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Abstract. We study the implications of the flavour SU(3) symmetry for various interpretations (existence of a

narrow anti-decuplet resonance, interference of known resonances and a cusp effect) of the neutron anomaly

in γN → ηN cross section. We show that the explanation of the neutron anomaly due to interference of

known N(1535) and N(1650) resonances implies that N(1650) resonance should have a huge coupling to φ-

meson – at least 5 times larger than the corresponding ρ0 coupling. In terms of quark degrees of freedom that

implies that the well-known N(1650) resonance must be a “cryptoexotic pentaquark"– its wave function should

contain predominantly an ss̄ component, implying that the N(1650) resonance is dominantly a pentaquark. The

explanation of the neutron anomaly as a cusp effect implies very strong violation of the flavour SU(3) symmetry.

1 Introduction

The discovery of the neutron anomaly1 in the γN → ηN
cross section was reported in Ref. [1], in this paper the

GRAAL data on the photon scattering off the deuteron

were analysed. Presently three other collaborations (

LNS [2],CBELSA/TAPS[3], and A2 [4]) confirmed the

neutron anomaly beyond any doubts. For an illustration

of the neutron anomaly in γN → ηN we show on Fig. 1

the most recent results of the A2 collaboration [4].
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Figure 1. Figure from Ref. [4]. Total cross sections as a function

of the final-state invariant mass m(ηN): Blue triangles: proton

data. Red circles: neutron data scaled by 3/2. Black stars: free

proton data from MAMI-C [6]. Hatched areas: total systematic

uncertainties of proton (blue) and neutron (red) data.

Furthermore the neutron anomaly at the same invariant

mass of W ∼ 1680 MeV was also observed in the Compton

scattering [5].

In our view the observation of the neutron anomaly is

the most striking discovery in the field of the nucleon reso-

�e-mail: maxim.polyakov@tp2.rub.de
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1Existence of the narrow (Γ ∼10-40 MeV) peak in the γn→ ηn cross

section around 1680 MeV and its absence in the γp→ ηp process

nances spectroscopy during the last decade. It is important

to figure out the physics nature of the phenomenon. In

the present contribution we study the implications of the

flavour SU(3) symmetry for various explanations of the

neutron anomaly.

2 Flavour SU(3) decomposition of the
γN → ηN amplitude

In the SU(3) symmetry limit the amplitudes A (γp→ ηp)

and A (γn→ ηn) can be decomposed through the ampli-

tudes corresponding to the irreducable representations of

the SU(3) group in the s-channel. The photon and nucleon

belong to the octet representation of the SU(3) group,

therefore the possible representations in the s-channel are

those which appear in the product 8 × 8 = 1 + 8F + 8D +

10+10+27. Obviously, the 1 and 10 representations do not

enter the decomposition of the γN → ηN amplitude. The

SU(3) decomposition for the amplitudes has the following

form:

A (γp→ ηp) =
1

3
A(8)

D
+ A(8)

F
+ A(27),

A (γn→ ηn) =
2

3
A(8)

D
+ A(10) +

1

2
A(27). (1)

We see that the anti-decuplet amplitude A(10) do not enter

the γp channel, whereas the antisymmetric octet ampli-

tude A(8)
F

do not enter the γn channel.

In order to describe the phenomenon of the neutron

anomaly one needs that the amplitude A (γn→ ηn) is

very different (larger size and more rapid energy depen-

dence) from A (γp→ ηp) on a narrow invariant energy

interval (several tens of MeV) around W ∼ 1680 MeV.

The decomposition (1) offers three possibilities to ar-

range such difference (ordered according to the Prinzip der
Denkökonomie):
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(I) the anti-decuplet amplitude A(10) has large size and

rapid energy dependence on a narrow energy interval

around 1680 MeV,

(II) there is a conspiracy and a fine tuning among the SU(3)

amplitudes A(8)
F
, A(8)

D
and A(27) on that narrow energy in-

terval,

(III) extraordinarily strong violation of the SU(3) symme-

try on that narrow energy interval.

We emphasise that the option (II) can explain the neutron

anomaly only in the η-photoproduction. In other chan-

nels, e.g. the Compton scattering [5], the assumed con-

spiracy and fine tuning are destroyed due to different from

(1) SU(3) decomposition of the Compton amplitude. The

anti-decuplet amplitude A(10) enters only the γn channel

independently of the final state. Therefore the option (I)

predicts the neutron anomaly for the Compton scattering

as well.

Usually the approximate flavour SU(3) symmetry

works pretty well. As a rule its predictions are satisfied

with an accuracy of about 30% or better, see e.g. a re-

view [7]. A very large violation of the SU(3) symme-

try would be a serious challenge to our common wisdom

about hadron dynamics. It seems that a possible realisa-

tion of the option (III) is provided by Ref. [8]. In this pa-

per the neutron anomaly was explained by the threshold

effect due to KΛ and KΣ intermediate states. It was ar-

gued in Ref. [8] that the intermediate K+Σ− state in the γn
channel produces the cusp effect at W ∼ 1685 MeV which

can explain the peak in that channel. In order to suppress

the corresponding peak in the γp channel the authors of

Ref. [8] fitted their model parameter in such a way that the

cusp due to K+Λ intermediate state cancels the cusp ef-

fect due to K+Σ0 state (a kind of fine tuning). Again, the

explanation of the neutron neutron anomaly of Ref. [8] is

not universal, i.e. it works only for η-photoproduction and

fails for Compton scattering, the same as for the option

(II).

In the following sections we analyse the physics

realisations of the two first possibilities discussed above.

3 (I) Dominance of the anti-decuplet
amplitude

The simplest physics realisation of the option (I) is an

existence of a narrow anti-decuplet of baryons. The ex-

istence of such narrow exotic baryon multiplet was pre-

dicted in Ref. [9]. Main properties of N∗ from the anti-

deculpet which were predicted theoretically in years 1997-

2004 (before the discovery of the neutron anomaly) are the

following:
• quantum numbers are P11 (JP = 1

2

+
, isospin= 1

2
) [9],

• narrow width of Γ ≤ 40 MeV [9–11],
• mass of M ∼ 1650 − 1720 MeV [10–12],
• strong suppression of the proton photocoupling relative

to the neutron one [13] ,
• the πN coupling is suppressed, N∗ prefers to decay into

ηN, KΛ and πΔ [9–11].

It seems that the nucleon resonance with such proper-

ties can explain concisely the neutron anomaly in both η-
photoproduction and the Compton scattering.

Detailed account for predictions and evidences for nar-

row anti-decuplet nucleon was presented at length previ-

ously in the literature (see e.g. [14, 19]). Not to dwell on

this once again, we just give the Table 1 which summarises

extracted properties of the putative anti-decuplet nucleon

resonance.

Table 1. Our estimate of properties of the putative narrow

antidecuplet N∗ extracted from the data.

observable extracted value

mass (MeV) 1680 ± 15

Γtot (MeV) ≤ 40

ΓπN (MeV) ≤ 0.5√
BrηNAn

1/2 (10−3 GeV−1/2) 12-18√
BrηNA

p
1/2

(10−3 GeV−1/2) 1-3

4 (II) Conspiracy and fine tuning among
non-exotic SU(3) amplitudes

A physics realisation of the option (II) was suggested in

Refs. [20–22] by the Bonn-Gatchina group (BnGa). In

these papers the neutron anomaly was explained by the

interference effect of well-known wide S11 resonances

N(1535) and N(1650). In order to arrange a narrow struc-

ture in the neutron channel the photocouplings of these

two resonances should be fine tuned. In particular, the pro-

ton and neutron photocouplings of N(1650) must have the

same sign. To describe the most recent and the most pre-

cise data of the A2 collaboration on the neutron anomaly

[4] BnGa obtained the following ratio of the proton to neu-

tron photocouplings [22]:

Rpn ≡
Ap

1/2
(1650)

An
1/2

(1650)
= 1.74 ± 0.66 . (2)

Employing the flavour SU(3) symmetry one can express

the ratio of the FV and DV octet vector couplings in terms

of the ratio Rpn:

FV

DV
= −1

3

(
2Rpn + 1

)
= −1.50 ± 0.44 . (3)

The resulting from the analysis [22] FV to DV ratio is

negative and larger than 1 in the absolute value. To our

best knowledge such values of FV/DV have been never

obtained in any model of baryon resonances (variants of

quark model, MIT bag model, soliton models, etc). Let us

see what are physics implications of such unusual values

of the FV/DV ratio.

The flavour SU(3) symmetry allows to express vari-

ous flavour combinations of the vector current couplings

in terms of FV/DV -ratio (and hence in terms of Rpn (2)

owing Eq. (3)). One can easily derive the following rela-

tions for various vector couplings of N(1650) (valid also
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for any octet nucleon resonance N′):

Rω ≡ gωNN′

gρ0NN′
=

Rpn + 1

Rpn − 1
+

√
2

3
r0, (4)

Rφ ≡ gφNN′

gρ0NN′
= −√2

Rpn + 1

Rpn − 1
+

√
1

3
r0. (5)

Here r0 is the ratio of the flavour singlet ((ūγμu +

d̄γμd + s̄γμs)/
√

3) vector current coupling to the isovec-

tor ((ūγμu − d̄γμd)/
√

2) that. The value of r0 is not fixed

by the SU(3) symmetry, however with help of Eqs. (4,5)

we can express φ-meson coupling Rφ in terms of the ω-

meson coupling Rω and the proton to neutron ratio of the

photocoupling Rpn:

Rφ =
1√
2

(
Rω − 3

Rpn + 1

Rpn − 1

)
. (6)

Additionally, from Eqs. (4,5) one can easily derive the

following inequality:

R2
ω + R2

φ ≥ 3

(
Rpn + 1

Rpn − 1

)2

. (7)

If we take the BnGa value (2) for Rpn we obtain from (7):

R2
ω + R2

φ ≥ 27. (8)

One sees that in the scenario of Refs. [20–22] the ω- and

φ-meson couplings of N(1650) can not be small simulta-

neously2.

Experimentally [24] the decay N(1650) → ρN is seen

and sizable, however the decay N(1650) → ωN is not

seen. If we conservatively assume that the yield of ω
mesons does not exceed factor of four relative to the yield

of ρ mesons, i.e R2
ω ≤ 4 3 then from Eq. (6) with BnGa

value for the p/n ratio of N(1650) photocouplings (2) we

obtain:

∣∣∣Rφ∣∣∣ ≥ 6. (9)

We see that the explanation of the neutron anomaly by the

interference of known N(1535) and N(1650) resonances

advocated in [20–22] implies that the φ-meson (almost

pure ss̄ state) coupling to N(1650)→N transition should be

huge. In terms of quark degrees of freedom it means that

N(1650) has a large admixture of ss̄ component, i.e. in the

scenario of Refs. [20–22] N(1650) is dominantly “cryp-

toexotic pentaquark" . It turns out that the “conventional"

interpretation of the neutron anomaly by the interference

of known resonances [20–22] metamorphose into uncon-

ventional physics picture of N(1650).

2Note that if we take N(1650) photocouplings from the SAID analysis

[23], than FV/DV = 0.6 ± 0.6 (range of values typical for all models of

baryon resonances) and R2
ω+R

2
φ ≥ 0.2 (small values of ω and φ couplings

are not excluded).
3If one combines the result of Ref. [33] for gρNN′ with the result of

Ref. [34] for gωNN′ one obtains R2
ω 
 1

5 (III) Very large violation of the flavour
SU(3) symmetry

In Ref. [8] the neutron anomaly was explained4 by the

threshold effect due to KΛ and KΣ intermediate states. We

shall see that this explanation implies an extraordinarily

large violation of the SU(3) symmetry. Usually the ap-

proximate flavour SU(3) symmetry works pretty well. As

a rule its predictions are satisfied with an accuracy of about

30% or better, see e.g. a review [7]. A very large viola-

tion of the SU(3) symmetry is a serious challenge to our

common wisdom about hadron dynamics.

p(n)

η

p(n)Λ,Σ0 (Σ−)

K+

Figure 2. The diagram from [8] which contributes to the cusp at

KY threshold.

The neutron anomaly was described in Ref. [8] by the

diagram shown on Fig. 2. It was argued in Ref. [8] that

the intermediate K+Σ− state in the γn channel produces

the cusp effect at W ∼ 1685 MeV which can explain the

peak in that channel. In order to suppress the correspond-

ing peak in the γp channel the authors of Ref. [8] fitted

their model parameter in such a way that the cusp due to

K+Λ intermediate state cancels the cusp effect due to K+Σ0

state (a kind of fine tuning). Let us see how the assumed

cancelation can be reconciled with SU(3) chiral dynamics.

The cusp contribution of the diagram on Fig. 2 to

γN → ηN can be written as:

Acusp(γp→ ηp) = D

⎛⎜⎜⎜⎜⎜⎝AΣ −
√

1

3
AΛ

⎞⎟⎟⎟⎟⎟⎠
− F

(
AΣ +

√
3AΛ

)
,

Acusp(γn→ ηn) = 2(D − F)AΣ. (10)

Here AΣ and AΛ are (up to a common factor) A(K+Σ0 →
ηp) and (K+Λ→ ηp) amplitudes at the corresponding KY
thresholds (right blob on Fig. 2). In Eqs. (10,10) we ex-

pressed gKYN coupling constants (left blob on Fig. 2) in

terms of F and D pseudoscalar ground state octet cou-

plings. To arrange the cancelation of the cusp effects sug-

gested in Ref. [8] on sees from Eq. (10) that the amplitudes

AΣ and AΛ should be related by:

AΛ
AΣ


 √
3
D − F
D + 3F

=
√

3 · 0.16. (11)

Here the numerical value is obtained by taking the experi-

mental value of F = 0.46, D = 0.8 [26]. The AΛ/AΣ ratio

is predicted by the SU(3) chiral dynamics (see e.g [27]) as:

4More precisely the authors were able to describe only the ratio of the

neutron to proton cross section having a dozen of free adjustable param-

eters.
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AΛ
AΣ

=
√

3

(
1 + O

(
mK

MN

))
, (12)

where the symmetry breaking corrections O (mK/MN) nu-

merically can be rather sizable. The estimates of these

corrections in Ref. [28] give AΛ/AΣ =
√

3 · 0.8, previous

estimates in [29] give AΛ/AΣ =
√

3 · (0.6 ÷ 0.7). We see

that the result (11), which is needed for the explanation

of the neutron anomaly by the cusp effect as in Ref. [8],

is in a disagreement with the SU(3) chiral dynamics pre-

diction (12), even if we take into account the O(mK/MN)

corrections of Refs. [28, 29]. We note, however, that the

most recent analysis of the anti-kaon – baryon scattering

[36–38] revealed that the NLO chiral corrections can be

very large . It would be very interesting to see what is the

resulting ratio in Eq. (12).

6 Conclusions

In summary, we analysed the implication of the flavour

SU(3) symmetry for explanations of the neutron anomaly

in the γN → ηN cross section. The SU(3) symmetry sug-

gests three classes of scenarios: (A) dominance of the anti-

decuplet channel at narrow energy interval (B) fine tuning

of parameters of known wide resonances to arrange very

specific interference pattern ([20–22]) or (C) fine tuning

of parameters to arrange strong cusp effects in the neutron

channel and their strong cancellation in the proton channel

([8]) .

The first two scenarios need exotic nucleon resonances

– this can be either (A) a narrow anti-decuplet of baryons,

or (B) well know N(1650) resonance with very large ss̄
component, i.e. the well-known N(1650) resonance must

be a “cryptoexotic pentaquark". In the scenario (C) it

seems that one tunes parameters in such unnatural way

that the flavour SU(3) symmetry is very strongly violated.

Also the scenario (C) assumes a fine tuning of a dozen of

free adjustable parameters.

We stressed that the scenarious (B,C) (in contrast to

the first scenario) can explain the neutron anomaly only

in the γN → ηN process and it fails to explain the neu-

tron anomaly in the Compton scattering. It seems that

the simplest, universal (for both η-photoproduction and the

Compton scattering) and concise way to explain the neu-

tron anomaly is the existence of a narrow anti-decuplet of

baryons. The most recent data [39] on double polariza-

tion observables for γn → ηn reaction strongly support

our scenario (A) for explanation of the neutron anomaly.

In that reference the authors came to the conclusion that

“...the angular dependence to different model predictions

favors a scenario with a contribution from a narrow P11

resonance."

7 Epilogue

The project A.4 was funded over the first two periods of

the SFB/TR 16. The PIs were Klaus Goeke and Maxim

Polyakov and the project was called “Multiquark states of

baryons”. Apart from the neutron anomaly that was dis-

cussed in detail above, we briefly summarize here other

pertinent work performed within this project.

7.1 Θ+: puzzle of its existence

In 1997 the Diakonov, Petrov and Polyakov predicted in

the Chiral Quark Soliton Model (χQSM) exotic baryons

that have a particularly small decay width (<15 MeV)

compared to usual resonances (about 100 MeV). Six years

after the prediction the first positive indication of a baryon

with positive strangeness (i.e. Θ+) was provided by the

LEPS collaboration at a mass of 1540 MeV. Experiments

from DIANA, CLAS, SAPHIR and others found also pos-

itive evidence for the Θ+. However in the last years several

experiments were performed without evidence of Θ+, such

that presently the majority of physicists in the hadronic

community doubts the existence of Θ+. The main weak-

ness is that one does not know the production mechanism

of these exotic particles, if they exist. Therefore theoreti-

cal studies are needed and suggested and hence performed

in the present project [40–42]. The studies are all per-

formed assuming the predicted quantum numbers of Θ+,

the above mentioned energy, and a width below 1 MeV

[43, 44].

7.2 Possibility to identify Θ+ baryon from
interference

In this work [45], we suggest to search for the narrow Θ+

resonance in a non-standard way, exploiting the interfer-

ence of the small Θ+ production amplitude with the large

production amplitude of a known resonance, yielding the

same final state. Although the interference idea is very

general, we apply it primarily to the CLAS experiment

whose impressive amount of data can be used to look for

the Θ+ resonance in interference with the large φ photo-

production. Since the final state in both cases is the same,

the two amplitudes must interfere unless forbidden kine-

matically. A simple account for kinematics shows that the

two amplitudes interfere in the CLAS experiment.

The Θ+ production amplitude squared has been esti-

mated in Ref. [46] with the tiny result for the cross sec-

tion in the sub-nanobarn range – too small to be observ-

able even with the large CLAS statistics. However, the

interference cross section is linear in the Θ+ coupling and

hence can be substantially larger. In the CLAS experiment

studying the γp→ K0K̄0p reaction, the KS (decaying into

π+π−) and p have been detected. The second kaon was

reconstructed from the missing mass of all detected parti-

cles. A large portion of events were due to the production

of the φ meson decaying into KLKS . These events have

been rejected in this analysis, however they are exactly

what are needed now. The reanalysis of the CLAS data

using the KLKS pairs from the decay of φ-meson the was

performed in Ref. [47]. The observation of a narrow peak

structure at ∼ 1.54 GeV with a Gaussian width of ∼ 6 MeV

in the missing mass of KS was reported. The observed

structure may be due to the interference between a strange
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(or anti-strange) baryon resonance in the pKL system and

the φ(KS KL) photoproduction leading to the same final

state. The statistical significance of the observed excess

of events estimated as the log likelihood ratio of the reso-

nant signal+background hypothesis and the φ-production

based background-only hypothesis corresponds to 5.3σ.

The method is directly applicable also to the K̄0K+n
reactions at relatively low energies, where one should look

for the Θ−Λ(1520) interference.

7.3 K∗-couplings for the anti-decuplet and
photo-production of the Θ+ on the nucleon

Current approaches to the theoretical description of Θ-

production are often based on K and K∗ meson or reggeon

exchanges. The vertex for the KNΘ-coupling may be con-

sidered as known, if one assumes the spin-parity and width

of Θ+ to be known (the corresponding form factor is still

a problem, of course). Contrary to this, properties of the

K∗ exchange are totally unknown. However, they may be

essential, e.g., for comparisons of Θ+-photoproduction off

the proton and/or the neutron. In the works [43, 44, 46]

we estimate the coupling of the K∗ vector meson to the

N → Θ+ transition employing unitary symmetry, vec-

tor meson dominance, and results from the GRAAL Col-

laboration for η photo-production off the neutron. Our

small numerical value for the coupling constant is consis-

tent with the non-observation of the Θ+ in recent CLAS

searches for its photo-production. We also estimate the

K∗-coupling for the N → Σ∗ excitation, with Σ∗ being

the Σ-like anti-decuplet partner of the Θ+ -baryon. As de-

scribed in our paper ref. [43] we obtain the following esti-

mates:

| f2(K∗0 pΘ+)| = | f2(K∗+ nΘ+)| = √
6 | f2(ρ0 n n∗)|

= (1.10 − 3.14) ,

| f2(K∗− p Σ∗0)| = (0.45 − 1.28) , | f2(K
∗0
p Σ∗+)|

= (0.64 − 1.81) .

Incidentally, the value of 1.1 for | f2(K∗+ nΘ+)| =

| f2(K∗0 pΘ+)| was used earlier in Ref. [46] to estimate the

production cross section of Θ+ in photo-reactions. With a

Θ+-width of 1 MeV and the above value of f2(K∗ N Θ),

calculations [46] find small cross sections σtot(γp →
K

0
Θ+) < 0.22 nb and σtot(γn → K−Θ+) < 1 nb, which

are below the limits given recently by the CLAS Collabo-

ration.

Note also the difference between proton and neutron

targets. To clarify the meaning of our numerical values

for f2 , we consider in more detail the photo-production

γ + p→ K
0
+Θ+ with K∗-exchange as the main contribu-

tion. We can compare experimental limits for this reaction,

obtained by the CLAS Collaboration, and the theoretical

calculations in our model [46]. Our analysis shows that

the CLAS analysis very likely is not sensitive enough to

reveal the Θ+ (if it exists).

7.4 SU(3) systematization of baryons

We studied the spectrum of all baryons with the mass

less than approximately 2000-2200 MeV using the Gell-

Mann–Okubo mass formulas and SU(3)-symmetric pre-

dictions for two-body hadronic decays [48–50]. We suc-

cessfully placed almost all known baryons in twenty-one

SU(3) multiplets and, thus, confirmed the prediction that

the approximate SU(3) symmetry works remarkably well.

Our results are summarized in ref.[48]. In fact there

are predictions of 17 new particles, which are absent in the

Review of Particle Physics. Among the predicted baryons,

the most remarkable is the Λ hyperon with JP = 3/2−,

the mass around 1850 MeV, the total width ≈ 130 MeV,

significant branching into the Σπ and Σ(1385)π states and

a very small coupling to the NK state [51]. Our analysis

gives a model-independent confirmation of the constituent

quark model prediction that there should exist a new Λ

baryon with the mass between 1775 MeV and 1880 MeV,

which almost decouples from the NK state.

Methods of the approximate flavor SU(3) symmetry of

the strong interactions are also applicable to the antidecu-

plet. Our analysis clearly demonstrates that, if the antide-

cuplet exists, it must mix with some other SU(3) multi-

plet [48–50]. We considered a scenario that the antidecu-

plet mixes with a non-exotic octet. This enables us to ac-

commodate in a simple way all presently available experi-

mental information on the antidecuplet decays and to pre-

dict the unmeasured 10 decays. Ref. [48] summarizes our

SU(3) predictions for the antidecuplet. Assuming ΓΘ+ ≤ 1

MeV we obtain fkor all partial widths of the anti-decuplet

of less than 2.5 MeV with the only exception of ΓN10→Δπ=

(2.6 − 15.6)MeV and ΓΣ10→Σ(1385)π = (0.33 − 1.96)MeV.

7.5 Baryons from the chiral quark-soliton picture

During the second funding period our work was also con-

centrated on studies of hadrons which emerge in the chiral

quark-soliton picture of the baryons. Firstly, we worked

out in Ref. [52] in detail the properties of possible anti-

decuplet baryons. We have proposed a scenario in which

the Roper octet can mix with the putative anti-decuplet

of exotic baryons and predicted the properties of its cryp-

toexotic states. In our view, this is the best what one can

do in the framework of the chiral-quark soliton model.

It was found that the cryptoexotic anti-decuplet nucleon

state must have a much larger photocoupling to the neutron

than the proton. Also we found that the coupling of anti-

decuplet N∗ to the πN channel is strongly suppressed. As

the byproduct of our studies of the ground state baryons in

the chiral quark-soliton model, we developed a method to

calculate the electromagnetic mass differences in the octet

and decuplet of baryons [53]. In this work we showed

that the electromagnetic mass differences in the octet and

the decuplet are related to each other due to the hedge-

hog symmetry of the model. These relations are in a good

agreement with the experimental data.
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