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. Tests- of Photoabsorption Sum
Rules in Mesodynamic ‘Models .

Tests of sum rules followihg 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:theory. The pseudoscalar pion-nucleon’

coupling and the "superrenormalizable" Yukawa coupling of

the zero-spin fields are considered.
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1. Introduotion and formulation of the problem

APresent_york_carries on previously performed:;vtests” .
of photoabsorption sum rules within the framework'of perturba—
tion theory and is, .devoted to sum rules for photon—nucleon
(-pion) interaotion cross sections.r‘j‘ PR e

All the calculations are carried out on the basis of -
mesodynamic renormalized field theory- models in the lowest
order of perturbation theory., Our - investigations are motiva-
ted by the following considerations. ~

At the present time a great number of’ sum'ruleS‘are

known, which connect energy integrals of real or virtual

: photon—hadron interaction amplitudes to .the static characte- . -

'ristics ( e1eotrio charge, mass, etc.) and the ‘form-factors -

‘of the partioles.

The methods most widely used for deriving sum rules are: )
_based OME. el el R L o ‘
1, Dispersion relations and low energy theorems for

vCOmpton scattering amplitudes.V-.

2. Equal time algebra | of current commutators and infinite -

'momentum tschniques.r o e 2i s

3. Light eone aJ.gebra of cnrrent oomutators and

anticommutators. T



.the J—plane) which contrary to purely hadronic prooesses may

;, introduces some uncertainty in.the interpretation of the . f'f; o

© e g L

- 4, Composite models and infinite momentum techniques.
Testing the sum rules is equivalent to verify the basic : Lo
assumptlons made in their derivation. Note-that any sum rule 77 i"' o L~
derivation” procedure usually requires several assumptions. al
some of them are fundamental hypotheses, while the others are. -
more peculiar ones. One may ascribe to the first group of
hypotheses such fundamental statements ‘of the theory of dyna—
mical symmetries as the assumptions about the algebraio
structure of currents and of their oommutators.r"

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

general and experimentally well—verified assumptions related’

to the phenomenology of the high—energy hadronic interactions

‘( for example, the use of an amplitude parametrization in

terms of .leading- factorizahle singularities in the complex‘
J -

plane). ’ ' gl S : T R TN

) Finally, the sum rule derivation procedure supposes the ;
absence of specific non—Regge singularities ( fixed poles in A

oceur in the current—hadron interaction amplitudes and yield

unknown additional contributions to the sum rules. This fact .

experimental tests ‘of the sum’ rules which simultaneously check T ‘ '.g;
all theassumptionson which their derivation.is based. B

~ The renormalized field theory model determines the current -
commutation relations and the COmpton scattering amplitudes )
in the form of a- perturbation expansion and permits to verify . R
the sum rules exactly to a given order of the coupling ‘

constant. v N T e R el o

- S0
2Tt (-< 5 —L—-) ) ‘ %—\ mt(\')‘\-

In what sense 4o the results of this perturbation theory

verification answer the question of validity of the sum rules° T

We believe those sum rules, which are valid in the lowest

”order perturbation theory,may provide a more unambiguous

R oheck of the basic statements of’current algebra or the: current*j"

-operator structure in composite models when compared with X
periment. _ ' R »
The confirmation of the sum rules within the framework of

field theory models yields some evidence for the absence
.of fixed poles in the corresponding COmpton scattering amplitu-
-des. Moreover, the perturbation theory calculation of the' -
interaction amplitudes is*useful for comparing with the -

i parton model results and for checking the applicability of the

!,

infinite momentum techniques.

.

In the present paper, we shall study the following sum

-

rules. ‘; R e S e co

. ‘1. Sum rules for the nucleon isovector radius and L

EDCV)
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the pion charge radius

.
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72, Sum rule for the nucleon anomalous magnetic moment 3 e‘.'
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3. Linear sum rule for the nuclecn_isovector magnetic

moment- 4 H
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4,- Sum ruies for the proton and pion 6'dipole moment

fluctuation in the framework of parton models:

‘47%( <‘<n> (X2 )> 6‘()} - (5)

o ) éS:i (:YF(+) ‘trcrii—lang'modoi)‘ (62)
47Y“o(<5'2 ‘_ ; ' L
R

Se Superconvergencekdispersion sum role for photon;pior 1
interactien ’: o A ' \
C o0 . D o ’ . R
2 Lo b bt - .
2 - \dv tG'; V) -G ")J =0 (W) -6-(3r"). @
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The photon-nucleon (-pion)‘interaction cross secticns and .

the electromagnetic structure parameters of the particleé were

calculated to the lowest order of the‘constant, coup11ng the

e (uc'k'» del) . (6v)
O (o) + £6, (), Comememonst) (D

'pions to the nucleon field ( or, ‘as 1n the case of Eq. (6b),

to the quark field) . B
320 (00 = 3‘1“@)7( Z \!)(x\ . Gy @

In order to estimate the'influence of the partiole spins on

_ the fulfilment of the sum rules (1), (2), (5)-(D wc‘haye‘also

examined the model of a (pseudo) soalar "mucleon" isodoublet
coupled to a scalar "pion" 1sotr1p1et and the " G -~ model®
of pions 1nteract1ng with & scalar 1sosinglet'

2z, e\ 4:(»«»2 4>(m7'(x>’ o

N AR 6 M, oo
. A’ . . :v o .'; ' ; ‘ . »
ThegFerﬁman grapho for the loweqtﬁordervperturbationncalculc—
tiop or‘the crcso seotiono'ancbpcrticle.radii‘arc drawn 1;,
Figs. ;-3. ‘ ' A .

2. Reéults~and'disoussioh

s

In the approximation oonsidered, the right—hand sidest
of. all the sum rules are of the order of %} ( or X ),,
where %_ ( or )\ ) 4s the meson coupling constant. But the

'left-hand sides of Egs. (4) and (7) contain. zeroth—order terns

1 g' (X) « One would therefore expect, according to the

"traditional perturbation approach to renormalizable field

theories, that these" relations cannot be valid and should be
modified. ’



>

The simplest way to do this. is to assume as was previously

proposed 8,9 that’ the subtraotion oonstants in the dispersion

approach are fixed at - infinite energy by the Bnrn—term

,”contributions with "switched—off' meson interactions. Then,

instead of Eqs. (4)-and’'(7) one gets the modified relations."

47\_0((-) Aé: (-\{F) _ AQ(\‘*}’)'

whioh are relevant within the framework of weak-ooupling field

. —theory models. The phenomenologloal consequenoes of suoh a

modification -were discussed in Refs. 8,9 -

Since. the anomalous magnetio moment )< is a quantity
of the order OC%,) one’ has to- negleot :K ~ O (% )
in Eqs. 1), ) and (5) for comparing quantities of the same

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

: rule verification are snmmarized in Table I,

.Appendix.

" The explicit expressions for cross seotions“and partiole;

radii are rather lengthy and oumbersome. We list them in the

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

o validity was confirmed in all the investigated models have

passed also rather successfully through the experimental veri-’

F'}fication on the basis of meson photoproduction data 10'12

-~ (11)

12

- AW

~thecurrents and their—moments within the framework of composi— .

Vte parton models. o . - LTV ‘

£ . - - .

momentum method and of the use of operator relations between

The divergence of the integrals show5the inapplicability

of unsubtracted dispersion relations to derive the sum rules (4)

5

,>where G%Y‘(tk) is the "pion" charge ( mass) and fr:

and (7) in the model with pseudoscalar pion—nucleon ooupling
(8) This agrees with the results of other authors 10,13~

.showing that the sum rule (4) most probably breaks down.

The calculations, performed within the superrenormali—

'!l‘he validity of. Eqs. (5) and (6) speaks 1in: favour of the ini’inite _l‘

zable and superoonvergent scalar models (9) and (10), verify k»

and confirm in the x - approximation the relativistic version

of the generalized Thomas—Reiche-Kuhn sum rule ; ‘; L .
“\"V AT
Qn - 6‘(77:) S ON )

©Anpe Ty
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' represents ‘the zero—frequency contribution of the "seagull“ ‘

L (e R

graphs of Fig.4.

Combining the relation (13) for the "(N and \57\' ampli—

tudes yilelds: the new ‘sum rule. ' : T

> Ll LT e

6, (¥ m)
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In the considered. superrenormalizable scalar model (9) the

S

Wy

is the charged-pion wave renormalization constant.;@



constant Z 1s finite. Its va.lue to the lowest-order of )
perturbation theory 1s given in the Appendix ( see Eq. A(ZO))

The question to lrnow whether the sum rule (14) is not only a

specific model-dependent relation ‘but 1s e.ctually relevant
“to the real pions, remains of course open. Anyway Eq. (14)
looks more general tha.n Eqs. (7) a.nd (12) and includes them as
partioular casess, ) . ' . :
The origina.l form of the sum ru1e (7) presupposesthat Z=0, .
which 1s one of the possible "compositeness" criteria of .
particles ( extensively discussed, e.g. in Ref. 15~ ) in the '
fra.mework of quantum field theory. In this connection we he.ve N
shown the sum rule (77 appears to be verified, when = 2m G
% ._)o i.e. when the scalar "pion" is viewed as a wea.kly—bound

nonrelativistio system of two scalar oonstituents of maes m s -

intere.oting through a zero—range potentia.l o

Eq. (13) can-be’ reduced in this oase to the more familiar

nonrelativistic form: . o4

22 <Y | [0, 1 D] 14, > - oG ), &

0
where D
L TR

operator, Ho the nonrelativistic Ha.miltonie.n a.nd % N th_e

is the x—component of the electrio dipole moment
ground ste.te wave function.

The generalized nonrela.tivistic Thomas-—Reiche-Kuhn sum rule
(15) should be valid when ‘one negleots the terms of the order

of P/ml, where

constituents, . . R

1s the intemalr motion momentum of the

One of us (S G. ) is indebted to Drs.G.Ba.rton,

J.S. O'COnnell, Te Ma.tsuure. ‘and K.Ya.zaki for correspondenoe,

16, 17

stimulating remarks and sending of preprints contai-

ning a disoussion aof the validity 1imit of the sum rule (15). )

. Finally, J.M. would like to the.nk the Directore.te of the

JINR for the hospitality extended to him at. the Laboratory
of 'I'heoretioal Physics. R

APPENDIX

In this apnendix ﬁe list the expllioit expressions of the

photon—nucleon and photon—pion oross sections a.nd of the

;partiole radii oalculated to the lowest order of pertu.rbe.tion

theory within the fra.mework of ‘the models (8) (9 a.nd (10).
: 1. The cross sectlons for the processes 6N >7YN

and ’XTYQNN within the pseudosoalar model (8) read:

’(5‘ ’mt(sf i(iz/_‘\_ 1325+ 2001—?353“—3% +23‘A(3‘: "
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(w +<zs% H% 24 ”@ m] ““\,}? |

.. lwhere .‘.. L S- (W“'f*) J S (\M-r-) J ‘ A (;1-4;

N ; S(S fud® >’-" T sy

\/__\ 18" the total energy in' the’oen‘tre of mass system,‘;,.. c
W\(rk) ‘s the mass of the nucleon (pion), “is ‘the £ine
; struoture oonsta.nt, % 3P7r° . k_ | e

The mimerical values of the coefficients %{) 8“ and @{:

for the different channels of the reaotions are . given

in ’I‘a.ble II.
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. 2. The cross seotions for the processeg XN—»/\N ‘67T—bNN
and ‘KTT—)NG in the soe.la.r models (9) and (10) a.re.
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: Mo— is the mass of the 6- meson, AN and A

) ll
where \/

‘have’ been ‘defined by the Eqs. (A.4) and (A.5) . The values of “the. -

- coefficients %S %u_)%b are listed in table II.Y,_~ S R

3. -We. provide hereafter the notations and formula.e I

defining the nucleon a.nd plon eleotromagnetic vertices. For

pspin 1/2 particles the matrix element of the current is para—

. metrized as usually-
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The current isnormalized so that ﬁ {0y = F (O) =1 and

£y = X tX, .
For spin O particles with isotopic spins 1/2 and 1 we ha.ve,

respectively :

<F1\2'¥:.(°‘Hu>' =< (P‘*F‘)f F“(%Z) i M“Ei SR <g..»n)

<l I‘?p.: e (pr. es‘“z'_all;“r &, o

Co S N : ’
where [ (o) = F (o = F (o = i E and E are
~ - - i 2
t}ie isotopic spinors' describing the (pseudo) scalar particle
with iso spin 1/2 .
. Within the pseudosca.lar model. (8) the nucleon and pion

mean square ra.dii are given by the following equations

{ m _ (12 44L]+1s‘w )ln

<n > =
' 527“«4

o 2%, scct\mgh_ml (_% (4- ) } (A13)

4- ~\)

'<n>~

: S 3
L = 3 12 “”\-1"3_ 4.
N7 ortw® : 4 +( S\'))w v\
3/-1-'54 T

avh ;‘ (A 14)
N &5 (4 DR o
<> = Sf Sy 4 ("6‘1“‘ b \VL} (A.15)
47(“:- W@_L\) ~}3/1(4 "\) ( A-)/ J i .
where rv‘— -1t— :

Within the sca.la.r model (9) one obtains: :

{ AT e oy
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and within the -6— mode1"(10) the pion radius reads:

oI5
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‘ wh_ere .WI:_ _t_ and s = - 24’1

: : / A
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4+ :The pion wave renormalization constant 1n the x\

approximation of the scalar model (9) reads. -

4 . "_‘\/2_

e &
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e

. (a) Within the framework of the pséuddsc;.lar"quél (8).

"+ mablel -

Convergence of *
-the integral =~ .

Lowest-order perturbe.t:!.on

Sum rules
o “verificdtion = -
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() Within the framework of the scalar models (9) and (10).
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Lowest—order Feynman ‘graphs'
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(Fig.zb).
7
Fig.3.
glan (10).

~vertices of ‘the nucleon ( Fig.Za) and of the pion .

-2b

Lowest—order Fe:rnman graphs for the electromagnetic

Lowest—order Feynma.n graph for the electromagnetic

vertex of the pion 1n the 'G— model" of the Lagra.n—

s




G
‘~->4————a-—7<—‘—5>-.——-- .. £
" @)

21

Fig.4. "Seagull".g.raphsr contributing to |3 (0) in the
scalar model of the Lagra.ng;l.a.n'(9), iﬁcluding the -
"ca.tastrophic' photon—meson interaction term (Fig.4a)

',a.nd the mass renomalization diagrams ( Fig.4c e.nd
Fig4ad'). Simila.r dlagrams oceur in the . (3_- mode1”

(10).

The so0lid lines represent the nucleon, the wave lines-—the
photon, the dotted 1ines-the pion and the double solid lines -

the 6_- meson.
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