wan ted signs of entering particles.
About 30FC=d and 20PC =d from this automated selection are subsequen tly
scanned by sp ecialists. Cuts on energy and �ducial volume (22 :5kt) establish
the �nal PC and FC samples. Energy calibration is extended to high ener-
gies by means of a trac klength correlation obtained from stopping muons,
mass reconstruction for neutral pions and a �t to the sp ectrum of deca y elec-
trons from stopping muons. FC even ts are further sub divided into so-called
sub-GeV and multi-GeV even ts by a cut on visible energy at 1:33 GeV . The
minimal lepton momen ta required for even ts to enter into the sub-GeV sam-
ple are 100 MeV for electrons and 200 MeV for muons.
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Fig. 3. Zeni th angle dependence of R f or 326 d of SK sub-GeV (l ef t)and
mul ti -GeV+PC (ri ght) data. Hori zontal axi s i s cos(�zenith) , vert i cali sR

In char gedcur r ent (CC) r eact i onson t he nuc l eonsi n t he det ect orwa-
t er t he out goi ngl ept onpr es er ves t he l ept on
avor of t he i nt er act i ngneu-
t r i no.To i dent i f yt he l ept on
avor event s ar ec l as s i �edas s hower i ngor non-
s hower i ng[4],i nt r oduc i ngs ys t emat i cer r or sof 2% on t he s ub- GeV s ampl e
and 4% on t he mul t i - GeVs ampl e .PC event s ar e a 97% pur e �� sample.
Pion pro duction in the interaction pro cess gives rise to multi ring events. To
obtain the cleanest possible sample of CC quasi-elastic scattering events only
single ring events are used, giving rise to a 4% error from ring coun ting. Sys-
tematic errors arising from uncertain ties in the CC and NC interaction cross
sections amoun t to 3.6% and 2-3% respectively, bringing the estimated total
systematic errors to 8.2% on the sub-GeV data and 10.7% on the combined
multi-GeV+PC samples.

The preliminary result for R from 325 :8d of �atm observ ation with SK is
0:604 +0:065

�0:058 � 0:018 � 0:065. The errors given are the statistical error of the
data sample, MC sample, and the systematic error.
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Fig. 4. 90 and 99% CL all owed regions for �� ! �� osci l l at i onf rom326 d of SK
atmospheri cneutri nodata

Figure 3 shows the dependence of R on the zenith angle for the sub-GeV
and multi-GeV+PC samples. cos �zenth = 1 corresp onds to down ward going
events. The zenith angle dep endence of the sub-GeV data forces �m2 down
to a few times 10�3 in a �� ! �� oscil lation analysis as shown in �gure 4.

5 Conclusion

Solar neutrino observ ation with SK entered a new era with the adv ent of the
�rst LINAC data. Oscil lation analysis so far remains inconclusiv e. Extending
the spectal range of this measuremen t to lower neutrino energies is a clear
priority for SK.

Atmospheric neutrinos show a zenith angle dep endence when comparing
the observ ed to exp ected �-l ike/e-l ike event ratio. In the con text of �� ! ��
oscil lations our measuremen t suggests a large mixing angle and �m2 of order
a few times 10�3. Suitable long baseline exp erimen ts will soon explore large
parts of this parameter space.
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