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Back to the Pre-MACRO days: Theory and Experiment
a!/wh wŜǳƴƛƻƴΣ [Ω!ǉǳƛƭŀ ŀƴŘ DǊŀƴ {ŀǎǎƻ, June 27, 2025, Steve Ahlen
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Å1931: P. Dirac, quantization of charge.
Å1951: J. Schwinger, pair production in strong fields.*
Å1969: J. Schwinger, dyons, and a magnetic model of matter.
Å1974: H. Georgi and S.L. Glashow, SU(5) GUT.
Å1974: DΦ Ψǘ IƻƻŦǘ ŀƴŘ !ΦaΦ tƻƭȅŀƪƻǾ, GUT monopoles.
Å1979: J. Preskill, the monopole problem.
Å1981: A. Guth, Inflation.

Key Monopole Theory Developments 
Before MACRO

*Non-perturbative cross section calculation enables lower 
limit on monopole mass. Sensitivity of about 2.5 TeV at FCC-
hh (100 TeV collision energy, 2070-2095), possibly in the range 
of electroweak monopoles. Mass limit M > 80-120 GeV has 
been set with ATLAS at the LHC in 2025.
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Could monopoles be cosmologically 
coupled and drive the exponential 
expansion of the Universe?
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My Introduction to Magnetic 
Monopoles, Berkeley, 1975

Price, Shirk, Osborne and Pinsky saw an 
extremely unusual event in a balloon-borne 
detector using Lexan and G-5 nuclear emulsion 
designed to measure Pt/Pb and actinide cosmic 
ray abundances. They announced the discovery 
of a magnetic monopole in 1975.
THREE PROBLEMS: enormous cosmic ray 
background, no Pb or U calibration beams, we 
did not know how to calculate dE/dx then.

Emulsion 
track 
diameter 
= 100 mm
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¢ƘŜ άƳƻƴƻǇƻƭŜέ ǘǊŀŎƪ-etch data. Electric charge, mass, speed, and 
sign of charge can be estimated by inspection of these data. Note 
the two electron capture and loss events.

Using restricted energy loss 
model, and calibrating with 
stopping iron gives:
Electric charge = +90e
vin = 0.890c
vout = 0.879c (thorium-232)
ŦƻǊ άƳƻƴƻǇƻƭŜέ ŜǾŜƴǘΦ
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Uranium tracks from 
Heckman et al. from 
the first Bevalac 
uranium beams in 
1982.

v = 0.86c        0.51c > v > 0

200 mm
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There are many stories from 
those days, involving: Stephen 
Hawking, Kip Thorne, Barbara 
Walters, The US Secretary of 
Transportation, Emilio Segre, Ed 
aŎaƛƭƭŀƴΣ WŀŎǉǳŜǎ ±ŀƭƭŜŜΧ

Luis Alvarez did not trust the 
emulsion data. Peter Fowler, the 
world-expert on emulsion tracks 
(and grandson of Rutherford), 
claimed that determining the 
velocity from the track width is 
not valid for v > 0.45c. Alvarez 
proposed that the monopole 
was a heavy nucleus that 
underwent several charge 
changing nuclear interactions.
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After monopole event the Price Group 
developed improved detectors, used 
relativistic nuclei calibrations as beams 
became available (up to U), and did 
calculations of dE/dx for electric and 
magnetic particles. Brian Cartwright, Ed 
Shirk, and Buford Price discovered CR-39 
track detector in 1978.
Both CR-39 and Lexan were used in MACRO.

CR-39 
resolution 
from 1980 
balloon 
flight.

CR-39 resolution from fractional charge 
search with heavy ion fragments at Bevalac.
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Another event in 1982, this one possibly 
being a GUT monopole
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How to check Cabrera? It was known that 
GUT monopoles would be moving slowly 
όǾκŎ Ғ лΦллмύΦ !ǘ ǘƘŜ ǘƛƳŜΣ Ƴŀƴȅ ǇƘȅǎƛŎƛǎǘǎ 
thought that such particles would be 
unable to excite and ionize atoms. This led 
to a calculation by Kay Kinoshita and me.
Phys. Rev. D 26, 2347 (1982).

Sid Drell and colleagues showed that 
helium could be excited by slow 
monopoles by level crossing a year later. 
This could be exploited by the Penning 
effect.

Helium + n-pentane was used in the 
streamer tubes for this purpose in 
MACRO.

S.D. Drell, N.M. Kroll, M.T. 
Mueller, S.J. Parke, and M.A. 
Ruderman.



12

What about MACRO 
scintillators? Scintillation 
from neutron induced 
hydrogen recoils was 
measured by Ficenec et 
al., Phys. Rev. D 36, 311 
(1987).

We almost did not get the 
funding (a very modest 
amount for a very simple 
experiment) for this. Bob 
Adair thought we were 
too young and 
inexperienced to do such 
an experiment due to all 
the neutron background 
at the BNL High Flux 
Beam Reactor.
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Lots of small experiments started 
looking for GUT monopoles.* We were 
advised to get together and form a 
single group to do a large monopole and 
neutrino experiment. Barry took the 
lead in organizing the Americans and 
talking to the Italians, and MACRO was 
born.

*For example see Tarle, Ahlen, Liss, Phys. 
Rev. Lett. 50, 90 (1984).
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Hall B 1985
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I moved to Italy in summer 1988
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Hall B 1988
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The first supermodule. Its construction was 
finished and data taking began in February, 1989

I am most familiar with the scintillator 
and electronics work in Italy before 
February 1989, which was carried out 
by many people, including to the best 
of my recollection (and not limited to) 
Barry Barish, Chuck Bower, Stephane 
Coutu, Ed Diehl, Dave Ficenec, Phil 
Green, Alec Habib, Doug Heine, Dick 
Heinz, Ed Kearns, Spencer Klein, Dave 
Kouba, Chuck Lane, Larry (technician 
from Caltech), Dan Levin, Gary Liu, Mike 
Longo, Alex Marin, Doug Michael, Stu 
Mufson, Jim Musser, Scott Nutter, 
Charlie Peck, John Petrakis, Jan 
Reynoldson, Jim Stone, Larry Sulak,  
Greg Tarle, Bill and Susan Thompson, 
Bob Webb, and Bill Worstell. Please 
forgive me if I have mistakenly left you 
off the list.
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