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Comment on “Nucleon form factors and a nonpointlike diquark”
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Blochet al.[Phys. Rev. B0, 062201(1999] presented a calculation of the electromagnetic form factors of
the nucleon using an ansatz for the quark-diquark solution of the relativistic three-quark Faddeev equation. In
this Comment it is pointed out that the calculation of these form factors stems from a three-quark bound state
current that contains overcounted contributions. The corrected expression for the three-quark bound state
current is derived.

PACS numbes): 24.85+p, 13.40.Gp, 14.20.Dh, 12.38.Lg

The proper way to include an external photon into a few- _
body system of strongly interacting particles described by jgubtracFZq’UzréLq’, (4)
integral equations has recently been discussed in détaijl
In particular, it has been shown how to avoid the overcountwhich plays the role of a subtraction term in that it removes
ing problems that tend to plague four-dimensional ap-the overcounted contributions. Here we shall not be con-
proacheq1]. The purpose of this Comment is to point out cerned with the two-body interaction current, but rather, en-
that just this type of overcounting is present in the work ofdeavor to examine the cancellations taking place between the
Bloch et al.[3] who calculated the electromagnetic form fac- first (“overcount”) and last(“subtract”) terms in detail.
tors of the nucleon using an ansatz for the quark-diquarkhus we stress that the correct one-body contribution to the
solution of the four-dimensional Faddeev equation for threeurrent, also known as the impulse approximation, is given

quarks. by
In Ref. [2] we showed that the bound state electromag- » » »
netic current of three identical particles is given by Jimputse= J overcount™ J subtract ®
3 To reveal these cancellations one writes the bound state

— 1 1
jr=— 2 NG Fi”DEilJf Eviﬂdi—l_ Eviriﬂ ¥, (1) wave function in terms of its Faddeev componetts: V¥,
i=1 +W,+WV;, where

whereW¥ (W) is the wave function of the initigfinal) three- 1

body bound statd'/ is the electromagnetic vertex function Wi:EDOiviq" ©®
of theith particle,d; is the propagator of particlie v; is the ]

two-body potential between particlggndk (ijk is a cyclic ~ These components obey the Faddeev equations
permutation of 128 v{* is the five-point function resulting

from the gauging ob;, andD;=d;dy is the free propagator Wi=Diti'¥;=Doitj'Vy, @)
of particlesj andk. BecauseV' is fully antisymmetric, the  \yperet, is thet matrix for thej-k system, and for identical

sum overi in Eqg. (1) can be replaced by three times the ¢.mions possess the symmetry properfigs
=3 contribution. In this way the second term on the right

hand sidgRHS) of Eq. (1) defines the two-body interaction PV, =—V, P.W.=—W. P.WV,=—V, etc
current contribution 12%1 2, M1zt 3, Fa3¥t 1 .,(8)

u ZE\I_fv“d’l\If @) where Pj; is the operator interchanging particlesand j.
Jwo-body™ 4+ V3 Ga Writing Eq. (3) in terms of these components and using Egs.
, i . 8), j& becomes a sum of five terms
while the first and third terms together make up the one—bod)g ). Jovercount
current contribution to the bound state current. As discussed . . .
in Ref. [1], the_ first term on the RHS of Ed1l) defines an jgvercountzzxpgrg[)a31\y3+ ‘I’3F’1LD511‘I’3+‘1’2F’1LD511‘I’3
electromagnetic current
: 1— + W, 4D g W o+ W, AD g W, 9
ngercounF E‘I,FgDOBIq,’ () . . . . . .
The diquark model used in Rd8] is equivalent to invoking
which overcounts the one-body current contributions, whilethe separable approximation for the two-botlynatrix t;
the third term defines a current =h;r;h;, with 7; playing the role of the diquark propagator
and h; describing the quark-quark-diquark vertex. For sepa-
rable interactions, it is usual to define the spectator-
*On leave from The Mathematical Institute of Georgian Academyquasiparticlgquark-diquark amplitudeX; through the equa-
of Sciences, Thilisi, Georgia. tion [1]
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FIG. 1. lllustration of the five terms making U, crcountin the
case of separable interactions, Efjl). For a three-quark system,
single, double, and triple lines correspond to a quark propagdator
a diquark propagatorr;, and a three-quark bound statthe
nucleon, respectively. The wiggly line indicates the single-quark
electromagnetic currert/. The correct impulse approximation is
obtained by removing the first and fourth of these diagrérosint-
ing from the top.

Wi=Goh; 7 X, (10
whereGy=d;d,ds. In terms of these amplitudes the contri-
bution of Eq.(9) becomes

| 1_ _
J bvercount §X3d3F§d373( hsd;d;h3) 75X3

+Xg7(had T4d;dohg) dgmsXs
+ X 720550, T4 d; hada 75X
+ X 720,05 dpd; hgdg msXs
+ X, 750,003l 4d 1 hads m5Xs. (12)

The five terms summed on the RHS of Ed1) are illus-
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on the RHS of Eq(11) differs from A}L only in that our
diquark propagator contains a dressing bubble. With or with-
out this bubble, Eq(11) does not give the correct impulse
approximation.

With the help of Eq.(6), the subtraction term of Edq4)
can be expressed as

j gubtract: §w3D631F§q,3 + WZD621F5W3 .

(12

Comparison with Eq(9) shows that the first and fourth terms
of Eq. (9) are overcounted Thus the correct expression for
the impulse approximation is

J mpulse= Wal4Do Wt ‘I'zrfD(;ll‘I'3+‘P2F§Dasl‘I'?- )
13

For the work of Ref[3], this means that the correct impulse
approximation is given by the sum of thei , A>, andA®,
only, and not, as claimed in their work, by the sum of all five
A'M’s. Diagrammatically this means that the correct impulse
approximation to the nucleon current in the diquark model
corresponds to the sum of the second, third, and fifth dia-
grams of Fig. 1.

A further comment regarding Ref3] concerns the nu-
merical values obtained for the contributions, and Ai.
For separable interactions E(,) imply that the amplitudes

X; satisfy the equation¥;=h;Dh;7;X;, wherei #j. Using
the time-reversed version of these equations one ob¥ins

= X,7,h,d;d,h; which can be used to simplify the last term
of Eq. (12):

Xz Tzdzﬁzdsrgdlhadafsxs = stsrgdﬂaxs . (19

The RHS of this equation is justA’z}L of Ref. [3] and we
have therefore shown that'=A>. This equality appears
not to be reflected in the numerical results of H&f. as is
evident from their Table II. In turn this suggests that the
ansatz used in Ref3] to parametrize the quark-diquark am-
plitude, their Eqs(26) and (27), is inconsistent with a true
solution of the relativistic Faddeev equation. Finally, we note
that the errors of Ref.3] have been perpetuated in a recent
paper([4].

This work was partially supported by the Engineering and
Physical Sciences Research CouridilK.).

IActually the fourth and fifth terms of Eq9) are identical, as can

trated in Fig. 1. The last four terms are identical to the con-easily be shown using EqéZ). Thus, it should be understood that

tributions Z\'M (i=2,...,5) ofRef.[3], while the first term

overcounting is due teitherthe fourth or fifth terms.
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