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INTRODUCTION 

A topical meeting on Recent Developments in Field Theory was organized 
"By the International Centre for Theoretical Physics from 21 to 23 November 
1977« The meeting was attended by 100 physicists and this publication is a 
compilation of the abstracts of lectures given. 

As can be seen from these abstracts, the major themes of the meeting 
were: the problem of confinement, the quantization problem of Yang-Mills 
theories and the topological aspects of field theories in flat and curved 
spaces - in particular the aspects associated with index theorems. The 
tenor of the stimulating communications was well summarized by one of the 
Chairmen, Dr. J. Charap, who remarked that at this meeting, field theory had 
at last shed the tyranny of the differential approach, turning over instead 
to a global methodology. 

The Centre 1L indebted for the organization of the meeting to Professor 
G. Furlan and Dr. J.A. Strathdee. 

Abdus Salan 
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Quark confinement as a phase configuration — G. 't Hooft 

In quantised gauge field theories one can introduce sets of operators 
that modify the gauge-topological structure of the fields hut whose physical 
effect is essentially local (type (P) operators). In SU(N) these operators 
are multivalued gauge transformations STL = . Q . e^^*^ that leave the 
vector fields single-valued. At the branch points these operators are 
physical. In 2 + 1 dimensions we thus obtain new, local, scalar fields, 
o~f and it is argued tnat when SU(N) is spontaneously broken,then o~ is 

the field of soliton particles and there is a Z(N) global symmetry: 
O"' = cr a271""-/11 . But when SU(N) local symmetry is restored • Z(N) is 
spontaneously broken: ^ o"^ = F =̂= 0 . Such a system has strings (vortices) 
that are unbreakable, except when quarks are introduced in the theory. 
Quarks are at the ends of the strings (confinement). In 3 + 1 dimensional 
SU(N) gauge theories one finds that the Q -type operators are defined on 
closed curves, just as the gauge-invariant field operators (type (X 

operators): Tr P exp ig A^dx^" . Now the (X and type operators 
satisfy a closed algebra: 

(ft© = gCl exp 2<rrin/N , 

where n is the number of times the CL curve winds around the 
^ curve. From this algebra one can deduce that the system can only be 

in one of three phase configurations: l) spontanoues breakdown via an explicit 
or composite Higgs field, 2) permanent confinement of all gauge quantum 
numbers, and 3) an intermediate phase (critical point?) with massless 
particles. Finally, the algebra can be realized in a simple model: Z(N) 
gauge theory defined on a lattice. Here phases 1) and 2) can be obtained 
from each other by a dual transformation. 
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Classical solutions of Yang-Mills field equations — C. Rebbi 

The covariance of the equations of Yang and Mills under the 0(4) x 0(2) 

subgroup of conformal transformations is made manifest by the introduction of 
a suitable formalism. Classical solutions of the field equations invariant 
under the 0(4) subgroup are thus found in Minkowski space-time. Their 
properties are discussed. It is shown that one of these solutions can be 
obtained by taking the real part of a complex self—dual field, and that this 
self-dual solution reduces to the pseudoparticle solution after a Wick 
rotation to Euclidean four—space. 

On the Coulomb gauge description of large Yang-Mills fields - C. Rebbi 

It is demonstrated that field configurations with non-vanishing . 
Pontryagin index cannot be described in the Coulomb gauge without 
discontinuities in the time evolution of the potentials. At the discontinuity, 
a multiple transverse gauge description of the physical system becomes possible. 
The ambiguity is illustrated by a specific example, where the transformation 
to the Coulomb gauge can be done analytically. The relation between the 
ambiguity and the Hamiltonian formulation of the equations of motion is 
discussed. 
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Magnetic monopoles and dual groups — D. Olive 

The introduction of magnetic charges into Maxwell theory doubles sue 
number of conserved quantum numters to q & g and creates a "dual symmetry" 
g—i--q , q -» g . The classification group for particle states is then 
U(l) ©U(l) , with weak and strong couplings,respectively,and relative 
parity violation. This picture resembles physics but with the wrong group. 
Replacing U ( l ) ^ "by H,whose "weights" characterize multiplets, possible 
magnetic monopoles are found to be characterized by the weights of a "dual 
group" H V (such that ( H V ) V = H.) (Englert and Windey, Phys. Rev. D14t 2728 

(1976); Goddard, Nuyts and Olive, Nucl. Phys. B125, 1 (1977)) . H and H v 

have the same rank and dimension, maybe the same local structure but different 
global structure in general. It is conjectured by GNO that a) H ® H v 

is the true classification group of the theory; b) the dual field theory 
of H monopoles is an H V gauge theory. 

The interchange of topological and No'ether quantum numbers between 
the two dual field theories is suggested by the Sine-Gordon-Thirring 
correspondence in two space-time dimensions. 

In the simplest specific model for monopoles H = U(l) = H V embedded 
m an SU(2) gauge theory it is further conjectured (Montonen and Olive, 
CERN preprint) that c) when the Higgs self interaction vanishes the dual 
field theory is formally the same as the original with g/fi replacing e. 
Monopoles and massive gauge particles exchange roles. Supporting evidence 
concerns masses and intermediary faces. Thus the monopole would have' spin 
1* . 
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The structure of self-dual solution to Yang-Mills gauge theory * ) -
E. Corrigan, D.B. Fairlie and J. Nuyts 

In the first part of the talk,based upon references- 1 and 2 
explicit expressions for the ansatze of Atiyah and Ward are constructed for 

used in his formulation of the self-dual equation. Sone non-linear trans
formation properties of the self-duality equations in this gauge (Backlund) 
transformations are exhibited which provide an inductive proof of the ansatze. 
They take real SU(2) solutions into SU(l,l) solutions. 

In the second part of the talk the Backlund transformations are 
generalized to the SU(N) self-dual gauge theory ecruation. We have shown the 
existence of a Backlund transformation whose N power is equal to one. 
Combined with (n! — l) special gauge transformation, these transformations 
generate infinite series of new solutions given an initial solution. 
Finally, these equations themselves are expressed in a very simple gauge-
invariant form. 

References 

1) B. Corrigan, D.B. Fairlie, P. Goddard, R.G. Yates,"Backlund trans
formations and the construction of Atiyah-Ward Anzatze for self-dual 
SU(2) gauge fields" submitted to Phys. Letters B. 

2) E. Corrigan, D.B. Fairlie, P. Goddard, R.G. Yates,*The construction of 
sel£-dual solutions to SU(2) gauge theory" submitted to Communications 
in Mathematical Physics. 

3) Y. Bulaye, D.B. Fairlie, J. Nuyts, R.G. Yates,"Backlund and algebraic 
transformations for self-dual solutions of SU(!T) gauge theories',' in 
preparation. 

*) Presented by D.B. Fairlie, J. Nuyts. 

the SU(2) theory. These take an especially simple form in Yang's gauge 3) 
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Mass—spectrum for monopoles of integral jgospin. Bag-model as the high 
isospin limit - L. O'Raifeartaigh and J. Ravnsley 

In 2 or 3 space dimensions solutions of the Yang—Mills-Higgs equations 
with finite energy 0 < 2 < oo and unit topological charge exist for all 
S0(2) and S0(3) representations of the Higgs field, and hence define a 
mass—spectrum E(l), where I is the Casimir of the representation. It is shown 
that E(l) increases monotonically with I, hut tends to a finite limit as 
I-* oo , and that in this limit, the system becomes a hag model, in which 
the massive gauge fields are completely confined and the Higgs field plays 
the role of a surface tension. 

'resented by L. O'Raifeartaigh 
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Spontaneous compactification and "monopoles" in higher dimensions *>-

Z. Horvath and L. Palla 

Using Wu-Yang monopole harmonics we computed the mass-spectrum of a 
spontaneously compactified 4 + 2-dimensional Einstein-Yang-Mills theory 
"based on an arbitrary compact Lie group. We showed that spontaneous 
compactification can be used for symmetry breaking purposes since certain 
vector, scalar and fermion components of the multiplets survive spontaneous 
compactification with zero mass and constitute an effective field theory 
at ordinary energies, while otner components obtain masses of tne order 01 

Planck mass. The symmetry group of zero-mass fields is determined both 
by the embedding of the compactifying gauge fields into G and by the geometry 
of the compact space. We also speculated on the usefulness of this mechanism 
in the first step symmetry breaking in grand unified theories. 

It was observed that for describing the mass-spectrum of the spontaneous 
compactification in 4 + 2 dimensions only the U(l) subgroup of the local 
group G was used. In order to achieve this simplification one must use 
the Wu-Yang formalism of global gauges (this corresponds, mathematically, to 
describing the gauge fields on a principal fibre bundle). 

The global gauge formalism of Wu-Yang was generalized for D-dimensional 
spheres S D to find the minimal gauge group for compactifying extra 
D dimensions. It was pointed out that for even D dimensions we can get 
topologically conserved numbers which characterize the gauge types. These 
numbers are the ^ 'th Chern class numbers. This construction gives a 
generalization of singular monopoles for D + 1 dimensions (and instantons 
for D dimensions) as was pointed out by C.N. Yang and T. Yoneya. We 
listed the minimal gauge groups up to D = 10 for which there are non-trivial 
monopole (instanton) solutions (IT n-i (G) = Z). These are: 

Talk presented by Z. Horvath. 
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D G 

4 

6 

2 U(l) 
SU(2) 
SU(3) 

1 0 

8 

We used a U(l) x SU(2) gauge tneory for compactifying the extra six dimensions 
2 4 

into a hypertorus S x S . 

Basic References 

E. Cremmer and J. Scherk, Nucl. Phys. B 1 0 8 , 409 ( 1 9 7 6 ) ; Nucl Phys. B 1 1 8 , 

6 1 ( 1 9 7 7 ) . 

Z. Horvath, L. Palla, E. Cremmer and J. Scherk, Nucl. Phys. B 1 2 7 , 57 ( 1 9 7 7 ) . 

J.P. Luciani, PTENS preprint, LPTENS 7 7 / 9 -

T.T. Wu and C.N. Yang, Phys. Rev. D12, 3845 ( 1 9 7 5 ) ; Nucl. Phys. B 107t 

365 ( 1 9 7 6 ) . 

C.N. Yang, ITP report, no. ITP-SB-77-20. 

T. Yoneya, J. Math. Phys. 1 8 , 1 7 5 9 ( 1 9 7 7 ) . 
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Planar approximation in field theory ' - B. Brezin, C. Itzykson, G. Parisi 
and J.B. Zuber 

The planar approximation is investigated through the limit of a large 
internal symmetry group. This yields a powerful method for counting planar 
diagrams and applies to an arbitrary type of interaction. This provides 
solutions to a few counting problems. Quantum mechanics treated in this 
approximation turns out to be equivalent to the theory of a free Fermi gas. 
The approximation for the anharmonic oscillator compares rather well with 
exact numerical results. 

*) Saclay preprint DPhT/ T 7 / l 2 6 . Presented by E. Brezin. 
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More on the U(l) problem - R.J. Crewther 

In quantum chromodynamics with N flavours ( N ̂  5)» there is a 
chiral SU(L) X SU(L) perturbation theory for each value of L in the range 
2 4 L < N. Eaci; chiral limit involves its own U(l) problem (the »'UT (l) 
problem") associated with symmetry of the Hamiltonian under "f^ trans
formations on the L massless quarks (U T(l) symmetry)- Selection rules 

1) 2) 
for the allowed changes in U T(l) chirality, previously obtained in 
a semiclassical context, are valid generally ' - they depend only on tne 
anomalous divergence equation and an assumed absence of zero-mass particles 
coupled to the gauge-invariant U^(l) current jj^g . The rules imply 
that the 9-vacuum expectation value of a quark mass operator is generated 
only if topological charges "0 = ± l/L are present. Thus the Ug(l) 
problem can be avoided if we suppose that there are |v| = -g- contributions, 
but these contributions are forbidden by the rules for L = 3 . Consequently, 
a simultaneous resolution of the U„(l) and U,(l) problems require the 

Ii 

existence of zero-mass particles coupled to J^^ . It is suggested that 
these particles may appear only in some 9 ^ 0 worlds, and hence not in the 
real world (0 = 0). The analysis does not depend on whether the axial 
centre groups of u^(l) and SU(L) X SU(L) are identified or not. An 
approximation which respects the anomalous divergence equation and exhibits 
spontaneous breaking of SU(L) X SU(L) has yet to be found. Perhaps the 
Hartree-Pock and WKB methods can be combined. If configurations with finite 
Euclidean action and fractional topological charge exist, a purely semi-
classical approach might work, although it is easy to show that this would 
have to include terms which are at least cubic in the quantum fluctuations. 

References 

1 ) G. »t Hooft, Phys. Rev. Letters 3 7 , 8 ( 1 9 7 6 ) . 

2) R. Jackiw and C. Rebbi, Phys. Rev. Letters 3 7 , 1 7 2 ( 1 9 7 6 ) . 

C.G. Callan, Jr., R.F. Dashen and D.J. Gross, Phys. Letters 6 3 B , 334 

( 1 9 7 6 ) 

3) R.J. Crewther, Phys. Letters JOB, 349 ( 1 9 7 7 ) . 
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Confinement viewed as magnetic superconductivity - F. Englert and 
P. Windey 

The physical analogy between magnetic confinement 
In a relativistic superconductor and electric confinement in 
Q.C.D. is suggested by renormalization group arguments. There
fore it is plausible that the agent of quark confinement is mag
netic superconductivity, a phenomenon where pseudo-particles of 
magnetic character build up the supercurrents. 

The field throry of an abelian magnetic superconduc
tor is constructed as a dual theory to the Ginzburg-Landau theory 

2) 

in presence of magnetic charges with Ncether and topological 
charges interchanged; one finds thai: the system is described by 
an action which does not lead to the action principle in the clas
sical limit. This defect can be cured when the action is modified 
by the addition of a topological term which does not affect the 
functional integrals but leads to the correct classical equations 
of motion. It is then shown that the criterion for abelian magne
tic superconductivity is simply the Wilson loop criterion; this 
can be verified directly by using the solutions to the classical 
equations of motion, provided the topological term is taken into 
account. 

When this theory is taken over 2 + 1 dimensions, one 
finds that magnetic superconductivity is realized through 
instantons. In fact the model is essentially the same as 
that proposed by Polyakov for the study of confinement 
in compact electrodynamics Here also, the introduction 
of a topological term in the action permits a description 
of confinement in terms of the classical equations of mo
tion. 

From these examples it is suggested that the physics 
of quarks confinement is concealed in the mathematical frame
work of gauge field theory because the quantum action has 
no classical limit. This hopefully may be cured, as in the 

0 Presented by F. Englert. 
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a lDove examp les^ when topological effects are explicitly ac
counted for in the action principle. It is important to rea
lize that the existence of such topological terms not only 
ensures the validity of the equationsof motion hut may also 
be viewed as a direct signal for confinement: the quantum 
action may then indeed be continuously changed off the pseudo-
oarticles quantization condition, hence is valid even if 

4) 
the quark phase is not single valued. 

Finally ve notice that if the qualitative picture 
of magnetic confinement is correct, Yang-Mills fields Behave 
along the core of the flux tubes as in the unconfined case. 
Hence if one-dimensional models are used for an approximate 
description of the inside of a flux tube in the chiral con
text of mass less quarks, one must focus one cs attention to 
one-dimensional models where the gauge field remains massless 
in the chiral limit; this selects the "t Hooft model as a 
physically relevant model ^. 

References 

1) F. Englert and P. Windey (to be published); 
F. Englert, "Electric and Magnetic Confinement schemes" 
Lectures given at the Cargese Summer School, July 1977, 

2) Y. Nambu, Phys. Rev. D 10 4262 (1974)-
G. Parisi,Phys. Rev. D 11 970 (1975). 

3) A.M. Polyakov, Phys. Lett. 5 9 B, 82 (1975); 
A.M. Polyakov, Nucl. Phys. 120 B, 429 (1977). 

4) The multivaluedness of the quark phase as a signal for 
confinement was emphasized at the present conference 
by G. 't Hooft and A.M. Polyakov. This was first pointed 
out to us by G. Parisi (private communication). 

5) G. 't Hooft, Nucl. Phys. B 75, 461 (1974). 

-Ik-



Structure of the pion in confinement theory $ - R. Brout, F. Englert and 
J.M. Frere 

It is argued that 't Hooft'.s one-dimensional gauge model [SU(N) as 
N-» oojis a good place in vhich to look for the structure of the pion in con
finement theory. In this limit,vacuum polarization effects are absent and thus 
the long-range Coulomb force characteristic of the model is not tampered with. 

The principal question to which one addresses oneself is the origin 
of a negative energy which cancels the positive energy of the enclosed 
flux in the qq bound state which makes up the pion. 't Hooftfound that 
to O(g^) [g = coupling constant] , the quark picks up a negative energy 
correction n £-g to the classical electrostatic energy. The physical 
origin of this negative energy is due to a quenching of vacuum fluctuations 
when a quark is present. Following Weisskopf's 1 9 3 6 procedure, the electro
static exchange energy of vacuum is due to hole particle virtual transitions. 
If a particle state is blocked by the Pauli principle,the energy decreases. 

Why is this negative component of energy just such as to give a zero 
mass bound state when the quark mass vanishes. The answer lies in a Ward 
identity of an unconventional sort in chiral symmetry breaking. Its 
structure is revealed by Wu's analysis of 't Hooft's result. It turns out 
that the theory has sense only in the limit of quark mass -*0 after all 
integrations are performed. Compare the Bethe-Salpeter equation 

r 2 
T = I — - srs (in Wu's prescription k is k^ + ik^ and one integrates 
symmetrically in the complex plane) with the self-energy equation 

S . S is the dressed Fermi propagator S ^ = s^^"~^ + E 
In the chiral representation, in,say, the positive chiral state is 

= (p . Chirality is broken if one mixes p into this matrix 
element of S. This is in fact what happens. Differentiation of the ++ 
self-energy equation of the quark with respect to p gives 

, 0 - 1 

J (d 2 kA 2 ) 

d E+ +/dp_ = ,2, /, 2 \ „ I ~ + + d E + + 
(*V )̂ 3 , H„ • dp 

If the quark bare- mass vanishes then dsj^~^/dp = 0 and one sees that 
T = dE + +/dp_ does indeed solve the Bethe-Salpeter equation with total 
energy and momentum equal to zero. 

-15-



Conformal supergravity and superspace geometry — S. Ferrara 

Conformal supergravity theories are reviewed. The supersymmetric 
generalization of various tensors of differential geometry, such as the 
metric and the Riemann, Einstein and Weyl tensors, is given at the linearized 
level. Using them the Lagrangian and the equations of motion of linearized 
supergravity and conformal supergravity coupled to sources are written 
directly in superspace. Both theories are shown to be invariant under the 
supersymmetric extension of Einstein and Weyl gauge transformations 
respectively. The generalization of the Gauss-Bonnet theorem in superspace 
is also derived. The Hilbert space of the quantum version of conformal 
supergravity is shown to contain, in addition to physical (positive norm) 
particle multiplets, also zero-norm states. Their transformation properties 
under supersymmetry are discussed. 

References 

M. Kacu, P.K. Townsend and P. van Nieuwenhuizen, Phys. Letters 6°/B. 
304 ( 1 9 7 7 ) ; Phys. Rev. Letters 3£, 1 1 0 9 ( 1 9 7 7 ) . 

J.C. Romao, A. Ferber and P.G.O. Freund, EF1 / 7 6 / 7 3 ( 1 9 7 6 ) ; 

A. Ferber and P.G.O. Freund, Nucl. Phys. B 1 2 2 , - 1 7 0 ( 1 9 7 7 ) ; EFl/77/36 ( 1 9 7 7 ) 

S. Ferrara, M. Kacu, P.K. Townsend and P. van Nieuwenhuizen, Nucl. Phys. 
B 122 ( 1 9 7 7 ) . 

S. Ferrara and B. Zumino, CERN TH 2 4 1 8 ( 1 9 7 7 ) . 
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Sugaraymmetr.y as a tool in classical systems — M.T. Gris.aru 

There are properties of non-supersytnmetric theories that are present 
because they can be embedded in supersymmetric theories. We give three 
examples of the use of such, an approach. 
1 ) Explicit calculation has shown that, in Einstein gravity,graviton tree 
graphs conserve helicity but no general argument exists. Helicity conservation 
can easily be proven to be a general feature of massless supersymmetric 
theories Since Einstein gravity can be embedded in supergravity and since 
graviton tree graphs are the same in both theories (because the fermions do 
not contribute) this'gives an easy proof. 

2 ) In supersymmetric theories the energy is positive because it can be 
written as the sum 01 squares jf supersymmetry oriargeo • w JI« m e 

positivity of the energy in supergravity it can be concluded, by 
examining the 0(-fio) part of the energy, that the energy of classical Einstein 

4) 
theory is positive . ' 
3) By coupling the supersymmetric Yang—Mills multiplet to suoergravity 
properties of the N—instanton configuration can be obtained.0' This 
configuration, viith zero fermion fields and flat space is a solution of this 
coupled theory. By local supersymmetry transformations with parameter E(x) 
we generate solutions for the spin—g- field coupled to the spin-3/2 field. 
For suitable E(x) the spin-3/2 field decouples and we obtain all 4N zero 

7) 
frequency fermion solutions of Jackiw and Rebbi , ' By a second super-
symmetry transformation we can obtain the zero frequency small oscillations 

O N 

of the Yang—Mills field in the N—instanton configuration. ' 

References 

1) M.T. Grisaru and H.N. Pendleton, Nucl. Phys. B124, 81 (1977). 

2) B. Zumino, in Proceedings of the 17th International Conference on 
High Energy Physics, London, England 1974, edited by J.R. Smith. 

3) S. Deser and C. Teitelboim, Phys. Rev. Letters 3£, 249 (1977). 

4) M. T. Grisaru, Brandeis preprint. 
5) S. Ferrara, F. Gliozzi, J. Scherk and P. van Nieuwenhuizen, Nucl. 

Phys. B117, 333 (1976); D.Z. Freedman and J.H. Schwartz, Phys. Rev. 
D15. 1007 (1977). 

6) L.F. Abbott and M.T. Grisaru, to be published. 
7> R. Jackiw and C. Rebbi, Phys. Rev. D16, IO52 (1977). 

8) L.S. Brown, R.D. Carlitz and C. Lee, Phys. Rev. D16, 417 (1977). 
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A summary of renormalizability properties of supergravity - M.T. Grisaru 

In pure quantum gravity, although the Green's functions are infinite, 
the one-loop S matrix is finite. When matter is present even the S matrix 
is infinite. In pure and 0(N) supergravity the one-loop S matrix is 
finite At the two—loop level nothing is known in quantum gravity. In 
supergravity, however, the two-loop S matrix is again finite.^ These 
results depend on the assumption that a supersymmetric regularization scheme 
exists. No results have been obtained beyond two loops. 

References 

1) G. 't Hooft and M. Veltman, Ann. Inst. Henri Poincare 20, 69 (1974). 

2) S. Deser and P. van Nieuwenhuizen, Phys. Rev. 010, 401-411 (1974), 

and with H.S. Tsao, Phys. Rev. DIP, 3337 (1974). 

3) M.T. Grisaru, P. van Nieuwenhuizen and J.A.M. Vermaseren, Phys. Rev. 
Letters 3J_, 1662 (1976); S. Deser, J.H. Kay and K.S. Stelle, Phys. 
Rev. Letters 38, 527 (1977). 

4) M.T. Grisaru, Phys. Letters 66B, 75 (1977), E. Tomboulis, Phys. 
Letters 67B, 417 (1977). 
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Suoersymmetry, supergravity and the dual spinor model — J. Scherk 

The dual spinor model in D = 10 space-time dimensions has two 
sectors corresponding to open and closed strings. After performing the 
limit of zero slope,the open string sector yields a supersymmetric Yang-
Mills theory. Taking away the 6 extra space dimensions yields an SU(4) 
invariant supersymmetric Yang—Mills theory whose ft function vanishes for 
one and two loops. Similarly after zero slope limit and dimensional 
reduction it is argued that the closed string sector yields the SO(8) 
supergravity theory in 4 dimensions. 
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*) 
Synersymmetry and instantons - A. D'Adda and P. Pi Vecchia 

,Ve show that the eigenvalue equations for the fluctuation of scalars, 
fermions and gluons around any classical self—dual solution of the Yang-Mills 
theory have the same spectrum of non-zero eigenvalues. In the case of a 
supersymmetric Yang-Mills theory this implies that the one-loop correction 
around any self-dual instanton is just given by a counting of the zero modes 
of the gluon, fermion and ghost. In particular, in the case of the super-
symmetric theory, which is obtained in the zero slope limit of the dual string 
model, one f:nds that the conformal anomaly vanishes. 

It is finally pointed out that the possible vanishing of the conformal 
anomaly in the S0(4) or S0(8) supergravity may have interesting consequences 
on the Hawking effect. 

*) Niels Bohr Inst, preprint HE-TT-^O. 
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A further pathology of the Coulomb gauge in non-Abelian Yang—Mills 
theories - M. Ademollo, E. Kapolitano and S. Sciuto 

First, the vacuum structure of SU(2) Yang-Mills theories 
in the Coulomb gauge is discussed. It is proved that the only transverse 

configurations that connect a vacuum state at = — oo to another at 
x 4 = + 0 0 a r e discussed. It is proved, always working in the Coulomb gauge, 
that the perturbative vacuum A^(>T) = 0 cannot tunnel into any other and 
that regalar configurations vr. n «n—vanishing Pontryagin number q cannot 
affect such a vacuum. Moreover, ;rong arguments are given to show that 
many-instant on configurations (|-7| ^-2) cannot be written at all in the 
Coulomb gauge, that is by a regular field A^ satisfying the transversality 
condition 9. A. (x*,x.) = 0. 

Reference 

S. Sciuto, OERN preprint TH. 2371 (1977), t° °e published in Phys. 
Letters B. 

Presented by S. Sciuto. 
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Gauge unambiguous quantization of Yang—Mills theory around classical 
solutions - D. Amati and A. Rouet 

We quantize the Yang-Mills theory around an arbitrary classical solution. 
The correct treatment of the zero mode which is generated by the breaking of 
gauge invariance eliminates the infinite gauge volume and leads to an 
unambiguous expression for the generating functional. This has the usual 
background gauge form independent of the gauge in which the classical 
solution has been chosen. This shows that the eventual multiplicity of 
classical solutions satisfying certain gauge conditions, recently found 
by Gribov, is an irrelevant problem for the quantization. 

Presented by A. Rouet. 
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Coherent phenomena in Reggeon field theory - V. Alessandrini 

-23-

The structure of Reggeon field theory in the supercritical phase 
(reggeon intercept a ( 0 ) > l) is discussed. In particular, the low-energy 
spectrum of the RFT Hamiltonian - which controls the asymptotic behaviour of 
Green functions - is analysed.Besides the perturbative vacuum, a new state 
shows up degenerate with the previous one in the thermodynamic limit.^ 
Further, low-lying states are investigated by semiclassical methods. Kink-

2) 
like solutions are found in the case of a one—dimensional impact 
parameter space — corresponding to a range of velocities up to a critical one 
for which the solution has a phonon-like dispersion law (zero energy gap). 

By using general methods of kink quantizatio^the low-lying spectrum 
and quantum kink states are obtained, and the contribution of kink states 
to the Green functions is found to restore the cluster property by cancelling, 
at large impact parameters, the constant term provided by the second ground 

2) 
state. In this way, the existence of kinks is related to the 

1 ) 3 ) 

expanding disc behaviour previously found in a lattice approximation. ' 
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2) V. Alessandrini, D. Amati and M. Ciafaloni, CERN TH preprint, to be 
published in Nucl. Phys. 

3) D. Amati, G. Marchesini, M. Ciafaloni and G. Parisi, Nucl. Phys. BllU 
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Twisted quantum fields in a curved spacetime - C.J. Isham 

There are a nuniber of different v/ays in which one might tackle the 

problem of quantizing a field propagating on a fixed spacetime manifold. 

In the lecture I concentrated on the use of Hilbert spaces and operator 

valued distributions. A clearly important first step is to decide what 

is meant by a classical field. The most general interpretation seems 

to be to regard it as a cross-section of seme vector bundle. These 

bundles are typically non-trivial thus leading to the concept of a 'twisted' 

field and, most importantly, are classified in terms of the global structure 

of the spacetime. 

The situation is in seme respects similar to that arising in instanton 

physics. However, in that case, the spacetime is a 'euclidean' four-sphere 

whereas in the general relativistic case the spacetime manifold M can admit a 

much greater variety of topologies. For example, there may exist in the 

latter case twisted real spin-O, complex spin-0 or spin-*? with the twisted 

structures classified by the whcmology groups H 1 (M; % ^ , H^(M;£) and 

H 1(M; respectively (they all vanish for the 4-sphere). 

At the quantum level, one might be tempted to look for a twisted Hilbert 

space structure. This, however, does not seem possible, essentially for 

the same reasons that preclude the rigorous construction of a quantum field 

defined at a point. However, one can use 'cross-sections' of these bundles 

as test functions and thus obtain a sensible'twisted* quantum field theory 

in which the global properties of the spacetime play a crucial part. Details 

will be published elsewhere. ^ 

Reference 

1) "Quantum field theory in a curved spacetime - a general mathematical 
framework" (2nd version), Imperial College, London, preprint. 
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Quantum gravitational thermodynamics - G. Gibbons 

The pioneering work of Hawking on the quantum evaporation of black 
holes has made it clear that thermodynamics and gravity are inextricably 
linked. One would like to extend the original, external field theory approach 
to a fully-fledged quantum gravity treatment. The aim of sucn an approacn 
would be to compute the partition function of a system at temperature 
T = f3~^ by performing a functional integral over geometries which are 
periodic in imaginary time t = it. One meets 6 main obstacles. Firstly, 
gravitating systems have negative specific heat and so one must work with 
the microcanonical ensemble. Secondly, one must face the problem tnat pure 
gravity is non—renormalizable even at the 1 loop level if one quantizes 
about topologically non-trivial backgrounds. Nevertheless,one made some 
progress in computing thermodynamic quantities. An important part of these 
calculations is an investigation of tne Riemannian solution: of the Einstein 
equations" 3 ^ - i?g u v

R = A g p v • These fall into two classes - NUTS and BOLTS. 
That is, euclidean black holes and the euclidean version of gravitational 
magnetic monopoles. These monopoles are present in the classical theory 
but involve causality violation and wire singularities. However, they 
appear to play an important role in the quantum theory, perhaps via virtual 
black hole and virtual monopole - antimonopole fluctuations. The number of 
nuts and bolts are closely related to the topological properties of the 
manifold - Euler number, signature Eetti number, number of self and antiself-
dual Maxwell fields, etc. Finally one may show that the classical action of 
the solution is proportional to the area of tne bolts,and from 
this one may deduce the thermodynamic properties of the black holes. 

References 
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*) 
Generalized spin structures in quantum gravity - S.W. Hawking and C.N. Pope 

Certain spaces considered in the quantum theory of gravity do not 
allow fermion fields to be defined consistently. However, one can still 
obtain generalized spin structures by coupling the fermions to electro
magnetic or Yang-Mills fields. This raises the interesting possibility 
that there may be a connection between the topology of spacetime and the 
spectrum of elementary particles. 
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Current anomalies in curved space — H.K. Nielsen 

A general algorithm is derived for the anomaly of any axial vector 
current in a background metric or gauge field. It is a slight modification 
of the algorithm derived by »t Hooft and Veltman for the one-loop 
divergences of quantum gravity. Applications to spinor theories and to 
the Hodge theory are then briefly mentioned. 
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Some physical applications of the Ativah-Binger index theorem - H. Rb'mer 

The Atiyah-Singer index theorem 1) is applied to various physical 
problems. 

The relationship between the axial anomaly and the index of the Dirac 
operator is pointed out. Other anomalous currents whose anomalies are 
related to the Euler characteristic and the Hirebruch L—genus are constructed 

2) 
and their anomalies evaluated. 

The index for spin-3/2, which should be related to the axial anomaly 
in supergravity is computed as well as the index for spin—5/2. 

For manifolds with boundary, a generalized Atiyah-Singer theorem 
has to be aoplied«^ The "fl-invariant,a spectral invariant of the boundary, 
contributes in this case to the spin anomaly. This solves Hawking's 

5) 
paradox of apparently fractional winding number in a Euclidean Taub NUT 
background metric and provides an appropriate formulation of fractional 
topological quantum numbers. 

The evaluation of the index for an appropriate elliptic complex 
leads to a formula for the number of instanton parameters for self-dual 
instanton solutions on arbitrary compact orientable Riemannian manifolds 
and arbitrary simple gauge group. 
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Summability in non-nerturbative approximation schemes - R.J. Rivers 

Approximations for Green functions of simple (no real instanton) theories 
that are manifestly non-perturbative in the coupling constants ^ are well-
known, e.g. Hartree-Fock approximation. There is no difficulty, in principle, 
in. incorporating such approximations in well—defined approximation schemes 
that display the possibility of non-X-perturbative phases at each step. 

The class of approximation schemes that is based on modification of the 
Schwinger—lyson branching equations (and so, where appropriate, would accommodate 
the Hartree-Fock approximation) does not have enough explicit theoretical input 
to determine the Green functions uniquely, since the S—D equations require 
boundary conditions. 

However, at each step in the approximation schemes, Green functions are 
unambiguously given for each possible phase. 

These seemingly incompatible statements are reconciled by the possibilities 
that 

a) the approximation schemes have inbuilt implicit constraints of 
a general nature, 

b) individual schemes imply individual (partial) boundary conditions 
that have to be checked from the outside, 

c) the approximations in an approximation scheme do not converge, but 
are approximations to a divergent (asymptotic) series that is not 
uniquely summable. 

We cannot check which possibilities arise in a realistic theory. In a 
single mode approximation to Euclidean Xcp**" all are present. In summary; 

a) All approximation schemes imply the satisfaction of branching 
equations of the second kind. 

b) Approximation schemes incorporating the H-F approximation 
essentially imply the boundary condition of no symmetry breaking. 

c) The single continuous infinite family of exact solutions has only 
two asymptotic series in /\ . The ^-perturbative and non-
A-perturbative approximate solutions are approximations to these 

(Borel) summable and non-(Borel)-summable asymptotic series respectively. 

It is hoped that an extended version of this work (performed in 
collaboration with R. Cant) will be in a publishable form in the near future. 

- 2 9 -



Covariant in—out formalism for external field problems - H. Urbantke 

References 
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•» In-out" formalisms for creation of scalar particles by external t 

potentials, gravitational and gauge fields are fixed once the space of 
classical complex solutions of the field equation is split into a direct 
sum of two subspaces with positive and negative charge in two ways (ingoing 
and outgoing splitting). Associated with this situation is a propagator that 
satisfies certain consistency conditions; vice versa, if a propagator satisfying 
these conditions is given, the "in-out" formalism is completely specified. 
The propagator proposed here is the integral kernel of the resolvent of the 
wave equation operator with respect to invariant spacetime integration. 
Distinctions from other proposals and a few applications are discussed. 



The creation of the Universe as a quantum phenomenon - R. Brout, F. Bn.?lert 
and E. Gunzig 

Quantum creation of massive particles can occur in the cosmological 
context without cost of energy. This fact is seized upon to construct a 
causal open homogeneous isotropic cosmology. The universe is conceived as 
the response of matter and the gravitational field to a spontaneous point-
like disturbance. Its history unfolds in two stages, creation and expansion. 
The first stage gives rise to a "fireball". The free expansion is 
extrapolated back to the fireball and continuously joined up to it. The 
fireball thus replaces the "big-bang" thereby avoiding an initial singularity. 

Though not intrinsic to the theory, it does suggest the interpretation 
of the cosmological part of the gravitational field as the scalar dilaton 
that is encountered in the dynamical generation of mass in conformally 
invari :rt theory. 

*0 Presented by F. Englert. 
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Point-snlitting regularization and conformal anomalies - P.C.W. Davies 

k) o) 
Robertson—Walker cosmologies. ' These results have provided some insight 
into the possibility of cosmological singularity avoidance. 
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In a series of recent papers we have developed a fully covariant 
generalization of point-splitting regularization suitable for scalar, spin-s
and spin-1 fields in arbitrary background spacetiraes. The principle object 
of interest is the stress tensor ^ T ^ . ^ , which acts as a source of gravity 
in a semiclassical (background field) theory. An axiomatic analysis by 
Wald ^ has shown that the technique yields a unique ^ T ^ v ^ . To regularize 
this ouantity, one first computes Green functions of the form 
G(x" , x') = ^(^(x",) $ ( x ' ) ^ in some quantum state. G is then expanded 
in powers of tne proper distance between x" , x' , and the tangent vector 
t°" tnrough the point x of interest. Points x , x' and x" are chosen to 
lie on a geodesic. As x" , x 1 —*• x , G diverges and these divergent terms 
can be used to renormalize coupling constants in a full, dynamical theory. 
The finite residue is computed by subtracting from G the first three terms 

6) 

of the DeWitt—Schwinger proper time series, as calculated by Christensen. 
The finite answer is then differentiated to obtain <C T^-y^ . This result 
is covariantly conserved and independent of the splitting vector t0". It 

_2 
is found that, due to a term proportional to m in the DeWitt—Schwinger 

2 2 

series, the m <J> term ; n the stress tensor survives in the massless limit. 
Thus, although the operator T u >; is formally traceless, the quantum 
expectation value ^ is not. This circumstance is known as a conformal 7) 8) anomaly. We have computed this trace for fields of spin 0 , -J- and 1 . 

In background spacetimes that are conformally flat, the anomalous trace 
fixes the entire stress tensor. Thus we have given ^ < ^ T ^ v ^ for 
conformal fields in all Robertson-Walker universes. We have also computed 
a number of other exactly soluble, non-conformal stress tensors for 

ovid 
10) 
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