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ATOMALOUS THRESHOLDS IN UNITARY THEORIES
“J. Ca Pol}:inghor‘zmT
" Yawrence Radlation Iaboratory
University of California
Berkeley, California

July 11, 1962

The analytic structure described by the Landau equations has
recently be&h inferpretedl’a as resulting from the éelfwconsiatent
1teration in unitary integrals of the normal threshold eingularities
andvgin@lanparticla poles in ecrossed channels. ﬂowaver, in order to make
use of results derived in perturbation theory it 1s necessory to establish
an'ideﬁtity of physicai gheet properties between perturbation theory and
any wnitery theory, Such an identity is casily made for the unitary
integrals thema@lvasl but these sinply represent the differ@nu@ of the
scattering amplitude between two of its Rienwnn sheets, and there is a
question of how these singularities are distributed between the two
sheeta. For anomalous thresholds, 1t has previously seomed necessary
to make a continuation in external masses to study this point¢1 However,
unitqry gingularities possess an intricate interlocking structure and
therefore it 16 not unreesonable to expect that an "unnatural” cholice
of anomalous threshold properties will involve a penalty in the form of
unwanted other singularities. It is the purpose of this note to show
that this is indeed the case.

We consider the unitery singulorities corresponding to the
diagrom Ple, 15 whose leaaing_Landau;cufva ie-ﬁenoted:by L. et

us consider the case in which the external masses sre such that in
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- perturbation theory there 1s one singular anomalous threshold in one
qhannel.bﬁly on the physical sheet. (Other cases follow similar lines
of argument.) We wigh to compare this with the unnatural case in which
no anowalous threshold ia‘aingular on the physical sheet. In either |
- elrcumstonce by continuity the complex curve I 18 elther wholly
singular or wvholly nonsingular on the physical shéet. We wish to
choose the lﬂﬁtgr alternative, In this case there will be contribution
corresponding to this ddagrum in the DergmansWell representation of the
scattering amplitude which will be of the pure M&nﬁalatam form, and:the |
boundary of the ragibn in vhich the gpectral function ls yonzero must
S@ given by the real arc of L 1lying in the crossed cuts‘h Moreover,
the ba&ﬁt@ring amplitude nmust be singular along this curve in the |
1nappropf1aﬁa limit onto the boundary of the physiéal sheat. The form
of thia are, Fl ; of L 4s as shown in Pig. 2, wh@re Nl‘ and Na are :
‘tha.normmi thresholds and A i the conventionally ainguiar anonalous |
threshold. However, 1f A is ﬁonﬂiﬂ@ular, Pl ‘brojecta bayvnd the
crossed cuts and is nonsingulay in both appropriate and inappropriate
limita. Thim is & contrediction. Thus the existence of the anomalous
threshold on the physical sheet would follow from o more than usually
literal spplication of the principla of maxiral analyticity-~to rule
out the possibiiity that £ 18 wholly singular. '

| In making this argument we have pade use of specific knowledge
about the form of the fourth-order Landau curve £ . For more complicated
anomalous thresholds, this information iz not available; nevertheless it

seem reasonable to conjecture that the corresponding necessary properties
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are in faci true. If this 18 so0, one mejor obstacle to the usge of the
idess of snalyticity snd wnitarity in a pure Sematrix theoxry will bave

been removed.

It 18 o pleasure to thenk Dr. David L., Judd for hospitality at

the lawrence Radiation Laboratory.
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This 18 because the discontinuity across & normal threshold in one

channel does not contain the normal threshold or anomalous thresbold

- singularities in the other channel. When the Mandelstem representation

is obtained by two successive applications of Cauchy's theorem, the

rasult follows.
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FIGURE CAPTIONS

‘Fig. 1. The Landau diagram considered.
Pig. 2. The form of I‘l .
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
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B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-

mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to-the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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