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Anti-decuplet of baryons
D.Diakonov, V. Petrov, M.V.P.,  Z. Phys.  A359 (1997) 302

All nucleon resonance listed in 
PDG have widths > 100 MeV. 
It is natural for quark model 
picture of baryons. Chiral 
soliton model challenges this 
picture. New narrow and light 
multiplet is predicted.



Nonstrange pentaquark
Initially was identified with 

P11(1710)
D.Diakonov, V. Petrov, M.V.P.,  Z. Phys.  A359 (1997) 302

    Predicted properties:   
  - P11 quantum numbers 
  - weakly couples to  pi N state, 
    narrow (< 40 MeV)
  - significantly couples to eta N
  - photopropuction on proton is 
    suppressed by SU(3)

In 1997 very uncertain properties of P11(1710) were hardly but compatible with prediction
of soliton picture of baryons, also at that time for us it was hard to believe that one could miss
 a narrow nucleon resonance around 1700 MeV after decades of baryon spectroscopy 
programme.  
In 2003 it became clear that P11(1710) can not be member of anti-decouplet, therefore
it was suggested  in  /R. Arndt,  et al. PRC 69 (2004) 035208 /  and 
/D.Diakonov, V. Petrov PRD69 (2004) 094011/  an existence of new P11 narrow
nucleon resonance with the mass in 1700 MeV region.



Photon has U-spin = 0. Good filter for multiplets

Y

I3

Anti-decuplet N* in the SU(3) limit can be photoexcited only from the neutron target
A. Rathke, M.V.P.  EPJ A18 (2003)  691
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Nonstrange pentaquark: properties from ChQSM
Detailed studies:
R. Arndt,  et al. PRC 69 (2004) 035208 
J. Ellis, M. Karliner, M. Praszalowicz,  (2004 )JHEP 0405
M. Praszalowicz, Acta Phys.Polon. B35 (2004) 1625
T. Ledwig, Kim, K. Goeke, Phys.Rev.D78 (2008) 054005

Mixing angle with octet

Range of the mixing angle predicted by solitons

Plots from Goeke, Praszalowicz, MVP (0912.0469)



Modified PWA of pi N scattering –  new narrow N*(1680) can be
tolerated by pi N scattering data if:

Arndt, Azimov, Strakovsky, Workman,MVP, PRC04

• mass ~1680 (or 1730)
•width< 30 MeV
•Br(piN) < 5%
•most probable quantum #‘s 
  P11

`` … given our present knowledge of the  θ+, the state commonly known as the N(1710) is not the appropriate candidate to be a member of the 
antidecuplet. Instead we suggest candidates with nearby masses, N(1680) (more promising) and/or N(1730) (less promising, but not excluded). Our 
analysis suggests that the appropriate state should be rather narrow and very inelastic…”
                                                                                                                  /Arndt, Azimov, Strakovsky, Workman,MVP, PRC04
/
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FIG. 2: Change of overall χ2 due to insertion of a resonance into P11 for MR = 1660 – 1760 MeV with Γtot = 0.1, 0.3, 0.5,
0.7, and 0.9 MeV (top panel) and 1, 3, 5, 7, and 9 MeV (bottom panel), and Γel/Γtot = 0.1 (left column), 0.2 (midle column),
and 0.4 (right column) using πN PWA [25]. The curves are given to guide the eye. Vertical arrows indicate MR = 1680 and
1730 MeV.



Neutron Anomaly



V. Kuznetsov, et al., NSTAR‘’04, hep-ex/0409032
V. Kuznetsov, et al., Phys. Lett. 647 (2007) 23

Eta photoproduction on the neutron.  First observation  of  „neutron 
anomaly“  in GRAAL data.

Bump in quasi-free cross-section: „neutron anomaly“  (affected by nuclear effects)

Peak in 
eta-neutron inv.
(not affected by 
nuclear effects, only 
resolution)
Mass ~1680 MeV



�
BrηNAn

1/2 ∼ 13 · 10−3 GeV−1/2

Assuming that peak is due to a narrow P11 resonance one can obtain
its neutron photocoupling: 

YA. Azimov, V. Kuznetsov, I. Strakovsky, M.V.P. 
EPJ A25 (2004) 325



Eta photoproduction on the neutron. CB-ELSA/TAPS results.

I. Jaegle, et al., Phys. Rev. Lett. 100 (2008) 252002

Bump in quasi-free cross-section: „neutron anomaly“
Peak in 
eta-neutron inv.
Mass ~1683 MeV

Note that the „neutron anomaly“ is affected by the Fermi motion, 
rescattering effects and the procedure of extraction quasi-free cross section 

Peak in the inv. mass is 
Independent of these effects 
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De-folding Fermi motion in CB-ELSA/TAPS data.

B. Krusche, talk at RUB,  January 2011 

After defolding of the Fermi motion the peak
became sharper, as one would expect for a 
resonance contribution.

We extracted the photocoupling of putative
n*(1685). The results is:
 

in excellent agreement with the extraction of the
photocoupling from the GRAAL data  in 
YA. Azimov, V. Kuznetsov, I. Strakovsky, M.V.P. 
EPJ A25 (2004) 325

                       

‘de-folding’ of Fermi motion - kinematical re-construction———————————————————————————–
reaction kinematics completely determined even without neutron ToF:
• initial state: incident photon and deuteron at rest
known/measured: Eγ,md, pd = 0

• final state: η-meson, participant, and spectator nucleon
known/measured:ms,mp,Θp, Φp,mη, pη

not measured: Tp, ps (four variables)
• four constraints from energy/momentum conservation

→four-vectors of participant and spectator determined

spectator momentum in quantitative
agreement with deuteron wave function
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Eta photoproduction on the neutron.  Crystal-Ball @ MAMI-C result.

D. Werthmueller et al. Chin.Phys.C33:1345-1348,2009.



Neutron Anomaly is established! How to interpret it ?
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Intrepretations of the  neutron anomaly

New narrow nucleon resonance with much stronger photocoupling to neutron.
    Was predicted  before  experiments as anti-decuplet member!
                                                                A. Rathke, M.V.P.  EPJ A18 (2003)  691
                                                                                                                R. Arndt,  et al. PRC 69 (2004) 035208
                                                                                                                D.Diakonov, V. Petrov PRD69 (2004) 094011

Coupled channel effect of  S11(1650) and P11(1710) .
                                                                           V. Shklyar, H. Lenske , U. Mosel , PLB650 (2007) 172

Either interference effects of  S11(1535) and  S11(1650) OR new narrow resonance
                                                                           A. Anisovich et al. ArXiv: 0809.3340 

Effects of meson loops
                                                                          Döring, Nakayama  ArXiv: 0909.3538

These models require fine tuning to produce narrow structure. These models do 
                      NOT predict the neutron anomaly, it is used as an input to fit model 
                      parameters. No neutron anomaly in the Compton scattering.
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These models require fine tuning to produce narrow structure. These models do 
                      NOT predict the neutron anomaly, it is used as an input to fit model 
                      parameters. No neutron anomaly in the Compton scattering.

Let us check the neutron anomaly in Compton scattering.



N*(1685) in Compton Scattering on Neutron

V. Kuznetsov et al., 
Phys.Rev.C83:022201,2011
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1) No peak in Compton on proton
(suppresson of gamma-p coupling)

2) No peak in 
(suppression of the piN coupling) 

γn → π0n
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N*(1685) in eta photoproduction on free proton



Anti-decuplet „proton“ couples weakly to the photon (just flavour SU(3) symmetry, no dynamics)
                                                                                                                                            A. Rathke, M.V.P.  EPJ A18 (2003)  691

Therefore contribution of the putative nucleon resonance to the proton eta photo-production 
cross section is expected to be small. 

Analysis of the GRAAL beam asymmetry gives an estimate of the „proton“ photo-coupling:
                                                                                     V. Kuznetsov, M.V.Polyakov, et al., Acta Physica Polonica , 39 (2008) 1949
                                                                                     V. Kuznetsov, M.V.Polyakov., JETP Lett., 88 (2008) 347
                                                                           

                                                           Corresponding resonance cross section at the maximum is:

No chance to see resonance PEAK. The only way is to use interference with strong background.
The putative resonance will show up as peak, dip or oscillating structure. The maximally
possible  magnitude of the structure:

  The structure is expected to be wider than the underlying resonance.

Photocouplings (1) and (2) correspond to the following resonance cross section at its
maximum‡ (at W = MR):

σres(γn → ηn)|W=MR
∼ 8.5

(

10 MeV

Γtot

)

µb, (3)

σres(γp → ηp)|W=MR
∼ 0.04

(

10 MeV

Γtot

)

µb.

Typical values of the non-resonant cross section at W ∼ 1680 MeV is σn ∼ 5 − 6 µb for
the neutron and σp ∼ 3 µb for the proton. One sees from that rough estimate that the
resonance cross section on the proton is very small and even in a measurement with an
ideal resolution it is almost impossible to see the corresponding resonance signal. The
signal of weak resonance can be revealed through its quantum interference with the strong
but smooth background amplitude, see e.g. [24, 25]. The interference enhancement of a
weak signal was used in Refs. [11, 12] to reveal the signal of narrow N∗(1685) in polarization
observables. Note that in the case of interference a weak signal can appear not necessarily
as a resonance bump but as a dip or a structure oscillating with energy.

In order to reveal a weak signal of N∗(1685) in the cross section of γp → ηp processes
one needs to perform detailed PWA. Here we just make a “back of an envelope” estimate.
As we mentioned already a weak resonance should appear as a bump, dip or oscillating
structure in the cross section. The maximally possible magnitude of such structure can
be estimated as:

∆σtot = 2
√

σp σres(γp → ηp)|W=MR
∼ 0.7 µb, (4)

that number corresponds to ∼ 0.06 µb/sr in the differential cross section. Note that
the actual magnitude of the interference structure must be smaller than the above value,
as the estimate (4) assumes that only one partial wave with quantum numbers of the
putative resonance contributes to the cross section.

Recently the Crystal Ball Collaboration at MAMI published high precision data on η
photoproduction on free proton [26]. The cross section was measured with fine steps in
the photon energy. The authors of Ref. [26] concluded that “ ... cross sections for the
free proton show no evidence of enhancement in the region W ∼ 1680 MeV, contrary to
recent equivalent measurements on the quasifree neutron. However, this does not exclude
the existence of an N∗(1680) state...”. As we discussed above one should expect that the
putative N∗(1685) can be seen in the cross section only due to its interference with strong
smooth background and the corresponding signal is not necessarily looks like a peak but
rather as the structure oscillating with energy or as a dip.

Let us look more carefully at the energy behaviour of the total cross section in the
energy region around W ∼ 1685 MeV. The data of Ref. [26] for the total cross section
of γp → ηp for W in the interval 1650-1750 MeV are shown in Fig. 2. One sees clearly
an oscillation structure with the distance between two extrema of ∆W ∼ 40 MeV (a

‡We emphasize that the theoretical uncertainties in the estimates of the photocouplings (1) and (2)
are rather large ±40%. That can lead to ±80% uncertainties in the estimates of the resonance cross
sections.

4

�
BrηNAp

1/2 ∼ (1÷ 2) · 10−3 GeV−1/2



0.7 µbarn
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New high precision MAMI data on eta photoproduction off free proton
                                                     E.F. McNicoll et al., Phys.Rev.C82:035208,2010

1660 1680 1700 1720 1740 W!MeV"
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Σtot!Μb"

Figure 2: Total cross section of γp → ηp process. The data points are from Ref. [26].
Solid line is the 6th order polynomial fit to the experimental points just to guide the eye.

minimum at W ∼ 1680 MeV and a maximum at W ∼ 1720 MeV). The amplitude of
that oscillation structure (the difference between the values of the cross section at the
extrema) is about ∼ 0.5 µb (cf. our “back of an envelope” estimate (4)). We see that
in the invariant energy region 1680-1720 MeV the total cross section of γp → ηp reveals
a narrow oscillation (or maybe dip) structure with the magnitude compatible with our
expectations (4) for the interference pattern of the narrow N∗(1685)§. The amplitude of
the oscillation structure and its width are too close to the upper limits what one can expect
for the putative narrow resonance N∗(1685). It seems that several partial waves are in
play. It might be that the wide resonances in the neighbourhood of W ∼ 1685 MeV, such
as P11(1710), P13(1720) and D15(1675) can contribute additionally to the enhancement of
the observed oscillation. All these contributions can be disentangled by PWA.

Table 1: Interference of various partial waves in coefficients Ai (5). The Legendre co-
efficient A1 is highlighted because experimentally it clearly exhibits the rapid energy
dependence at W ∼ 1650− 1750 MeV.

S11 P11 P13 D13 D15

S11 A0 A1 A1 A2 A2

P11 A1 A0 A2 A1 A3

P13 A1 A2 A0, A2 A1, A3 A1, A3

D13 A2 A1 A1, A3 A0, A2 A2, A4

D15 A2 A3 A1, A3 A2, A4 A0, A2, A4

§We note that this oscillation structure is also seen in the data of Ref. [13], however the authors
attributed the structure to an instrumental effect

5

40 MeV

Oscillating structure in the cross section



A1
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Legendre expansion of the diff. cross section:
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Figure 3: Coefficients Ai of the Legendre expansion (5) normalized to the total cross
section (to A0). The coefficients Ai are calculated using the data of Ref. [26]. The filled
circles correspond to A1/A0, filled squares to A2/A0 and filled diamods to A3/A0.

The consideration above shows that aroundW ∼ 1680 MeV there exists a phenomenon
with the typical energy scale of about 20-40 MeV. In order to investigate a possible origin
of the phenomenon let us consider the differential cross section. It is convenient to expand
the differential cross section in the Legendre series:

dσ

dΩ
=

1

4π

∞
∑

l=0

Al(W ) Pl(cos θ), (5)

where Pl are Legendre polynomials. Note that by definition the coefficient A0(W ) co-
incides with the total cross section. The coefficients Ai(W ) receive contribution from
interference of various partial waves. The partial waves (for l ≤ 2) which interfere in
a given coefficient Ai(W ) are listed in Table 1. As an entry in the table we show the
coefficients Ai in which two chosen partial waves interfere.

In Fig. 3 we show the normalized Legendre coefficients (5) (Ai/A0) extracted from
the data of Ref. [26]. One sees that A1 coefficient undergoes rapid change of its sign on
the invariant energy interval of W ∼ 1650− 1730 MeV. Also A3 changes its sign on that
interval, whereas the coefficient A2 shows little structure on that energy interval. We note
that the rapid change of A1 coefficient occurs exactly at invariant energy where the rapid
change of photon beam asymmetry was observed in Refs. [11, 12]. To illustrate this we
show in Fig. 1 the ratio of Legendre coefficient A1/A0 (5) extracted from data of Ref. [26]
(low right insert) together with photon beam asymmetry of Refs. [11, 12].

It is clear from Table 1 that the rapid change of the sign of A1 can be driven by
the interference of various partial waves. Thus one definitely needs sizable values of P
and/or D waves in the invariant energy interval of W ∼ 1650 − 1750 MeV. That simple
observation casts serious doubts on the model of Ref. [20], which predicts the dominance
of S-wave in that energy interval.
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The consideration above shows that aroundW ∼ 1680 MeV there exists a phenomenon
with the typical energy scale of about 20-40 MeV. In order to investigate a possible origin
of the phenomenon let us consider the differential cross section. It is convenient to expand
the differential cross section in the Legendre series:
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where Pl are Legendre polynomials. Note that by definition the coefficient A0(W ) co-
incides with the total cross section. The coefficients Ai(W ) receive contribution from
interference of various partial waves. The partial waves (for l ≤ 2) which interfere in
a given coefficient Ai(W ) are listed in Table 1. As an entry in the table we show the
coefficients Ai in which two chosen partial waves interfere.

In Fig. 3 we show the normalized Legendre coefficients (5) (Ai/A0) extracted from
the data of Ref. [26]. One sees that A1 coefficient undergoes rapid change of its sign on
the invariant energy interval of W ∼ 1650− 1730 MeV. Also A3 changes its sign on that
interval, whereas the coefficient A2 shows little structure on that energy interval. We note
that the rapid change of A1 coefficient occurs exactly at invariant energy where the rapid
change of photon beam asymmetry was observed in Refs. [11, 12]. To illustrate this we
show in Fig. 1 the ratio of Legendre coefficient A1/A0 (5) extracted from data of Ref. [26]
(low right insert) together with photon beam asymmetry of Refs. [11, 12].

It is clear from Table 1 that the rapid change of the sign of A1 can be driven by
the interference of various partial waves. Thus one definitely needs sizable values of P
and/or D waves in the invariant energy interval of W ∼ 1650 − 1750 MeV. That simple
observation casts serious doubts on the model of Ref. [20], which predicts the dominance
of S-wave in that energy interval.

6

Rapid change of A1 coefficient around 1690 MeV. There are rapid 
“oscillations” in the cross section in mass interval of 1650-1750 MeV.
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Speed characteristic:                                     
V.Kuznetsov, M. Thurmann, MVP, ArXiV 1102.5209
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Figure 4: The same as Fig. 3 for the narrower invariant energy interval of 1650-1750 MeV.

In Fig. 4 we show normalized coefficients Ai on the narrower energy interval of 1650-
1750 MeV. The Legendre coefficient A1 exhibits rapid change on this small energy interval¶.
As we discussed above, the total cross section also shows the oscillation structure on the
energy interval of 1650-1750 MeV (see Fig. 2). The width of the apparently seen struc-
ture in A1 is wider than in σtot (∼ 80 MeV versus ∼ 40 MeV). Also the magnitude of
the structure is larger than one can expect for the weak contribution of N∗(1685). It
seems that other wide resonances contribute to the normalized A1, that can be P11(1710),
P13(1720), D15(1675). These resonances have masses around W ∼ 1685 MeV and can also
(in addition to putative N∗(1685)) lead to the change of the sign of A1. To disentangle the
contribution of these resonances one needs detailed PWA, which is beyond scope of these
notes. Here we just make simple estimates to single out the “rapid” degrees of freedom
from the data.

The main distinctive feature of putative N∗(1685) is its small width, one may try
to single out its contribution to A1 considering derivatives dA1/dW . Indeed, looking at
Fig. 4 one might see that the speed of A1’s change with W has probably a qualitatively
different regime on narrow energy interval of W ∼ 1670 − 1700 MeV. That observation
invites us to study the“speed characteristic” of the normalized A1:

S1(W ) ≡ W
d

dW

(

A1(W )

A0(W )

)

. (6)

That quantity is dimesionless, it allows us to separate rapidly changing contributions from
contributions of wide resonances and smooth background. It is difficult to extract S1(W )
from the data because of statistical fluctuations in the data that induce large instabilities
in the calculations of the derivative. We use the following procedure to compute S1(W ):
for each ith bin in W we choose the energy interval [Wi,Wi+12] (about 30 MeV wide) and
fit the data by the 4th order polynomial (13 data points). After that, using resulting from

¶The coefficient A3 also changes its sign in this energy region, but slower than A1
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1660 1680 1700 1720 1740 W!MeV"
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Figure 5: Extracted values of S1(W ) (6) on the energy interval of 1650-1750 MeV. As an
example, we show by the dashed line the contribution of 100 MeV wide P11 resonance with
the mass of 1710 MeV (dotted line corresponds to MR = 1700 MeV) and

√

BrηNA
p
1/2 ∼

8 · 10−3 GeV−1/2 (that corresponds to σres/σtot ∼ 0.1). The values of the mass and width
are chosen in accordance with the central values for those parameters provided by the
Particle Data Group [27] for the three star N(1710) resonance.

the fit polynomial, we compute S1(W ) analytically for the 4 middle bins in the interval
[Wi,Wi+12]. Obviously, the resulting value of S1(W ) for a given W depends on the initial
bin in our procedure. The differences of values of S1(W ) reflect the uncertainties in
differentiation of the numerical data.

In Fig. 5 we plot S1(W ) obtained by that procedure. We see that at W around
1660 MeV and 1690 MeV the “speed characteristic” S1(W ) (6) is very uncertain (one
obtains very different values depending on the starting bin), whereas between these points
the S1(W ) is rather stable. That means that at points 1660 MeV and 1690 MeV the change
of the regime of the W dependence of the normalized A1 happens. Also it is remarkable
that S1(W ) reaches its maximum at W ∼ 1680 MeV (that is corresponds to the inflection
point of the normalized A1) which is close to zero of A1(W ) at W ∼ 1685 MeV. Such
situation is typical for the case when A1 appears as the result of interference of two partial
waves: one is smooth (say S-wave) and another is dominated by a resonance (say P -wave).
Note that the value of S1(W ) at maximum at 1680 MeV is rather sizable: Smax

1 ∼ 30.
If one uses a simple model, which consist of smooth S11 amplitude and a narrow P11

resonance (mass MR and total width ΓR) on the top of smooth P11 background one can
derive a simple expression for Smax

1 :

Smax
1 = 4

MR

ΓR

√

σres

σtot

√
1− r (1− 2r), (7)

where r is the fraction of the P11 partial wave in σtot at W = MR and σres is the resonance
cross section. We note that this equation is derived under the assumptions that the

8

Contribution of P11(1710) with width of 100 MeV
and unrealistically large (x 3 of PDG value) 
photocouplling.

Narrow and weak resonance can explain large speed characteristic!
What a PWA gives?
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Bonn-Gatchina PWA of new MAMI data
                                                       A.V. Anisovich et al. to appear soon

A fit using known broad resonances with standard background 
assumptions can not describe the narrow structure in the mass region 
1660-1750 MeV. The description of the data can be improved 
significantly assuming the existence of a narrow resonance at about 
1700 MeV, and with small photo-coupling.

Standard PWA shows a systematic 
deviation from the the data in the mass 
interval of 1650-1750 MeV. 

Nucleon resonances extracted from Bonn-Gatchina coupled channel analysis NSTAR 2011 39

Fits with narrow states or ωp photoproduction

Resonance Mass Γtot
�

BrηNAp
1/2

�
BrηNAp

3/2 χ2
tot/Ndat χ2

sel/Ndat χ2
Σ/Ndat

MeV MeV 10−3GeV 1/2 10−3GeV 1/2

no res. - - - - 1.13 1.21 1.46
P11(+) 1719 41 3.1 - 1.07 0.93 1.51
P11(−) 1694 35 2.9 - 1.11 0.91 1.11

P13 1728 72 2.6 4.7 1.02 0.93 1.47
S11 1685 30 0.8 - 1.12 1.12 1.47

S11(ωp) - - - - 1.12 0.93 1.41
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Resonance Mass (MeV) Γtot (MeV)
√

BrηNAp
1/2

√

BrηNAp
3/2 χ2

tot/Ndat χ2
sel/Ndat χ2

Σ/Ndat

no res. - - - - 1.21 1.48 1.46

P11(+) 1719 41 3.1 - 1.07 0.93 1.51

P11(−) 1694 35 2.9 - 1.11 0.91 1.11

P13 1728 72 2.6 4.7 1.02 0.93 1.47

S11 1685 30 0.8 - 1.12 1.12 1.47

S11(ωp) - - - - 1.12 0.93 1.41

Inclusion of a narrow resonance improves significantly description of 
MAMI data, especially in narrow energy interval of 1660-1750 MeV
(see change of                  ). 

The data on the photon beam asymmetry prefer the solution with a 
narrow P11 resonance. The mass and width of the resonance is 
consistent with parameters of the neutron anomaly. Its proton 
photocoupling is considerably smaller than the neutron one (3 vs 15).
that makes the anti-decuplet interpretation plausible  

Nucleon resonances extracted from Bonn-Gatchina coupled channel analysis NSTAR 2011 39

Fits with narrow states or ωp photoproduction

Resonance Mass Γtot
�

BrηNAp
1/2

�
BrηNAp

3/2 χ2
tot/Ndat χ2

sel/Ndat χ2
Σ/Ndat

MeV MeV 10−3GeV 1/2 10−3GeV 1/2

no res. - - - - 1.13 1.21 1.46
P11(+) 1719 41 3.1 - 1.07 0.93 1.51
P11(−) 1694 35 2.9 - 1.11 0.91 1.11

P13 1728 72 2.6 4.7 1.02 0.93 1.47
S11 1685 30 0.8 - 1.12 1.12 1.47

S11(ωp) - - - - 1.12 0.93 1.41
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Prediction from solitons A. Rathke, M.V.P.  EPJ A18 (2003)  691 



Conclusions

The observation of the strong narrow peak in eta photoproduction on the neutron 
and PWA of new high precision data on eta photoproduction off free proton, 
considered together, provide a strong case for new narrow nucleon resonance. 

It seems that for many years we have been overlooking a narrow nucleon 
resonance  with mass around 1685 MeV and with stronger photocoupling to the 
neutron.

Such nucleon excitation is a very good candidate  for non-strange member of
the anti-decouplet of exotic baryons  provides support for existence of Theta+  

New narrow nucleon state – a challenge for standard PWA technique,  which for
last 40 years has been guided by the predictions of variants of quark models.

  

                        


