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Classical Gravity and Quantum Field Theory

First there was Feynman, DeWitt, Weinberg, ...
Then there was lwasaki (1971)
Progress of Theoretical Physics, Vol. 46, Nq. 5, November 1971
Quantum Theory of Gravitation vs. Classical Theoi'y*’

Fourth-Order Potential—

Yoichi IWASAKI

Research Institute for Fundamental Physics, Kyoto University, Kyoto

(Received May 18, 1971)

The perihelion-motion of Mercury depends on the fourth-order potential in quantum field
theory; it is a “Lamb shift”. In spite of the unrenormalizability of the theory, we have
extracted a finite and physically meaningful quantity, a fourth-order potential, from fourth-
order graphs. We have also discussed briefly renormalization of the Newtonian potential in
the fourth-order perturbation.



[wasaki got (almost) everything right
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Fig. 1. Some of the fourth-order diagrams. The wavy line represents the graviton and the solid
line matter.



EFFECTIVE LAGRANGIANS FOR BOUND STATE PROBLEMS
IN QED, QCD, AND OTHER FIELD THEORIES

W.E. CASWELL
Physics Department, Unwersity of Maryland, College Park, MD 20742, USA

and

G.P. LEPAGE
Newman Laboratory of Nuclear Studies, Cornell Unwersity, Ithaca, NY 14853, USA

Received 13 August 1985
A renormalization group strategy for the study of bound states in field theory 1s developed Our analysis 1s completely

different from conventional analyses, based upon the Bethe—Salpeter equation, and 1t 1s far simpler This s 1llustrated 1n
state-of-the-art calculations for the ground state sphttings in muonium and positronium




Rigorous QCD analysis of inclusive annihilation and production of heavy quarkonium

Geoffrey T. Bodwin
High Energy Physics Division, Argonne National Laboratory, Argonne, Illinois 60439

Eric Braaten*
Theory Group, Fermuilab, Batavia, Illinois 60510

G. Peter Lepage
Newman Laboratory of Nuclear Studies, Cornell University, Ithaca, New York 14853
(Received 10 August 1994)

A rigorous QCD analysis of the inclusive annihilation decay rates of heavy-quarkonium states
is presented. The effective-field-theory framework of nonrelativistic QCD is used to separate the
short-distance scale of annihilation, which is set by the heavy-quark mass M, from the longer-
distance scales associated with quarkonium structure. The annihilation decay rates are expressed
in terms of nonperturbative matrix elements of four-fermion operators in nonrelativistic QCD, with
coefficients that can be computed using perturbation theory in the coupling constant a,(M). The
matrix elements are organized into a hierarchy according to their scaling with v, the typical velocity
of the heavy quark. An analogous factorization formalism is developed for the production cross
sections of heavy quarkonium in processes involving momentum transfers of order M or larger. The
factorization formulas are applied to the annihilation decay rates and production cross sections of

S-wave states at next-to-leading order in v? and P-wave states at leading order in v°.

PACS number(s): 13.25.Gv, 12.38.Bx, 12.39.Hg, 13.40.Hq
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Applying the same 1deas to gravity
iM(p1,p2 — p1 — ha, p2 + hq).
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Applying the same 1deas to gravity

iM(p1,p2 — 1 — hd,p + ha).




Applying the same 1deas to gravity

TyT—————— p—

1

Dy = (8# + 5

b
(U,u,a Jab) ’l,b,

&2 pb a K pb a &2 pbaar p
Eh aﬂh p+§h 8ph# —gh 0 h# —(CLHb)

K
w,u,arb — Zabh’pﬁa .




Applying the same ideas to gravity
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- Classical Physics from the S-matrix

T = GNTy+ GIPTr + G2T + GLPTM + G351y + ...

N = GyNo + GPNE2 + GL Ny + G2 NP + G3 N, + ...
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- Classical Physics from the S-matrix
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Looking forward

- The Bound-State Problem

Reduction of the Bethe-Salpeter equation to an equivalent
Schrodinger equation, with applications

William E. Caswell

Stanford Linear Accelerator Center, Stanford University, Stanford, California 94305
and Department of Physics, Brown University, Providence, Rhode Island 02912

G. Peter Lepage
Stanford Linear Accelerator Center, Stanford University, Stanford, California 94305
(Received 10 February 1978)

We propose a new relativistic two-body formalism which reduces to a nonrelativistic Schrodinger theory for
a single effective particle. The formalism is equal in rigor to that of Bethe and Salpeter, and considerably
simpler to apply. We illustrate its use by computing O(a®) terms in the ground-state splitting of muonium
and positronium involving infinite Coulomb exchange.
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