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MIT, Ph.D. 1949
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Charge-independence of nuclear forces?
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pioneer work in this 6eld, but also contain an exhaustive
treatment of the subject. For both neutron-proton and
proton-proton scattering at low energies (below 4 Mev)
the de Broglie wave-length of the nuclear motion is large
compared to the range of nuclear forces. Hence the
nuclear interaction is e8ective only in the S-states (zeroorbital angular momentum) of the two-particle system.
the observed scattering can be at(Experimentally,
tributed almost entirely to S-wave scattering up to
appreciably higher energies, of the order of 10 Mev. )

“a painfully thorough analysis”
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“From the Rutherford Era to Modern High-Energy Physics” (Kurt Gottfried)

1950: Assistant Professor of Mathematics at McGill
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IN CANADA
FALL-OUT

F A C T AND FANTASY
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T h e w o r ld at la r g e f i r s t b e c a m e a w a r e o f r a d io a c t iv e
f a ll- o u t as a s ig n ific a n t a fte rm a th o f n u clea r exp losion s
n e a r ly two y e a r s a g o .
Since that t im e much has
been
w r itte n on the su bject in p u blications f o r the b o u r g e o is in
t e lle c t u a ls , i f not in the m a ss m e d ia jo u r n a ls . T o this phy
s ic is t at le a s t , the sequence o f statem en ts to in fo r m the
public on the n atu re and im p o rta n c e o f r a d io a c t iv e fa ll- o u t
and its im p lic a tio n s f o r d e fe n s iv e m e a s u r e s in t im e o f w ar
p re s e n ts a w o n d e r fu lly c o n flic tin g and s o m e t im e s fan tastic
p a r a d e . H o n est, fa c tu a l, but u n o ffic ia l, accounts have been
given; c o n je c tu re s have been m ade; o f f i c i a l pronouncem ents
have a p p e a re d , only to be cou n tered by equ ally o f f i c i a l p r o
nouncem ents e x p r e s s in g d iv e r g e n t v ie w s . Out o f it a ll, the

the Canadian association of physicists
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Teaching!

McGill
Sp 1950

Mathematics 672, Theoretical Nuclear Physics II (second semester)
[Math. physics, e&m, diff. eqns ? ]

Fa 1950

Mathematics 62 = Physics 62, Quantum Mechanics I
Mathematics 1260, Differential Equations for Engineers

Sp 1951

Mathematics 62 = Physics 62, Quantum Mechanics II
Mathematics 48b, Advanced Dynamics
Mathematics 1260, Differential Equations for Engineers

Fa 1951

Mathematics 62 = Physics 62, Quantum Mechanics I
Mathematics 68, Electromagnetic Theory I
Mathematics 69, Seminar in Applied Mathematics (with Morris and Wallace)

Sp 1952

Mathematics 62 = Physics 62, Quantum Mechanics II
Mathematics 68, Electromagnetic Theory II
Mathematics 48b, Advanced Dynamics
Mathematics 69, Seminar in Applied Mathematics (with Morris and Wallace)

Fa 1952

Mathematics 668, Electromagnetic Theory I
Mathematics 672, Theoretical Nuclear Physics I
Mathematics 69, Seminar in Applied Mathematics (with Morris & Wallace)

Sp 1953

Mathematics 668, Electromagnetic Theory II
Mathematics 672, Theoretical Nuclear Physics II
Mathematics 48b, Advanced Dynamics
Mathematics 69, Seminar in Applied Mathematics (with Morris & Wallace)

Fa 1953

Mathematics 661, Methods of Mathematical Physics I
Mathematics 672, Theoretical Nuclear Physics I

Sp 1954

Mathematics 661, Methods of Mathematical Physics II
Mathematics 672, Theoretical Nuclear Physics II
Mathematics 331b = Physics 31b, Statics & Dynamics

Fa 1954

Mathematics 661, Methods of Mathematical Physics I
Mathematics 672, Theoretical Nuclear Physics I
Mathematics 669, Seminar in Applied Mathematics (with Morris & Wallace)
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Princeton, 1956–57
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CATALYTIC CYCLE OF NEGATIVE MU MESON
MIXTURE
IN LIQUID DEUTERiUM -TRITIUM
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Catalysis of Nuclear Reactions between Hydrogen Isotopes by y —Mesons
J. D. JACKSON*
Palnzer Physica/ Luborutory, Princeton University, Princeton, Nno Je sey
(Received January 10, 1957; revised manuscript

The mechanism

by which negative p, mesons catalyze nuclear
reactions between hydrogen isotopes is studied in detail. The
reaction rate for the process (p+d+p, =+He'+p, +5.5 Mev),
observed recently by Alvarez et al. , is calculated and found to be
in accord with the available data. The p, meson binds two
hydrogen nuclei together in the p, -mesonic analog of the ordinary
H2+ molecular ion. In their vibrational motion the nuclei have a
finite, although small, probability of penetrating the Coulomb
barrier to zero separation where they may undergo a nuclear
reaction. The intrinsic reaction rates for other, more probable,
reactions are also estimated. The results are ~0.3)&10' sec ' for
the observed p —
d reaction, ~0.7&(10"sec ' for the d —
d reaction,
0.4)(10" sec ' for the d —t reaction. For the reaction
and
observed by Alvarez rough estimates are made of the partial

received February 4, 1957)

widths for nonradiative and radiative decay of the excited He'
nucleus. The ejection of the p meson by "internal conversion"
seems somewhat less likely. Speculations are made on the release
of useful amounts of nuclear energy by these catalyzed reactions.
The governing factors are not the intrinsic reaction rate once the
molecule is formed, but rather the time spent (~10 s sec) by the
meson between the breakup of one molecule and the formation
of another and the loss of y mesons in "dead-end" processes. These
factors are such that practical power production is unlikely, In liquid
deuterium, each p meson will catalyze only ~10 reactions in its
t process it will induce ~100 disintelifetime, while for the d —
grations. A longer lived particle will not be able to catalyze
appreciably more reactions.
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1. INTRODUCTION
has been found recently' at Berkeley that negative

electronic mass means that the bound (p+d+p )
" 'T
system will be much smaller than electronic orbital
distances. Consequently any electrons that may be
~ ~
p mesons incident on a hydrogen bubble chamber
can be ignored. The Fusion”
bound system will be the
and deuterium
act present
containing bothSee
lightalso
hydrogen
“A Personal
Adventure
in Muon-Catalyzed
y-mesonic analog of the (H'H')+ electronic molecular
as a catalyst for the nuclear reaction
loll.
p+d+p=&He'1 p +5.5 Mev,
(1)
Once the meson has formed the p-mesonic molecular
with the p meson carrying off the available energy.
ion the second stage of the process begins. This consists
The lifetime for the reaction is comparable to the mean
of the existence of a well-de6ned molecular system,
'
life of the meson (2.1 X 10 sec).
with its typical rotational and vibrational motions,
The catalytic process can be envisioned in the for a very long time compared to the characteristic
following way. ' In the first step, the negative p, meson
molecular periods. For a p, -mesonic hydrogen molecule
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Possible Tests of Time Reversal Invariance in Beta Decay
J. D.

JACKSON)*

S. B. TRKIMAN)

AND

H. W.

WYLD) JR.
Princeton, New Jersey

Palmer Physical Laboratory, Princeton University,
(Received January 28, 1957)

Treiman

Noninvariance under space reflection and charge conjugation
has now been established for beta decay processes. Invariance
under time reversal remains an open question, however. We discuss
here several possible tests for the validity of this symmetry
operation. General expressions are given for the distribution function in three experimental situations, which have the possibility of
detecting terms in allowed beta decay that are not invariant under
time reversal: (a) experiments in which the nuclei are oriented and
electron and neutrino momenta are measured; (b) experiments in
which the nuclei are not oriented, but the recoil momentum and
electron momentum and polarization are observed; (c) experiments in which the nuclei are oriented and the electron momentum
and polarization are measured. The distribution functions obtained

I. INTRODUCTION
HK question has been raised recently whether
weak interactions, e.g. , beta decay, are invariant
under space inversion, charge conjugation, and time
reversal. '—' Lee and Yang' have proposed a number of
experiments to test the possibility that parity conservation is violated in weak interactions. In particular,
they have pointed out that in beta decay from oriented
nuclei, an asymmetry in electron intensity with respect

omit Coulomb distortion effects and relativistic corrections for the
nucleons, but are otherwise complete. Such experiments should
permit, in addition to the detection of terms which are not invariant under time reversal, the beginnings of a determination of
the ten complex coupling constants which now characterize beta
decay. An additional, somewhat surprising, result is found. If the
two-component neutrino theory of Lee and Yang is correct, and if
certain perhaps reasonable assumptions concerning the relative
magnitudes of the various coupling constants are valid, then the
longitudinal polarization of electrons in allowed beta decay even
from unoriented nuclei should be almost complete (specifically,
equal to c/cl.

be abandoned. The situation is essentially this. If one
does not measure either the nuclear recoil or the polarization of the electrons, the only terms which can appear in
the electron distribution function, which unambiguously
indicate noninvariance with respect to time reversal,
come about because of Coulomb distortion of the
electron wave function. In principle these terms can be
from those which do not
separated experimentally
depend on Coulomb distortion, because the two types of

Wyld
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1957–1967: University of Illinois
Summer schools: Edinburgh (1960) dispersion relations;
Brandeis (1962) weak interactions;
Les Houches (1965) decay angular distributions
The Physics of Elementary Particles (1958)
Mathematics for Quantum Mechanics (1962)
Classical Electrodynamics (1962)

1963–1964:
Peripheral model with absorption, t-channel frame, density matrix,
phenomenological analysis of resonances. Mountains!
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1967–1993: University of California, Berkeley
emeritus from 1993
Dynamics of strong interactions, Regge theory
“Born a century too late!”
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25 OCTOBER 1976
Use

NUMBER 17

of Dipole Sum Rules to Estimate Upper and Lower Bounds for Radiative and Total Widths
of X(3414), X(3508), and X(3552)~

J. D. Jackson

Department

of I'hysics and Laterenee BerkeEey Laboratory,

University
(Beceived 18 August 1976)

of CaEifornia, BerkeEey, California 94720

Q(3095) can be
gz —

estimated by assuming
Upper and lower bounds on the widths for
E1 transitions and approximate Bussell-Saunders coupling for the cc system. Experimental widths for $(3684) y~ make the lower bound more restrictive, giving radiative
widths of 160 240, 230 400, and 280 480 keV for 3414-, 3508-, and 3552-MeV states,
respectively. Cascade branching ratio data permit estimation of the total widths as
& 1.6, 0.3-1.5, and 0.6-4 MeV, respectively.

In the spectroscopy of new particle states uncovered in e'e annihilation it is now rather
clearly established that the three states' ' generfor the
ically labeled as g have 4 ~=0",
3414-, 3508-, and 3552-MeV states, respectively. The spin and parity values and ordering of
these states are just what is expected of the triplet p states in any qg bound-state model that parallels positronium.
The y states are formed by
the radiative decay y(3684) -y)t. They are observed to decay into hadrons and also, for the
= 1 and J'= 2 (and marginally for the 4= 0) via the
two-photon cascade, y(3684) —y, g —y, y(3095).
ecently branching ratios have been reported
for the 4(3684) -yy~ transitions" and also products of branching ratios for the cascade transitions. ' ' These are summarized in Fig. 1.
The view that these states are describable to a
good approximation by a nonrelativistic potential
model, with U'/c' corrections, receives increa. sing support from the data. ' I adopt this picture
here In the R. ussell-Saunders limit (J', Z„ I.',
and S' diagonal) the sta. tes have the designations
shown in Fig. 1. The details of the binding potential need not concern us, but I make the assumption from the outset that tensor forces, relativistic effects, coupled channel effects, etc. are unimportant enough that they do not vitiate my use
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FIG. 1. (Top) Observed radiative transitions through
the y states. For the first transitions the numbers are
branching ratios (Hef. 7; for the J=O final state the
second number is from Hef. 8). For the second step
the numbers are the products of the branching ratios
(Hefs. 8 and 10). (Bottom) Schematic diagram showing
the transitions involved in the second sum rule, used
to set Eoseer Einiitg on the radiative widths.
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CED Fig. 7.9— “The reader may meditate on the fundamental question
of biological evolution on this water-soaked planet, of why animal eyes
see the spectrum from red to violet and of why the grass is green.”
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Sunrise over Illecillewaet glacier
from Balu Pass, BC
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Three peaks of Nilgiri
from Kalopani, Nepal
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Jet d’eau, Genève
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Nan Jackson photo

Kurt Gottfried photo

Near Lake Tahoe, August 2011

Lake Ediza, 1978

JDJ’s home page
Commemoration at Lawrence Berkeley Laboratory
CQ, Obituary in Physics Today
Gottfried & Tigner, Obituary in the CERN Courier
Wikipedia article
JDJ's Articles in American Journal of Physics
R. N. Cahn, Biographical Memoir (NAS, to appear)
Thanks to Maureen & Nan Jackson, Bob Cahn, Kurt Gottfried
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UATC Cadets
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Del Rumbold, David Jackson, Gar Woonton, Don Hay, Harold Tull, Eric Vogan
4th-year Radio Physics students and staff at UWO, 1946
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John Harvey· JDJ· Douglas Van Patter· Harry Gove
Canadian physics students at MIT, 1948
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