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2 (Departamento de F́ısica Atómica, Molecular y Nuclear, Universidad de Valencia (UV) e IFIC (UV - CSIC), Spain)

Abstract Constituent quark models based on two-body potentials systematically overpredict the mass

of ∆D35
(1930). A possible solution to this problem comes out from the application of a schematic hybrid

model, containing three-quark as well as meson-baryon components, to the light-quark baryon spectrum. The

∆D35
(1930) and its partners ∆D33

(1940) and ∆S31
(1900) are found to contain a significant ρ∆ component.

Then, through the use of the hidden gauge formalism, it is shown that these resonances can be dynamically

generated from the ρ-∆ interaction. In particular ∆D35
(1930) can be interpreted as being essentially a ρ∆

bound state. This interpretation suggests that the inclusion of ρ∆ as an effective inelastic channel in data

analyses could improve the extraction and identification of the resonance.
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1 Introduction

The nature of the ∆D35
(1930), a three-star reso-

nance in the Particle Data Group (PDG) review[1]

with mass M = 1900—2020 MeV and width Γ =

220—500 MeV, has been a matter of controversy since

its discovery, from a partial wave analysis of elastic

and charge exchange πp scattering data, in 1976[2].

Existing SU(6)×O(3) models in that time based on

the three-quark (3q) harmonic oscillator did not pre-

dict a (56,1−) multiplet in the N =3 band, to which

the resonance was assigned, in the 1900 MeV region.

Instead a mass 160 MeV higher than the experimen-

tal value was obtained (see Ref. [3]). This was inter-

preted as possible evidence for an hybrid state involv-

ing gluonic or nonvalence quark degrees of freedom.

This interpretation was questioned a few years later[4]

through a revision of the role played by anharmonic

perturbations. Since then more refined three-quark

models for baryons, based on two-body interactions,

which we shall generically denote as 3q2b, have been

developed[5—7]. From them a quite precise descrip-

tion of the well established ground states of baryons

from J = 1/2 to J = 7/2 or more has been attained

(for us ground states refer to the lowest energy N, ∆...

states of any JP ). In all these models the ∆D35
(1930)

(ground state of ∆(5/2−)) is out of the systemat-

ics: the predicted mass is significantly above (80—

230 MeV) the PDG average mass.

On the other hand there is nowadays compelling

evidence of baryon resonances containing more than

3q components. A paradigmatic case is the Λ(1405)

which requires (3q models overpredict its mass by

about 150 MeV) the consideration of a NK compo-

nent for its explanation[8]. Here we show that the

∆D35
(1930) may be a similar case requiring a ρ∆

component to give account of its properties. For this

purpose we first revise in section 2 the experimental

status of ∆D35
(1930) and examine in section 3 how its

mass is systematically overpredicted in quark mod-

els based on two-body potentials. The relevant role

that S-wave meson-baryon components, with thresh-

olds close above the PDG mass averages, may be

playing for the determination of the masses of some

light-quark resonances, including ∆D35
(1930) and its

partners ∆D33
(1940) and ∆S31

(1900), is analyzed in

section 4. There a schematic model containing both

3q and meson-baryon (mB) interacting components is

considered. The resulting dominance of the ρ∆ com-

ponent for ∆D35
(1930), ∆D33

(1940) and ∆S31
(1900)
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drives us to consider the possibility that these res-

onances may be dynamically generated from the ρ∆

interaction at the hadronic level. In section 5 we ana-

lyze this possibility by making use of the hidden gauge

formalism to manage the vector meson-baryon inter-

action. As a result the three resonances are gener-

ated as ρ∆ bound states. In particular the absence of

3q configurations close in energy for the ∆D35
(1930)

allows us to interpret this resonance as a pure ρ∆

bound state. In section 6 we go back to data analyses

to emphasize the relevance of the inclusion of ρ∆ as

an effective inelastic channel in order to properly ex-

tract and identify the ∆D35
(1930). Finally in section

7 we summarize our main results and conclusions.

2 Experimental status

The PDG Breit-Wigner mass (M) and width (Γ )

of ∆D35
(1930)(∗ ∗ ∗) are obtained as averages from

the masses and widths extracted from several phe-

nomenological models. These models differ in the

fitted set of data and in their input for the couple

channel problem. To be more precise and for later

purpose we shall centre on three of these models,

identified in the PDG review as ARNDT, MANLEY

and CUTKOSKY, respectively, corresponding to the

analyses carried out by the Carnegie-Melon-Berkeley

(CMB), Kent State University (KSU) and Virginia

Politechnical Institute-George Washington University

(VPI-GWU) groups. So CMB [9] fits πN → πN data

and considers, apart from πN and a non-resonant

(NR) ππN channel, a set of effective inelastic chan-

nels: π∆, ρN, ηN, σN, ωN, πN∗, ρ∆. As for KSU[10]

it fits πN→πN and πN→πNN data using πN, (NR)

ππN, π∆, ρN, ρ3N, σN, πN∗ and adding specific in-

elastic channels for some partial waves: ηN for S11,

ρ∆ for D35, ...On the other hand VPI-GWU[11] fits

πN→ πN and πN→ ηN data including πN, ηN, π∆,

ρN.

It should be pointed out that most analyses (in-

cluding CMB and KSU) extract a ∆D35
resonance

with a mass close to 1930 MeV. A notable exception

is the VPI-GWU model with a mass of 2233±53 MeV

and a large width of 773±187 MeV. We shall come

back to this discrepancy later.

3 Mass overprediction from 3q2b mo-

dels

The high ∆D35
mass predicted by 3q2b models

can be easily understood from the application of the

Isgur-Karl quark-quark potential[5] to baryons. This

reads

Vij = brij −
2

3

αs

rij

+V hyp
ij ,

where rij is the distance between quarks i and j, b

is the effective parameter for confinement, αs the ef-

fective chromoelectric quark-quark coupling strength

and V hyp
ij stands for the hyperfine potential containing

the spin-spin and tensor interactions. This potential

can be approximately written as

Vij ≈
1

2
kr2

ij +
(

Uij +V hyp
ij

)

≡V h.o.
ij +(V pert

ij ),

making clear its similarity to an harmonic oscillator

(h. o.) form up to a perturbative correction given

by V pert
ij . The application of this h. o. quark-quark

potential to a baryon (3q system) gives rise to two

h. o. potentials corresponding to the two Jacobi co-

ordinates ρ and λ. Then the resulting energy of the

baryon is

Eh.o. = (2nρ + lρ +
3

2
)ω+(2nλ + lλ +

3

2
)ω≡ (N +3)ω,

where nρ,λ (lρ,λ) are radial (orbital) quantum num-

bers and ω is the angular frequency of the oscillator

with a value (derived from the fit of the nonstrange

baryon spectrum between 1 GeV and 2 GeV) of about

450 MeV. N ≡ 2(nρ+nλ)+lρ+lλ is called band number

since it implies a distribution of the baryon excita-

tions in energy bands corresponding to the values of

N. By construction N > L, being L the total orbital

angular momentum of the 3q system (
−→
L =

−→
lρ +

−→
lλ ).

Note also that N determines the parity of the baryon

through (−)lρ+lλ = (−)N .

Let us now particularize to ∆D35
(1930) which is

the lowest energy state with isospin I = 3/2 and

JP = 5/2−. As the maximum value for the spin is

S = 3/2 the minimum value for L is 1. Consequently

N > 1 and according to parity N = 1,3,5.... How-

ever N = 1,L = 1 is symmetry forbidden since it can

not accommodate any spatially symmetric configura-

tion as needed from the isospin symmetric I = 3/2

and spin symmetric S = 3/2 wave functions. There-

fore the minimum value allowed for N is 3. In other

words quark Pauli blocking makes the quarks jump

in energy to the third energy band. This explains

the high mass predicted by 3q2b models. The usual

configuration assigned to the lowest ∆D35
is the or-

bitally symmetric N = 3, LP = 1−. It should also be

remarked that this is the only 3q2b common configu-

ration to ∆D35
,∆D33

and ∆S31
up to 2 GeV.

4 Meson-baryon thresholds

The high ∆D35
mass predicted by 3q2b models sug-

gests that other components than the 3q one, such
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as 4q1q, could be playing a relevant role (alterna-

tively a dynamics including three-quark interactions

has been proposed in the literature[12]). In particular

we can expect S-wave meson-baryon (mB) compo-

nents with thresholds close above the PDG mass and

quite below the 3q2b mass prediction to be impor-

tant (meson-baryon components with thresholds be-

low the PDG mass are expected to contribute mainly

to the width). By taking into account that the quite

similar masses of ∆D35
(1930), ∆S31

(1900)(∗∗) and

∆D33
(1940)(∗) added to the presence of the common

3q configuration may be indicating the same structure

in all of them we look for possible common mB com-

ponents. We find ω∆(1232) with a threshold energy

Eth(ω∆) = Mω+M∆ = 2014 MeV and ρ∆(1232) with

a lower threshold Eth(ρ∆) = Mρ +M∆ = 2002 MeV.

Fig. 1. Mass predictions from Ref. [6] (dotted

lines) as compared to experimental mass inter-

vals (boxes). N.C. means non-cataloged reso-

nance, see Ref.[13]. Selected thresholds are

indicated by solid lines.

Along this line of thinking a generalized study

of light-quark baryon states with 3q2b masses sig-

nificantly higher than the corresponding PDG mass

averages has been carried out in reference[13]. In

Fig. 1 we show graphically the situation indicating for

each resonance the PDG mass, the 3q2b mass predic-

tion from[6] and the selected mB threshold Eth(mB) =

Mm + MB. Furthermore a schematic model for the

coupling of the 3q and mB channels has been worked

out. This model can be considered to a certain extent

as a crude simplification of the EBAC data analysis[14]

where bare B∗ states are introduced to represent

the quark-core components of the baryon resonances

(the bare masses are parameters that may be identi-

fied with constituent quark model predictions). Our

model considers a 2×2 hamiltonian matrix

[H ]'
(

Mm+MB a

a∗ M3q2b

)

,

where a parametrizes the 3q-mB coupling. The cor-

responding eigenvalues, M±, are given by

M± =

(

M3q2b +(Mm +MB)

2

)

±
√

(

M3q2b −(Mm +MB)

2

)2

+ |a|2.

Then by choosing the lowest eigenvalues M−, from a

universal |a| ∼ 85 MeV, all the baryon state masses

can be well reproduced, see Fig. 2 (the assignment

to M+ states has been detailed in[13] and will not be

considered here). Moreover the diagonalization pro-

vides the probabilities of the 3q and mB components

entering in each state. In particular for ∆D35
(1930)

and its partners the probability of a ρ∆ component

is bigger than 80%.

Fig. 2. Mass predictions (dotted line) from a

schematic hybrid model (see text) as com-

pared to experimental mass intervals.

5 ∆D35
(1930) as a ρ∆ bound state

The large ρ∆ probability for ∆D35
(1930),

∆S31
(1900) and ∆D33

(1940), related to the fact that

the ρ∆ threshold energy is much lower than the 3q2b

mass prediction but above the PDG mass, may be

indicating that these states actually correspond to

ρ∆ bound states. To analyze this indication we con-

sider the ρ∆→ ρ∆ interaction at the hadronic level.

Effective meson exchange lagrangian approaches to

deal with mB → mB processes have been developed

by different working groups (Mainz, Giessen, KVI,



1270 Chinese Physics C (HEP & NP) Vol. 33

Bonn, Juelich, Valencia,...).The hidden gauge formal-

ism, used by the Valencia group, is particularly suited

for the interaction of vector mesons with baryons,

see[15] and references threrein. The vertices in the

V B → V B diagram of Fig. 3, with V standing for a

vector meson in the SU(3) flavor nonet and B for a

baryon in the SU(3) flavor decuplet, are determined

by the chiral lagrangians

L(3V )
0

= ig〈(∂µVν −∂νVµ)V µV ν〉,

where g =
MV

2f
with f the pion decay constant and

L(V BB) =−iB
abc

µ γνDνBµ
abc ,

where Bµ
abc is the spin decuplet field (abc stand for the

SU(3) indices). The covariant derivative is defined as

DνBµ

abc = ∂νBµ

abc+(Γ ν)d
aB

µ

dbc+(Γ ν)d
bB

µ

adc+(Γ ν)d
cB

µ

abd

with

Γ ν =− 1

4f 2
(V µ∂νVµ−∂νVµV µ)

Fig. 3. Diagram obtained in the Effective Chi-

ral Lagrangian approach for the interaction of

a vector meson with a baryon.

Then from Fig. 3 a potential V can be derived and

from it a T -matrix

T =
V

1−V G
,

where G is the loop function for a vector meson and

a baryon which is regularized with a cutoff. In or-

der to take into account the widths of V and B, G is

convoluted with the mass distributions of V and B.

The ρ∆ case has been thoroughly studied in

Ref. [16]. The interaction potential turns out to be at-

tractive for isospin I = 3/2 and I = 1/2 (the more at-

tractive) and repulsive for the exotic I = 5/2. For both

I = 3/2 and I = 1/2 the corresponding JP = 1/2−,

3/2−, 5/2− states are degenerate. In Fig. 4 (without

V and B widths) and Fig. 5 (with V and B widths),

taken from this latter work, the dependence |T |2 (
√

s)

for I = 3/2 and different values of the cutoff (these

values are chosen about the so called natural value of

600—700 MeV[17]) is plotted. A pole (bound state)

shows up in the energy interval 1940—1980 MeV. The

small variation of the pole position, corresponding to

a quite large cutoff interval of 150 MeV, makes us fully

confident on the presence of such a pole. This confi-

dence is reinforced by the calculation of the small ad-

ditional contribution coming from intermediate ω∆

states involving the anomalous coupling ρ→ωπ and

by the expectation (qualitative) of small contribu-

tions coming from πN and π∆ intermediate states.

Note though that these and other possible additional

contributions might have some effect enlarging the

width (imaginary part of the pole) whilst hardly vary-

ing the pole mass (real part).

Fig. 4. |T |2 for ρ∆→ ρ∆ in the I = 3/2 channel

for several values of the cutoff qmax: solid line

qmax =770 MeV, dashed line qmax = 700 MeV,

dashed-dotted line qmax = 630 MeV.

Fig. 5. |T |2 for ρ∆ → ρ∆ in the I = 3/2 chan-

nel for several values of the cutoff qmax in-

cluding ρ and ∆ mass distributions: solid line

qmax =770 MeV, dashed line qmax = 700 MeV,

dashed-dotted line qmax = 630 MeV.
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When comparing our results for I = 3/2 with data

we find a good quantitative agreement for the masses

of our degenerate JP = 1/2−, 3/2−, 5/2− states with

∆S31
(1900), ∆D33

(1940) and ∆D35
(1930). Concerning

their widths the calculated value, ∼ 50 MeV, is sig-

nificantly smaller than data following the expected

tendency. Therefore our calculation provides some

support to the existence of these not well established

resonances. Moreover, for ∆D35
, the absence of any

3q configuration close in energy allows the identifica-

tion of ∆D35
(1930) as a pure ρ∆ bound state and the

interpretation of the 3q bound state as another reso-

nance lying ∼ 300 MeV above. For ∆S31
and ∆D33

the

presence of 3q configurations around 2000 MeV (ex-

citations of the low lying states in the N = 1 band),

which could contribute with a significant probability,

prevents making the same definite assignment.

6 Extraction of ∆D35
(1930) from data

analyses

As detailed in section 2 most light-quark baryon

resonances are extracted from data through a multi-

channel scattering matrix including effective inelastic

channels. It seems then reasonable to think that the

implementation of ρ∆ as one of these inelastic chan-

nels may be helpful in the extraction of ∆D35
(1930)

as a distinctive resonance. This may explain why the

CMB and KSU data analyses explicitly containing ρ∆

find a mass about 1930 MeV whereas the VPI-GWU

analysis not including ρ∆ misses such a mass. Actu-

ally the mass found by VPI-GWU, 2233± 53 MeV,

might well correspond to the lowest ∆D35(3q) state.

The same type of study can be done for

∆S31
(1900) and ∆D33

(1940) and the same explana-

tion, based on the need of including the relevant ρ∆

channel, may be inferred from it. Therefore we can

tentatively conclude that the implementation of ρ∆

as a quasi two-body channel may be an essential in-

gredient for the proper extraction of these resonances

from data. Furthermore the introduction of ρ∆ could

also be indispensable to properly satisfy unitarity

once data involving πππN in the final state are in-

corporated into the fit.

7 Summary

We have performed an extensive theoretical and

phenomenological study of ∆D35
(1930)(∗∗∗). The im-

possibility to describe it (altogether with the rest of

the light-quark baryon spectrum) from constituent 3q

models based on two-body interactions has been un-

derstood as a consequence of quark Pauli blocking

that forces the quarks to acquire two extra units of

orbital angular momentum to satisfy the symmetry

requirements. This makes feasible that 4qq terms in

the form of S-wave meson-baryon components are en-

ergetically dominant. We have centered on the study

of ρ∆ as it has the lower threshold above the ex-

perimental average mass. To evaluate the ρ∆ effect

we have used first a schematic model containing ρ∆

as well as 3q components. From it a clear conclu-

sion has been extracted: ∆D35
(1930) is mostly a ρ∆

state. Second we have used the hidden gauge for-

malism combined with unitary techniques to show

that ∆D35
(1930) can be dynamically generated as a

bound state from the ρ∆→ ρ∆ interaction described

in terms of an effective chiral lagrangian at the hadron

level. Thus the key role played by a ρ∆ component

is confirmed. Moreover the absence of 3q configura-

tions close in energy takes us to interpret ∆D35
(1930)

as being essentially a ρ∆ bound state. This inter-

pretation allows for a solution of the long-standing

puzzle concerning the description of this resonance in

constituent quark models.

From the experimental standpoint the ρ∆ nature

of ∆D35
(1930) gets also support from a revision of the

inputs in the phenomenological analyses employed to

extract the resonance properties. It turns out that

a mass close to the average comes out from those

analyses including ρ∆ as an effective inelastic chan-

nel. On the contrary when this channel is misssing a

much higher mass is obtained. This points out to the

implementation of a quasi two-body ρ∆ channel to

properly give account of the resonance. Notice that

this implementation may also play an important role

in the unitarized description of data from processes

like (π,γ,e)N → πππN that should be carried out in

a future. We encourage an effort along this line.
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