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Comment on ‘‘Radiative proton-deuteron capture in a gauge invariant relativistic model’’
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Although the model by Korchinet al. @Phys. Rev. C59, 1890 ~1999!# for the radiativep1d capture
basically follows the covariant and gauge invariant approach by Nagornyet al. @Sov. J. Nucl. Phys.49, 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 radiativep1d cap-
ture in a relativistic approach using a realistictdp vertex (t
indicates 3He). Since the Lorentz covariant and gauge
variant approach to the electromagnetic interactions of f
body systems was already developed earlier@2–4# and used
for the description of various reactions@5–9#, I feel it is
appropriate to point out relevant differences and to m
some comments.

~i! While the treatment of the external radiation amp
tude, i.e., proton-, deuteron-, and3He-pole diagrams, in@1#
follows basically the steps of Refs.@2–4#, a simplified~with-
out any theoretical background! form for tdp-vertex Am ,
expressed through thepd-relative momentumk only, was
actually used in@1# @see Eq.~11! there#. The general form for
Am consistent with Lorentz andCPT invariance includes a
separate dependence on thep andd momenta@3# (B,C,D are
scalar functions ofk2):

Am~p,d,t!5@gmB1pmC1dmD#g5 . ~1!

A simplified tdp vertex from@1# @see Eq.~11!# cannot sat-
isfy the ‘‘orthogonality’’ condition @2,3#: dmAm(p,d,t)50
and, therefore, does not eliminate the contribution of ‘‘u
physical’’ states of the~virtual! spin-1 particle. In general, to
use high-spin~1; 3/2; . . .! nongauge fields propagators of
mass-shell, one has to impose subsidiary conditions to el
nate un-physical states~with spin 5 0; 1/2; . . . , respec-
tively!, and therefore to insure couplings to the pure spin5
1; 3/2; . . . fields.

Note, terms in thegdd vertex proportional to the~real/
virtual! deuteron momenta do not contribute~if ‘‘unphysi-
cal’’ states of the virtual deuteron are eliminated!, and Ward-
Takahashi identities for on/off-shell vertices are the sam

~ii ! Contrary to the authors’ claim, the construction of t
internal radiation amplitudeJintern @see Eqs.~15! and ~16! in
@1##, is not new. It follows directly from the ‘‘minimal pho-
ton insertion,’’ introduced earlier in@2,3#, but into thesim-
plified tdp vertex @see Eq.~11! in @1##. Indeed, substituting
vertexAn(p,d,t) defined in Eq.~11! from @1# into the gen-
eral form @2,3#
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$zpAn~p2lq,d,t82lq!

1zdAn~p,d2lq,t82lq!%, ~2!
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one obtains a ‘‘minimal’’ internal radiation amplitude~we
use the definitions from@1# and omit all terms proportiona
to qm which do not contribute when contracting with th
photon polarization vector!,
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2!Gg5 . ~3!

This result can be shown~after short algebra! to be identical
to the one in@1# @see Eqs.~15! and ~16!, if one discards the
‘‘negative-energy’’ components for simplicity only#. There-
fore, the gauge invariance in@1# is arranged in exactly the
same~‘‘minimal’’ ! way as in@2–4#. The only difference is
that a simplifiedtdp vertex was used in@1#.

~iii ! A ‘‘new element’’ in @1#, in contrast to@2–4#, is the
use of the ‘‘off-shell anomalous magnetic moment’’ of3He
~it is keff in @1#!, introduced through a special choice of
self-energy (S) correction@see Eqs.~37! and ~39! in @1## to
the s-channel3He propagator. This completelyad hocpro-
cedure has no theoretical foundation, and leads to a ‘‘dou
counting’’ only.

Indeed, on the one hand, such aS correction to the3He
propagator as applied in@1# ~full propagator with only one
irreducible gtt vertex in the3He-pole diagram! is not con-
sistent with the use of areducible tdp-vertex Ared which
already includes all self-energy parts. A fully renormaliz
propagator~including the self-energy! in the s-channel dia-
gram may be used only in the combination with bothirre-
ducible gtt and tdp vertices, which are related to there-
ducibleones through the identity~in an obvious notation, the
subscript 0 refers to bare propagators! @10#

D0~d!S0~p!Am
redS0~t!5D~d!S~p!Am

irredS~t!. ~4!

On the other hand, anyarbitrary off-shell modification of
the vertices@such as replacing of the anomalous magne
moment k by keff in @1#: see Eq.~39! and the paragraph
below it, for instance#, even without a self-energy motiva
tion, automatically means anuncontrollablechange of the
‘‘minimal’’ contact current, since any off-shellness~includ-
ing off-shell effects in the Pauli part!, may be directly trans-
ferred to the internal radiation amplitude, and sometim
©2000 The American Physical Society01-1
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even completely canceled by the ‘‘minimal’’ contact curre
~see@10,11#!. As a result, an arbitrary~undefined from the
theory! part, which certainly leads to a ‘‘double counting,
is simply added to the physical amplitude in@1# due to the
modification of the anomalous magnetic moment of3He.

~iv! Accounting for the initial state interaction by th
modification of thetdp vertices through the pole graphs
accordance with Eqs.~40!,~45!–~47! from @1# violates time
reversal invariance, since leads to an imaginary part in
vertices connected with bound states only. In general,
initial state interaction inp1d→3He1g reaction cannot be
included by the modification of thetdp vertex which con-
tains onlyone initial particle, while two others belong to th
intermediateand final states~in the proton- and deuteron
pole diagrams!. In the present framework initial state inte
r,
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w

01980
t

e
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actions can only be taken into account consistently in te
of the loop diagrams~e.g.,@2,3,8#! including regular part of
the hadronicT matrix.

~v! Finally, it is puzzling how the authors of@1# have been
able to identify in Fig. 2 of@1# a pure relativisticeffect from
the ‘‘negative-energy’’ components in thetdp vertex~which
do not exist in the nonrelativistic limit!, using apure nonrel-
ativistic wave function. As is well known, ‘‘negative
energy’’ components present an additional sector in the
variant vertex which has no analogy in the quantu
mechanics and cannot be expressed in terms of the non
tivistic wave functions only~as an example, see@12# where
additional components of anotherP parity, i.e., P waves,
responsible for the ‘‘negative-energy’’ components indpn
vertex, had to be introduced except standard nonrelativistS
andD waves of the deuteron!.
on
T

@1# A. Yu. Korchin, D. Van Neck, O. Scholten, and M. Waroquie
Phys. Rev. C59, 1890~1999!.

@2# S. I. Nagornyet al., Yad. Fiz.49, 749 ~1989! @Sov. J. Nucl.
Phys.49, 465 ~1989!#; 53, 365 ~1991! @53, 228 ~1991!#.

@3# S. I. Nagornyet al., Yad. Fiz.55, 2385~1992! @Sov. J. Nucl.
Phys.55, 1325~1992!#; Yad. Fiz.57, 1001~1994! @Phys. At.
Nucl. 57, 940 ~1994!#.

@4# S. I. Nagorny, Yu. A. Kasatkin, and V. A. Zolenko, Phys. Le
B 316, 231 ~1993!.

@5# C. Tripp et al., Phys. Rev. Lett.76, 885 ~1996!.
@6# C. Spaltroet al., Phys. Rev. Lett.81, 2870~1998!.
@7# C. Spaltro, H. Blok, E. Jans, L. Lapikas, and S. Nagorny, Fe
 -

Body Syst., Suppl.26, 271 ~1999!.
@8# S. Nagorny and W. Turchinetz, Phys. Lett. B389, 429~1996!;

429, 222 ~1998!.
@9# J. v. Leeeuweet al., Phys. Rev. Lett.80, 2543~1998!.

@10# S. I. Nagorny and A. E. L. Dieperink, Eur. Phys. J. A5, 417
~1999!.

@11# S. I. Nagorny, inProceedings of the Second Workshop
‘‘Electronuclear Physics with Internal Targets and the BLAS
Detector, edited by R. Alarcon and R. Milner~World Scien-
tific, Singapore, 1999!, pp. 208–224. BLAST-MIT Workshop,
1998, http://mitbates.mit.edu/ blast/workshop.

@12# W. W. Buck and F. Gross, Phys. Rev. D20, 2361~1979!.
1-2


