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Abstract
From the start (1983-85) IMB found too few νµ. We looked for hardware or simulation deficiencies. Stopping cosmic

ray muons were as expected. Searches for physics causes included oscillations tests in 1985. We published evidence

of the deficit in 1986 and sought confirmation. Our evidence was confirmed in 1988.

Problems – IMB has too few muon signals

Author When Expected Observed

Cortez & Foster PhD’s 9/83 33±2% 22±4%

Schumard PhD 84 35±1% 26±4%

Blewitt PhD 10/85 34±1% 26±2%

LoSecco (LL) νe

νµ
2/86 0.64 1.3

Phys. Rev. Let. 6/86 34±1% 26±3%

Haines PhD & SWOGU/ICOBAN

Toyama, Japan 86 34±1% 26±3%
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Extensive studies of

stopping cosmic ray

muons confirmed the

correct response of the

detector to muons.

Multiple neutrino in-

teraction sources and

models were studied.
Kamiokande does not ... too many

Source Date Exposure Events M type Event Rate Expected

kt-yrs Obs/MC per kt-yr Event Rate

5’th WGU 1984 0.485 80 Agreed 165 Agreed

Arisaka Thesis 1985 0.661 84 1.03 127 129

6’th WGU 1985 0.840 99 1.13 118 111

Kajita Thesis 1986 1.11 133 1.19 120 108

IMB explored ν oscillations via Up/Down comparisons and L/E in

Phys. Rev. Lett. 54, 2299 (1985) and ICRC 1985 .

Management – of IMB Information Tightly Controlled

• Information tightly controlled ... Why? recognition? 12/11/80

• Senior members had very strong control. Careers could be ruined.

– I had been fired from my first post doc job (E310) since I was skeptical of the high Y anomaly.

• Senior members had been involved in recent, very public mistakes.

• Reines et al. had discovered neutrino oscillations in 1980. ν̄eD NC/CC at SRP – Phys. Rev. Lett. 45, 1307 (1980)

• Proton decay was the highest priority.

• If it were known that we did not understand our detector response it would jeopardize our discovery

of proton decay.

• Neutrino oscillations limits were OK. No hints of a νµ problem could be approved or shown.

• Secrecy had one good consequence; one maintained good records to keep history right.

Other Indications

August 27, 1985, while at the Aspen Underground Physics meeting with Y. Suzuki I realized

Kamiokande also had a “T2 problem”. They had not noticed it.

I could not discuss IMB’s results at the time due to secrecy rules.

I reported this observation at the IMB collaboration meeting, November 14-16 1985.

February 1986 – Lake Louise IMB has νe/νµ ≈ 1.3 expect 0.64

This talk was a review based on public information such as Geof Blewitt’s Caltech PhD thesis.

June 1986 – IMB Phys Rev Lett

Draft of Apr 10, 86 and May 15, 86: note Binomial errors More details in Haines UC Irvine PhD thesis

This publication created the opportunity for discussion of the νµ rate outside the collaboration since

once the paper was released secrecy was lifted.

Seek Confirmation from Kamiokande

After the ν’86 meeting in Sendai I stopped in Tokyo to emphasize our anomaly and to point out prob-

lems in the Kamiokande data. At the time Kamiokande was reporting a 1.6σ excess of M(uon) type

events (with M/S analysis), but their data also showed a 2.4σ deficiency of muon decays which they

failed to note. I suspected this would confirm our 3.5σ muon deficit. No confirmation was provided at

that time.

January 1988 Confirmation by Kamiokande–Thanks

Volume 205, number 2,3 PHYSICS LETTERS B 28 April 1988 

The error in the absolute neutrino cross sections at 

low energies is about + 10%. This might also account 

for part of the discrepancy in the total event number 

between the data and the Monte Carlo prediction. 

However, uncertainties in the cross sections are too 

small to account for the (electron-like events) /  

(muon-like events) discrepancy in table 1. 

We are unable to explain the data as the result of 

systematic detector effects or uncertainties in the at- 

mospheric neutrino fluxes. The probability that the 

ratio of (electron-like events with Pe > 100 M e V / c ) /  

(muon-like events) of the data could be due to a sta- 

tistical fluctuation is 10 -4 . This number is obtained 

by a Monte Carlo method as the probability of ob- 

serving 93 or more electron-like events from 178 to- 

tal events assuming the (electron-like events) /  

(muon-like events) ratio given in table 1. Some as- 

yet-unaccounted-for physics might be necessary to 

explain the result. Neutrino oscillations ~¢4 between 

muon-neutrino and Vx or between electron-neutrinos 

and muon-neutrinos might be one of the possibilities 

that could explain the data. An analysis along this line 

will be published later. 

Analyses similar to that described above are pos- 

sible for the data from other large underground de- 

tectors. The IMB experiment has not reported data 

in which electron-like and muon-like events are dis- 

tinguished, but it has reported [ 10 ] that the fraction 

of observed events manifesting muon decays is 

26 + 3%, while their Monte Carlo simulations predict 

that 34 + 1% of all events should exhibit muon de- 

cays. The preliminary result on the Ve/V~ ratio from 

the Frejus experiment [ 11 ] indicates, though statis- 

tically not significant, a slightly larger v J v ,  ratio than 

expected, namely Ve/V, = 0.57 + 0.15 which should be 

compared with 0.43 + 0.05 of the Monte Carlo pre- 

diction. The same experiment also gives the observed 

rate of total neutrino events (220+25 events/kton 

yr) less than the expected one (260 + 50 events/kton 

yr), which is consistent with the present result. 

In conclusion, we have observed 277 fully con- 

tained events, the number of  electron-like single-ring 

events is in good agreement with the predictions of a 

Monte Carlo calculation based on atmospheric neu- 

trino interactions in the detector. On the other hand, 

the number of muon-like single-prong events is 

~4 For a review of neutrino oscillations, see ref. [ 9 ]. 

59 + 7% (statistical error) of  the predicted number 

of the Monte Carlo calculation. We are unable to ex- 

plain the data as the result of systematic detector ef- 

fects or uncertainties in the atmospheric neutrino 

fluxes. Some as-yet-unaccounted-for physics such as 

neutrino oscillations might explain the data. 
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Also: M. Takita, ICRR Tokyo, PhD Thesis 1989

2005 Referee Report misleading citation

In 2010 – The discovery date is given as 1986

neutrino interactions. However, the IMB21) and
Kamiokande22) observed in 1986 that the fraction of

events accompanied with a muon decay signal was

less than expected. One of the possibilities for these
data was a de�cit of �m events. However, these data

*Kamiokande22) makes no mention of muon rate

T. Kajita Proc.Jpn.Acad. Ser.B 86, 303 (2010).

In 2015 – The discovery date is given as 1988?

Takaaki Kajita

Research accomplishments:

I have been working in Kamiokande and Super-Kamiokande experiments. In
particular, I have been studying atmospheric neutrinos and neutrino oscillations. In
1988, we discovered the atmospheric muon-neutrino deficit (this was called
atmospheric neutrino anomaly), which was confirmed to be due to neutrino
oscillations 10 years later. In this study we showed that the nm / ne ratio observed
in Kamiokande was only about 60% of the predicted ratio. Subsequently, in 1994,
we discovered that the atmospheric muon-neutrino deficit depends on the
zenith-angle or equivalently on the neutrino flight length through the study of
multi-GeV atmospheric neutrino events observed in Kamiokande, which was the another indication for the
neutrino oscillations.

In 1996 the Super-Kamiokande experiment started. I have been leading the studies of atmospheric
neutrinos in this experiment. In 1998, by the study of the high statistics data from Super-Kamiokande, we
concluded that the observed atmospheric muon-neutrino deficit was due to neutrino oscillations. The result
was presented at the Neutrino 98 conference. We have been studying neutrino oscillations further. Recent
major accomplishments are the confirmation of nmànt oscillations rather than oscillations to sterile neutrinos
in 2000, the observation of sinusoidal muon-neutrino disappearance as predicted by the neutrino oscillation
formula in 2004, and the first indication of appearance of tau-neutrinos which are generated by neutrino
oscillations in 2006. In these studies we have established the standard neutrino oscillation generated by
neutrino masses and mixing-angles.

So far the atmospheric neutrino data are explained well by two flavor nmànt oscillations. However, at
some level, three flavor oscillation effects should be visible. Especially, the effect of the third and
yet-unknown mixing angle, q13, might be visible as an excess of multi-GeV, upward-going ne events.
Also, the effect of the solar oscillation terms (driven by Dm122) should be observed in the sub-GeV
upward-going neutrino events due to the very long flight length of the neutrinos. Therefore, we are
studying the 3 flavor structure of neutrino oscillations using atmospheric neutrinos.

1. 

If q13 is very small (sin22q13 < 0.05), current atmospheric neutrino experiments might not be sensitive
to q13. Therefore, we are also working in a long baseline neutrino oscillation experiment, T2K. This
experiment will start in 2009, and will be the most sensitive experiment to a small q13. Especially, we
are working for the intermediate detector to get the best possible discovery potential of this experiment
for non-zero q13. We are also working in the Super-Kamiokande analysis of the T2K neutrino events.

2. 

If a non-zero q13 is discovered, it will become possible to study the CP violation in the neutrino sector,
which is believed to be very important related to the baryon asymmetry of the Universe. However, it is

3. 

カブリ数物連携宇宙研究機構


