
IMB Proton Lifetime 
Experiment

Workshop on Ghost Particle Hunting: Neutrino Physics and its Applications to World Peace 

RM Bionta

Hye Sook Park

April 2025



2

Proposal, May 31, 1979Tokyo Conference, August 1978:
Grand Unification Theories

άaƛƴƛƳŀƭέ {¦5 was predicting a proton lifetime of 1029 years for 
the mode p -> e+ ̄ 0

1954, Reines, Cowan, and Goldhaber:    
t >1022 years  (Phys Rev 96, 1157)

1960 Backenstosset al. (Nuovo Cimento16 749)
t > 1026 years

1974, Reines and Crouch: (Phys Rev Lett 32 493)
t > 1030 years (for modes with muon)

WŀƴǳŀǊȅ ΩтфΦ
At a meeting in Irvine W. Kropp, J. Learned, R. March, F. Reines, 
J. Schultz, D. Sinclair, H. Sobel, L. Sulak, and J. van der Velde 
signed up.

M. Goldhaber was soon added, and letters of support were 
solicited from Glashow, Gell-Mann, Salam and Weinberg. 



Proposal Presentation, Washington, May 31, 1979



Proposal Presentation, Washington, May 31, 1979
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The DoscoaŀŎƘƛƴŜ Χ

Χ ǎŎǳƭǇǘŜŘ ǘƘŜ ŎŀǾŜǊƴ 
leaving lots of dust (FC ς
Fine Crushed salt)





September 1981



Hauling two halves of the photomultiplier test tank on 
*ÏÈÎȭÓ ÏÌÄ #ÁÍÁÒÏ ÁÔ 5#)

Phototube assembly and testing was done at UCI 
and UM



Hauling two halves of the photomultiplier test tank on 
*ÏÈÎȭÓ ÏÌÄ #ÁÍÁÒÏ ÁÔ 5#)

Colleen in the HEP office at UCI , September 1980.



Collaboration 
meetings at 
Laguna Beach 
/! Χ



Χ ǿŜǊŜ ŀ 
favorite of 
the folks 
from UM



New technologies were developed for calibration

N2 Laser τʌ radiator



Displaying phototube time and charge data

Stopping muon in 10 feet of water

Use color for time,
number of slashes for Q.

First version had 6 views:
North, east, south, west, top, bottom



Successful fill



Muons !

Muons crossed detector at 3/second.

Upgraded display allows viewing from any angle.

Easy to track: Draw line from 
earliest 10 phototubes to 10 
brightest



Showers of multiple muons also observed
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SN 1987a neutrino at UT 7:35:42.0

Contained neutrino event ςtrack 
originates inside the detector



! ƘŀƴŘŦǳƭ ƻŦ ǇǊƻǘƻƴ ŘŜŎŀȅ ŎŀƴŘƛŘŀǘŜǎ ǿŜǊŜ ƻōǘŀƛƴŜŘ Χ

ά¦ƴǊƻƭƭ Ǉƭƻǘέ ςphototubes were projected to a cylinder surrounding the vertex. The unrolled cylinder showed 
the angle between the tracks 

This one was close to proton decay, but the energy was too large, the angle was less than 180 degrees, and a muon 
decay was observed

Χ ōǳǘ ŀƭƭ ǿŜǊŜ ǊŜƧŜŎǘŜŘΦ





Search for upward muons

New trigger implemented to capture upward going events



Search for upward muons

New trigger implemented to capture upward going events
Muon from neutrino interaction under the detector



Tracking muons to their source



Upward muon source distribution

The true beginning of neutrino astronomy



1985 PRL paper ά.ŀǎƪƛƴ-wƻōōƛƴǎέ ǇŀǇŜǊ



Fairport Harbor August 2024



Morton Salt Mine APS 
Historic Site 



Thank you John for your inspiration through the years!
Happy Birthday! 





John and the 
IMB 
collaboration 
inspired me 
into cosmic 
rays and 
astrophysics
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Pictures for Upgrade Proposal to D.O.E.

Tallest/biggest person in the group, Eric 
{ƘǳƳŀǊŘΣ ƘƻƭŘƛƴƎ уέ ta¢

Shortest/smallest person in the group, Hye-
{ƻƻƪΣ ƘƻƭŘƛƴƎ нлέ ta¢

Å As a first-generation graduate student, I built and tested the PMTs in the elevator shaft in Michigan
Å Cleaned every single cm2 of the inner liner with alcohol and acetone after the big leak 
Å Numerous over-nights looking for upgoing muons and neutrinos



~35 years later ςstill working on astrophysics problems

Hye-{ƻƻƪΣ ƘƻƭŘƛƴƎ нлέ ta¢Hye-Sook, holding a NIF target

ScienceNewsNov 12, 2020
https:// www.sciencenews.org/article/supernova-star-death-giant-lasers-explosive-mysterious-physics



Studying cosmic ray acceleration mechanisms in the laboratory:
Super-nova remnants, collisionlessshocks, particle acceleration


