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The coupledmN, 7N, yN systems are described byKamatrix method. The parameters in this model are
adjusted to get an optimal fit toN— 7N, mwN— nN, yN— =N, and yN— »N data in an energy range of
about 100 MeV each side of the threshold. The coupling of photons to thNg1535) state is extracted and
also an alternative to the curredt1yN— 7N amplitudes suggested. Expansions are given fomthendy»n
amplitudes in terms of the; momentum. Effects of interference of this state with background potential
interactions are discussed and experimental consequences are indiga&s6-28189)00309-X

PACS numbegs): 13.75—n, 25.80—-¢, 25.40.Ve

I. INTRODUCTION mind, in Ref.[12] a K-matrix model was developed by the
authors to describe the reactio(@, (b), (c), and(d) in an
There is an increasing interest ipmeson physics both energy range of about 100 MeV each side of thtareshold.
experimentally and theoretically. On the experimental sidel his model was expressed in the form of two coupled chan-
several facilities are now able to produce sufficiers to ~ Nels forswavem—N and»—N scattering with the effect of

enable a study to be made of their interactions with Othemiec it}lvo%?rigr}a(:t?;nvcglsﬂ\lcﬁg/gy)bb?iirr;? iir?t(r:i)L:jdueccijnontlr):;nS/;/O—
particles. In particular, the photon machines MAMI and PiCTLy. y g

; ) ) . ion process as a third channel in tkematrix and subse-
GRAAL [2] are supplementing the earlier hadronic machme%uenﬂy eliminating that channel as an “optical potential”

such as SATURNE3], CELSIUS[4], and COSY[5]. The  cqrrection to the other two channels. It should be emphasized
current theoretical interest stems partly from the early indithat this is not an approximation but is done only for conve-
cations that thep—N interaction is attractive and so could nience, since we do not address cross sections involving ex-
possibly lead ton-nucleus quasibound statée.g., Refs. plicitly two final-state pions.

[6,7]). The theoretical approaches fall into two main catego- In Ref.[12] the »-photoproduction cross section was as-
ries. In the one, the various processes involvipgneson sumed to be proportional to the elastje-N cross section
interactions are described in terms of microscopic modelé|T,,|%)- This is in line with the so-called Watson approxi-

containing baryon resonances and the exchange of differer'i‘ﬁatign[13]'1_In this Wé]}yRe?CEZOf the matrix ele(;nenths in the
mesons(e.g., Refs[8,9]) which may be based on a chiral two-by-two T matrix of Ref.[12] was associated with some

: specific experimental data I, ,. with the =N amplitudes of
perturbstlfcmlfpprgafcl(}?.g., tRlef. [t#)]) or a quhark mpdel Arndt et al.[14], T, with the »-production cross section in
(e.g., Ref.[11]). Unfortunately, this approach requires a the review by Nefkens[15] and T,, with the

knowledge of the ma_lgmtudes and relat!ve phases of many, shotoproduction cross section of Krusoseal. [1].
hadron-hadron couplings several of which are very poorly” | this paper we now wish to treat thé\ channel explic-
known. In addition, since; interactions — in the absence of jtly. An enlargement of thek-matrix basis then permits a
7-meson beams — can only be studied as final-state interactirect estimate of the matrix elemeitt,,, so thato(yN
tions, one has to exploit relationships between the many pro-» 77N)oc|Ty,,|2, thereby avoiding the earlier assumption that
cesses involved. For example, in the present paper, the mair( 'yN—>77N)0<|T,m|2. The K matrix would now be a four-
interest is in the reactioia) yN— »N. However, this is  by-four matrix with the channelgN, N, 777N andyN. In
dependent on the final-state interactith N— »N, which  principle, ten different processes, corresponding to each ma-
in turn depends on the reactiof® wN— 7N and (d) =N trix element, could be analyzed simultaneously. However, in
—aN. Similarly, reactions(c) and (d) are related to(e) ~ Practice, it is more convenient to elimate some channels by
yN—mN. Therefore, any model that claims to describe re-the “optical potential” method used already in R¢f2].
action (2) must also see its implications in reactions We, therefore, describe in Sec. Il the above reactions in

(b), ... (e). This, we believe, is too ambitious a program at {€rms of three separate matrices. In Sec. Ill, we give the
present. At this stage it is probably more informative toflttlng strategy and also the numerical results in terms of the

check the consistency between the data of the above fiv%3 parameters needed to specify Kienatrices. This section

reactions and be able to relate them in terms of a few phe@ISO includes expansions — in terms of thenomentum —

nomenological parameters. When this has been accom" thehamprllltudﬁsk(j)f tSh@7N—>7I7\’/\l and V.N_’”g! reactions q
plished, it will hopefully be possible to understand these pa_near thez tl reshold. Section |V contains a discussion an
rameters in terms of more microscopic models. With this in>0Mme conclusions.

II. THE K-MATRIX FORMALISM

*Electronic address: anthony.green@helsinki.fi In principle, the four channels of interest =N, 7N,
"Electronic address: wycech@fuw.edu.pl 77N and yN — should be treated simultaneously. How-
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ever, it is more convenient and transparent if the problem is B. Coupled #N and yN channels

analyzed in terms of three separdtenatrices. The secondr matrix involves only the two channelgN

andyN — denoted by the indices, y — where now it is the
A. Coupled 7N and 7N channels «7N and 7N channels that are treated as optical potentials.
The first T matrix is precisely the same as in Rgf2], ~ This T matrix is written as
where only themrN and »N channels — denoted by the

indices7, » — are explicit. This can be written as A’” AW
_ Ton T _ 1=1a,A,, 1-10,A,,
Aee  As i E S N el BN @
— — vy Ty T
T =(T7T7T T7T7] _ 1 Iq7TA7T7T 1 IqWAnn 1_Iq7lA7I7I vy
! T777T T7I7I A777T A7l7l ,
1-iq,A,, 1-idq,A,, where
@

A, =A =K, /(1-iq.K,,),
whereq, , are the center-of-mass momenta of the two me- r = A=l (1716,K)
sons in the two channelg,n» and the channel scattering
lengthsAj; are expressed in terms of thematrix elements,
via the solution ofT=K+iKqT, as

- e 2 ;
Ann= Koy tiK5,0,/(1719,K,).

Here we are not interested ., since this would describe
A, =K. +iK2 q,/(1—iq,K,,) the yN— yN reaction. The forms oK (a), K,,, Kss,
T T AN n rngn/ .
K3, andK, 3 are the same as given above. However,
A, _=A_ =K, [(1-iq,K,.)
0 TN nw ai N/
K7]7Tq17K771]

K,,—K, (0)=K, (8)+i ———"—. 5
Aﬂ’l:K7]77+iK§717q1T/(1_iq1TKﬂ”rr)- (2) 7]7]_) 7”]( ) 777]( ) 1_Iq7TK7T’7T(a') ( )
At this stage thermN channel is incorporated as an “optical Also, we now need
model” correction to the corresponding matrix elemenTof
and theyN channel is simply ignored since thismatrix is [~ (0)v.(0) K K
used to describe only reactiofis), (c), and (d), where the K,,=B,, y’é )—YE”( ) 1_.7”q|2 s
effect of theyN channel is small being only an electromag- 0 19K 7n(a)
netic correction to these three reactions. As discussed in Ref. K.30sK3
[12] various features of the experimental data suggest that =7 (6)

the K-matrix elements can be parametrized in terms of en- 1-105Kss
ergy independent constants — the background teBjps—
plus poles associated with th&wave 7N resonances
N(1535) andN(1650). This results in

_ 77(0) n 7)/(1) | K’y7Tq7TK7T’)/ | K73q3K37
7 Ep—E Ei—E 1-iq K x(a) 1-iqsKss’
(7)

K

¥=(0)  vA(1)  Ki303K3,
(@)= I :
EO_E El_E 1_|q3K33 and

K B _ + \/777(0) 77](0) Ti Kv‘r3q3K377 _ \/7)/(0) FYw(O) + \/77(1) 777(1) i Ky3q3K37T
(] Eo—E 1—iqsKas’ ym Byw Eo—E E,—E 1—i0sKas’
()

K —K

Yx(0) . K,303Ks
E:—E 1fiq3K3’;, (3 where the last terms on the rhs represent the effect of the
eliminated7N and 77N channels. Also we need

Kyy—Kyy(@)=B,,+

where
V7,00)73(0) V(1) ya(1)
(0 %D 7,(0)75(0) Ke="E-E ' E-E ©
¥TE,—E  E;—E’ "™ E,—E
N */777(1)7’3(1) e ‘/7,7’(0) v3(0) C. Coupled #N and yN channels
E,—E BT Ey—E The third T matrix involves only the two channelsN

and yN — denoted by the indices,y — where now it is
The last terms on the right-hand sittes) of Egs.(3) repre-  the N and 77N channels that are treated as optical poten-
sent the effect of the eliminated=N channel. tials. ThisT matrix is written as
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A, A, (c) The values of theyN— 7N amplitudes are far from
T T 1-iq.A 1-ig.A being unique — as is clear when comparing the amplitudes
T3=( o 7") = o - of Refs.[16] and[17]. In fact, in view of this lack of unique-
Try Toy Any T ness we do not use the quoted errors of RES]. Instead, we
1-iq,A.; 7Y make two overall fits where, in the one case, all the errors in
(10 Ref.[16] are increased ta- /2 for both the real and imagi-
nary components and, in the second case, the increase is only
where to =1/\/2. These choices were made so that the resultant
A=A =K, [(1-iq.K,.) _XZ/dpt (data point fpr this reaction_ are comparable to those_
vy v in the other reactions. We realize that this procedure is
AWZKm+iK§Wq7/(1—iquw)- throwing away information. However, the main aim in this

work is to study theyN— #N reaction with theyN— 7N
As before, we are not interested T,,. The forms ofK ,, playing only a secondary role as a possible stabilizing effect.

=K, (a), K K. K .. andK .. are the same as given Therefore, we want &-matrix fit that is good for the well
nn ' mys N33y g3, 73 g . . .
above. However, established reactions but, at the same time, also reproduces
the qualitative trends in theN— 7N reaction suggested by
Kz y9,K Refs.[16] and[17]. In fact, we could even turn the argument

Kar=Kan(b) =Ko (@) +ig—= = —~—- (1D around and say that o®11 amplitudes are predictionthat
iq,K,,(a) . : . .
is consistent with the other reactions.

Also we now need In practice, the actuaby-production cross-section data
was used in a reduced form, from which threshold factors
K = V7,(0)7.(0) N Vry (1) y.(1) have been removed, namely,
ym Eo—E E,—E
K..q,K K 503K o(my)=o(m )%=8W%IT 2
Ti ynqﬂ nw . y3q3 37 (12) ) n q77 3q77 N

" | - I
1-iq,K,,(a) 1-iqsKss
E'y
K,,= ¥,(0) N ¥,(1) i K-W,q,,KW L Kye,_%Kay’ and 7(yn),=\/o(yn) F%=|TW|. (15
Eo—E E,—E '1-iq,K, () ' 1-iqsKas
(13 In Ref. [12] the last equation was replaced b{yn),
where the last terms on the rhs represent the effect of the A(Phot)T,,|, whereA(Phot) was treated as a free param-

eliminatedzN and 7N channels. Also we need eter in themiNUIT minimization. _ .
At first, because of the lack of uniqueness in the two
‘/yy(o)y”(o) K,303K3,, analyses published in Ref$l16] and [17], only the 32

Kyy=Byyt — g _—g i 1—iqeKas’ (149 S11(yN—«N) amplitudes with E;,, <1550 MeV were
0 $h3s used, since this upper energy limit is about the same as for
The definitions of all other parameters are the same as fdh€ YN—#N data. This resulted in a good fit with param-
Tio. eters qualitatively the same as in REI2] and also in line
' with the Particle Data Groufd8] — see columns A, D, and
PDG in Table I. In column A, the error bars in the
S11(yN—«N) amplitudes of Ref[16] have all been in-
Compared with Ref[12] there are now four new param- creased tar 2 — for the reasons discussed earlier. In this
etersB,,, B,,, v,(0), andy,(1) explicitty dependent on case, the overaly?/dof and the separate®/dpt are all near
the indexy. These four parameters replace the single freainity. However, when in column D the errors are increased
parameteA(Phot) that related(yN— »N) andT,,. Inall  to only +1/\/2, the x?/dpt for the S11(yN—=N) ampli-
there are now 13 parameters that are determinedNoyaT tudes become significantly larger. Columns B and C show
fit of up to 158 pieces of data — 23 areN amplitudes(real  the corresponding results when t8&1(yN— 7N) data base
and imaginary [14], 11 are mN— 7N cross sections is increased to include data witf, ,, up to 1650 MeV. The
[o(7n)] [15], and 53 areyN— 7N cross sectiongo(y7)] fits are now systematically worse than in column A with the
[1]. In addition, from Ref[16] we use up to 4811(yN overall y?/dof increasing from 0.89 to 1.23 in column B. In
—N) amplitudes in the energy range 1358, ,<1650 columm C — the case with smaller errors and the larger data
MeV. There are several reasons for choosing this upper limitbase — the fit obtained was quite poor to such an extent that
(a) We wish to include the full effect of thBl(1535). reasonable errors on the parameters could not be extracted.
(b) The yN— 7N and yN— 7N reactions are closely re- The latter fit, when all 13 parameters were varied simulta-
lated and so attempting to fit them simultaneously over venneously, did not give froomiNuIT a Migrad result that con-
different energy ranges could give misleading results. Thereverged to sensible parameters. The fit displayed in column C
fore, we do not attempt to use the available data at higheis based on the parameters of column B, some of which are
energies. first fixed and then released and scannedMayuiT. The

lll. FITTING STRATEGY AND RESULTS
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TABLE I. The optimized parameters fromnuiT defining theK matrices: There are in column A only 32
yN— 7N data points withE; ,, <1550 MeV and error bars all 1.41, in column B 48 data points \Kith,
<1650 MeV and error bars all 1.41. Cases D and C are the same as A and B except that the error bars are
reduced to 0.70. In addition, the first column shows the results from [R&f.and the last column the

corresponding values from the Particle Data GrpiLg).

(PDG

[12] A D B C [18]
B, (fm) 0.17733)  0.26332) 0.228106  0.37148) 0.372 -
B, (fm) 0.02213) 0.0168) 0.027117)  0.00315) 0.019 -
Eo(MeV) 1541.q1.6) 1536.80.9) 1540.66.6) 1530.G2.5 1529.5  15380)
E;(MeV) 1681.61.6) 1682.11.6) 1683.21.6) 1682.91.6) 1685.4  165(80)
I'(Total)(MeV) 148.28.1) 138.41.3 142.113.4 122.45.0) 114.4 100-250
n(br) 0.56811) 0.5858) 0.59418) 0.61(17) 0.648  0.30-0.55
(br) 0.3949) 0.3806) 0.371(13) 0.3548) 0.330  0.35-0.55
I'(Total,1)(MeV) 167.99.49 171.16.3  183.89.2 178.87.8 203.8 145-190
a(br,1) 0.73%11)  0.729100  0.72111)  0.72410) 0.709  0.55-0.90
A(Phot) 19.7436)
B, (fm) 0.004@1)  0.004915  0.00279) 0.0036
B, (fm) 0.003@4)  0.00345  0.00137) 0.0021
¥,(0) 0.000181) 0.000182) 0.000161) 0.00014
¥,(1) <108 <108 7(210°°  6(1)10°°
X2(yN—7N)/dpt 0.75 0.75 0.75 0.79 0.94
X2(mN— N)/dpt 0.73 0.69 0.67 0.93 2.10
X2(mN—mN)/dpt R 0.94 1.04 1.52 1.27 2.89
Y2(7N—=N)/dpt T 0.60 0.56 0.63 0.48 0.92
Y?(yN—7N)/dpt R 0.59 2.09 1.34 3.83
x2(yN—=N)/dpt Z 1.33 4.27 2.25 5.53
Y2(Total)/dof 0.83 0.89 1.54 1.23 2.66

12 T T T T T
10+ .
~.
o~
4| i
(1)350 14|50 15.50 16.50 1750 2 ! . ! . ! :
Ecm(MeV) 1480 1500 1520 1540 1560 1580 1600
Ecu (MeV)

FIG. 1. The(a) real and(b) imaginary parts of the-wave =N
— 7N amplitudes of Ref{14]. Solid line for solution A, dashed for
D, dotted for B, and dash-dot for C.

FIG. 2. ThemN— 7N reaction. Data is from Ref15]. Notation
as in Fig. 1.
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T

(M), (10~°/m,*)

(3]
T

0 1 1 1 1 1 1 1 1
1480 1500 1520 1540 1560 1580 1600 1620 1640 1660
cm (Me

FIG. 3. TheyN— 7N reaction. Data is from Refl]. Notation
as in Fig. 1.

comparison with the data being fitted is shown in Figs. 1-4

The main conclusions to be drawn from Table | and thes
figures arei(1) All four fits to the data are reasonable with
cases A and B being superid2) The main distinguishing

PHYSICAL REVIEW C 60 035208

TABLE Il. Conversion from the parametel$(Total), »(br),
m(br), ['(Total,1), (br,1) in Table | and to the parameteys(0),
v-(0, 1), andy;(0, 1) used in the formalism. The conversion
v,(0,1) toI",(0,1) and the 27 branching rati2-= br) are also
given. The other notations are the same as Table I.

[12] A D B c

7,(0) 0.226 0.217 0227 0202  0.199
(o)) 0.063 0.056 0.057 0.047  0.040
y.(1) 0113 0.115 0121 0.118 0.132
2-7 br 0.038 0.035 0.035 0.027 0.022
¥5(0) 0.0134 0.0114 0.0120 0.0079  0.0059
y3(1) 0.0906 0.0945 0.1043 0.1004 0.1208
I',(0)(MeV) 0171 0172 0.157 0.136
I',(1)(MeV) 0 0 0.080  0.068

than those in Refg16] and[17], since they are now consis-
tent with more reactionstN— 7N, #N—yN and yN
— nN. (3) Figure 3 shows that, beyori, ,,~ 1550 MeV,
cases A and D give larger cross sections than @ @r— the
difference increasing to about a factor of 2 By ,~1650

eV. In the near future, the GRAAL Collaboratidi2] is
expected to provide total cross-section data up to this energy

feature between the four fits is the relative ability to fit the@nd S0, hopefully, distinguish between these cases.

S11(yN—N) data, since this is the channel that contrib-
utes most to the overaj?/dof — with the y?/dpt’s from the

In Table | the parameterd’(Total), »n(br), w(br),
I'(Total,1), andm(br,1) are quoted, whereas the earlier for-

other four channels being reasonably constant and comp#&alism is expressed in terms of,(0), y.(0, 1), and

rable to unity in all fits. This suggests that it will be hard for
the present type of analysis to maintain these lggfédpt’s
and, at the same time, achieve a gogddpt for the
S11(yN—aN) data presented in Reffl6] and[17]. The
authors, therefore, suggest that t821(yN— wN) ampli-
tudes from theK-matrix model could be a more realistic set

_"[ (b e
E sf N
N
€ >
~ 6 | \‘x\v
E 4 T . P
I T el
x =
— X T T
2 Exxx xI;IX x X3

1550 1650

(MeV)

FIG. 4. The(a) real and(b) imaginary parts of theS11yN
— N of Ref.[16]. Crosses are data from R¢L7]. Notation as in
Fig. 1.

v3(0, 1). The two notations are related as follows:

(1) v,(0)=0.5'(Total)5(br)/q,[Eo(R)],

(2) v-(0)=0.5I(Total)m(br)/q,[Eo(R)],

(3) v-(1)=0.5(Total, 1)m(br, 1)/q,[Ei(R)],

(4) v3(0)=0.5I'(Total)[ 1~ »(br)—(br)]/qs[Eo(R) ],

(5)  y3(1)=0.5I(Total, 1Y1—a(br, 1)]/ds[Es(R)],
and (6) I',(0,1)=20,[Eq(R)],(0,1).

This now requires a choice to be made for the reference
energie€y(R) andE (R), which preferably should be close
to theEq; in Table I. Here, we take simpli, ;(R)=1535,
1650 MeV, respectively. This gives|,[Eq(R)]=0.945,

9. Eo(R)1=2.365,  q,[E4(R)]=2.770,  q3[Eo(R)]
=1.067, q3[Ei(R)]=1.245, q,[Ex(R)]=2.436, and
q,[E1(R)]=2.829 fm L. It should be added that this is not
an assumption or an approximation. It is just setting a scale
that is needed when converting from one notation to the
other. In Table I, they, , 5(0,1) are tabulated along with
r,0,1).

In the above, we have been very explicit in describing the
formalism. Therefore, in principle, the reader should be able
to reconstruct all thre& matrices and so determine each of
the complex amplitudes needed in the five processis
—aN, mN—-7N, yN—zN, yN—aN, and yN— yN.
This formalism also enables these amplitudes to be calcu-
lated at unphysical energies. For example, in the study of
possible »-nucleus quasibound states, th&l— 7N ampli-
tudes are needed below the threshold. This is easily
achieved by simply using ap momentumg,) that is purely
imaginary.
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TABLE Ill. Results for the scattering lengtta), effective ranger(,), and Shape parametesy) compared
with earlier works. The other notations are the same as Table I.

[12] A D B c
ain fm 0.754)+i0.273) 0.87+i0.27 0.83+i0.27 1.05+i0.27 1.0%i0.26
ro in fm ~15013-i0.244)  -1.3140.28  -1.34i0.22  -1.19i0.31  -1.25i0.25
s in fm3 ~0.102)-i0.01(1) -0.1440.03  -0.12i0.01  —-0.18i0.06  —0.20#0.05

In spite of the model being very explicit, it is sometimes o(yN— 77N)0<|T,,,]|2 was a good approximation, since, as
convenient to have simplified versions of some of the ampliseen from Egs. (1) and (4), T,,=A,T,,/A,,
tudes. The ones we consider are those that are expansions_imA(Phot)T,m. Also the value ofA(Phot)=19.74(36) in
terms ofq, about the threshold, in particulai,, and  Taple | is essentially given by d/~75m, 10°~18. In Fig.
Ayy- The former results in the usuajN— 7N effective 5 the real and imaginary components Bf, are shown,
range expansion of Ref12], the parameters of which are \yhen these two expansions are used in @), which is
now updated in Table Ill. This shows that the scatteringinen inverted to giver, . It is seen that they give a good
length(@) is larger than that extracted in Réfl2] — the 4 ; v ; :

presentation over a wide energy range especially for ener

increa_se being 15% for case A and 40% for case B. How ies below they threshold. This agreement is very similar to
ever, it should be remembered that case B extrapolates t Rat found in Ref[12] for T It should be added that. if
h nn !

model into a region where theN— 7N data is lacking, and
it is just this reaction that is crucial in determining the scat-
tering length. Given this expansion, thér,, is readily cal-
culated fromA,, as in Eq.(1) at energies both above and
below the threshold. The other amplitude of interesTis,
in Eq. (4), which is seen to depend on bai, andA,,, . By
analogy with the expansion df,,, we expressl,, in the
form In this paper the authors have developed a simple
K-matrix parametrization that gives, in an energy range of
1 1 . A, about 100 MeV each side of the threshold, a good fit to
T A Oy - (1)  wN—=mN, mN— 7N, andyN— »N data. In addition, it has
v v v the same trends as thd&N— 7N data, which at present is not
unique over this energy range. However, this consistent fit
The two entities ®,, andA,, /A, are then expanded as should not be considered an end in itself, since it also results
ei+fiqu+ giq‘,‘7 with the parameters;, f;, g; being given in predictions for theyN— N Swave amplitude. Near the
in Table IV. Both of these expansions do very well over the# threshold this amplitude has been parametrized in the form
energy range of Refl]. For example, with case A &.,,  of the effective range expansion — the resultant parameters
=1538.6 MeV, an energy that is 50 MeV above the being given in Table lll. Since this expansion is good over a
threshold, the expansion of A/, gives 8.4+20.0 fm !  wide energy range each side of tethreshold, it is very
compared with the exact value of 7/99.7 fm ! and the useful for discussions concerning the possibility of
expansion ofA, /A, gives 37.12#5.4 compared with the #-nucleus quasibound states, e.g., in R&f)] the effective
exact value of 37.085.7. This latter agreement and the range expansion of Ref12] was used to study the produc-
weak energy dependence of this quantity explains why, irtion of % nuclei, while Ref.[20] uses such an expansion to
Ref. [12], the replacement OfO'('yN—>77N)0<|T7,7|2 by  describen-nucleus final-state interactions. The indications

the form of T, written in Eq.(4) is used directly with ex-
pansions ofA,, andA, ,, then the fit is much poorer, as also
seen in Fig. 5.

nn’

IV. DISCUSSION AND CONCLUSIONS

TABLE IV. The parameterse;, f;, g; in the expansionse +fq2+gq; for 1A, (i=1) and
A,,lA,,(i=2). The other notations are the same as Table I.

For 1A, A D B C
e, in fm™? 40.7-i18.6 40.9418.0 39.9420.5 40.6419.3
f,in fm -31.042.0 -27.7#.9 -39.440.4 -39.1#i0.2
g, in fm® —-3.9+i0.6 —4.1+i0.6 —4.1+i2.0 —6.2+i2.2
ForA,],]/Aw

e 40.645.2 38.644.0 47.4410.9 48.4410.2
f, in fm? -3.440.7 -1.140.5 -10.142.1 -8.242.0
g, in fm* -0.4+i0.1 —-0.1i0.1 -0.8+i0.1 -1.1i0.1
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determined by the energy-dependent t¢rt+B(Ey—E)],

which generates a zero of the cross sectiok atEy+ 1/B.

Now, it is the 1B that sets a new energy scale, which may be

independent of the scale given by the width. For a laBge

one finds the resonance to be accompanied by a nearby zero,

. whereas for smalB this zero is moved away beyond the

resonance width. The resonance shape is thus very different

from the Lorentian : one reason being the strong energy de-

pendence im(E) and another being the pole-background

interference.

. As discussed above in connection with Table I, it is usu-

ally natural to define the partial width of a resonance on the

basis of Eqs(17) and (18) asI',(0,1)=2q,(Eq 1) v,(0,1).

For the best fits to the dataetsA, B of Table ), this equa-

] tion produced™,(0)=0.171, 0.157 MeV, and’,(1)=0.0,

i 0.080 MeV, respectively. However, with complicated phe-

. . . . ‘ nomenologicalT matrices one could definE, otherwise,

1200 1300 1400 1500 1600 1700 e.g., by mouldingr into the Breit-Wigner form in the prox-
Ecm. (MeV) imity of E=E,. Thus, at Rd,, ;=0 one has

Im T (mfm)
>

FIG. 5. The(a) real and(b) imaginary parts ofl,,,. The solid
curve is the exact value as given by the model. The dashed curve
uses expansions ofAf, andA,,/A,,, whereas the dotted curve
uses those foA,, andA,, .

VT, 7a,)(Ty7a) _ \(T,/2q,),

IMTy, r /2

yn?

Inserting from Table Il the values df and y; gives another
from Table Il are that thep—N scattering length is now (istlmate o’y .F.0r example_, with casé, ReI“/'”_O aE1E
larger than that extracted in RefL2]. This is even more =1540 MeV giving Im T, ,=0.0179 andq,=2.45 fm .
favorable for the existence ofv—nucle.us quasibound states This results mF.V.: 0.176 MeV. Similarly, R, ,=0 atE
and may lead to an early onset of nucléawave states = 1535 MeV giving ImT,,,=0.0085 andq,=2.43 fr

' This results inl" ,=0.150 MeV. The proximity of these three

which are easier to detect in the Darmstadt experiment oUf s reflects 'the fact that the realistic situation is fairly
lined in Ref.[21].

One result of the above fits is the extraction of the photon—C lose to the separability situation described by &) and

nucleonN(1535) coupling constany,(0,1) as indicated in (s%e?)s ilrt1 I?’a]:gren? to hold approximately, for all the parameter
Table I, which is equivalent to the partial decay width for )

. ) . There is another, somewhat unexpected effect of the
N(1535)— yN. The definition ofl",, is not unique, however. + B(E,—E)] interference term in Eq(18). For B>0 one

Efeltﬁ\g'_l:{hrfa?rlijxes;[_'ﬁg'fnil(l;gl'digtg(ljsgnugesdm:glinsgggtlznrgotﬂ?inds that the amplitudes below the resonance are enhanced,
interference of.a resonant interaction described by a sin and the amplitudes above the resonance are reduced with

o . L X y gurespect to the pure resonance term. This effect is seen clearly
larity in the K matrix and potential interactions described by f

the background parameteBs
Let us, assume a separallenatrix model with

or the B and C parameter sets, where below the resonance
theB, , parameter in they—N channel is the largest and the
real parts of thep— N scattering lengths given in Table llI
are also the largest. On the other hand, thep) production

1 n B) (17) cross section, dominated by the final-state N interactions,
Eo—E ' become the smallest above the resonance as seen Fig. 4. One

consequence of this effect is that an extension of they)

where, in the notation of Eq3) and(6), B;; =B\/y,y;. This  Cross-section measurements to energies abovél(635)

leads to a separable solution for thematrix resonance may by instrumental in fixing more precisely the
n— N scattering length. As indicated in the introduction, the

real part of this scattering length is crucial in the determina-

Kii= V77

1+B(Ey—E) tion of quasibound states ip-few nucleon systems.
Tij =77 . (18 On the experimental side there are several grdupg
Eo—E—iY, quyl1+B(Eq—E)] studying theyN— zN reaction in or near this interesting
K

energy range. The observation of the cross section near and

aboveE,. ,=1540 MeV would be of great interest, enabling
When the background terBi vanishes, this model is equiva- a detailed study to be made of tihN(1535) and possibly
lent to simple Breit-Wigner multichannel resonances ofleading to a better understanding of the internal structure of
eigenwidthI'/2=%,q, 7y, . However, when we relax this re- this object. At present there is no definite conclusion as to
striction a new structure is built upon the resonance. It isvhether or not this resonance structure is due to a pole in the
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