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An Idea for a Large Imaging Water 
Cherenkov Detector
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I met John right after I got out of the 
Navy and entered graduate school



I went into the Navy since they offered 
FREE COLLEGE instead of Vietnam
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Χōǳǘ L ƪƴŜǿ Ƴȅ ǊŜŀƭ ƭƻǾŜ
was science and engineering!

Which one is me?
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Last month in the Navy 1980

Bob - you should 
work on this cool 
experiment called 
La.Η ²ŜΩǊŜ gonna
discover Proton 

Decay!

{ǳǊŜΗΧ όǿƘŀǘΨǎ 
proton decay?)



Morton Fairport 
Salt Mine
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Head frame

Drift to IMB site
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Ground broken for detector
Hall at the mine in 1979

Cavern and hall excavation
completed in 1981

Some leak problems, but
By end of summer 1982
IMB was running at full
size and data rate 

First results on
proton decay released

in 1982

IMB control room
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Sept. 1982

Χōȅ ŜŀǊƭȅ мфуо ƛǘ ǿŀǎ ŎƭŜŀǊ ǘƘŀǘ ǘƘŜ
SU(5) model was in trouble ςno proton
decays seen.
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Disappointing, but at least some
ǇŜƻǇƭŜ Ǝƻǘ tƘΦ5ΦΩǎΧ

Congressman Bill Foster
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Interactive 3D scanning is a 
new conceptin 1982 and 
was used in IMB data 
analysis.
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Ooohhh, AhhhhhΧ
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Non-discoveryof Proton Decay beats
out other inconsequential stories
for the cover of Physics Today

{ŀƳŜ ƛǎǎǳŜΧ



Å IMB-1: 5 incPMT 
coverage (1.3%)

Å IMB-2: added WLS 
plates for a factor of 
~1.5 increase

Å IMB-3: In 1986 shut 
down to add 8-inch 
PMTs to bring 
coverage to 
effectively about 5%  
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Upgrades



Å The enhanced light 
collection was a big 
improvement over 
IMB-1

ÅNot only better 
resolution, but 
could now 
reconstruct much 
lower energy 
ŜǾŜƴǘǎΧ
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ÅIMB-3 upgrade also 
added better online 
computing, with an 
online fitter that 
reduced the recorded 
data rate by a factor of 
ten (written to a 
separate tape system)

ÅAlso added a WWVB 
clock to get absolute 
time to better than 50 
milliseconds

Å Just in case a 
supernova might go 
ƻŦŦΧ
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Lǘ ŘƛŘΧ



Å IMB detector 
description and 
construction

ÅDetection of 
neutrinos from 
SN1987A

ÅAnalysis of the 
neutrino events

ÅA search for 
other bursts in 
IMB-I,II,III
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UT 23 February 7h 35m 41.37s

Tape# D    M YR   H:M

R.Svoboda, 1987ESOC 26 2298
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From my ESO sponsored talk at MPI Garchingvery shortly
after the SN1987A neutrino detection announcement.
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About 2 hours prior to the burst one of four power 
supplies failed and was dead for 7 hours. This had 
the impact of making the efficiency smaller
And also required special corrections to the energy-
estimation software. Laser calibrations for timing 
and gain. CR muonsfor tuning an MC for energy.

(note: these are superseded
by the later PRD paper)
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Gain calibrations done
Feb 10, Mar 1
Timing calibration
Feb 11, Feb 24

Energy of the individual events
Both CR muontuned MC and also
an empirical method based on
CR muondecay data

(note: the energy numbers are
superseded by the later PRD paper)
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Baksantime shifted
By ~30 seconds

[ŀǘŜǊΣ ƭŀǎŜǊ ŘǊƛǾŜƴ άŎƻƴŜ ƎŜƴŜǊŀǘƻǊέ Ǌǳƴǎ ŀƴŘ
a more detailed analysis of the energy was done
with the same PMTs turned off in software



Å The Large 
Scintillation Detector 
claimed to see an 
earlier burst

ÅA search was done 
for such a burst at 
this earlier time 
using raw IMB data
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No bursts seen at
the LSD time

(even a search of 
below threshold
trigger scalers
showed nothing)

(this makes more
sense to me)



Below threshold 
trigger scalers
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Majority Logic Trigger:
- just add up the total number
of PMT hits in a fixed window

- when this exceeded a fixed
threshold (about 2-25 PMTs in
50 ns) a detector readout was
initiated 

Segmented Trigger:
-ŜŀŎƘ сп ta¢ άǇŀǘŎƘέ ŀƭǎƻ ƘŀŘ

an individual majority logic
sub-trigger generated called
ŀ άǇŀǘŎƘέ ǘǊƛƎƎŜǊ

- when two patch triggers were
in coincidence a detector readout
was generated

- Patch sub-triggers were fed into
scalers to monitor below threshold
detector activity

ŀ άǇŀǘŎƘέ ƻŦ
64 PMTs



²ŜǊŜ ǘƘŜǊŜ ŜǾŜƴǘǎ ƛƴ ǘƘŜ άǊŜƎǳƭŀǊέ La.
atmospheric neutrino data? 
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This is actually an
upward-going muon. 

Physics Today rotated
it for to fit on the
ŎƻǾŜǊ ōŜǘǘŜǊΧ

[ŜǘΩǎ ƭƻƻƪ ŀǘ ǘƘŜǎŜ  ŦƛǊǎǘΧ



Upward-going muon 
data was also searched 

for any angular 
correlation with the SN 

direction

ΧƴƻƴŜ ŦƻǳƴŘ
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ÅA search was also 
done through all 
previous data for 
any other bursts

ÅNone were found
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IMB-1  427 live days
no burst

IMB-2  also no burst



Å The online processing 
system was very soon 
after programmed to 
also look for bursts 
and then dial out on 
phone lines (no 
underground internet)

ÅRan for the next few 
ȅŜŀǊǎ ǳƴǘƛƭ ǘƘŜ άōƛƎ 
ƭŜŀƪέ
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IMB-3, no bursts

In 1991 a serious leak
forced the detector to
be shut down.

A proposal to repair IMB and 
add a veto by excavating more 
cavern was not approved.

A proposal to build a long
baseline neutrino experiment
to IMB in 1990 was 
also not approved. 
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Disappointing!

six years before 
start of Super-K


