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Murray GELL-MANN

Born: Sept. 15, 1929 in Lower Manhattan
Died: May 24, 2019 at Santa Fe

– A precocious child, High School valedictorian at age 14
– A polymath-nicknamed “the Walking Encyclopedia.”
– Studied Physics “by accident”
– BSc: Yale 1948, PhD: MIT (V. Weisskopf) 1951
– Received the 1969 Nobel Prize in Physics



I He never published his thesis on strong interaction corrections
to the nuclear shell model.
Coupling Strength and Nuclear Reactions
Murray Gell-Mann (MIT). Jan 1951. 85 pp.

I His first paper

The first field-theoretic derivation of the Bethe-Salpeter
equation.
A long-lasting collaboration with Francis Low.
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He covered practically all fields in particle physics

I Bethe-Salpeter equation
I Meson-Baryon dynamics
I The theory of scattering
I Nuclear Physics
I The renormalisation group
I Formal Quantum Field Theory
I Strangeness
I The K 0 − K̄ 0 system
I Systematics of the new particles
I Properties of a degenerate electron gas
I The V − A theory
I The σ-model
I Gauge Theories
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I SU(3) - The eightfold way
I Current Algebras
I Regge Poles and applications
I Quarks
I Higher groups
I Non-compact groups, Infinite dim. algebras
I Light cone current algebra
I QCD

I Grand-Unified Theories
I Supergravity theories
I Superstrings
I Quantum Cosmology, Foundations of Q. M.
I Non-equilibrium statistical mechanics



The renormalisation group

I The concept of the RG was invented by:
E.C.G. Stueckelberg de Breidenbach and A. Petermann,
“Normalization of constants in the quanta theory”, Helv. Phys.
Acta 26, 499 (1953)

I Γ(2n)(p1, . . . , pn;λ;m;µ) µ→ ρµ

[µ ∂
∂µ + β ∂

∂λ + γmm
∂
∂m − nγ]Γ(2n)(p1, . . . , pn;λ;m;µ) = 0

Apparently, only technical interest
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The renormalisation group

Gell-Mann and Low were the first to understand that:

I In the kinematic regions in which
limm→0 Γ(2n)(p1, . . . , pn;λ;m;µ) exists

I The large µ limit can be translated into a large p one.

⇒ We can obtain the short distance behaviour of the Green
functions.

I Applications :

(i) Critical phenomena
K. Wilson (Murray’s student)

(ii) High Energy Physics



Strangeness

I Already in the early 1940s new particles were found in cosmic
rays
(L. Leprince-Ringuet and M. Lhéritier, 1944)
which turned out to have a “strange” behaviour:
• Copiously produced ⇒ strong interactions
• Long life-times ⇒ weak interactions

I Many ingenious proposals to explain this schizophrenic
phenomenon
(A. Pais, D.C. Peaslee, . . . )

I Gell-Mann, and, independently, K. Nishijima, found the answer.
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Strangeness

Phys. Rev. 92, 833 (1953)

Until this time we had:
• Half-integer isospin baryons (the nucleons)
• Integer isospin mesons (the pions)

Q = I3 +
B

2

Gell-Mann proposed to decouple these three quantities for the new
particles, thus allowing the introduction of integer isospin baryons
and half-integer isospin mesons.

Q = I3 +
S

2
+

B

2
= I3 +

Y

2



The K 0 − K̄ 0 system

• Parity assumed to be conserved.
• We were still talking about the θ-particles.
• The first time that quantum oscillation phenomena are
introduced in particle physics.



Systematics of the new particles

Ann.Rev.Nucl.Part.Sci. 7, 407 (1957)

Rosenfeld continued these publications

⇒ Rosenfeld Tables ⇒ Particle Data Group



Properties of a degenerate electron gas

In electronic systems, terms in the perturbation approach of the
Coulomb potential which were divergent, could be summed up to
give a finite, physical result.
Not surprising from somebody who had understood the summing
up of logarithms in the RG.

For some reason, in later times Gell-Mann developed little respect
for condensed matter physics “squalid state physics”



Gauge Theories

I It extends Yang-Mills to G1 × G2 × . . .
One coupling constant for every factor.

I The seed of Grand Unification
“The remarkable universality of the electric charge would be
better understood were the photon not merely a singlet, but a
member of a family of vector mesons comprising a simple
partially gauge invariant theory.”
(note: “partially gauge invariant” = massive gauge bosons)
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Gauge Theories
I Application to strong interactions:

Attempt to identify the 1− vector bosons with gauge bosons.

I Application to the Glashow SU(2)× U(1) model of weak
interactions:
It correctly identifies the problems related to the absence of
strangeness changing neutral currents and the small value of
the K 0

1 − K 0
2 mass difference.

It addresses the problem of universality in the framework of
the Sakata model:
“Observe that the sum of the squares of the coupling strengths
to strangeness-saving charged currents and to
strangeness-changing charged currents is just the square of the
universal coupling strength. Should the gauge principle be
extended to leptons - at least for the charged currents - the
equality between GV and Gµ is no longer the proper statement
of universality, for in this theory G 2

V + G 2
Λ = G 2

µ ”
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SU(3) - The eightfold way

The paper which forced particle physicists to learn group theory
Unpublished!! NOT very cited!!

I With the introduction of strangeness it was natural to look for
hadron classification schemes larger than isospin SU(2).

I Several attempts : SU(2)× SU(2), O(4), G2, . . .

I SU(2) ⇒ SU(3) the simple-minded way:

(
p
n

)
⇒

p
n
Λ


S. Sakata, Prog. Theor. Phys. 16, 686 (1956) It does not
work!
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SU(3) - The eightfold way

I The eightfold way : Gell-Mann (and, ind. Y. Ne’eman)
The triplet is missing! Use 8 and 10

I SU(3) must be strongly broken. Assumption : HBr belongs to
an octet ⇒ Gell-Mann (and, ind. Okubo) mass formula.

I Prediction of Ω−
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SU(3) - The eightfold way

I SU(3) and weak interactions :

N. Cabibbo : The weak currents belong to an octet.
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Current Algebras
Probably, the subject in which Gell-Mann concentrated most of his efforts and obtained
the most profound and most seminal results.

Weak and electromagnetic interactions are interactions among
currents.
The problem : Use the observed properties of these currents in
order to guess the symmetries of strong interactions.

I V − A theory (with R.P. Feynman) - 1957

I Weak interactions : leptonic modes - 1958

I Vector Interaction in beta Decay - 1958

I The axial vector current in beta decay (with M. Lévy) (The
σ-model) - 1960

I On the renormalization of the axial vector coupling constant in
β-decay (with J. Bernstein and L. Michel) - 1960



Current Algebras
Probably, the subject in which Gell-Mann concentrated most of his efforts and obtained
the most profound and most seminal results.

Weak and electromagnetic interactions are interactions among
currents.
The problem : Use the observed properties of these currents in
order to guess the symmetries of strong interactions.

I V − A theory (with R.P. Feynman) - 1957

I Weak interactions : leptonic modes - 1958

I Vector Interaction in beta Decay - 1958

I The axial vector current in beta decay (with M. Lévy) (The
σ-model) - 1960

I On the renormalization of the axial vector coupling constant in
β-decay (with J. Bernstein and L. Michel) - 1960



Current Algebras
Probably, the subject in which Gell-Mann concentrated most of his efforts and obtained
the most profound and most seminal results.

Weak and electromagnetic interactions are interactions among
currents.
The problem : Use the observed properties of these currents in
order to guess the symmetries of strong interactions.

I V − A theory (with R.P. Feynman) - 1957

I Weak interactions : leptonic modes - 1958

I Vector Interaction in beta Decay - 1958

I The axial vector current in beta decay (with M. Lévy) (The
σ-model) - 1960

I On the renormalization of the axial vector coupling constant in
β-decay (with J. Bernstein and L. Michel) - 1960



Current Algebras
Probably, the subject in which Gell-Mann concentrated most of his efforts and obtained
the most profound and most seminal results.

Weak and electromagnetic interactions are interactions among
currents.
The problem : Use the observed properties of these currents in
order to guess the symmetries of strong interactions.

I V − A theory (with R.P. Feynman) - 1957

I Weak interactions : leptonic modes - 1958

I Vector Interaction in beta Decay - 1958

I The axial vector current in beta decay (with M. Lévy) (The
σ-model) - 1960

I On the renormalization of the axial vector coupling constant in
β-decay (with J. Bernstein and L. Michel) - 1960



Current Algebras
Probably, the subject in which Gell-Mann concentrated most of his efforts and obtained
the most profound and most seminal results.

Weak and electromagnetic interactions are interactions among
currents.
The problem : Use the observed properties of these currents in
order to guess the symmetries of strong interactions.

I V − A theory (with R.P. Feynman) - 1957

I Weak interactions : leptonic modes - 1958

I Vector Interaction in beta Decay - 1958

I The axial vector current in beta decay (with M. Lévy) (The
σ-model) - 1960

I On the renormalization of the axial vector coupling constant in
β-decay (with J. Bernstein and L. Michel) - 1960



Current Algebras
Probably, the subject in which Gell-Mann concentrated most of his efforts and obtained
the most profound and most seminal results.

Weak and electromagnetic interactions are interactions among
currents.
The problem : Use the observed properties of these currents in
order to guess the symmetries of strong interactions.

I V − A theory (with R.P. Feynman) - 1957

I Weak interactions : leptonic modes - 1958

I Vector Interaction in beta Decay - 1958

I The axial vector current in beta decay (with M. Lévy) (The
σ-model) - 1960

I On the renormalization of the axial vector coupling constant in
β-decay (with J. Bernstein and L. Michel) - 1960



Current Algebras
I Conserved and partially conserved currents in the theory of

weak interactions - 1960

I Group U(6) x U(6) generated by current components (with
R.P. Feynman and G. Zweig) -1964

I Current-generated algebras (with Y. Ne’eman) - 1964

I
Physics 1, 63 (1964)
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Current Algebras

I Many papers, with different collaborators, between 1964 and
1970
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Current Algebras

Numerous applications and by-products of the Current Algebra
scheme:

I The Adler-Weisberger relation

I Pion scattering lengths

I Many relations and Sum Rules

I Spontaneous breaking of the chiral symmetry and the
pseudoscalar mesons as pseudo-Goldstone particles

The most important legacy.
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Current Algebras on the Light Cone

Around 1970, the SLAC Deep Inelastic electron-nucleon scattering
data drew attention to the physics at the vicinity of the light cone,
i.e. high energy and large momentum transfer with fixed ratio.

Explained scaling behaviour using free-field commutation relations

“On the light cone, Nature reads only free field theory books”



Quarks, or the missing triplet

Three quarks for Muster Mark!
Sure he hasn’t got much of a bark
And sure any he has it’s all beside the mark.
Finnegans Wake, James Joyce

• Quarks as elementary constituents of hadronic matter (ind. G.
Zweig)

• Quarks as mathematical entities

• QCD - Quarks as “physical” but confined particles



QCD-The first version

Sept 6-13 1972.
β < 0 was found by ’t Hooft in June 1972, but he did not mention
any connection to strong interactions
The Gross-Wilczeck and Politzer results date from 1973.



For almost twenty years he dominated the world of High Energy
Physics providing ideas to both theorists and experimentalists.


