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Unitarity constraint for threshold coherent pion photoproduction on the deuteron
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The contribution of the two-step procegd— pn— 7°d to the imaginary part of the amplitude for coherent
pion production on the deuteron is calculated at threshold exploiting unitarity constraints. The result shows that
this absorptive process is not negligible and has to be considered in an extraction of the elementary neutron
production amplitude from thed— 7°d cross section at thresholg50556-28187)50109-9

PACS numbeps): 21.45+v, 12.39.Fe, 25.20.Lj

Recently there has been considerable interest in the cohesire invariant under time reversal. In this case, following the
ent electromagnetic production of pions from the deuterorconventions of Ref[6], the imaginary part of the partial
near threshold. The main motivation thereby is to gain infor-wave T-matrix element of total angular momentuhfor the
mation on the elementary neutron amplitude— 7°n reactiona=(a;a,) —b=(b,b,) fulfills the following unitar-
which is experimentally not directly accessible. A first mea-ity constraint:
surement of theed—en%d reaction nearqi= —0.075
GeV?/c? will be performed soon at MAM[1]. However, it ImT) , ., | (W)
is already known for a long time that at threshold the R
yd— 7%d process is dominated by two-nucleon production

me_chamsms[Z]. Therefor_e, a careful theoretical anaIyS|s_ :z Pe 2 Ti NN (W)(Tib N (W))*.
which allows the separation of the one-nucleon process is c Nehe, 4% % 10y 7T TC
essential. Recently, chiral perturbation thedgPT) in the 2

heavy baryon formulation has been applied to this reaction
by Beaneet al. [3] predicting a real threshold amplitude. Here,\. is the helicity of particlé in the channet, andp.

Very recently, this work has been improved and extende@enotes the c.m. momentum of the two particles in the chan-
beyond next-to-leading order in the chiral power countingne| ¢. The first sum on the right-hand sid@HS) of Eq. (2)
scheme4]. runs over all open channetsfor a given total c.m. energy

It is the purpose of the present paper to point out that agy, |n terms of theT” the total helicity amplitude foa—b is
additional contribution of an absorptive two-step processgiven by

yd—pn—7%d, has to be included, which leads to a com-
plex amplitude even at threshold. The presence of such R, (W0
competing deuteron disintegration channel has an analogue @ % PPz
in the case ofrd elastic scattering, where the contribution of
the absorptive processd— NN— 7rd is known to be of the
order of 10% of the total amplitudesee, e.g.[5]). An effect
of this size would not be negligible for the electromagnetic
reaction due to the relative smallness of the single-nucleon XTR ny =g ng (W), 3
amplitude, one is mainly interested in. In the case of e
md—d, the imaginary part of the scattering lengthy is  \ith Na=Na —Aa, No=Mp.—\p., andé, ¢ are the spheri-
related to the total absorption cross section through 1 2 o2

cal coordinates of the outgoing partidie.

We apply relation(2) to the three coupled channetdd,

lim p.go(md—X), (1) pn, andyd at the 7° prpduction thresh_old,_i.e., in the limit

W—Wy=m_o+my, which, of course, impliep_oq—0. In
this limit, therefore, no contribution frons=(7’d) to the
sum occurs due to the vanishing phase space factor. More-
over, at threshold we can restrict ourselves to partial waves
of angular momentum and parifif =1~. Thus7’d—pn is
described by a single matrix elemeht with

= 877W2 (23+1)eha ] | (6)

Ima, =-—
477 pﬂ'dﬂo

wherep .4 is the pion momentum in the c.m. system. This
relation follows directly from the optical theorem. An analo-
gous unitarity constraint on thed— 7°d amplitude near
threshold is present and will be treated below.

As is well known, the unitarity of th&-matrix leads to 1 N
constraints for the corresponding reaction amplitudes. For Txdw\pxn:5(101"p_)‘n|17‘p_7‘n)A- (4)
our purposes, it is sufficient to consider coupled two-particle
channels where the particles are subject to interactions whidRor yd— 7°d at threshold, two independent matrix elements

remain,E oy andM ,oq. They correspond to the electric di-
pole (E1) and magnetic quadrupol®2) radiation allowed
*Electronic address: wilhelmp@kph.uni-mainz.de for the 1" — 1~ transition of the hadronic system. One finds

0556-2813/97/563)/12153)/$10.00 56 R1215 © 1997 The American Physical Society



RAPID COMMUNICATIONS

R1216 P. WILHELM 56
1 TABLE |. Relative contributions of various electromagnetic
i NN 2 ‘/2|_+1(1_)\d|_)\7|1)\y_)\d) currents to the E1(yd—S3P;(pn)) matrix element at
Mara 36 L512 E,=140 MeV.
X(8L 1E70q+ N8 oM 70g). (5) Siegert operator 122%
Finally, for yd—3P,(pn) one obtains spin current %
naty yd—"Py(pn) ! spin-orbit current —23%
1 meson-exchange currertseyond the Siegert operajor —6%
1 — _ —
TM)\dH’\p)\n_ %(101% NnlINp—Np) andA current
X 2 \N2LFL(1—NgLA,JIN,—Ng) | IME 04|
L=1,2
1
X (OaBont Ry o Mpn). © - e ppn\/—;)y: a(yd—3Py(pn);EL)a(pn—=°d).
whereE,, andM, are the correspondingl andM2 ma- 7 ™ (14)
trix elements of the disintegration process. The various total
cross sections in terms of these matrix elements are At this level, there is, however, no way to fix the sign. In
order to get a numerical value, we take for the hadronic cross
4 der t t | val take for the had
o(m°d—pn)= ?77 ﬁ| |2, (7)  section the experimental result given by Hutcheorl. [7],
P 704
47 po lim 2—— o(pn—n°d)=184+5+13ub. (15
o(yd—m) = DB o2+ [MpodD), (@ pyog-0 P
6 p'yd
4 The partial cross sectionyd—3P,(pn) is at present not
o(yd—3P,(pn);E1+M2)= 7 ppn(IEpn|2+|Mpn|2). available although it could in principle be obtained from a

6 Py multipole analysis. There are, however, reliable theoretical
C) models available which reproduce all deuteron photodisinte-
gration data in this energy regid8]. At this energy, theel
matrix element is mainly given byr-exchange current con-

1 tributions, which can be calculated in a largely model-
Im E_og(Wo)=— panpn(WO)A*(WO)v (10) independent way by taking advantage of gauge-invariance
V3 constraints (Siegert's theorem The underlying nucleon-
] ] nucleon interaction and also all model-dependent transverse
and an analogous relation fé# ;oy andM,, respectively.  gjectromagnetic currents, like té1232 excitation current,

Since the left-hand side.HS) of Eq. (10) is real, relation  paye Jittle effect on this matrix element. We take the value
(10) implies that the phases of the complex matrix elements

Taking nowa=(yd) andb=(#°d), relation(2) leads to

A and E,, are equal. Indeed, evaluating E() with o(yd—3P,(pn);E1)=10.54 b (16)
a=(7"d), b=(pn), and a=(yd), b=(pn) provides us
with from an updated version of the model of RE]. Table |
) ) gives some details of how this value arises. It is interesting to
A(Wo)=|A(Wo)|exii o5, (Wo)+in], (1) note that the relativistic spin-orbit current gives a sizable
contribution.
and In order to relate our result to thgPT calculations of
] ] Beaneet al.[4], we switch to their normalizatiofend nota-
Epn(W) = [Epn(W)|exdi 93, (W)+ikm],  W<W, tion) of the electric dipole amplitudeE 4=E ,04/4, and ob-
(120 tain
respectively, wheredsp is the nucleon-nucleon scattering [IMEg4|=0.22x10"3/m,,+. (17)

phase shift in théP; channel. Equatiol2) is simply Wat- ) )
son’s theorem applied to deuteron photodisintegration and ihe cross sectiomr(yd— *P4(pn);M2) is more than two
valid for all energies below the pion production threshold,orders of magnitudes smaller than EG6) and leads to
whereas Eq(11) is valid for W=W, only. Finally, we men- |ImMg=0.018<10"%m_, whereM4=M ,o4/4. Neverthe-
tion that takinga=b=(=d) in Eq. (2), leads to the con- l€ss, the role of th&2 transition in th_e coherent_pro_ductioq
straint for the imaginary part of thed scattering length in  at threshold deserves a more detalleql investigation _whlch
Eq. (1). will be presented elsewhere. The main reasons @yeit
Using Eqgs.(7) and (9), and the detailed balance relation Provides an additional possibility to test theoretical predic-
tions (an experimental separation BfL andM?2 requires a
3pi0d0'(770d—>pn) :4p§na(pn_> w°d), (13)  polarized deuteron targeiand(ii) the relative importance of
the M2 transition grows with the momentum transfer in the
our main resul{10) can be rewritten as electroproduction process.
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The result(17) has to be compared with the value calcu-tive process in the framework of heavy barygRT. The

lated in[4], processyd— 7°d has been calculated {@] up to and in-
- o, . . cluding all terms of ordepr<0 of the expansion in terms of
By =0.3&7,"-2.6xX10 */m,+=—1.8xX10 */m,-, powers of small momentaQ/A)” where typicallyQ~m..,

(18  A~my. A real amplitude has been obtained since the ab-
where the latter value is obtained taking tfReT prediction sorptive contributior(defined as the sum of all time-ordered
of [10] for the neutron electric dipole amplitude diagrams which contain at least one pure two-nucleon inter-

Eginz 2.13x10 3/m_-+. Thus the threshold cross section it- mediate stateis of higher order in the power counting fof

self is affected by less than 2% only by this imaginary partNOW’ the fact that mEd in Eq. (17) tumns out to be .Of the
(17). However, there is no reason at all to assume that th8ame order of magnitude as the three—bod)/tbCAOntrlbutlon of
contribution of the absorptive process to the real part of thé’rdefs”zo _calcu_lated t_)y Beaneetal, Ej"= __0'25
amplitude is much smaller in magnitude than the imaginary< 10 */mz+ in their notation, leads to the conclusion that
part. Unfortunately, unitarity does not allow to estimate it. It €ither the convergence of the expansion is simply bad, or
can only be calculated within a model which to our knowl- €ventually a modified power counting should be applied. The
edge has not yet been done. For the moment, in order to gBgcessity for a m0(1:i/|2f|ed power counting when typical mo-
a rough idea, one may look into the in many respects analghenta are~(m,my)~“ rather than~m,, due to the kinemat-
gous situation formd elastic scattering. There, three-body €S Of the reaction WaSJ'rSt noted by Cofetrel. [12], study-
calculations suggest for the absorptive contribution to thé"d the reactiorpp— 7"pp near threshold. Indeed, the on-
scattering length, %ﬁ’ffv—lma,,d (see[5] for an overview. shell m'omentum o.f the mtermedla}gep pair within the
Assuming, thereforéReEgbfi=0.22>< 10~3m_+, one has to absorp'glve process is of orc_;lgm(,r_n,\‘)1 . Therefore, the sec-
conclude that the neglect of the absorption process in aﬂnd point needs to be clar_lfled_ in the future.

analysis of theyd— 7°d cross section based on E(L8) In S“mmg‘ry' the c_:ontr|.but|on of the two-step process
would lead to a systematic error of the order of yd—pn—ad to the imaginary part of the electric dipole

AOn_ s , . (and magnetic quadrupglamplitude for coherent pion pho-
6Eg, =+0.6x10""/m+ for the neutron amplitude. This (oproduction on the deuteron has been calculated near

rough argument at least demonstrates that a calculation of thgyeshold utilizing unitarity constraints. The result shows that

absorptive contribution is necessary before definite conclugis ahsorptive process cannot be neglected in the extraction
sions on the neutron amplitude can be drawn. One way to dgf the elementary neutron amplitude.

this is to combine conventional models for deuteron photo-

disintegration 8] with those for the pionic disintegration of I thank H. Arenheel for useful discussions. This work

the deuteron11]. was supported by the Deutsche Forschungsgemeinschaft
Finally, one may wonder what is the role of this absorp-(SFB 202.
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