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My young friend Fred Relnes and I have been Interested In the

question of proton stability for more than a third of a century, when

we made the first explicit attempt to test it. At that tine there

was a widespread belief that the proton is absolutely stable, as ex-

pressed first by Weyl in 1929, ten years later by Stueckelberg, and

ten years later again by Wigner. But what was the reason for this

belief? One night say, these physicists felt it in their bones that

the proton is stable, but the bones, one can estimate, are only sen-

sitive to proton life tines <^ 1016 years; for shorter lifetimes one

might have to file an environmental impact statement before filling a

lecture hall* It is interesting to see how Wigner argued (Froc. Am.

Phllos. Soc. 93, 521 (1949), p. 525, footnote):

"It Is conceivable, for instance, that a conservation law for

the number of heavy particles (protons and neutrons) is responsible

for the stability of the protons in the same way as the conservation

law for charges is responsible for the stability of the electron.

Without the conservation law in question, the proton could disinte-

grate, under emission of a light quantum, into a positron, just as

the electron could disintegrate, were it not for the conservation law

for the electric charge, into a light quantum and a neutrino."

•Dedicated to Fred Raines on his seventieth birthday. .- .v-'-"
**Under Contract No. DE-AC02-76CH00016 with the U.S. Department of ,k '

E n < r g y - ^ . ; • " « $ &

To be published in the Proceedings of the 13th International '"jfl'j|'jLjimfjL,
Conference on Neutrino Physics and Astrophysics. MA\ | rll <*

DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED



One can do better than the bones either by an indirect argument

on the absence of "spontaneous" fission in Thorium or by direct Meas-

urements which Fred, the late Clyde Cowan and I started in the summer

of 1954 while I was visiting Los Alamos. This is what we said (F.

Reines, C.L. Cowan, Jr. and M. Goldhaber, Phys. Rev. Jte, 1157 (1954):

"It hat1 often been surmised that there exists a conservation law

of nucleons, i.e., that they neither decay spontaneously nor are de-

stroyed or created singly in nuclear collisions. In view of the fun-

damental nature of such an assumption, it seemed of interest to

investigate the extent to which the stability of nucleons could be

experimentally demonstrated."

Note that our aim was modest. We only wanted to test to what

"extent the stability of nucleons could be experimentally demonstrat-

ed". When later theoretical predictions of proton decay came along

and candidates for proton decay were quickly found our modesty paid

off: We always remembered that the most important thing about a

candidate was his background.

Wigner's suggestion of a possible decay mode for the electron,

as well as other potential electron decay modes, were investigated at

Brookhaven with Ed der Mateosian and by many others, including Fred

and his collaborators and Prof. Pomansky, whose health, unfortunate-

ly, did not permit him to come here to talk about this question in

detail. But if anyone of us had succeeded to find electron decay you

might have heard about it.

At first proton decay was usually investigated parasitically in

neutrino detectors, with few exceptions. Over the next dozen years

the decay limits were improved considerably. A summary table of such

experiments given in a paper by Gurr et al., is reproduced here.

One early dedicated experiment is that of Backenstoss et al.,

following an Interesting speculation of Yamaguchi. Once a question

is dressed up as a theory it's easier to fund dedicated experiments.

With the advent of the Grand Unified Theories (Pati and Salam

1973, Georgi and Glashow 1974) which predict that the proton has a

finite lifetime, a lot of physicists rushed underground; they rushed

because the predicted lifetime was so short.



Table I.

GURR, KROPP, REINES, AND MEYER
Physical Review JJ», 1321 (1967)
Summary of nucleon half-life experiments.
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Experimenters
Nucleon

half-life (yr) Nucleon decay detection Method Nucleon source

Goldhaber (1954)
(private
communication)

Relnes, Cowan and
Coldhaber
(1954) (Ref. 4)

Relnet, Cowan and
Kru*e (19S7)
(Ref. 5)

Bsckenatoss,
Frauenfelder,
Hyame, Koeater,
and Hartn
(1960) (Ref. 6)

Glamatl and
Relnea (1962)
(kef. 7)

Kropp and Relnea
(1964) (Ref. 8)

Dlx and Relnea
(private
coaaunlcatlon)

Present experiment

>1.4xlO18

Hxio"

>4xlO«

>2.8xlO26

>lxl0" t o

>7xlO27

depending on
K>de.
>6xio" to
>4xlO28

depending on
•ode.
In profreea.

>2xlO2<> to
>8xlO2»,
depending on
•ode.

91?
Spontaneous flaalon of Th after
excitation by nucleon decay. Assumes
that the rearrangement energy upon loss
of a nucleon la sufficient to cause
fission of the residual nucleus.

High-energy decay fragment. Liquid
scintillation, 30 • below surface.

Proton decay in deuteron. High energy
fragment plus neutron left over from
deuteron after decay of proton. De-
layed coincidence and liquid acintllla-
tlon, 61 • below surface.

High-energy fragment; upward going
particles. Cerenkov and scintillation,
800 • below surface. At leaat 250 HeV
assumed to be available to decay par-
ticle. Result based on combined meas-
urements for neutrons and protons.

High-energy fragment. Liquid scintilla-
tion with anticoincidence shield, 585 m
below surface.

High-energy fragment. Liquid scintilla-
tion with anticoincidence shield, 585 m
below surface.

Neutron left over from deuteron after
decay of proton. Not dependent on
decay mode. *

High-energy fragment, liquid scintilla-
tion, 3200 m below surface. Horizon-
tally going particles.

Toluene In detector and
surrounding paraffin.

Water, Lend, and rock.

Decalln in detector and
aurroundlng Iron.

Decalln In detector and
surrounding iron.

Heavy water in
detector.

Surrounding rock,
mineral oil sclntil-
lator, and detector
box.



Nowadays neutrinos are studied in symbiosis with proton decay,

both in their own right, and also because their interactions form the

most serious background in proton decay experiments.

Our experiment (the 1MB experiment) is now nearly ten years old

and the number of collaborators has waxed and waned with time. Here

is a snapshot of what our collaboration looked like about two years

ago:

R.M. Bionta, 6. Blewitt, C.B. Bratton, D. Casper, P.

Chrysicopoulou, R. Claus, B.G. Cortez, S. Errede, 6.W. Foster, W.

Gajewski, K.S. Ganezer, M. Goldhaber, T.J. Haines, T.W. Jones, D.

Kielczewska, W.R. Kropp, J.G. Learned, E. Lehmann, J.M. LoSecco,

H.S. Park, F. Reines, J. Schultz, S. Seidel, E. Shumard, D. Sinclair,

H.W. Sobel, J.L. Stone, L. Sulak, R. Svoboda, J.C. van der Velde and

C. Wuest.

We had decided to build a large enough detector to reach a pro-

ton lifetime of -~4033 years, much larger than the lifetime predict-

ed by the minimal SU(5) theory., which in subject to approximations

and uncertainties in our knowledge of QCD parameters. For the decay

mode p+e+ + *° Marciano estimated a partial lifetime 4.5 x 1029 *

1.7 years* When we reached a limit several hundred times the cen-

tral value of this prediction it was generally accepted that minimal

SU(5) theory was refuted. Since Kamiokande and Frejus have also not

seen this decay mode, the combined results give a limit of ̂ 1000

times larger then the central theoretical value. Many other poten-

tial decay modes have also been studied. Some are discussed by

Prof. Barloutaud in his report to this Conference.

The vital question of proton stability is still with us and it

is important to continue attempts, both experimental and theoretical,

to answer it.
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