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O\l 'Abstract

O The separation of background and resonance contributiguisin-nucleon scattering is an often discussed issue. Véstigate to
what extent the background can be separated from the polgledion. For illustration we use results from an analytiodel for
the meson-baryon interaction derived from meson exchangdocus on the two distinct cases of an elastic and a higlelagtic
resonance, namely thg1232) and the\*(1700). Our results are also relevant for studies of dynaltyigenerated resonances and

(\J -attempts to extract bare quantities from hadronic modetetcompared to quark model results.

~— Key words: meson-baryon scattering, baryon resonances, dynamgesiigrated resonances
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1. Introduction And last but not least there is an increasing number of publi-
cations claiming a molecular nature of various hadrons yain
ThenN interaction is one of the main sources of informationbased on amplitudes from chiral perturbation theory uiziéar
about the baryon spectrum, which is presently under experby some means. For the case of Mi&1535) considered later,
mental investigation, see e.g. Refl [1]. Information abtbet  see e.g. Refs|_[20, P11,122]. Thus, those singularities oSthe
mass, width, and decay of baryon resonances serves ag testmatrix emerge from the iteration of background terms and not
00 ground for models of the internal structures of the nuclewh a via the inclusion ofs-channel poles. In most cases in these
[~ 'its excited states. analyses there was typically only a qualitative agreemént o
« . _Most of the four and three star resonances listed by the PD@he theoretical results with experimental data. In thiskwwe
(Y). [2] have been obtained by partial wave analyses followed by &ill demonstrate that such a procedure might be misleading:
model dependent analysis of the partial wave amplitudesre.g if an inclusion of a genuine pole term is necessary to achieve
terms of a background and Breit Wigner resonance’s [3, 4]. I high quality description of the data, this pole might wel r
the energy range between 2 and 3 GeV, presently under expgfel strongly the dynamically generated one and lead to a very
- 'imental investigation, resonances start to overlap antdlek-  different picture. The importance of a high quality descrip-
2 ground may show some non-trivial structures. This situmtio tion of the data was already stressed in Refl [23], wheMe
>< “calls for more sophisticated theoretical analyses. Emgthé scattering was analyzed within the chiral unitary apprceudth
E partial wave analyses of Refs| [3, 5, poles in the complere!l  the interplay of genuine and dynamically generated restesan
of the scattering energy are determined that are identifigd w was thoroughly investigated. In any case, observable guant
resonances. Models of tiematrix type [6/ 7/ 8,19, 10, 11]and ties that allow one to distinguish between hadronic moksul
unitarized meson exchange mod 13,2415, 16] havegnd more elementary states are urgently called forsFaave
been constructed in the past to access pion nucleon soatteri states close to thresholds this is discussed in Refs. [24].
Another issue of relevance in this context is the questibn, i
it is possible to remove the hadronic contributions fromestss
ables in a model independent way to allow access to quant

ties that can be identified with those calculated from thelkjua  \within a theoretical model it is always possible to separate

model E‘HIB] — see also Reﬂlg] for a recent discussion ofy, amplitude into a pole and a non-pole part
the subject. Such an analysis assumes that a clean cut-separa

tion of pole and non-pole parts is possible. Also this issile w T=TP+TW (1)
be discussed below.

v2 [nucl-th

E- Generalities

where the pole part® is defined as the set of diagrams that
is 1-particle reducible, i.e. there is at least arehannel ex-
Email addressm.doering@fz-juelich.de (M. D8ring) change. Usually, the non-pole, 1-particle irreduciblet Fat
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comes from meson exchange arndhannel processes collected ',/ 4 e 7
into the non-pole potentialN® which is then unitarized using e ,/' 7 N
some dynamical equation — see Hd. (4) below. This contribu- %’— = =
tion is referred to as “background”. The separation of thpety i) 7y e e
of Eq. () is widely used in the literature, see e@ , 26]. .

For a comparison with experiment, the poles and residues % = T

of the S-matrix are the relevant quantities. Therefore, nve i
vestigate the Laurent expansion around resonance poles. Fo
an amplitude with a single resonance and a polg ane may %: = + %
therefore write s
Sp B Sg ¥ S
a B D
+a0+0(z2- ), 2)

Z— 27 N ,

N\
wherez is the scattering energg, ; is the residue, aney is a TP = -»M%-—

constant. In this study, we address the relation betvegemd )
TNP I'p Sp T
To illustrate the discussion we use the amplitudes of the
Jalich model, an analytlc coupled Channe_l m_OdeI b_ased en m%igure 1: Diagrammatic representation the bare vertigesdressed vertices
son exchange that respects two-body unitarity. This moagl h rp, self-energyz, dressed propagat@p, and pole parT .
been developed over the past few ye [14, 15], with its cur-
rent form, as used in this study, given in Ref./[16]. The cedpl

T=

channel scattering equation is given by the dress_ed propagator are schematically disp_layeq i_nEEig.
Note, while for the stable channelsN, sN), TNP is individu-
T=V+VGT (3)  ally two-body unitary, since it follows from solving a Lippgann
Schwinger equation and\” is hermitianT® is nor]%l.

e ™" Wi e auanttes fom EGL14), e o part s g
of the three-momentumG is the intermediate meson baryon TP(c.c) I'n(c, i) Sp(i, j)Fg)(j,c’),

propagator of the stable channels andyN, and the channels g1 sl_y

involving quasiparticlesrN, pN, andrA. The pseudopotential D B ’

V iterated in Eq.[(B) is constructed from affieetive interaction Sgt = z-Mo (5)

based on the Lagrangians of Wess and Zuminb [27], supple-

mented by additional term@llﬂlG] for including thésobar whereSp (Sg) is the dressed (bare) resonance propagator and
thew, , 3 meson, and the-. All these terms contribute to tF]e My is the bare mass. The pole part is indicated schematically in

e . Fig.[.
non-pole part. The pole partis given by baryonic resonanpes . . .
t0J = 3/2 that have been includedifas bares channel propa- One can expand the amplitude in a Laurent series as shown

gators. The resonances obtain their width from the resaagte in Bq. {2). In fact, it 'S possible to expreas, anda, in terms
. of the dressed quantities from Ef] (4),
provided by Eq.[(B).

In order to discuss the decomposition from Eq. (1), it is nec- ot
essary to determine the pole contributibhfrom the non-pole a, = ,,D
part TNP i.e. from the set of diagrams that is 1-particle irre- 1-5>
ducible. For this, we define the quantities a = T +a)
2
TPd.o) = VV(d.0)+V"(d. 9G(E)T (e ) af - L gz(r[, )+ 2 % 5). 6)
ti,0) = Y9G, ¢) + P, d) G(d) TNP(d, ¢) Iplp
I'p(ci) = ve(ci)+ TNP(c, d) G(d) ys(d, i) All quantities on the right-hand side are evaluated at tHe po
=(i,j) = yg)(i,C)G(C) I'o(c, j) (4) positionz = 7. As Eq. [®) shows, the constaag receives a

contribution fromT P, which makes the identification a"P as
Wherel"(D"') ('p) are the dressed creation (annihilation) verticesbackground problematic. This will be discussed in detaihim
andX is the self-energy. Integrals and sums over intermediateext section.
states are not explicitly denoted in EQl (4). The bare vestig For the pole search and the calculatioraof, ap, one has to
are derived from Lagrangians and provide bare parametears thanalytically continue the amplitude to unphysical shegg.[
are fitted to the partial Waveﬂm]. Note that for a simple en-
ergy and momentum independenwave interactionyg) =B
while for higher spin and partial waves the connection betwe L1t should be mentioned that in principle the formalism isoaisree-body
unitary for it follows closely that of Ref.[ [28]; however, gfthree-body uni-

bare creation and annihilation vertices can be more compht-arity is only approximate here, due to approximations mcth, pN, andxA

Cfited-_ The indices | indicate the resonance, whited are in- propagators. But these technical details are irrelevarthfodiscussions of this
dices in channel space. The dressed vertex, the self-eapdyy paper.
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0.6 Table 1: The constant termgy = TP + af (N — 7N channel) from the
' Laurent expansion around the pole positions, for some egsm@s, in units of
04 [10"MeV~2]. The ratio|(TNP + a5)/TNP| is shown in the last column.
2 0.2 TNP ay ~ Ratio
a> Y. A (1232)P33 -167-357 171+106i 04
& 0 N*(1520)D13 -4.62-0.56 3.03+ 1.23] 0.4
A*(1620)S3;  9.01-6.37i -1.21+0.24i 09
02 A*(1700)D33 0.80-0.52 0.40+ 0.11i 13
' N*(1720)P13 1.76— 0.10i 0.45- 0.56i 13
0.4 A*(1910)P3; 4.58-2.76i -0.78+0.24 09
1 solution of the Jillich model in its current form [16], i from
0.8 Eq. ). The blue dotted lines show the non-pole Fat as
: defined in the decomposition from E@J (1).

206 As we have already seen in the discussion of Egj. (6), it is
a” v not clear what should be considered as “background” of the
£ 0.4 amplitude. To understand whether the decomposition from Eq
- (@ has a physical meaning, we make the following tests: For a

0.2 given residue, extracted from the amplitude of the Julicidet,
' - we addTNP,
0 = | o T ~ a1/(z-2) + T"7(2. (8)
C 1 1 1 1 _ A .
1100 1200 1300 1400 1500 The reslults are shown in F@hz as the black dashed (:‘otted Ilng
z [MeV] As an alternative, one may choose to parameterize the dmta vi
a Laurent series around the pole. This gives
Figure 2: ThePs3 partial wave intN — xN. The data points are from the T2(2) ~a1/(z-2) + & (9)

single energy solution of Ref[l[3]. The red solid (blue dd}ténes show the
full T (non-pole parT\P) from Eq. [3). The black dashed dotted [red dashed] and is shown as the red dashed lines in Eig. 2.

lines show the results from Eq.I(8) [EG] (9)]- For Pag, it is obvious that the full solution is better described
by Eq. [9) than by EqL{8). The reason is that there is a large
)Eontributionag’ from the pole parT " to ap according to Eq.[{6).

There are several technical details to consider which afre e . . .
d. (8) corresponds to neglectia§. Thus, identifyingT"P

plained in detail in Ref.|E0]. With respect to the stablercha

nelszN andnN, the poles are searched for on the second sheg{’ith the ba.ckground.is not appropriate in thig case, instead
if the pole position is above threshold. If the pole is below? systematic expansion around the pole position in a Laurent

threshold it is on the first or the second sheet for a bound and & " '€S takes the constant contributions from both pole anel n

. . : le part into account properly.
virtual state, respectively. With respect to the unstabnoels po . .
oN, pN, andrA, the poles are searched for on the sheet that Comparing the results from EqsL](8) aid (9) in FIg. 2. a

i i isi gl ~ _TNP -
is obtained from the analytic continuation of the self-gyeof pz]rtlal ;:ancell\llatlon becomes }[”Sr']ble’ ":g lﬂ-\li- 1‘5;8r an
the unstable particle; poles on the third and fourth, pN, or other strongrN resanance (not shown here), Hg( D,

nA sheets contribute little to the amplitude on the physicéd ax we observe a similar behavpr, as shown in Tﬂ)le L !n the last
] column, a ratio close to zero indicates the partial canietia

In order to understand the underlying cancellation mecha-
nism, the complex plane inPs3 is inspected as shown in Fig.
3. Results [B. The light blue surface shows the non-pole @at, the dark
red surface shows the full amplitu@e= TP + TNP. In the full
In Fig. [2 the amplitude for the P33 partial wave is plotted.  solution, the large\(1232) pole atzo = 1218+ 45i MeV is

The connection to th& matrix from Eq. [1) is given by clearly visible. Surprisingly, there is a pole TA'P, close to the
7KEw 7N threshold and far in the complex planezgt="1074+ 229i
T=-— T (7)  MeV. This pole is dynamically generated from the unitafizat

provided by the scattering equatidn (3). It is a nonpertiivba
wherek(E, w) are the on-shell three momentum (nucleon, pionstructure which on the physical axis appears as a subdtantia
energies) of therN channel. The data points in Figl 2 refer to background (blue dotted lines in F[g. 2).

the single energy solution (SES) of the GWDAC partial wave The attraction and subsequent pole formation in the unita-
analysis |ﬂ§] forrN — nN. The red solid lines show the full rization could be traced back to the nucleon exchange patent
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position of theA(1232). This comes from thedependence of
the leading order terii\® ~ a_,/(z - %), that enters in the
calculation ofaf) in Eq. (8).

The picture is now completdNP is a nonperturbative struc-
ture associated with a dynamically generated pole in the-com
plex plane. Once the pole part with thg€1232) is added,
the dynamically generated pole is driven far into the comple
plane. For the Laurent expansion at t(@232) pole, one finds
ag ~ —TNP; for the amplitude on the physical axis, this corre-
sponds to the cancellation ®'°, when the pole part is added.
The full amplitudeT = TP + TP is then dominated by a clean
A(1232) resonance.

This picture supports also the framework of isobar models, i
which the interaction is dominated by resonances alone:eas w
have seen, large, nonperturbative structuréBNR can be sys-
Figure 3: ThePs3 amplitude [arbitrary units] on the unphysical sheet as afun  tematically cancelled, resulting in a resonance dominatee
tion of z. The light blue surface showig\?, the dark red surfacé = TP + T\P plitude.
with the A(1232). Note that in the sufP + TNF_’, the dynamically generated The cancellation of the pole as discussed following Eq) (11)
background pole ay"= 1074+ 229i MeV has disappeared.

always takes place. However, the poles can be weakly corre-
lated, if, e.g., they are far away from each other. In suckgas
in thexN — =N transition of the Julich model (cf. Eq. (A5) of although the pole is cancelled, it will reappear close taottig-
Ref. [15]). Switching & all other transitions and channels in inal position and with similar residue, once the genuineepol
VNP of Eq. (@), around half of the rise of REN” in Fig. @ is  is added. In this scenario, the genuine pole appears asex rath
obtained. Together with the correlated two pion exchanfje (c weak perturbation. This behavior has been confirmed in numer
Egs. (A6, A7) of Ref. [15]), large part of the rise can be ex-ical simulations.
plained. This result is confirmed by the fact that #iNresidue Another question concerns the situation, when the two-inter
of the pole at; = 1074+229i MeV is ya; = (11-18i)-102  acting poles are on flerent Riemann sheets. Recently, an ex-
MeV~-Y2, which is much larger than the residue to the otherample of such a situation has been found (Sec. 3 of Ref. [30]):

Delta(1232)

Im z [MeV]

channelpN andrA. within the Julich model, a dynamically generated pole isfd
Once the pole paft® is added toT\P, this pole has disap- in the D3 partial wave on the third (hiddemN sheet. This
peared, i.eT aroundz shows no pole structure in Figl 3. pole inTNP atZ, = 1613- 83i MeV is visible at the physical

Poles inTN? are indeed systematically cancelled in the sumaxis at around ~ 1.7 GeV, because of theN branch point in
TNP + TP: the reason is the appearanceTéf in TP as shown the complex plane. The resonance is mainly generated frem th
in Eq. (@). For a qualitative understanding, we considere:on attraction in theopN channel; note a similar structure has been
channel case with separable potentials and a loop function dound recently in Ref/[31].

Given a bare coupling, we can write the pole paft” matrix However, there is another resonance in the same partiat wave
from Egs. [@Lb) as Once theN*(1520) is added as a genuine stat8)( it develops
) a pole on the second (non-hiddei sheet. At the same time,
b? (1 +G TNP) ) P the dynamically generated pole TH® on the thirdoN sheet is
T Z-Mo-3% L=b"G (1 +T G) - (10) " driven far away to the complex plane in the stire TP + TP,
) ) In T on the physical axis, the resonant structure at around
The dynamically generated pole in the backgroungfatz= , _ 1 7 Gev has disappeared, and only the domimdi{L520)
% is to leading orNdPer given by the residue term vath;"thus g yisiple inzN scattering. We thus do not identify the dynami-
we approximatd ~ a.1/(z—- Z). Inserting this expression cally generated pole with aN*(1700D13 resonancé:[Z].
in Eq. (10), we obtain In the D13 partial wave, there is thus a similar mechanism
NP P b%(z— 2o + 8.1 G) + &.1(z— M) of pole repulsion as previously discussed Rag; indeed, the
T +T =(z— %)(Z— Mo) - b2G(z— 2% + .1 G) ratio in Tablel is as small as for tii3 partial wave. For the
0 ! other partial waves listed in Tablé 1, the ratio is much large
(11) . ;
and indeed we could not find any polesTifl® for these cases
which is finite atz = 7 for b # 0, i.e. the pole atghas disap-  within the allowed range of I < 200 MeV [30].
peared. The denominator of EG.111) still has two zeros, bne a While the extreme situatioa{‘; ~ -TNPis tied to appearance
the physicalA(1232) position, and another one far in the com-of poles inTN® within the present model, even for those cases
plex plane (Inz > 400 MeV) with only a small contribution with ratio closer to 1af is never zero; the pole part always con-
on the physical axis. The full amplitude on the realxis is  tributes to the constant term, making an identificatiof ¥f as
dominated by the&\(1232). “background” questionable.

Furthermore, even in this qualitative model, it is possible It should be clear that the presence of the pol@¥f is a

see that foly, evaluated using EqEI(631(F)’ ~ -TNP at the pole  property of the model and not a general one. N scattering
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can well be studied within chiral perturbation theory with a
explicit A field @,@]. Then, the background amplitudes are
treated perturbatively and accordingly no pole is gendrate 0
the complex plane. On the other hand, pole terms may be added
in a consistent mannéﬂ33]. Correspondingly, the contigiou 08
of the non-pole parts to th&(1232) properties will be very dif- ¢ -0.1
ferent. Thus, splitting the features of tRegs partial wave into
bare pole and background contribution is model dependeht an
has no physical significance. Nonetheless, the physical gfol i
the A(1232) has been separated in the three analﬁas , 4, 34]
quoted by the PDG [2], with pole positions in close agreement —
The splitting intoT® and T\? is also responsible for the
renormalization of the bare vertex; indeed, the dressed ver ol -
tex I'p depends on the bare vertgx and TNP as Eq. [#)
shows. This gives a negative answer to the question raised in ,
the Introduction, whether it is possible to extract barengjtias a’
such asyg in a model independent way: In the Julich model, £ 0.1
[(To — yB)/ysl = 0.45 at theA(1232) pole position, i.e. there '
is a 45 % renormalization of the bare vertex, coming from the
model dependent paft“F. P -
Finally, let us mention that within the analytic model asagiv 2 ‘. L],
in Eq. (I0) it is easy to compensate a change in the bare cou- 0 1400 1500 1600 1700 1800 1900
pling b by a diferent regulator for the loop functid®, with z [MeV]
very similar phase shifts on the physical axis. This further
points at the model dependence of the size of the bare cauplinFigure 4: TheDz; partial wave imtN — zN. See Fig[R for labels of the curves.
While the model dependence o has been demonstrated,
the question remains whether the dressed vdrtekrom Eq.
@) is a physically meaningful quantity. Yet, only the rasid
provides a well defined expansion parameter of the amplig) \ith the same line styles as in Fig. 2. Similar as forag
tude [35]. As Eq.[(B) shows, there is aféfence betweeas  the systematic expansion in a Laurent series around the pole
andI'p, given by theZ factor 1-X". In the Julich model, forthe  (gashed lines) delivers a better approximation in Rethan
A(1232) the ratid(g - I'v)/gl = 040 (9 = va-1) is also large  the naive summation GFNP plus residue term (dashed dotted
which implies thafp, without theZ factor, can substantially |ines). Yet, above the pole position, the situation is ojteds
depend on the separation inff§” andT". _ Im D33, and Eq. [(B) better. This is simply due to the fact that
The observed cancellatiay ~ —T"" is only given for the  ayay from the pole position, higher order contributionstia t
A(1232) and\*(1520) as Tablgl1 shows. For other resonances;, ayrent expansion become important; while we consider the
the ratio in the last column is close to one, ia&.is small and expansion only up to tha, term, TNP includes those. Thus, the

there is no cancellation witfi\?; instead, the naive identifi- high energy tail of the\*(1700) in ImDag is better modelled by
cation of T"" as background is justified reasonably well. As gq. [8) than by Eq[{9).

an example, we show thBs3 partial wave in Fig.[1. The

A(1700D33is a wide resonance with a polezgt= 1637~ 118i In any case, apart from these details, for Ehg partial wave
MeV. It is quite inelastic intN and there is a substantial back- the naive picture to identify'NP as background is qualitatively
ground. In principle, one could expect a cancellation sintid  justified. As pointed out before, there is, other than in the
that of theA(1232). This is, however, not the case afdis  A(1232) partial wave, no pole iiNP; althoughT NP is not small,
small as Tabl€ll shows. Inspecting the com@gkane of the jtis perturbative.

D33 partial wave, there is no pole NP,

The cancellation behavi@f ~ ~T"P is only present for the The interaction of a pole iTN? and the pole ternTP, as
low energy resonances as Table 1 shows. For the higher found here for theA(1232), has also implications for unita-
andA*’s we inspected, the ratio is close to 1; even if there argized chiral perturbation theory ¢dPT), in which resonances
dynamically generated resonancesTitf’ at higher energies, appear dynamically generated from unitarizatior) [ﬂ)@l} 2
their poles are so far in the complex plane that they hardérin  We do not discuss the validity of such models here. Yet, in
act with the genuine states. In fact, for the partial wavebede  some U/PT models of theN*(1535)S;; [@,E’[], the pole of
higher states, we have found no poleIM up to|imz = 400  the N*(1650)S;; is not considered. In case of thg1232),
MeV. we have seen previously that the genuine pole term has a large

In Table[1, the ratio for thé\*(1700) is 1.3, i.e. there is a impact both on position and properties of the dynamical+eso
certain but modest contribution coming frcigl. In Fig.[4 we  nance; for theS;; this implies that the resonance interference
show the background, full solution and the results from E8s. of the twoN*'s should not be neglected.
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4. Summary [21]

The standard decomposition inT6 and TP is model de-  [22]
pendent. As far as the question of the background is conderne[24]
the pole parfTP provides a nonzero constant teagu making
the identification off NP as background problematic.

The non-pole part NP from meson exchange amegchannel
processes can be large and provide a nonperturbative ampjp)
tude. This amplitude enters in the determination of bare angs]
dressed vertices; thus, a physically meaningful measutieeof [29]
resonance coupling strength, independent of the decotiguosi (01
into pole and non-pole part, is only given by the residue. (31]

In the P33 7N channel, TNP is non-perturbative and has a [32]
pole in the complex plane. However, such pole3 ¥ can be
systematically cancelled, once teehannel parT® is added:; [33]
as a consequence, the full amplitude is dominated by a genuing4]
resonance with a negligible background. Yet, as we have sed#p]
in the D33 partial wave, even a significant background can be
perturbative, and in this case the naive picture to conSitt€r
as background is justified.

[25]
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