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A neutrino burst was observed in the KAMIOKANDE-II 

detector on 23 February, 7:35:35 UT ( ±1 minute) during a 

time interval of 13 seconds. The signal consisted of 11 

electron events of energy 7.5 to 36 MeV, of which the first 

2 point back to the Large Magellanic Cloud (LMC) with 

angles 18° ± 18 ° and 15° ± 27°. 

A new analysis of the special low threshold trigger 

counts strongly indicates that KAMIOKANDE did not observe 

any signals at 2:52:36 which is the time claimed by the Mont 

Blanc group. 

1. Introduction 

Following the optical sighting on 24 February 1987 of 

the supernova [1], now called SN1987a, a search was made of 

the data taken in the detector KAMIOKANDE-II during the 

period from 1609h, 21 February 1987 to 0731h, 24 February 

1987. The results of that search has been published 

elsewhere. [2] 
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The KAMIOKANDE detector has been continuously upgraded 

primarily for detection of low energy neutrino interactions, 

especially for solar neutrinos. The low energy background 
91 A 

which comes mainly from radioactive elements Bi in water 

has been reduced by a factor of almost 10000 since 1985. 

The remaining background due to unstable elements fragmented 

from 0 by cosmic ray muons has been systematically studied 

and a program to remove those background was ready. Then 

came the information of SN1987a. It was thus quite easy to 

find a neutrino burst, since necessary programs were all 

available, and the background rate was quite low. A burst 

of low energy electron events was clearly seen on the print

out already in the morning of February 28. 

2. Detector 

The KAMIOKANDE-II detector, directed primarily at 
o 

nucleon decay and solar B neutrino detection, has been 

operating since the beginning of 1986. It is described in 

detail elsewhere, [3] but its salient features are shown 

schematically in Fig.l. The inner detector fiducial volume 

containing 2140 tons of water [4] is viewed by an array of 

20" diameter photomultiplier tubes (PMT), on a lm x lm 

lattice on the surface. The photocathode coverage amounts to 

20% of the total inner surface. The attenuation length 

of the water for Cerenkov light is in excess of 45m. The 

inner detector is completely surrounded by a water Cerenkov 
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counter of th ickness 1 1.4 m to ensure the containment of 

low energy events . I t a l so i s an absorber of y rays from 

surrounding rock and a monitor of slow muons which do not 

produce Cerenkov l ight in the inner detector but may decay 

there. 

Neutrinos of different flavors are detected through the 

s c a t t e r i n g r eac t ion Ve + Ve. The k inemat ics of th i s 

r eac t ion and the subsequent mu l t i p l e s c a t t e r i n g of the 

r e c o i l i n g e l ec t ron preserve knowledge of the incident 

neutrino direction within approximately 28 rms at electron 

energies in the vicini ty of 10 MeV. In addition, v are 

detected through the r eac t i on v p •+• e+n on the free 

protons in the water. This reaction produces e essentially 

isotropical ly. The Cerenkov l ight of a 10 MeV electron gives 

on average 26.3 h i t PMT's (NHIT) a t 1/3 photoelectron 

threshold. The energy cal ibrat ion i s obtained by observing 

U -*• e decays and by using the Compton scattered electrons 

from Y rays of energy up to 9 MeV from (n+Ni) using a Cf 

neutron source. 

The de tec to r i s t r i gge red by 20 PMT d i s c r i m i n a t o r s 

f ir ing within 100 ns. Charge and time information for each 

channel above threshold i s recorded. The t r i g g e r accepts 

8.5 MeV electrons with 50% efficiency, and 14 MeV electrons 

with 90% ef f ic iency over the volume of the de t ec to r [4], 

The raw trigger ra te i s 0.60Hz of which 0.37Hz i s cosmic ray 

muons. The remaining 

contamination in the w< 

The e l ec t ron i c s c 

Every TDC and ADC has i 

the electronics dead t 

gate width of the c i r 

s to red on magnetic t 

Tokyo, where they ar 

s t a t i o n e d a t the In 

Par t ic le Physics, ICEPI 

Reconstruction o 

performed with an algo 

of h i t PMTs. After tl 

f i t i s used to obtai 

d is t r ibut ion of the ev« 

an uniform volume dist 

3. Search of a Neutrinc 

The search for 

c a r r i e d out on the dc 

covered the period f 

February in Japanese 

hours . Events sa t i s fy : 

selected: 1) the to ta l 

the inner detector had 

a 50 MeV electron; 2) 
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T 
sure the containment of 

)sorber of y rays from 

slow muons which do not 

detector but may decay 

are detected through the 

'he k inemat ics of t h i s 

iple s c a t t e r i n g of the 

ledge of the i n c i d e n t 

ely 28 rms at electron 

In addition, V are 

ep -*- e n on the f ree 

produces e+ essent ia l ly 

a 10 MeV electron gives 

at 1/3 photoe lec t ron 

s obtained by observing 

pton scattered electrons 

from (n+Ni) using a Cf 

20 PMT discriminators 

me information for each 

d. The trigger accepts 

y, and 14 MeV electrons 

ne of the detector [4], 

ich 0.37Hz is cosmic ray 

muons. The remaining 0.23 Hz is largely due to radioactive 

contamination in the water. 

The electronics consists of ADC and TDC for each PMT. 

Every TDC and ADC has fast memories of depth 4. Therefore 

the electronics dead time is essentially determined by the 

gate width of the circuits, namely 400 ns. The data are 

stored on magnetic tapes and sent to the University of 

Tokyo, where they are analysed with the computer M380 

stationed at the International Center for Elementary 

Particle Physics, ICEPP, Facutly of Science. 

Reconstruction of the vertex of low energy events is 

performed with an algorithm based on the time and position 

of hit PMTs. After the vertex is established, a separate 

fit is used to obtain the angle of the electron. The 

distribution of the events presented here is consistent with 

an uniform volume distribution. 

3. Search of a Neutrino Burst 

The search for a neutrino burst from SN1987a was 

carried out on the data of Run #1892, which continuously 

covered the period from 16:09, 21 February to 07:31, 24 

February in Japanese Standard Time, which is UT plus 9 

hours. Events satisfying the following four criteria were 

selected: 1) the total number of photoelectrons per event in 

the inner detector had to be less than 170, corresponding to 

a 50 MeV electron; 2) the total number of photoelectrons in 
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the outer detector had to be less than 30, ensuring event 

containment; and 3) the time interval from the preceding 

event had to be longer than 20 U sec, to exclude electrons 

from muon decay. 4) Events must not be correlated spacially 

and timely with preceding muons to exclude a burst of 

events in a short time interval that were the production of 

an energetic nuclear cascade by an incident cosmic ray muon. 

The short time correlation of these low energy contained 

events was investigated and the event sequence as shown in 

Fig.2 was observed at 16:35:35JST(7:35:35UT) of 23 February. 

The event sequence during 0 to 15 sec is shown expanded in 

Fig.3. The properties of the events in the burst ( numbered 

1 to 12 in Fig.3) are summarized in Table I. Event number 6 

has NHIT<20 and has been excluded from the signal analysis. 

A scatter plot of event energy vs cosine of the angle 

between the measured electron direction and the direction of 

the Large Magellanic Cloud(LMC), known to contain SN1987a, 

is shown in Fig.4. It is seen that the earliest two events 
o o 

point back to LMC with angles (18 ± 18) and (15 ± 27) . The 

angular distribution of the remainder of the events is 

consistent with isotropy. A search was also made on a 

larger data sample of 42.9 days, 9 January 1987 - 25 

February 1987, and no other burst candidates were found. 

Figure 5 shows that from the extended period the number of 

events per 10 second time interval is well described by a 
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Figure 2. 

The time sequence of events in a 600 second interval 

centered on UT 07:35:35, 23 February 1987. Dots represent 

low energy e lectron events in units of the number of h i t 

PMT.NHIT. 
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Figure 3. 

The time sequence of events during 0 to 15 sec. Solid l ines 

represent low energy electron events in units of NHIT, 
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Figure 4. 

Scatter plot of the detected electron energy in MeV and the cosine of the angle 

between the measured electron direction and the direction of the Large Magellanic 

Cloud. The number to the left of each entry is the time sequential event 

number from Table I. The two projections of the scatter plot are also displayed. 

TABLE I. 

Measured properties of the twelve electron events detected 

in the Neutrino b u r s t . The e l ec t ron angle in the l a s t 

column i s re la t ive to the directr ion of SN1987a. 

EVENT 
NUMBER 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

EVENT 
TIME 
(sec) 

0 

0.107 

0.303 

0.324 

0.507 

0.686 

1.541 

1.728 

1.915 

9.219 

10.433 

12.439 

NUMBER 
OF PMTs 
(NHIT) 

58 

36 

25 

26 

39 

16 

83 

54 

51 

21 

37 

24 

ELECTRON 
ENERGY 
(MeV) 

20.0±2.9 

13.5±3.2 

7.5±2.0 

9.2±2.7 

12.8±2.9 

6.3±1.7 

35.4^8.0 

21.0±4.2 

19.8±3.2 

8.6±2.7 

13.0+2.6 

8.9±1.9 

ELECTRON 
ANGLE 

(Degrees) 

18+18 

15±27 

108±32 

70±30 

135±23 

68±77 

32±16 

30±18 

38±22 

122±30 

49±26 

91±39 

342 

https://doi.org/10.1017/S0252921100094082 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100094082


10' I 1 1 1 1 1 r 

,0->l 1 1 31 1 1 1 1 
0 1 2 3 4 5 6 7 

MULTIPLICITY 

Figure 5. 

Distribution of number of event with NHIT > 30 per 10 sec 

time interval for a data sample of 42.9 days. 9 January 1987 

- 25 February 1987. A burst at multiplicity 6 is the 

observed neutrino burst. The line corresponds to a Poisson 

distribution with mean 0.012. 

Poisson distribution of mean n =0.0121 for events with NHIT 

^30. Hence the rate of occurrence of 6 events in a 10 

second time interval due to a statistical fluctuation is 

less than one in 7 x 10 years in our experiment. 

4. 2:52:36 UT 

M. Aglietta et al. (the Mont Blanc group) have reported 

the observation of five events in 7 seconds beginning from 

2:52:36 UT. [6] This time is about 3:40 earlier than our 

time. Therefore if this observation is indeed true, the 
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supernova must have banged twice . There has been a l a rge 

debate about i t s consistency with the KAMIOKANDE resul t [7], 

I t i s t rue t h a t we observed two events near the Mont Blanc 

t ime, namely one event with NHIT=30 a t 2:52:40 UT and the 

other with NHIT=20 a t 2:52:47 UT. Some people take these 

two events very seriously and further a rb i t r a r i l y shif t our 

energy normalization, concluding that the ra te of these two 

events i s consistent with Mont Blanc. We, however, wish to 

s t ress that occurrence of these two events i s just expected 

from background. Thus they are not s t rong evidence to 

support Mont Blanc. 

We p r e s e n t h e r e t h e o t h e r a rgument a g a i n s t t he 

consis tency between Mont Blanc and KAMIOKANDE. The 

KAMIOKANDE t r i g g e r system possesses a spec i a l low l eve l 

discriminator output, the ra te of which i s counted with an 

online scaler . The low level discriminator has a threshold 

of approximately 6.4 MeV a t 50% e f f i c i ency . The sca l e r 

count i s read out at every event occurrence. The resul t i s 

shown in Fig.6. The count ra tes between 2:52 UT and 2:54 UT 

are compared with the average rate of 9.96 Hz. They are a l l 

c o n s i s t e n t with background. Since the threshold l eve l i s 

s imilar with Mont Blanc, one can easily calculate the event 

rate inferred from the Mont Blanc resul t : 

( 5 ± f 5 ) * 2140/90/1.3/10 = 9.2 ± 4.1 Hz, 

where 5 i s the number of events observed by the Mont Blanc 
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Figure 6. 

Scaler count rates with 6.4 MeV threshold as a function of 

time. Hatched region is the count rate expected from the 

Mont Blanc burst (5 ± 5 ' events, burst period = 10 sec). 

Our data are well below the burst rate, thus failed to 

confirm the Mont Blanc result. The dashed line is the 

expected background rate. 

group; 2140 and 90 are the fiducial volumes for KAMIOKANDE 

and Mont Blanc, respectively; 1.3 i s the re la t ive number of 

protons in un i t mass of the two d e t e c t o r s (r^O and ^ C ) ; a 

burs t period of 10 sec i s assumed. If the Mont Blanc 

observat ion i s indeed t r u e , our s c a l e r must have counted 

t h i s ex t ra r a t e above background. As shown in Fig.6, t h i s 

i s c l e a r l y not c o n s i s t e n t with our r e s u l t . Unless the 

threshold energy of Mont Blanc i s much lower than 6.4 MeV, 

the KAMIOKANDE data does not confirm the Mont Blanc resu l t . 
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5. Conclusion 

We conclude that the event burst on 23 February, 

7:35:35 UT, displayed in Fig.2 and Table 1, is a genuine 

neutrino burst. This is the only such burst found by us 

during the period 9 January to 25 February. We therefore 

associate it with SN1987a. This association is supported by 

the time structure of the events in the burst, their energy 

distribution and the uniform volume distribution. Strong 

additional support is provided by the correlation in angle 

of the first two observed events with the direction to 

SN1987a. The event burst occurred roughly 18 hr prior to 

the first optical sighting. [1] Correcting for energy 

dependent detection efficiency and assuming 9 of the 12 

events are due to v gp •* e+n we obtain an integral flux 

of 1.0 x 10 cm for the burst for v energy above 8.8 

MeV. This in turn leads to the v output of SN1987a of 

52 8 x 10 erg. for an assumed average energy of 15 MeV. 

Our data between 2:52 UT and 2:54 UT did not confirm the 

Mont Blanc result, unless the Mont Blanc threshold energy is 

much lower than 6.4 MeV. 
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