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Tests of sum rules following .from disperision rela­
tions, current algebra and composite models and relating 
integrals'of total photon-nucleon and photon-pion interac­
tion'cross sections to the particle electromagnetic cha­
racteristics (charge, magnetic moment and charge radius) 
are carried out. Calculations are performed in the lowest 
order perturbation:thec;?ry •. The pseudoscalar pion-nucleon 
coupl;ing and the nsuperrenormalizable" Yukawa couJ2ling of 
the perc-spin fields ·are considered. 
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1. Ia!rod_!!.!l.~!!LformiJ.!ation· of· the problem 

Present w?rk carries on previously performed 1 tests .. 

of photoabsorption sum rules ,within the f.ramework of .perturba­

tion theory an~_is_,devoted to sum. rules for photon-J!ucleon 

(-pion) inte,z:aotion. cross _sections •.... 

.. All the calculations are c.arried out on .the basis of • 

mesody~ic :t:e~o,rmalized field theory.models in the lowest 

order of pertur1Jatio~ ther:>n:•. Qur i:r1V'estigatio11s.,are motiva­

ted by the following considerations. -

At ~h.e present .time a great_ num'IJer o.f. sum .rules ar_e 

known~ which: connect energy i.ri.tegrals .of·real or virtual 

photon~hadron, interr:()tion ampl1 tudes ;to .. ,the static .charac:te~ 

ristics.( electric charge, mass,. _et.~.·~ and .the form-factors 

of the partiol,es. 

The methods most widely used for deriy_ing sum rules are 

based on: 

1. pispersion r.elations and low energy theorems for 

Compton ~cattering ~plitudes. • 

2. Equal t,ime algebra ,of current commutators and. infinite 

mome~tum techniques~ :_-

3 •. L1ght_cone algebra.of current comautato~s and 

anticomautator,. 
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4. Compositemodels and infinite momentum techniques. 

Testing the sum rules is. eqUivalent to verify the basic ·- ~' .... 
• d 

assumptions made in their deriva,tion. Note --that any sum rule 
. . 

derivation proced~e usually requires several· assuinptio_ns: 

some of them are fundamental hypotheses, while the others are 
~ ' ,. 

more peculiar ones •. One may ascribe to the first gr~up of 

hypotheses such fundamental statements of the theory of dyna­

mical symmetries as the-assUmptions about the algebraic 

structure of currents and of their.oommutators. 

In the .second. group ·we :would mention a number of rather 

general and experime~tally well-verified assumptions related . 

to the phenomenologr of the high-energy hadXonic int'eractions 

( for example, the use of an amplitude parametrization in 
. . -

terms of .leading factorizabl.e singularities in .the complex · 

J _ plane). 

.Final_ly, the sum rule derivation procedure supposes the 

absence of:~p~ciflcinon-Regge singUlarities (fixed poles in . . .. ,. . 
the. J~plane) which contrary ta pW..ely hadro!lic pro~esses· may 

occur in the current-hadron interaction· amplitudes and yield 

unknown additional contributions to the sum. rules. Thi.s fa{)t 

introduces some uncertainty i~'.the. interpretation of .the ... :: . ' ' .. . ·~. 

experimental tests ·of the sum':rules which simultaneously check 

all the assunipt"ions on'· which their derivation' i~~ based. 

The renormaliz ed field theory mo~el determines the· 'ourren t 

commutation relations and the Compte~ -s~atte~-fug amplitudes 
. . 

in the fo7ID of a-perturbation expansion andcpermits to verify 

the sum rules exactly to a given order of the coupling 

constant. 
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In what seJ?-se do the result~7 of this perturbation theory 

verification answer "the question of validity of the sum rules? 

w~ believe those sum rul~s, which" are vaiid in the lowest .... ~. .._ ... 
' ' . ·~ 
order perturbation the£~y,_may provide a more .. ~biguo1;1s .. - · 

check of the baSic. statements of current; algebra _or the •current ,· 
. .... 

· operator structure in composite models when compared with ex-
.. ~ . 

periment. 

The confirmation of the sum rules .within the" framework ·of 

field theory models yields_some evidence for the absence 

.of fixed poles in the co-rresponding Compton scnttering ampiitu-
. -

des.· Moreover, the perturbat"ion'theory calcul,ation of the· 

interaction_ amplitudes is:. useful for comparing with the 

parton model results and for checking the applicability of the 

:'"infinite momentum techniques. ... .. 
In the present paper, we shall study the follo~ing sum 

. rules: 

·1. sua rules for· the nucleon 1s.ovector radius and . , 

the pio_n charge radius 2 : 

""' 
2 ·c·· ~- . v . )(" 2. ) . . ~ J l- u.t: . ~t .· .J·- .· 

2,.7\o( .!:("Jt.> -l~) =' ~ G", (oi}- Q~ ('11) -

~ -, ' . \) v or J r . 

'-. 
2 . 2 ' 

47\o( <(Jt. > 
-3-- 7\ 

-'~1(:~) ;~-_<t:cotr )--

i-~it~l\1") ~ ;:: s ( ~~~-t). 
'. .. . . ' J 
2. Sum rule for the nucleon anomalous,magnetic moment 

->··- . 
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2.7\~ x: = \ .,\v 16-\v) --~A(~)J: 6() ("'tN). 
ml. j v 1.: oN ot.J -i 

.) -

'(J) 

J. Linear sum rule for the nucleon. isovector magnetic 

moment 4 : . Oo .. :· . 

2 IJ.", ~ \- .e .e ( 1 rr--A.. .c;:-A(. ]~ ·.. . 47\;)((--1-J= dv l~J-.s)-Q~V) .-L'V-v_(~)-V~"') : . 
20) 

0 
D r '"" P u r o r . c 4) 

.~ 6_~(~p) - 66;:(1-tp). 
4. S.um rules for the p~oton. 5 and pion 6 dipole moment 

fluctuation in the framework of parton models: 

4 7\:X ( t<)1.9' -(~ )2) .= ([1(Yt) (5) 

t
~i ()'7\+) (Ferai-Yang model) 

(6a) 

~7\~/A-2> 
•' -,.7\ 

3 - () (ol\•) + 4 __ 6"" t~) 
-i . s -i'- . . 

(quark aodel) (6b) 
·.· .. 

5. Superconvergence dispersion sum rule for photon-pion 

interactien 1: 

2. 10<) - ~ b>t - . ·c . 
~ = dv lo (v) ·- () · (~)J : s- l'~0J -G", ( 0'7\+). r- ' . 0 "(')\'> ' . ~+ 0 ' 0 

(7) 

The photon-nucleon (-pion) interaction cross sections and 

the electromagnetic structure parameters of the particJ.es were 

calculated to the lowest order of the _constant, coupling the 
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pions to· the nueleon field ( or,_ as i.n the· case of Eq. (6b), 

to the quark field): _ 

.. ~/~) ·; -~- fc)<)_ \ ~~ 'Pc~) '\ ('l<) . 
(a) 

In order to estimate the-influence of the particle spins on 

the fulfilment_of the sum rules (1), (2), (5)-(7) we have also 

examined the model oi a (pseudo) scalar •nucleon" isodoublet 

coupled to a scalar "pion" isotriplet and the • Gl- model• 

of pions interacting with. a scalar isosinglet: 

,;t~ ()c) 

~..± ()(.) 

= 'A· J...\)C.) ~. 1()(.)7\_(-.,..), if ... ~ '\. ' 

'* : A 7\. c'JC.) 7\.Cv.) t5 C~'l. 
.2. ... .. ..... 

(9) 

(10) 

The.Feynman zraphs for the lowest-order perturbation calcula­

tion of the cross sections and particle .radii are drawn in 

Figs. 1-J. 

2 .. Result's and discussion 

In the. approximation considered, the right-hand sides . 
-· . ' ·: . . . ·2. . 2 

of. all the sum rules are of the order of ~ ( or X ); .. 
where }. ( ?r ).. ) is the meson coupling com tant. But the 

left-hand sides of E_qs. (4) and (7) co~tain zeroth-order terms 

in i .( >-) • One would therefore expect, according to the 

traditional perturbation approach to renormalizable field 

theories, that these· relations cannot be valid and should be 

modified. 
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The simplest way to do this .is to assume as was previo_?sly 

proposed 
8

'
9 

that' the subtraction constants in the disperii:ion 

approach are fixed at infinite energy. by the Bllrn-tenn 
:.r ~ 

'contributions with "switohed-off11 Il!eson interaoti~ns. Then, 
. ' - -
instead of Eqs •. (4) and' (7) ·one gets the mo_dii'ied relations: 

4·"2-x~f;;v) =- 6~( op) -~ 6~ (otpL: (11) 

== ~ ('¥7\0) :. 6;: (47\~)J' 
. .. . ·_ ,...., 

0 (12) 

•: 

which are relevant within the framework-of weak-coupling field 

-theory·models. The phenomenological consequences of such a· 

modifioat~on.were discussed in Refs. a,9 ·• 

Sino e. the 'anomalous magnetic moment X is a qUantity 

of the orde~. ocr_r om lias t~ neglect' :>;:."-' 0 (~4).· 
in Eqs. (l),(J) and (5) for_ comparing ·quantities of the same 

order in the meson 'coupling constant. The results of our sum 

rule verification ·~e s1lllllllarized.,.in Table_ I. 

The explicit-expressions for cross sections and particle 
, 

radii are rather lengthy and ·cumbersome. We list them in the 

.Appendix. 

Summing up, we note that the sum rules (1)-(J) whose 

yalidity was confinned in all the investigated models ~ve 

passed also rather successfully through the experimental ve-ri- ' 

·- fication on the- basis of meson photoproduc'tiuiJ. data lQ-l2 

8 -..... 
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The validity of. Eqs. (5) and (6) speaks in favour of the fnfinite 
- - - .... . .. ~ - - . . 

momentum method and of the use .of operator relations between 
... . -~- : ~- -.. ~ . -:- - ·, 

- the currents and their moments within the .framework' of. oomposi-

te parton models.·· · 

The diver~enoe of the_in;egrals shoWBthe inapplicability 

of unsubtraoted dispersion relations to derive the sw.n rules (4) 

and (7) in the model with pseudosoalar -pion-nucleon. coupling 

(8) ~-- T~is akre~s- with 'the re~~ts of oth.er author~ lO,-lJ 

showing'-~hat the s~ rule·. (4) ~~st pr~babl~ breaks_down. 

The oaloul~tions, performed within the superrenormali­

zable --~nd superoonvergent scalar· mod.el& (9) and (10), . verify 

and· ~o~inn i~ the. ·''>..
2

:.:. ·approx~at'ion ·th~ ~elati:..-~stio version 
,, • i--- ':· . 14 . -.. .-'· 

of the generB.lized Thomas~Reiohe-Kuhn stim' r~:te . 

c. - --,{T\' " 
= -1 cf (")'7\) + -- ·1; (6), · Ql:\ . (lJ} 

.: 4~r-' 2 
27'\ 

0 ,. ' 
-. 

- - ~~-
where. ~(r) ·is the>"pion" charge ( mass)'and 1_. (c;;) 

represents·tile zero.:.freqii'ency contribution of the-"seagull"'' . ~- . ~ 

graphs _of Fig.4. 

'' 

· · · · · ·· · · ·o ' · t · 
.. Combii:dng' the relation (lJ) for the 07\ .. and 07\-; amplf.::. 

tudes yields-the ri~w suin ruie: 

':·: ~7'\~ ( i ~,i:;t:-==· ~ ( 'Y0") -~ ?;(1"7\t');·;>.- ~ 
. ,.... :',-- ~- ' ~- ,· . . 

-'(l4) . 
' ~ ., .. 

w~e~~-- Z is the charged-pion wa_~e renormBl.ization constant. ·-: 
~ ~ -~ . . ,~ ~-

.... ;;-. 

In the considered. superrenonn.B:lizable scalar model (9) . the 

'9, 



constant z is finite. Its value to the lowest-order of 

perturbation theory is given in the Appendix ( see Eq. A(20)). 

The questi~n to know whethe~ the sum rule (14) is not only a 

specific model~ependent relation ·but is actually relevant 

fo the real pions, remains of course open. Anyway Eq. (14) 

looks more general than Eq~. (7) and (12) and inol~des tl~~m as 

particular cases. 

The original form of the sum rule (7) presupposes that Z=0 1 

which is one of the possible "compositeness" criteria of 

particles ('extensively discussed, e.g.· in Ref. 15 .·) in the 
- : ~ - • • w 

framework of quantum field theory. In this connection we have 

shown the s~ ~ule (~1 app~a!'s ~o be. verified, ~~~n. f"'; 2m'- E~ 
E ~o i.e. when the scalar llpion" is viewed as a weakly-bound m > . . . , . . " .. · ;· _. • . -;: 

nonrelativistio system of two scalar· constituents of mass m , 
interacting tbrough a zero-range potential. __ 

Eq. (lJ) can be reduced in this oas'e to the more familiar 

nonrelativistic form: 

-s=wG" (<»). (>5) 2.JC~<t} [J\,[Ho,1\]] I io ?~ ~ 
0 tot ' 

where ]) 
... X 
operator, 

is the x-component of the electric dipole moment 

·- Ho t~e no~~lativistic -~1lt:oztl.~ and 'f _ th~· 
. ,,. . ., ' .·•. 0 -~ , ... < •·' 

ground state wave function. 

-The generalized nonrelativistic Thomas~Reiche-Kuhn sum rule 

(15) should be valid when one neglects the terms of the order 

of P%2, where .. P. is the internal. motion momentum of the 

constituents. 
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In this appendix we list the-explicit expressions of the 

photon-nucleon and photon-pion cross sections and of the 

particle radii calculated to the lowest order of perturbation 
. . . 

theory within th~ framework of the models (8) (9) and (10). . . ' . 

1 •. The cross se-ctions _for the :p~ocesses '"6N ...:..., 7\N 

and D7\-4N~ within the :pseudosoalar model (8) read: 

blt ·. 
Q (S)::: 

'iN-')7\N 

2." ~ <X u. 2 2 

3S ;~~) 2~ 1-2~ -7~~ ... -:~S~t + 2~~ 
. .. 2 . 2 

+~s (~+~) "'~t
2 

- b~s(~S-diA-~\6 +A (~~-~~+tt\£~,.)~· 

sl-+2. - -} ... ~ ~s 'h (~~s -q,..- 3q~ )L, o a s-""'-

(A.l) 

-2 (2~s\l12- (~-~) r2)LJov, St~:~ztb. 
(s-~2)~ ~+~.~.t~rt..~ 

-4~ srt .. [ d-t=. + (q Tq )L l Q"" _S-\.}{ t2t- 6, 
b, (s-o...l-) - ~s d"" S-"'-\l. j ' S-u/+ ,....2.-£1 J ) 

II 
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,< :..;.-
<-. 

rr-.e A) . - c<rt6. ·t <·· 2. .• ·- . - -
\::_,-a·.·. ~- /.'S(:s.:.~l) -~-g.q +2~~..._+2~'J-t-4<L_·ll. 

oN_, 7\N '~ · · · · <I"" . · · . <J':' 5t 
• • • ; - '< 

. -~~ ~~~2.+2hst~~~-car~:~2~2~(~~~-2~:i)i\1ll~_:;t .. ;:<' 

+ 2~~ (~.-+2 (Cjt2~+~) ~i- ~ v) ·L 2 -J..en S+-~•}-t~_t-~ (A.2) 
6 -· . S-""' . r-. z . 1. 1\ -

., _- ' . .l~IA-t -r-u 
_ .<{ ( ·~~J St~ . ..Q_VI 'S-1·•-tl-~+~ -L: ....... ·. . 

Jt ~s 6 (s-1.•/) - S-~zf-t! ...:6 S ' 
I 

6-~t-(sl := ·e<d-a6~ ) 2 (~-~)2. ~ .Li-(~ +~~+ ~) t-'?s ~--
"07\-,NN 4 s (s -r ) l. . . . _ :. _ cs- r-2 

)
2 

_ 

- . ' z 
. +2 ~ l~s(~-}c)~2~'k t(~+~t4-3~~-3~'k-G~~ 

• • • . '2. . ·c.. (A.J) 

+ 2 ·. t~Jem2 + ~~~ -'h~ ~2}~)f) ~~1. 2}2n_s+~ l-
.. .. . Q p:) s-~ j ' 

where 42. -~ J s- (~~r:)2 J[ s~ ( ~~r)2J :J (A.4) 

t2 ,;. ( 2 
6 = S S-41M ) ' 

;_'!;;, 

(A.5) 

Vs 1s". th'e total energy in the centre of mass system;-··· 

.WI ( r) :1~ the mass of the nucleon (pion), 0< . is :the ffue . 

st~ctilre oonstant, · ~ ~ S pp-rro • _ . 
The nUmerical. values of the. coefficients ~~-~ ~.... and ~-\;-

for the different cha~e1s of the reactions are given 

in Table II. 
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2. The c~oss -sections for the p~ocesse8 '6N-»i\N,o7\~NN 
and -. "'61\ ~ rr6:' :-;n the sc~ar mo;els (9) and (10): e:re: 

" .. -· . -· ' . . . . 

bt cl.. ),:2. /;::. t ' .(:· ~ 2 \ 
(J ·_(s) = - ' - - 4 ~~+-a·~:: +-<LCI J s .... 

(( 2.)3 ... d <J"'dt ' 
"Ct.l47\N 4S \.S-~<-~ : . . _ _.·;_, 2. · · 

- +2ct -~ [q (~'>~"-1~-r-") ~.2ct. ~ 2 J ~-. ;+-w.~e-~~-~ . . 
~ 6 d""' . 0'= . T-_1.1.1-r--

~~·: i l(t (S.-~~}~~'l.).fiC\ t] _kV\ S-~i-t:t-~ } ? 
~c t::: dt · cr-:- - S-tA-t t-r_-6 

(A.6) 

' -lbt :· . 4 /. . . 

". (). (S) =· o(f,J~ . \.;. 4 (~ ~~2 ·-~~) S 
')(7\-.>N~ . · .. Lj S (S-r-)3 1. -· . . t . 1 

[ 
2 1 . "'-'~2.] . n S,.. b:. ~ " 

. -·+ 2:.: (~~~db )S :- '1 ~h- .xNl 1\'- f\! . j -> 

(A~7) 

·· ~1:-. . o<~6'&~ ·\-~s-+2~ {s~M'"+t}). · 
(f) (S) ; ' 2. 3·- L . ,, <J . . (A.~) 
.. '.....c-. 4S'(S-~) . f:i . 2. 2. A'' 
1f~-+_,", t - • ~S-Ma-l-t t u } 

wh•~· ,(:/'-: (, s- CM.,-~ r-n (s: ( M.--r-n ) s-- ~'I''-6.' (A~ 9) 
~ .. -

~ . . I 
~ is .the mass of the 0- meson,'· 6 and b.··· 

;have· belm'defined ·by the Eqs~ {A;4) and (A.5) • The ;:aiues of'the. 

· co_efficients ~- > ~ ...... , ~t- are 1ist~d'- in table II.,:_, 

J. -We provide hereafter the notations and formulae 

defin1ng:.·the nucleon an:d. pion electromagnetic vertices. For . .. . .. 

_spin 1/2 pa~ticles t_he matri?C elemen.~ :of .the current is' para­

metrized as usually: 
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<f2 \ i~(o) \ p~) :=_.e.LL(ft)_Mo.('ti\(~1 ~ i ~{v ~Cf)]u.(ri), 
I . (A.lO) 

~ a -

<J\:> ~ 6 ~ (o) 

with u. : $ \1 , M s = l M v-= 1 'b3 ·• 
I ) ' 2 .> 2 

v c;. 
The c.urrent isnormalized so that r; (o) -::. fi· lo) : :1. and 
c S\")r ·v t- v 
I :z. \. o) : "p - "-I\ • 
For spin 0 particles with isotopic spins 1/2 and 1 we have; 

respectively : 

<~2 ~~~(o) I fi> = ~ (p.~r,_\~ F(t~) t M~ t.,. 
<~l!~lo)lf1> = i~l~,f-f2) 1 (;~~~-~C~~), 

(A.ll) 

(A.l2) 

where 
~'2.. v 
r Lo) = F (o) -=- F (o> = i 

~ . l1 and ~2 
the isotopic spinors describing the (pseudo) scalar particle 

with iso spin 1/2. 

Within the pseudoscalar -model (a) the nucleon _and pion 

mean square radii are given by the following. equations: •. 

<~::!.>-=-· _d_·. _· - I ___ 1'l-44'1·+1S'"'\l. ·..£\11"'\ 

are 

v· ct 2 · ~ 172-143..._ .dol'. ( " . ). 

1 z 2 4 · I I l 

+ 2 y,
3

~~-l"Y'"-~-1sq' ~( c>-q )Y,}-. CA.lJ) 

\ (lj"-\ )%. I . 

14 

·<.Jt.~J = 3ra-2. • \ 12 n31 -1o'12 
-i- r4_s ) . :_.e,. 

1 J.l.l' '""""' ."\ . 32~ 1M _ 4-_') . . . . _ " I I · I 
_: 2 

3
/.l.'S4 -Y,'::\~5"1.2. b ... " (4-~)~2 \ ' 

l . (.4\} 3A I (f I j 

(A.l4) 

<(J\.2.'>:=- ~2. ~- b-:y {--•{ ';''1~·12.3-~~t~fz.\_,(A.l5) .,.. ·4~": l. 1(~-1> A-{1 (4-1 )v ... 4- 1 j 

where J ~ t2. • . 
Within the scalar model (9) one obtains: 

. l. . . ' 

. <Jt~)v·= ~ ) ~ A-13-~i- '3··-t. - (11-b ) ~ 
?,iJ<;\... l .;)(4-'l) .. l. j 

_ 2 .4o-1o2(t47:{·-''1~ h~\ 4-~ .)~ t 
,y~ ~ J) ~;z. . d-. l - . j ' 

<)\.:~ ~ 3~, ~ \- ~ s-l "'" (1_-:2.~) ~1 
32"\M. 1. 4-'1 . . 

+2 1ft 11! ~u)+2l2. ~-1c ~f .. r 
) (4-, 3h_ . . l j ) 

.-
. (A.l?) 

(A.l7) 

2 }.. "J. \ • ~ • r1i~b~ ~;t b-\~~ d' 

<)\.7\ ')::: ~7\1.~1, ·l- ~-{"(4-,) + lS/2_ (4:J )Vz. 'a ~4-, JA.1.8) 

and wi-thin the • 6""- model•(lO) the pion radius reads: 
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+ 2 - 13"1 \ {8 . I 2. 

')' (1-'l'}'- ...Q,, 

where l/ = ~2. 
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M~ 

and ~ = 

I 
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' I ( I '~/, 
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4. :The pion wave renonnalization' constant in· the >..,2__ --. 
approximation of tiie- s.calar model (9) reads: 
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Table 1 

----------------------------------------~ . . . 

Sum rule_s Convergence of Lowest-order··perturbat1on 
t1ie integral .- verification ---------------------------------------------

' 
- (1) .. yes yes 

(~) yes yes 

(J) yes • yes 

(4), (11} n~( ... ~\-v_,oo): no 
.. 

(5) yes yes 
.. 

(6) yes yes 

(7)' (12) (a) no~.env, V-;.oo~. (a) :n_o 

(b) yes (b) no 
.... 

(lJ)' (14)- . (b) yes (b) yes 

-------------------~· 

(a) Within the framework o'! the pseudosc~lar model (8). 

(b) Within the framework of the scalar modei'~ (9) and (10). 
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Table II 

!Jleaction ~s ·~ 

0' p _,_, 7\t-n w 0 

0 1. 1 
((~---) 7\ p 

- Vl.- .. 
~~' ~7\p 0 

o'~ ...:;,7'itn 0 0 

()+p -'_) 7\+ p 0 1 

0-~ --'-) 7\- p. 1 0 

'{f ~I\ ~n _-$ ·-£ 
2 2. 

t -
Of\-') ~I) Vi 0 

OTto-> pp ·'. 0 1. 

a7\0
.....:, V\n 0 0 .. 

o"K+-> PP -1 1 
- t -""6 T\ '-') V\ V\ i 0 

")7\t--') 7\~ i 1 

1'7\0 -)rto 0 0 

o'k+ ~7\oc -i :..1 
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\B 
• 

0 

-Vi: 

0 

-1 

1 
,. _J2.- " 

V2 
1_ 

() 
" ',·. 

-..t ·~' 

0 

1 
0 

0 

0 
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Fig.l. Lowest-order Fey~>?raphs for the processes: 
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:(S'N.:., 7\N _ C~---~;:;f~C and t,..· channels, _Fig.ia) 

o7\-N~·"cs·c._:;:~--;~~-:~ct, ~-channels, Fig.lb) 

and "i}7\-'1,7\Q. ('s~~-_:ciai~~:~- channels, Fig. lc).-

20 ", 

} 

:r .. 

I. 

'· 

" '. 

.. 

.· ... 

·. 

,_.. ~ 

~ 

I 
I 

"'' 
I 

' I 

~ ·:. 

~ ' 

•' ' ' 
'· ' 
~ 

' 
' ' 

-··. ·-

I - \ 
2a 

1 
I, 

I 

I 

·:..·.· 

2b 

\ 

\ 

-~ ... . .· ' 

Fig. 2 •. Lowest-order. Feynman graphs f?r the electromagnetic 
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.Fjg.J. 

'. . 
- vertices of the nucleon ( Fig.2a) and of the 'pion . 

(Fig.2b) • 
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Lowest-order Feynman graph for the. ·electromagnetic 

vertex of the pion 1Il th~ • 6"-:-- model• of the l:.agran­

gi.-an _ (10). 
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ol\ 
Ffe.4. "Seagull".graphs contributing to ~ (o) in the 

scalar moo el of the Lagrangian (9), including the 

"catastrophic" photon-meson interaction term (Fig.4a) . 

. and ~he ~ass reno~~~a~~~~ d~a~rams ( ~;~~4c1 ~d 
;' ~ - . . . . . . . . . '- . . . 

Fig.4 d ). Similar diagrams occur in the • O- model• 

(10). 
The solid lines represent the nucleon, the wave lines~the 

photon, the dotted lines-the pion and the double solid lines­

the o-. meson. 
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