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The Bethe - Salpeter Tguation
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oharting point: Consider a fleld operator for protons

and a field ig for neutrons coupled to escrn other ithrough

7 resl scalar wmeson field A, This is of course only a simple
model, but the argument can be generaliszed to any kind of
interaciing filelds, We use the following lLagrangian
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The eguations of motion coan now be writiten down
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Define displucement overators Pu from the Legrongian and

Ehal gvery vector in the

introduce such s representation

Hilbert space is un elgenvector of ull P'u.

Definition The fundamental yuantity in the B.S.equabtion is
fgave-function® ¥  defined by
W (1,2 )= Lollg (1), g(2)lim)

where Lol is tha vacuum and @@?s is on arbitrary state,
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Differentdal eyuation for ¥I:
Ve obviously have
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e now huave identically
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FQIuﬁgu& cos use the eyuation
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Hence 4.
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Notes The definition of 7Qb(§,l) which we have used is not
the only one possible, It is e.g. also reasonable to take

X,(1)2) = Lol Plpga))Im> £(12)

where P is the usual time~opdering product. In that case
we get -
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Vie observe that ‘X and 'x are the same function of Q(’and ® N
for sysce~like distances (apurt from a fuctor 2£ which is not
very interesting) but that they differ for time-like distances.
The fact that the ®“wave~fuunction® is not uniqgue for time-~like
distances must be remembered when one discusses the physical
interpretation of the formallisn.

Integral equation farﬁﬁ&L;
The differential equation above csn be formally integrated

to give e.g.
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where ('K?%«*MV)WNB%J MV)F(’l.l) = 0O e

The physical meaning of the function Fx1r2) is, however, not
~essy to find in this way. It is therefore more convenient to
atart with the lntegrated eyuations of motion
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The elgenvalue problems

tie now introduce the "center-of-gravity" coordinate
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Y. ()= e {X«Q (x).

we get
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If no free nucleons are present in the state }%? we get
’Xii§:§ O ., The second and the third terms, however, are
not zero. If we treat them in the same way as above we obtlain
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}{ﬁ Wyt Ho ) the relative coordinate ?}(t‘:%‘%w ¥y and write

If we further teke only the large components into account
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If we put &hﬁ two bimes 1in %%&{ﬁag jegqual  we get %, o= o
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After sowme simple caleulablons we obitaln
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