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Comment on “Radiative proton-deuteron capture in a gauge invariant relativistic model”
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Although the model by Korchiret al. [Phys. Rev. C59, 1890 (1999] for the radiativep+d capture
basically follows the covariant and gauge invariant approach by Naggray [Sov. J. Nucl. Phys49, 465
(1989; 53, 228 (1991); 55, 1325(1992; Phys. At. Nucl.57, 940 (1994; Phys. Lett. B316, 231 (1993],
several inconsistencies in the model are pointed out.
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Korchin et al.[1] have calculated the radiatiyet+d cap- one obtains a “minimal” internal radiation amplitudeve
ture in a relativistic approach using a realistitp vertex (r  use the definitions fromil] and omit all terms proportional
indicates ®He). Since the Lorentz covariant and gauge in-to g, which do not contribute when contracting with the
variant approach to the electromagnetic interactions of fewphoton polarization vector
body systems was already developed eafler4] and used
for the description of various reactioi§—9], | feel it is
appropriate to point out relevant differences and to make J'mem 2Q%
some comments.

(i) While the treatment of the external radiation ampli-
tude, i.e., proton-, deuteron-, arftHe-pole diagrams, ifi1] +g*”
follows basically the steps of Ref2—4], a simplified(with-
out any theoretical backgroundorm for 7dp-vertex A,
expressed through thed-relative momentunk only, was
actually used ih1] [see Eq(11) therg. The general form for
A, consistent with Lorentz an@PT invariance includes a
separate dependence on thendd momentd 3] (B,C,D are
scalar functions ok?):

M, M,
_Rz ERl

M, 5 M, 2
EH+(Q1)_m_2H+(Q2) Vs5- 3

This result can be showfter short algebpato be identical
to the one iN1] [see Eqgs(15) and(16), if one discards the
“negative-energy” components for simplicity onlyThere-
fore, the gauge invariance iri] is arranged in exactly the
same(“minimal” ) way as in[2—4]. The only difference is
that a simplifiedrd p vertex was used ipl].

(i) A “new element” in [1], in contrast tq2—4], is the

A,p.d,7)=[y,B+p,C+d,D]ys. (1) use of the “off-shell anomalous magnetic moment” Hfie
(it is keg in [1]), introduced through a special choice of a

A simplified rdp vertex from[1] [see Eq(ll)] cannot sat-  self-energy E) correction[see Eqs(37) and(39) in [1]] to
isfy the “orthogonality” condition[2,3]: d,A,(p,d,7)=0  the schannel®*He propagator. This completebd hocpro—
and, therefore, does not eliminate the COHtI’IbUtIOﬂ of “un-cedure has no theoretical foundation, and leads to a “double
physical” states of thévirtual) spin-1 particle. In general, to counting” only.

use high-spin(1; 3/2; ...) nongauge fields propagators off-  Indeed, on the one hand, suctacorrection to the®He

mass-shell, one has to impose subsidiary conditions to elimpropagator as applied ifi] (fU” propagator with only one

nate un-physical statesvith spin = 0; 1/2; ... , respec- irreducible yr vertex in the®He-pole diagramis not con-

tively), and therefore to insure couplings to the pure spin  sistent with the use of @educible rdp-vertex A" which

1; 3/2; ... fields. already includes all self-energy parts. A fully renormalized
Note, terms in theydd vertex proportional to théreal/  propagator(including the self-energyin the s-channel dia-

virtual) deuteron momenta do not contribui® “unphysi-  gram may be used only in the combination with batie-

cal” states of the virtual deuteron are eliminateahd Ward-  ducible y77 and rdp vertices, which are related to ttre-

Takahashi identities for on/off-shell vertices are the same. ducibleones through the identityn an obvious notation, the
(i) Contrary to the authors’ claim, the construction of the subscript 0 refers to bare propagajdi0]

internal radiation amplitudé™®™ [see Eqs(15) and(16) in

[1]], is not new. It follows directly from the “minimal pho- Do(d)so(p)A;fdso( )= D(d)s(p)Ai:eds( 7). (4

ton insertion,” introduced earlier if2,3], but into thesim-

plified 7dp vertex[see Eq.(11) in [1]]. Indeed, substituting

vertexA,(p,d,r) defined in Eq(11) from [1] into the gen-

eral form[2,3]

On the other hand, argrbitrary off-shell modification of
the vertices[such as replacing of the anomalous magnetic
momentk by ke in [1]: see EQ.(39) and the paragraph
below it, for instancg even without a self-energy motiva-
tion, automatically means amncontrollablechange of the
“minimal” contact current, since any off-shellnegmclud-
ing off-shell effects in the Pauli partmay be directly trans-
+z4A,(p,d—\q, 7 —\Q)}, (2) ferred to the internal radiation amplitude, and sometimes

. dx d
J'l’;tfmzf x da, —{z,A,(p—\q,d, 7' — Q)

0556-2813/2000/63)/0198012)/$15.00 63 019801-1 ©2000 The American Physical Society



COMMENTS

PHYSICAL REVIEW C 63019801

even completely canceled by the “minimal” contact currentactions can only be taken into account consistently in terms

(see[10,11]). As a result, an arbitraryundefined from the
theory) part, which certainly leads to a “double counting,”
is simply added to the physical amplitude[ih] due to the
modification of the anomalous magnetic momentbie.

(iv) Accounting for the initial state interaction by the
modification of therdp vertices through the pole graphs in
accordance with Eqg40),(45)—(47) from [1] violates time

of the loop diagramse.g.,[2,3,8)) including regular part of
the hadronicT matrix.

(v) Finally, it is puzzling how the authors ¢1] have been
able to identify in Fig. 2 of1] a pure relativisticeffect from
the “negative-energy” components in the p vertex(which
do not exist in the nonrelativistic limitusing apure nonrel-
ativistic wave function. As is well known, “negative-
energy” components present an additional sector in the co-

vertices connected with bound states only. In general, thenhechanics and cannot be expressed in terms of the nonrela-

initial state interaction i+ d— 3He+ 7y reaction cannot be
included by the modification of thedp vertex which con-
tains onlyone initial particle, while two others belong to the
intermediateand final states(in the proton- and deuteron-
pole diagrams In the present framework initial state inter-

tivistic wave functions onlyas an example, sdd2] where
additional components of anothér parity, i.e., P waves,
responsible for the “negative-energy” componentsdpn
vertex, had to be introduced except standard nonrelati\istic
and D waves of the deutergn
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