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ABSTRACT
An'analogon to Furry's theérem 1s proved for Gell-Mann's
"globally symmetric" model of very strong interactions. It is shown
that the contfibution corrésp§nding to a diagram with any ﬁﬁmber of

external pion lines and eny number of external photon lines vanishes.
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. - ! INTRODUCTION

Gell-Mann has intfoduced 8 hbdel-cf strohg interactions in which
the baryons are symmetrically coupled to the pions.1 He showed ﬁhﬁt this-
. p S
oupling may be much stronger than the coupling betuaen baryons and X mesons.

The former interaction is called very strong and the latter moderately
strong. In the absence of the moderately strong interaction all baryons
have the same mass,: The moderately strong K-meson interaction that
resolves this mass degeneracy is digregarded in this work. f
| The véry strong intéraction ls:givep by ? _
- t .
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Murray Gell-Mann, Phys. Rev., 106, 12%, (1957)
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The symbol for a perticie denotes the field operator that destroys it., The
operators Y° and 2° are conbinations of the operators éE and /’\ :

r (N - 2/ (N 2
The charge conjugate of any operator O is denoted by . 0C. The interactions
considered here are these very strong intersctions end the electromagnetio

interaction. The totel interaction masy be written

N+K'O +Jz’\'t9——

where

Jy fé"‘r’wmw
Sy=
S, Foh e )J (2)A

e éwm(i‘“)“‘@ '(‘E;")"A/“

pﬁ+m£ - ofj@u

In quentum electrodynamics, Furry's Theoren states that any cloaed-
loop disgram with en odd number of external photon lines gives s vanishing
contribution to the 5 matrix. This theorem follows from the invarience
of the theor) under charge conjugation. It has been ‘shown by Pais and Jost,2
and by Micne1,3 that, for pseudoscalar mesodynamics, any dlagram with an odd
number of external meson linesAend no external photon.lioes does not
contribute to the S matrix., Their theorem is a reoult of the chargo
independence of the nucleon-pion interaction. The corresponding th%orem
in the?very-utrong-interaction model is that any'closed-loop'diagraﬁ with an
odd number of external pion lines end any number of photon lines does not
contribute.» The theorem depends on the fact that the model contains '
particle pairs (e.g., Py (= M%) yhich have identical eleotromagnetic

properties but are oppositely coupled to the neutral plons. Becsuse charge

5. A. Pais and R, Jost, }bys. Rev., 87, 871, (1952)
3, L. Michel, Nuovo Cimento, 1C, 319, (1953)
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conservaticn requires any closed-loop diagram with an odd number of external
pion lines to heve an odd number of external nehtrgl'pionvlines,vﬂhe

contributions of the two members of the pair to ény closed~loop efféct canceléy

FURRX;S THEOREM FOR EXTERNAL PHOTON AND PIOﬂ LINES
Theorem: Any 6losed»1oop, whose externsl lines consist of en odd number '
of pion lines eand any numbér of phqton‘lines,'vanishes.
Proof: Considér an arbitrary diagram with external photon and pion lines.
The internal baryon sfructure of this diagram may be broken up int§ four
loops corraSpondihg to. the four interaciions of E§. (1). This is repreéented

schemstically in Fig. 1.

Fig. 1. The nature of the Gell—Hahn ihteractidn is such that an grbiﬁrary
cloéed 1pop'diagram can be broken up into four closed loops cqrfésponding to

the four basic pion interactions.
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The S -Y and < -2 ioops are superpbsitions of the gorreséoﬁding_ diagrams
(with A\°'s and g °'s. | o o |

Any one loop may have s in general , any ‘mx'n;ber of phot.on" and pioﬁ'
vertices. Let Np be the total number of pion veftices in the ‘N-P loop, N
the number in the ="« =72 1o0p, ‘and éo.on-. P;urther, let NP'Z":".. , Npys Bpg oes
be the numbers of pions leaving the NP loop and going to the “,E-: ,'.-“Y, -Z, ceee
loops re;speetively.‘ Finally, let 21#, 21?_ » 2y, 2Ivae Athe numbers of
vertices to which pions', 'in_ternal to f.he correSponding loop, are a:ttached.
Then the ;cot.al number of external pidn's emerging from the éhtire éiagram is

Tz Np+ N + Nyt W, - Z(NP_,.+ Ny F oveetlly,) = 2(1P+ I.._.+I +1 )
Hence if T is odd, either Np -+-N ~or N + K, is odd,

" Let us now consider the interactions giving rise to this diagram. It
arises from a term in the S-operator expsnsion which is a time-ordered product
of’ the normally orderad products p a/5p77’°, A an’ ’ ...__"’ 55 0 7r ;
and the electromagnetic interactions P 4 /up L ,....?5-.3’/4 '{:‘ i /4? Now .
consider another diagram which 1s obteined from this one by rep}acing each PN
term by the charge conjugate of the correaponding...,a =° ;ern_: and each ‘
Z>2Z° term by the charge conjugate of the corresponding P-N 1_:.;.em‘.l Note that
with the exception of the terms multiplying 7] ©, all térxﬁs ‘enter the
interaction with the same sign as the correspon&ing charge-coéjugate term.

For exsmple, :’lie“p-d'/"M pA/‘gnd 14§~3° gg A* beth-enter with a p:lus sign. H
Because we heve = © 8/ —0z (= )° X 5(“"__'{2)0 the seme-is not true for
those terms interacting with 77'>°'s. For example, -1gﬁ' g 5n7TO is. replaced
by +ig = —o & 5 :_:‘0'. Hence for each 77’0 leaving the P-N Ioop'there is
an over-all change of sign. Also, for each 77’° leaving them ‘____( loop there

is an over-all change of sign. Since the total number of charged 7T 's is even,
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the second diagram will be from a term fhet corresponds eiaotly to the
term from which thejfirsf dieggam wes derived except for an oVer;ail
factor of (-l)Np+N“‘ - -
Now the Green's functions thet arise in the determination of the
vacuum expectation- values of these two terms will be the aamo, since in
this approximation all the baryons have the same mass . Hence when we add
the matrix elements of the two disgrams they canoei'exactly if 3:5;+-ﬂp
is odd.
It can be seehAthatrsihoe the Y and Z interactions are identical
vin form to the P and = interactions, respectively, the same argomont e

spplies there slso. Hence, if N, + N, 1s odd, the total matrix element i

. 28ro.

Since ~.eit.her_ NP+N__, or NY <+ NZ must be odd, we have proved the

Theorem.

CONCLUSION

It should be pointed out that this theorem does not have Very strong
exper imental consequences becaus; it does not hold in the presenoe of
moderately strong interactions. Since the moderstely strong interactiogs
may hove coupling constsnts of the order of unity, diegrams arising from such
interaotions cannot be neglected, Aﬁell-Mann’has suggested that the long
~ 1ife of the 'ﬁro may be accounted for because its decay into two photons
is forbidden in the very-strong.mteraction model, It must be concluded that
within the valididty of Gell~Ménn 8 model, all contributions from closed-loop
diagrams with an odd number of pion lines and any number of photon lines may

be attributed to the moderately strong interactions.
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