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ABSTRACT

The Green's function method is adapted to the description of
strongly interacting particles which become more loosely bound as their

number increases.
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A NOTE ON THE GREEN'S FUNCTION METHOD .
 Maurice Neuman . -
_ Formally closed expressions for prgpagatiqn functions, vertex,
~mass and pplgriza@ionrpperatprg_have recently been constructed by

Schwingerlo An eipgnsion of these in term$ of free particle propagators

J. Schwinger, Proc. Natl. Acad. Sci. U, S. 37, 452 (1951). We employ
the notation of this reference. :

reproduces the covariant Fé&hmanéD§édn perturbation theory. The éttempted
improvements on the latter have centered around efforts to obtain solutiohs
tp equations in which the propagation functions are left in tact and 6nly
“ﬁhe lowest powers in the eipanéion of.thé remaining operators retained.
Tbis procedure is partially justified on the grounds of the presumed
weakness of certain interactions. R | o

It is the purpose of this note to put thé theory in a form
appropriate to.the_desqription,of'aZSQmewhat diffenentgphysical situatipno
No interactions between partigles,are‘assumed_tovbe weak. A complex of’
particles will, however, be taken to be the more tightly bound the fewer
the particles in it. As their numb;r increases a looser structure results,
which tqus to break up into smaller, more tightly bound units. Thus; the
propagati;n function associated with a largé_éuhbefjpf particles.may be |

expanded in terms of those of smaller numbers, whereas the latter must be

treated rigorously. - . S a

P2 S
\ R .

The result of this procedure is a finite set of equations involving
propagation functions up to a certain order. Only in the equation for the

highest order propagation function is a generalized vertex operator
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introduced explicitly; in the others it is effectivéiy'replaced by Green's
functions of a highgr order than the one in which the vertex operator would
ordinarily appear. Since this quantity is associated with transition
amplitudéé involving'éreation”énd annihilation of péftiblégnaﬁd its
expansioh is equivalent to conventional perturbatiOnAtheéfy,'the
modified-proéedure is suitable fof’a'nonuperturbation treatment of
nonstationary processes like the production ofvmesons in ﬁuciééﬁ;nuéleoﬂ.
collisions, |

The equations for the propagation function of»one nucleon, S ,

and one meson, A , are

[Zfafm—;’ '75"/275 f&f’@/«?gﬁ%—]5=1 | | (24/)

where f7 o 'is the zero'th order vertex operator expiicitly defined for a
giﬁen meson nucleon coupling. If the system 1N<4 1M is assumed to be

loosely bound, the vertex operator

) = S8 (2)
7 2 S

is introduced at this point. The equations then assume the form
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é//o+ m-gTs " *Z) 50+ U9

—"ag @F SAP (5@)
T=—cg* T resTS. (3#)

The operator TW(§> -may be expanded in terms of Jﬂ and S :

"(3) - DCé) # RO

This procedure is inapproprlate if ‘not only lN and lM but also .

1N 4+ 1M are regarded as being tightly bound The Green's function
corresponding to 1N-+ 1M will be denoted by IMS;O ' Taking the
variational derivative of (la) with reSpect to JQS)- and observing

" that .

225 M |
Pl [ 46 ACSE)SJ )

we obtain

S5 -2 S TE) S '
Gl K / ®
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where the notation

So = (gptm =4 ’775’175) W
Ao (/ﬁbﬂ:&z) | R (7&)

was introduced. Equations (1) now become

"

So-tg “T Solo Sl 'Ms EERGON
A,t Lg”'TF)L Ao PoSaB 5 | ,)' (///5,) |

S
A

]

v : ‘ o M o )
explicit expression of S and A in terms of S . Differenmtiating "~

(1a) twice w1th respect to J and maklng use of (5) and (6) we obtain

2
an equatjion for (

This equation, in a somewhat different form, was previously given by
S. Deser and P, C. Martin, Phys ReV' 90 1075 (1953)°

o 9’”5(55)‘
3
” & T (<) —r

+Lg SDF(5)AL53) Se T (8" 'Mscs"s) +bg*sa YUV ALsE) S, F&s@ "s¢sm6) =
= S, A ($5)

'MS(st) +ig 50

)
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With the aid of (1") we then have

| )'n';siz'gg).e+ugﬁsor;4g> i:' ?C(si?)
~3) ;3

— Aow)so + 03 So T & (660 (8)S0 To( ) 'MS(s"s)

(7)

- 5. 405V 61 s, (8 "5 (15)
'i' @ SaFL5'>Ao (g:§|u> TP)Z[Po (gm)so l’; ng) lmscgwg)] 50 P (,5'9 IMS(gllg)

[ taiT T Zorre wild 5“?5]

At this point we may decide that a system more complex than 1N+ 1M . -
is loosely bound and express the variational derivative occurring in

(9) by means of a generalized vertex operatof

/MS( g) - Mcyge ”> lMl"'(én lg\vlg,,,)A(g\Vsn) MS Lgmg) ,
83, T(5) "

I 55t & o) A7)

more explicitly defined by an expansion in terms of A , S and - S .,
The variational derivative term then gives rise to an interaction with the

character of a self mass for the nucleon meson system:
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M S(sE) —ACEE) |
(9’)
t g 11(5'11455"’)[’“5455") "M (g vls")-SCss)ST(sM) [ M S sms)

tigTR(ALS)S L) "s(s08) +ug=Tate )M T)SoTLsY) MS () =0

Equation (1") and (8') with (10) treat complexes of particles 1N, 1M,
IN 4+ 1M rigorously and those with 1N4 nM (n'Zp 2) only approximateiy°

An extension of this procedure would be to- derlve an expre551on for

S Mses3)
S TS

with an equation for the latter quantity. The introduction of a vertex

in terms of ZMS and to augment (1") and (9)

1

operator ZA'P in it would imply that systems 1N+ nM (n > 3) are

regarded as’loosely-boundﬁw,:,ﬁp,_;d-J.

We now reexamine the 2N equation

L [POg@Fega]se o 4 R

, . : M . '
;fx;from this point of view. With the variational derivatives written out

explicitlf‘(ll) bggomes-'

, 504) C12) |
,--__\_ F\(mscu) + ;3_ XC“)(g) ga':r(g) '_i o CLQ)

where
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F.‘lom) = F‘(I)Fl(ﬂ _H:w_a) F;.m
Zém) _: P(I)D(Q)+ INCRN Q)

Assuming at first that 2N is tlghtly bound and 2N + nM (n 2 1) is
a loose structure we introduce, in analogy to the previous work, a vert.ex
operator

| | S'Scm) -1 _ o , 02) e
o) = — P“H ‘”(s)W“’P‘ 5) = CS) 12)
P ) g PL3) ©- L

and rewrite (12) in the form

F"(")F—ILQ)SU”'*' (_-uz) ‘ 061-9)>503) =__‘ i(ﬂ‘)( | (,4)

with
€12) \ 2 o e e
Z, F“Z“" Ry le)

Thus, the 1nteract10n appears as the difference of two opera.tors » each
having the charac'cer of a self-ma.ss, In the approxn.matlon Tﬂ ( _§ ) of

the right member of (13) we obtain after a short calculation
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S(SO-F ) SRR )

where

Clﬂ) ﬁ_ r’ﬂ?i pu) F‘tms Cu) msml—nm IM_Sm+F0)PMSM)FUSMBM )Msm
+ r(u) ( F\th) SCI:DF\ (. D SO)I’lU) lMsC‘) _+_nm (FU)SM)F—'& DSQ) (3) !MS -}

(18)

and (12) with all systems 1N+ nM, 2N treated rigorously has the form
RLFORGSGA_LW ()

In the order to include 2N 4 1M systems in this scheme it is
necessary to express the variational derivative in’(12) in: terms of
]'MS(lz) . . A procedure analogous to the one that yielded (6), and the

identity

e L - A<55>5"‘°J e

B T, e F
O L [ o I
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lead in this case to the relation

12) 2)/ a1
R """’g;;:‘rm = s M SNss) +

+ F‘MS:‘)D MZS') M Sca)(g,;) + Fﬂ(zjsocz),:(a)(g,) ™M S(Q)(gl;)
&5
The quantity -jg“ér§72§ : - is of considerable physical

interest. It is directly related to the transition amplitude for the

(21

production of one meson in a nucleon-nucleon collision. If the various
propagation functions occurring in (21) could be constructed, the
equatioﬁ wéuld lead to a non-perturbation treatment of this nonstationary
process. The extension of this method to the treatment of other
nonstationary processes is ob?ious.

It is probably superfluous to add that the equation here
obtained are exceedingly complicated. The general scheme, however,
seems to be appropriate to the description of loosely bound large
complexes of particles and tightly bound small ones, a notion quite
alien to convenﬁional perturbation theory,

This work was performed under the auspices of the Atomic Energy

Commission.





