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The analytic structure described by the Landau equations has 

recently been intarpreted112 as resulting f'rom the self .. consiatent 

iteration in unitacy integrals ot the noruu.al 'threshold singularities 

and s:l.ne;J.e ... particle poles in crossed channels. l:lowaver, in order to wl.k® 

uao of :results derived in perturbation theory :Lt 1a neceooary to est~blish 

an iden~ity of physical cheat propert:tea between pertu:rbat:ton theory and 

any uni't;ax·y theory. Such an identity is easily made for the u.-1.1 ta.ry 

. 1 
int~;g:r.·ala themse·lvoo but these aillri:)J.y ropresen't. the difterm:loe of the 

scattering amplitude bettvean wo of its lUenl!:lJ.'ln aheets,. (Uld. there is a 

question of how ti1ese singularities· are distributed batvieen the two 

sh~eta. For anomalous thresholds,. 1t has previously see~d necessary 

to lrt~'lke o. continuation in extel:'T'..u~ musses, to study this point.1 Hovrever, 

unitary singularities possess an intricate, inter.lockill€;: structure and 

therefore it is not unreasona.ble to expect that an "unnatur~r· choice 

of anolJ.alous threshold properties 1>rill involve a penalty in the form of 

umnmted other singular! ties. It is the purpose or th1a note to ahov 

t..hat this is indeed the case. 

We ct:msider the un1 ta17 si:nffi.}laritiea corresponding to the 

' diuc;rum Fig. 1 'rhose leading Lo.ndau. curve is denoted by I: • liat 

ua consider the case in 1rrh1ch the external rnaoses are such that in 
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perturbation theory there ie one singular anomalous threshold in one 

channel only on the physical oheet. (Other case.a follow similar lines 

of' argument .. ) We wish to compare this tvith the unnatural case in which 

no anomalouo tbreallOld. is singular on the physical abeot. In either 

circumstance by cont1nui ty the complex curve 1: · 1a either vholly 

s1ngUl.at' or 'molly nonaingular on the physical sheet. We wish to 

chooae the latter alternative. In this case there v111 bs contribution 

correapond.ins; to this !iiagr&lm in the Bergmarit-Ue11 represe11tatio11 of the 

scattering mnpli tUde which will 'be of thQ pure Nanclelstam :forr111 Wld the 

bounds.ey of the region in vbich tbe apectral tunction is nom~ero must 
. . 4 

be e;i ven by the real aro ot l: lying in the crossed. euts. f.breover, 

. the sca:t~erina ampl1 tude must be singular alOl'l8 this curve 1n the 

inappropriate limit onto the bour1da17 of the physical sheet. The tom 

ot this arc, r 1 i of' t is as shown in Fig. 2, where N1 and N2 ax-e 

· the normal thresholds and A is the co1wentional.ly singular WlOlllaloua 

threshold. llo1orever, if A is nonsingular1 r 
1 

projects bey<md the 

crossed cut.a end. is nonsin8'Lllar in bo·tb e.ppropria te and inaPI'ro;pr1ate 

limi to. This is a contradiction. Thus the existence of tho anomalous 

threshold on the physical sheet would follow 1'"rom a more than usually 

literal application or the principle ot maximal anal;yticity .... to rule 

out the possibility that £ is ,,molly sing'Ul&:r. 

In mald..ng this e.ra;ument we have J,n!lde use of specif'ic knowledGe 

about the form of the tourtb-ol"der Landau c'Ul."'Ve t • For more conrplicated. 

anomalous thresholds, this information is not availableJ nevertheless 1 t 

seem reasonable to conjecture that the corresponding necessary properties 
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.. ,.. 
are in fact true. If' this is so, one major obst.s.cle to the use of the 

ideas . of a.nalyt.ici ty and un:t ta.ri ty in a pure S-rnatrix theory will have 

been removed. 

It is e. plf:w.sure to thank Dr. David. t., Judd for hospito.llty at 

the !.Jn.r.rence Fad:te.tion Laboratory. 
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FOOTNOTES AND :REFERENCES 

Work done under the auspices of the U. S • Atomic ~rgy Coomission. 

on leave of absence from the Department of Applied Mat.hema.tic& and 

Theoretical Physics, University of Cambridge,and Trinity College, 

Csmbr1de;e, England4 

l, J:, C. Polkinghorne, Nuovo c1mento ~ 360 (1962); J• C;. Polkinghorne, 

Nuovo cimento, (to be published.). 

2. H;. P .. Stapp, .ll'hya. Rev. ,!2_11 21~ (1962) i! 

'· J;. Ta:rsk11 J. Nath .. Phys. _!., 149 (196o) .. 

4• This is ~cause the di$ce>nt.inuity across a normal threshold in on• 

channel does ltot contu::tn the norroal tlxt-eebold. or anOll'lialous threshold.. 

sing\lla:ritie& in the other channel. When the l~elsta.m representation 

1& obtained by two succ('lseive applications of Cauceyis theorem, the 

result fo.llovs .• 
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FIGURE CAPTIONS 

. Fig. 1. The landau diagram considered. 

Fig. 2. The form of r l • 
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Fig. 1. 
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