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abstract

The relations derived by saturation of the sum rules following '

from the algebra of currents by the lowest. intermediate states :

(nucleon and isobar) are considered. It is shown that in this appro-
ximation the nucleon vertex remains bare and the transition nucleon-
isobar vanishes. The results of thE'paper3{1’2‘?f are shown to be .

wrong since the intermediate states of the 'l:ypea\vﬂ are not taken
into account in them. General expressions for the Schwinger terms in

‘the quark model are presented. In some cases their contribution is

shown to vanish identically.



1.INTRODUCTION

The application of the algebra of currents allowed lately
to obtain wvarious sum rules for ﬁhe characteristics nf elementary
| particles. Such rules were used to obtain a number of conclusions
that were sometimes in good agreement with experiment. At the same
time the relations proposed by different authors turned out To con-
tradict each other. E.g. considering the expectation wvalue in the

one-nucleon state with the momentum 'P' = (0 of the magnetic moments

commutator )

[\UT; ,JLL;] ={- &&‘i’ (x* + XN 0 %)
Moo= £ a7 (0 @0 -0V R,0)

and restricting to the intermediate states with one nucleon and one

isobar, Dashen and Gell—Mannfﬁx and'LeeXE/ obtained the equality

. PR
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U"m) 3-( g)m') = E‘;w 2 e (2)

Here ]-M; is the isovector anomalous magnetic moment of the nucleon,
F‘ is the magnetic moment of the nucleon-isobar transition, Wy is

the Sachs isovector electrical radius of the nucleon.

On the other hand from the sum rule derived by Cabibbo and Ra-
dicati"fa/ and Adlerfq’f saturated with the same intermediate states
the following relation may be obtained/5f

Ul;:: Y _QLE\Y': %‘C: _‘,q‘.@ _ (Ej

Whereas the left hand sides of (2) and (3) coincide, the right hand

gides tiiffer by the factor 2. Buccella, Veneziano, Gatto and Okuhc/ef
conjectured that this contradiction might be removed if Schwinger
terms omitted in 4 1’.2/ were taken into account. In derivation of the
sum rules from the commutators of the time components of current

densitiesf 3.4/ the Schwinger terms symmetrical in the isotopic in-
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dices in this case are inessential.

Apparently the most far ‘reaching cunclu51ons were obtained by
saturation of the sum rule with the lowest one-particle intermediabe
states inf?f. Working in the proton rest frame, the authors of this
paper obtained the relation '

_ 4k
E“Lt) P =(—‘—1—’;§- . _ ()
V™ T 2 '-
where F'Qt) and F Qt are the isovector electrical and magnaﬁic

nucleon form-factors. The strange peculiarity of the equalities (2)
and (4) consists in their discrepancy with the perturbation theory.

Furthermore the form-factor (4) has wrong analitical properties 1n't
The relation (&) cqntradlcts also the results by Cabibbo - Radicat1f5/

and ﬁdleryu{, obtained with the use of the same commutators.

‘Phe aim of our work consists in the clearing up the reasons of
the mentioned contradictions and the pithiness ol the relations ob-
tained by the saturation of sum rules by the lowest intermediate
states. .

In the section 2 the relation (1) 15 studied in the perturbatinn
theory. In the lowest order the contribution of Schwinger terms is
shown to vanish, so they cannot ensure the correspondence of the

Dashen — Gell-Mann - Lee relation with the perturbation theory. It is
<hown that in this order the three-particle intermediate state with
two nucleons and one antinucleon contributes as well as one-nucleon
state. Jﬁst taking into account the three-particle state removes the
mentioned contradiction.

In the section 3 the sun rules following from the algebra of
currents are saturated with'nucleun and isobar intermadiate states.

taking intb account both one-particle and the corresponding three-
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particle states. In this case instead of (2) we may get the equaliti
that coincides with (3). However if we take into account all the re-
lations, obtained from the current commutators, WE1érrive, to all

appearance, to the conclusion that the nucleon rerains bare and the

transition nucleon-isobar vanishes
v : W ¥
Elb)=1 ;B =F=0

C P"(-l:') is the form-factor of the transition \{JJ—* N*).

Lastly in the section 4 the commutation relations between the
components of the vecltor and axial current densities in the quark
model are presented takiﬁg into account the Schwinger terms; The con-
tribution of Schwinger terms is shown to vanish at any rate in the
proton fest frame. For this reason we do not take theﬁ into account

in the section 3.

2 . DASHEN - GELI~MANN - LEE RELATION
TN THE PERTURBATION THEORY

To clear up the true reason of the discrepancy between the re-
lations (2) and (3) consider first of all the simplest example - the
free nucleon case. Following Schwingerxa/ and Ukubofgf, introduce the

nucleon current operator by means of the relétion
i
PREGES or i
- \!Lx)=fm‘%’u--i.)1{ =T Wirwe) 5 €< 0 £
I E=0 %

where W(x)is the nucleon field operator. Then taking into account

the Schwinger terms, we get

L, MG =k SH T ACORS

ir . ~5 i - : -
+ & Qo VAT (183 — 08 ) W (-G T YR E )

E=»0
The contribution of Schwinger terms may be computed axplicitly in

(&)

the free nucleon case. We are interested in the matrix element over
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Lhe Gnﬂnﬁuclﬁun states

1 megd.x [\K £~ e (¥ \"\’R‘-‘- “E,0 ¥ Yut? YK & DICHE

=] —o . i L(.ﬁ-ﬁlj}i {JE' % E.
~ £ TRLUE Risen NdT & (xt-tas)e Lt

T v = i E:' = :
Thus, contrary to the conjecture made in / f, taking into account

the Schwinger terms cannot remove the discrepency between (2) and o). 4

Using the relations

'—éu('ﬁj = R ";i..{\ﬂ} i
ot e = ity %
AT g T f
= 0
W?'ﬁ?t\ﬂ; ~ lw s -

we find that the matrix elercnt of the right hand side (rhs) of (&)
in the proton rest frame is equal to m,_\/ - ( \] is the normaliz-
afion volume}.
Calculate now the matrix element of the left hand side (lhs) ci
&), Tt 18 convcnlf“L to introduce the notaltions
\lLLE"Vﬂﬂ! Vﬂﬁi

. (8)
Woie = %;B dX X; Ve (X 0) '

Then

[._JL“:; ; M:;] = [W‘LTH M:’"I *[MH Jm;.:l - [-m,:;_ : m;‘l - “M:,. JWL:'a.-k (9)
Congider the uantlt;
TG e =
= Z&(’? el Qalwin By =8\ Mu} Ln\ Wi § )3

Llearly, the only term in the sum s Glifferent ffom zero in thc

perturbation theory, corresponds to one neutron in the intermediate

state. Taking this into account, we easily get by means of (7)

a;t F':-?im G

f) The conclusion that the contribution of the Schwinger terms vanish=
es in the lowest order of perturbation theory was made also bv

B.L.Ioffe (private cnmmunlcatlon).
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On the other hand, in g; the one-particle contribution is absent.
If on this ground we omit SL altogether (that corresponds exactly
to the approximation with the one-nucleon state made infq‘ef), the

lhs of (6) becomes eqal to E#}V’, which is in two times larger than
the rhs. This is just the contradiction which thé formulz (2) displays
in perturbation theory. lMeanwhile, it is quite evident that Sljgo
even in perturbation theory. Indeed, the term with two protons and an

antineutron in the intermediate state differs from zero in this sum.

Simple computations show that
0 i.:‘;:#g..':'h

g,_=‘~ \ =)
EHN ten$l=x _ '
and in result the lhs of (6) coincides with the rhs.

Now we can make the following conclusions. Firstly, taking into
account the Schwinger terms does not remove the contradictions men-—
Tioned in introduction. Their contribution vanishes in the lowest
order of perturbation theory. Secondly, when saturating the sum rules
with the lowest intermediate states, one should take into account
along with one-particle states with nucleon znd isobar ( W anﬂ.df*),
the corresponding three-particle states ﬂ,pﬁ and“l.pﬂ* (see the
diagrams 1,2).

In connection with it one should note that such consideration

of the intermediate states contributions is analogous to the non-

covariant perturbation theory. It is well-known (see, e.g.fqof) that

in the latter two diagrams, which internal lines describe particle

and antiparticle correspondingly, are equivalent to a single Feynman

pole diagram. Hoté alse that the necessity of taking into account

three-particle intermediate states with relatively large mass means
that to speak of saturation with states with the lowest masses is

possible in covariant technique only. .
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5.3ATURATIOIT OF THE SUM RULES
WITH THE NUCLEO! AWD ISOBAR INTERLEDIATE STATES

/%07

As it was pointed i , for derivation of the sum rules, fol-
lowing from local coﬁmutatinn relations, it is convenient to use not
the momenta but the Fourie transformé of fhe currents, which c?nsti-
tute algebra if the Schwinger terms are neglected. But when computing
the contribution of the intermediate states, the difficulty arises
due to the fact that in the vertices of the non-covariant diagranms of
the type 2 energy is not conserved. Therefore the question of the ar-
guments of form-factors at these vertices becomes unclear. Really, in
this case the momentum transfer at the vertex cannot be defined as

the difference of the outgoing and ingoing momenta., To avoid this dif-

ficulty we begin with the discussion of the amplitude

i fex -
Tt“" = LSM e B (‘@\R\jrm’\(:{xﬁ\g> (13)

If we consider in (13) the Feynman graphs which have a pole in the
Q —channel (nucleon, isobar etec.), the form-factors at the vertices
will depend evidently on t=ﬁ?only. On the other hand, inserting into
| (13) the complete set of states, we represent the amplitude TTL“ as
the sum of non-covariant diagrams, and as 1t was noted in the previ-
ous section in general some of them correspond to a single Feynman
diagram. Hence it is clear thalt for both non-covariant pole diagraus
the argument of the form-factors is R .

To get the sum rule from (13) we set )1:-0 and find the longi-
tudinal part of an@ « Using the wvector current conservation and the

local commutation relation (Schwinger terms are omitted)

GV ®o, V. ol B = (FIV2[FY 360 w1

we get

BI
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On tho other_handy ¢ ¢ (B 8,00 SAEWLEY |

2T :‘Z:: &&eﬂ. B+ R + 20 ;
+ ‘(?h‘f\h,?-@_ﬁ?) % L“;F"é: e_:lv-ﬂ F} % C1e;
and due to the vector thigéﬁdghnservation ¢ '

Bl FVY w805 = (% M D VAN PR AR AN

e e + Mt gaz)
oo Qe B8 0V 1BY = (-0 v 00 L, B85 \VFT B
Inserting (17) into (16), we find taking into account /15)
‘Zﬁ:gd&? i(ﬁ\\.}:\hft& ﬁ:)('ﬂ .?*i,@\vn_\§> (18)

- (FW I B 22y ln 8-, 80 V1Y 5,

which coincides of course with the relation (8) in
If we now restrict the sum (18) to the one- neutron intermediate

state (diagram 1a), then in the proton rest frame the lhs in (18) is

U 2 Ttt\?&“' Vv ey s
s K‘R (L) + m&_m} (19)
Inserting it into (18), the authors of 7 obtained the relation (4).

equal to

But taking into account the diagram 2a gives in the same frame

____le.“__[F” (y= t)“ T (20)
=i, LB 8 v (- fa) R
and together with (19) it leads to
* L
B -t =) 2% = (21)

In contrast to (4) the last relation contradicts neither perturbation
theory, nor the analytical properties of form-factors; but it does

not agree in general with the equality

Py - By =1 (22)

which follows from the Adler sum rule. However in the frame with
\P\ — mfﬂ’( the contribution of the diagram 1a becomes equal to

s _
?:"Qﬂ = ‘t?f(f] y and that of the diagram 2a turns to zero, and so
we come to the relation (22) too. The conditions (21) and (22) nay
agree only if R?(Jc) =it o R (t) = 0 . Thus saturation of the sum rule
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(“is} with the nﬁﬂleon intermediate state is consistent for free nucl-
- eons Qnly. .

Show now that this conclusion is not altered if we teke into ac—
count the isobar intermediate state. In the nucleon-isotar transition
current we retain the lowest multipole which corresponds to the mag-

netic dipole transition

] g T{ o — o ¥ A
(WY B e = 3 5 (23)
) ) o h\\’f‘ \P> o.(¥Y wvt?-iﬁ)“r(ﬁt.“ﬁ %N&)U\{?]
It may be easily checked that the coefficient D.(Pj coincides with
the form-factor of the electromagnetic transition current. (When com-
paring the Clebsch-Gordan coefficients for transitions with different
change of the third component of the isotopic spin, one should have
T 3 : 3
in mind that they commect | with V& | and not directly with'l )
It is convenient to put *¥) = rF{f Then from the consideration of
the W= N transition in the dtatie Barhelicbield (we Heklect the
i % B
Ny nass difference) it is evident that F{D} = i%.' . The summation
over the spin of the intermediate isobar is performed by means of the

proaectlnn operator/ 2/

°l+‘\“-“- K on)
where WL is the iscbar mass and q is its momentum. Insertion of .

(23) and (24) into (18) leads,if we take into account the nucleon

intermediate state too, to the relation true in an arbitrary frame

P+ &% -8l (v ﬁ*’“"g) =} (25)
Here © is the angle between momenta F and %_ . In the frame
where |g|—» e and @# 0 this relation can take place only under
the condition

Pt =0 (26)
S0 that.inc'lus'inln of isobar in itself cannot indeed make a nucleon

clothed. This result seems to us quite natural from the physical

10.
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‘point of view since the existence of the nucleon-nucleon and nucleon-.

isobar transitions only cannct make a nucleon clothed. To make if
clothed we need take into account intermediate states containing e.g.
1 -mesons besides a baryon. If we introduce from the veéry beginning
the lagrangian of nucleon and isobar interaction with vzctor field,
taking into account in it the corresponding form-factors, then. the
algebra of currents will be broken. Due to ‘these reasons the satur-
ation of the sum rules with arbitrary number of baryon resonances ap-
parently cannot make the nucleon vertex clothed.

Note that the formula (3) is a corollary of (25). To obtain it
it is sufficient to differentiate (25) on t at tT=0 in the pro-
ton rest frame (or in the frame with |Pl-»e and @ =0 ). There-
fore the discussion of the correspondence between the relatian (3)
and the experimental data has no meaning at all.

lie can use not only (18) but analogous relations following from
commutators of identical space components. The investigation of then
does not lead however to new results and we shall not discuss iV in
detail. Note only that the contribution of diagrams of the type 2
does not always turn to zero even in the frame with [p7| —veo. L.g.
the contribution of the diagram 2a to the matrix element of the com-
mutator of space components orthogonal to P turns out wo be finite
in this frame, and that of the diagrﬁm.ﬂa vanishes. The contribution
of the diagram 2b is distinct from zero (and infinite!) in the casec
of the commutato: of time components toc; Thus in distinction from
the theories oﬁ the type Lqﬁ or LJPH /1OK, in the case of par-
ticles with non-zerc spin we have to take into account the diagrams

of this kind even in the frame with infinite momentum..

e



4,.THE ROLE OF THE SCHWINGER TERMS

In the quark model the vector and axial current denslt1e$ are

tn be defined by means of the limiting process
' V00 = Q. @ (k- Y 5 Nty

: €40 (27Y
s a :
Apto < Qé’_ﬁz“”“"-)‘frﬁhi% Wixer)
Making'userof the canonical commutators for W and W , and

‘taking into account the Schwinger terms, we get the following com-

mutation relations

- oo &ﬂ K_A () k-.i‘ﬂ] {l'-?“ [‘51.\! ) + Qg Vikx) = GV, ml

AT T (R A,uﬂ’gw-p +bim] i, LISV ey 4 2
U B R A R A A e TR )

o0 e = 168 oo A0 +0p0 K -1, Koo |+ E-Qm;wﬁfw

L of By - . "
+ 4% vhmlg%t.i" e Q'é‘.',“uﬁ," E..,m\t’cx—ufﬁqh".ﬂ%"*f-) + (29)

4+ G(j—t}n—(%ﬁi"i "l‘%\;. K.l. "%Bp Xu) -:—-t{#} )t E \‘P (% 1‘5-‘% i{sa"‘-‘r‘tg} -% Li‘i —g)]

These results are contained partly in the work by Adler and Callan 19
When obtaining (28) and (29) the limiting process (27) was taken
into account in one of the currents only. Sometimes (e.g; in (6) ) it
appears to be convenient to act in more symmetrical way moving apart
the arguments in both currents.
If we take into account the Schﬁinger terms, the relations used

in the sectipnkg become
= MGV B 2y dn B VTR -
QB0 ( B-E .01V ¥ =1 -
*h&m%—-@s SITIEATTEATN

(30)

12.



In this casé the'Schwinger term is isotopically even.

In the proton rest frame the matrix element (an\ﬁ{-z;qﬂ[?)l?:n)
is a scalar in the three-dimensional space and depends on a single
-v&q‘ta; : E 5 therefore it must be a furction of €% . Thus after
averaging over the angles the Schwinger term in (30) vanishes. Un-

fortunately we cannot prove this result in an arbitrary frame from

general considerations. To ground the rieglect of the Schwinger term
; in the frame with |¢| - o =, we have therefore.to appeal to the
lowest order of perturbation thecry. _ ' |
Note for completeness that the Schwinger term in the commuﬁ-_
ator of the time and’apacé components of the vector (or axial) cur-

rent is equal to
-L% sl (F\V-%YD\?)

and can be distinct from zero even in the rest frame. At the same
time the Schwinger term in the commutator of different space compo-
nents is
L %m@z (B=o\ VDY D\ B0y = 0
Tn conclusion we express our deep gratitude to B.L.Ioffe for
stimulating discussions without which this work would not be writ-
ten. We are sincerely grateful also %o &.I;vainshtein for numerous

arguments and conversations.
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