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Chiral expansion for low-energy n-nucleon interactions with explicit resonance
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We consider the process of low-energynucleon interactions in the framework of heavy baryon chiral
perturbation theory with thé&,;;(1535) resonance treated as an independent field. We include leading and
next-to-leading terms in chiral expansion of the amplitudes of the pion indgeedson production and elastic
m-nucleon scattering.
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The ideas of effective field theory applied to the system ofis another method to treat such a systdh It is based on
interacting baryons and mesons by means of heavy baryahe Weinberg type approadiY] where the tree level dia-
chiral perturbation theoryHBCPT) [1] have been proven to grams are interpreted as some effective potential which is to
be successful in describing a variety of low-energy pro-be iterated to all orders. TH&;(1535) resonance can exhibit
cesses. HBCPT involves the expansion in the paranig@tér  itself as the pole of th& matrix obtained. However, in such
whereQ is a typical momentum involved antl is a “heavy ~ an approach the chiral counting rules are less transparent
mass scale.” The chiral expansion is supplemented by theince only ladder diagrams are summed up when the
counting ruleq 2] allowing one to estimate the contribution Lippmann-Schwinger equation is solved. Moreover, the re-
of a certain graph or several graphs in a given chiral ordersults depend to some extent on the type of regulator used.
However, this method cannot straightforwardly be generalThe method of treating the resonance as an independent field
ized to the case where the corresponding matrix elements, in a sense, closer in spirit to the standard HBCPT. How-
exhibit a pole close to threshold so that the chiral expansioever, the problem with this latter approach is that the effec-
is divergent. This singularity can either be a virtual boundtive low-energy constants at the % order are poorly
state, as in the case of th&, nucleon-nucleon scattering, or known so the fully consistent calculations explicitly includ-

a resonance when the low-energy N scattering is consid- ing loops are not feasible at present. We discuss this point in
ered. One of the possible ways to treat self-consistently thenore detail below. The effective chiral Lagrangian we use
1S, nucleon-nucleon scattering is to introduce the effectivecan schematically be written as

“dibaryon” field [3] in the chiral Lagrangian which, in some W ()

sense, imitates the presence of the virtual bound &tatee- L=L+ L. @
times called “virtual deuteron). A similar idea was explored
in Refs.[4,5] to study the process of the low-enery N
interaction where the\(1405 resonance was introduced in
the effective chiral Lagrangian as an independent field. In the i _

present paper we use this approach to consider the low- ﬂ(l)ZWTT(B[[dJ,&OQS],B])+Tr(B*(v-A)B)+ H.c.,
energyznN interaction. The main dynamical feature of such a ©)
system is an existence of th®;;(1535) resonance near

threshold so the method developed to treatkheN scatter- and the next-to-leading order term of the effective Lagrang-
ing could be applicable in this case too. One notes that therian is

Here £ () is the leading order term in the chiral expansion
which is given by

L (2)=ﬁTr(§[(v -D)2—D?IB)+bpTr(B{x+ ,B}) +beTr(B[ x ,B]) +boTr(BB) Tr(x. )+ dp Tr(B{A%+ (v-A)2,B})
0

+deTr(B[AZ+ (v-A)2,B])+doTr(BB) Tr(A2+ (v - A)d)+d,[Tr(BA,) Tr(A*B) + Tr(B(v - A)Tr((v-A)B)]

+d,TI[B(A,BA”+(v-A)B(v-A))]. 3

As usual we defined the covariant derivative @48 = 9"B 1
+[I'*,B] with a chiral connectiod™” and axial operatoA, X+== 772 b id X1} 4
=—(1/2f)d,¢. The matrixy, is given by
HereB and ¢ are baryon and meson field operators, respec-
tively. The normalizations used are the same as those as-
*On leave from the Institute for Nuclear Research of the Russiarsumed in Ref[6]. We denotedy the diagonal meson mass
Academy of Sciences, RU-117312 Moscow, Russia. matrix with nonzero diagonal elementsm{,m?,2m2
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—m?). The operator describing ths;; resonance field is extreme points. One notes that formally we calculate the am-
contained in the second term of the expressiond6r. We  plitude of theN interaction to the next-to-leading order. In
definedB* the corresponding field operator. The low-energythis order the amplitude is still a real quantity. Taking into
effective constants should be determined from experimentaccount the resonance width corresponds to the inclusion of
The numerical values of the constarits were extracted the loop corrections, which are of ordéxp?), so our ap-
following the procedure used {6]. The parameterby and  proach is not fully consistent. However, it does not seem
br are related to the baryon mass splitting. UsBt(3)  feasible at present to carry out the complete one-loop calcu-
expressions relating the baryon masses one canbget |ations with theSU(3) chiral Lagrangians since the numeri-
=0.06 GeV ' andbg=—-0.22 GeV *. The value ofby is  cal values of most of the effective constants are practically
obtained from therN sigma term which is related 0, as ot known. Therefore, we assume that the most important

follows: part of the one-loop corrections in the vicinity of the reso-
nance is due to the formation and subsequent decay of the
UWN:_Zmi(bD+bF+2bO)- (5) S;; resonance so that these corrections can effectively be

accounted for by including explicitly in the calculations the
Using this relation we geho=—0.34 GeV L. width of the resonance. One notes, in addition, that the

The constant$d’ s} related to the double derivative terms imaginary part of the amplitude, which is assumed to be
in the chiral Lagrangian were determined in R&f.from the  determined by the resonance width, is needed to satisfy uni-
analysis ofK™p scattering at low energies. Let us briefly tarity, at least approximately. We used the valges=0.55
describe the procedure adopted 3} There are six channels andg,=1.7 for the corresponding coupling constants. The
(mX,mA,KN) altogether which can participate in the pro- gxpression for the amplitude of the pion-inducgdroduc-

cess ofk ™ p interaction at energies close to threshold. Thergjon yp to next-to-leading order but with the nonzero width
are also two expressions, relating isospin-evet Swave  of the S, , resonance is

scattering lengta’,, and isospin zero kaon-nucle@wave
scattering lengttag, with some of the low-energy constants

2

1
_ 2 T.,=F 2| =E,E.(dp+de+2d,) — 4(bg+bg)m?
477(1+M_N a;N:f_z dD+dF+2dO_2bD 7 \/6 7
5 N 2 E,Ex. ®
—2bg—4by— i ) (6) \/ggwg”Etot_M*_iF/Z '
4AM
and . . .
In Fig. 1 the results of our theoretical calculations are com-
pared with the experimental ddi@]. The agreement with the
K\ o mﬁ experimental data is quite reasonable even in the energy re-
4m| 1+ M, 2N T2 —2dg+2dg—d; +4be—4bg gion lying beyond the vicinity of the resonance and compa-

rable to that obtained in more phenomenological approaches

[9]. At higher energies the nonresonant terms become more
- M_N(F_ D/3)), (@) important. Thus, it seems possible that if we parametrize in

some way the contribution of the ne®{,(1620) resonance
whereF and D are the standard SB) coupling constants and calculate the nonresonant background using HBCPT, a
satisfying the relationD+F=1.26. Using these relations reasonable description of theN— »N reaction in the rela-
two effective coupling constants can be determined. The retively large energy region can be obtained. However, we did
maining constants were fixed using the experimental data onot try this possibility in the present paper. One notes that the
K™ p reaction with the different final states. There are sixquite large experimental errors make it difficult to estimate
possible final states altogether so that after all the effectivéhe importance of the neglected nonresonant one-loop cor-
constants were fixed three independent theoretical predicections whose contributions are expected to be of order of
tions were obtained. the experimental errors or smaller.

The other parameters involved in the present calculations Let us now turn to the issue of theN scattering length.
are the mass and width of tH&; resonance. We used the Its value is usually obtained from the process of the photo-
values 1535 MeV and 185 MeV, respectively. Unlike theinduceds production[10]. There is also a potential possibil-
mass of theS;; resonance, which is determined to a reasonity to extract this quantity from they-nucleus bound states
able accuracy, the width of the resonance is still quite 411]. However, the numerical value of thgnucleon scatter-
poorly known parameter. Different analyses give the valuedng length is not very well known. Its real and imaginary
of the total width ranging from 100 MeV up to 250 MeV. parts vary from 0.27 fm up to 0.98 fm and from 0.19 fm up
The situation is even worse with the partial widths related tato 0.4 fm, respectively9-11]. The expression for theN
the decay channelsN, 7N, and 77N. We adopted the scattering amplitude, obtained from chiral effective Lagrang-
value of the total width lying somewhere in between theian is
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8 “averaged” one. This is mainly due to the neglection of the
§(bp_ bg) — 6b0) mﬁ nonresonant loop corrections, which constitute some piece of
the imaginary part of thgyN scattering length. This is prob-

m2+

s 2
TWW:F bd_bF+ §b0

1 1 ably the case in the pion-inducegproduction reaction too.
+(—(5dD—3dF)+do— —dz) Ef, However, as we already mentioned, the experimental errors
12 3 are larger than the expected nonresonant one-loop correc-
1 = tions. _
+ _92+] 9) There are sgveral points where the present approach can
V127 7Eiq— M* —iT /2 be improved. First, the full treatment of the one-loop correc-

tions should be done. Secondly, the partial decay ratios
For the numerical value of thgN scattering length it gives should also be determined from the same Lagrangian.

Thirdly, the same Lagrangian can be used to calculate photo-

a,n=(0.54+i0.49. (100 and electro-production of the meson, where the new ex-

perimental data have recently become available. It may help
The real part of thegN scattering length agrees well with the to fix better the low-energy effective constants. The results of
“averaged” value, obtained from phenomenological analy-the z-meson photoproduction calculations will be reported in
sis. The imaginary part is somewhat larger than the typicafuture publications.
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