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 2011 October 10On narrow nucleon excitation N�(1685)V.Kuznetsov+, M.V. Polyakov��, M.Th�urmann�+Institute for Nuclear Research, 117312 Moscow, Russia�Institut f�ur Theoretische Physik II, Ruhr-Universit�at Bochum, D-44780 Bochum, Germany�St. Petersburg Institute for Nuclear Physics, 188300 St. Petersburg, RussiaSubmitted 16 August 2011We perform estimates on putative narrow nucleon N�(1685) { the candidate for the non-strange memberof the exotic anti-decuplet of baryons. In particular, we consider the recent high precision data on � photo-production o� free proton obtained by the Crystal Ball Collaboration at MAMI. We show that it is di�cultto describe peculiarities of these new data in the invariant energy interval of W � 1650�1750MeV in termsof known wide resonances. Using very simple estimates, we show that the data may indicate an existence of anarrow N�(1685) with small photocoupling to the proton.The prediction of light and narrow anti-decuplet ofbaryons in the framework of the chiral quark solitonmodel (�QSM) [1] has a direct implication for the classi-cal �eld of nucleon resonances spectroscopy: one shouldexpect an existence of the nucleon state, which is muchnarrower than the usual nucleon excitations with analo-gous mass [1{4].As pointed out in Ref. [5], the nucleon resonancefrom the anti-decuplet has a clear imprint of its exoticnature: it is excited by the photon predominantly fromthe neutron, its photoexcitation from the proton targetis strongly suppressed. Therefore the 
n ! �n processhas been suggested in Ref. [5] as a \golden channel"to search for the anti-decuplet nucleon. A modi�ed par-tial wave analysis (PWA) of the elastic �N scattering [3]showed that the existing data on �N scattering can toler-ate a narrow P11 resonance at a mass around 1680 MeVif its �N partial decay width is below 0:5 MeV. Sucha suppression of the �N decay channel is predicted in�QSM [1, 3, 4].The pioneering observation in Refs. [6, 7] of a nar-row structure in the � photoproduction cross section onthe neutron atW � 1680 MeV (neutron anomaly1)) wascon�rmed by three other groups CBELSA/TAPS [8, 9],LNS [10], and Crystal Ball/TAPS [11].In Refs. [7, 12{16] the experimental �ndings were in-terpreted as a signal of a nucleon resonance with themass near � 1680 MeV and unusual properties: thenarrow width and the stronger photoexcitation on theneutron comparing to that on the proton. Alternatively,the authors of Refs. [18, 17] explained the neutron anom-1)The name \neutron anomaly" was introduced in Ref. [13] todenote the bump in the quasi-free 
n ! �n cross section aroundW � 1680 MeV and its apparent absence in the quasi-free 
p! �pcross section.

aly in terms of the interference of well-known resonancesand in Ref. [19] due to e�ects of meson loops. It is worthnoting here that the models of Refs. [18, 17, 19] do notpredict the neutron anomaly. The experimental data ofRef. [8] on the peak in the neutron cross-section (and itsapparent absence in the proton channel) has been usedin these models as an input for �tting of quite numerousmodel parameters.In year 2011 more results on the neutron anomalywere obtained.� In Ref. [20] the neutron anomaly was also observedin the Compton scattering { in this reference thestudy of quasi-free Compton scattering on the neu-tron in the energy range of E
 = 750�1500 MeVrevealed a narrow (� = 30 � 10 MeV) peak atW � 1685 MeV. Such peak is absent in the Comp-ton scattering on the proton.We note that the explanations of the neutronanomaly in the � photoproduction in terms of theinterference of well-known resonances [18, 17] anddue to e�ects of meson loops [19] obviously do notwork in the case of the Compton scattering.� Recently the data of the CBELSA/TAPS collab-oration [8] on � photoproduction o� the neutronhave been reanalysed by the same collaboration.Namely, the de-folding of the Fermi motion hasbeen performed [9]. As the result the data exhibitpronounced narrow (� = 25 � 10 MeV) peak atW � 1670 MeV. One can use the results of thisnew analysis in order to extract the photocouplingof neutral component of N�(1685). The method isdescribed in Ref. [14], following it one can easilyobtain:�¨±¼¬  ¢ ���� ²®¬ 94 ¢»¯. 7 { 8 2011 543



544 V.Kuznetsov, M.V.Polyakov, M.Th�urmannpBr�NAn1=2 � 15 � 10�3 GeV�1=2: (1)That value of the photocoupling is in a strik-ing agreement with the value obtained inRef. [14] from the analysis of the GRAAL-data ofRefs. [6, 7].It was predicted that the photoexcitation of thecharge component of the anti-decuplet nucleon isstrongly suppressed [5]. That makes its search more so-phisticated. In Refs. [12, 13] it was found that the beamasymmetry for the � photoproduction on the free protonexhibits a narrow structure around W � 1685 MeV,which looks like a peak at forward angles and whichdevelops into an oscillating structure at larger scatteringangles. Such behaviour is typical for interference e�ectsof a narrow resonance with smooth background. Fits tothe data provided a rough estimate of the photocouplingfor the charge component of N�(1685) [12, 13]:pBr�NAp1=2 � (0:5�2:5) � 10�3 GeV�1=2; (2)which is much smaller than the couplng to the neu-tron (1).Photocouplings (1) and (2) correspond to the follow-ing resonance cross section at its maximum (the estimatefor the proton channel corresponds to pBr�NAp1=2 =1 � 10�3 GeV�1=2):�res(
n! �n)jW=MR � 8:5 �10 MeV�tot � �b;�res(
p! �p)jW=MR � 0:04 �10 MeV�tot � �b: (3)Typical values of the non-resonant cross section atW �� 1680 MeV is �n � 5�6 �b for the neutron and�p � 3 �b for the proton. One sees from that roughestimate that the resonance cross section on the pro-ton is very small and even in a measurement with anideal resolution it is almost impossible to see the corre-sponding resonance signal. The signal of weak resonancecan be revealed through its quantum interference withthe strong but smooth background amplitude, see e.g.[21, 22]. In the case of interference a weak signal canappear not necessarily as a resonance bump but as a dipor a structure oscillating with energy. The maximallypossible magnitude of such structure can be estimatedas:��tot = 2q�p �res(
p! �p)jW=MR � 0:7 �b; (4)that number corresponds to � 0:06 �b/sr in the di�eren-tial cross section. Note that the actual magnitude of the

interference structure must be smaller than the abovevalue, as the estimate (4) assumes that only one partialwave with quantum numbers of the putative resonancecontributes to the cross section.Recently the Crystal Ball Collaboration at MAMIpublished high precision data on � photoproduction onfree proton [23]. The cross section was measured with�ne steps in the photon energy. The authors of Ref. [23]concluded that \... cross sections for the free pro-ton show no evidence of enhancement in the regionW � 1680 MeV, contrary to recent equivalent mea-surements on the quasifree neutron. However, this doesnot exclude the existence of an N�(1680) state...". Aswe discussed above one should expect that the putativeN�(1685) can be seen in the cross section only due toits interference with strong smooth background and thecorresponding signal is not necessarily looks like a peakbut rather as the structure oscillating with energy or asa dip.Let us look more carefully at the energy behaviourof the total cross section in the energy region aroundW � 1685 MeV. The data of Ref. [23] for the totalcross section of 
p ! �p for W in the interval 1650{1750 MeV are shown in Fig. 1. One sees clearly an oscil-
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Fig. 1. Total cross section of 
p ! �p process. The datapoints are from Ref. [23]. Solid line is the 6th order poly-nomial �t to the experimental points just to guide the eyelation structure with the distance between two extremaof �W � 40 MeV (a minimum at W � 1680 MeV anda maximum at W � 1720 MeV). The amplitude of thatoscillation structure (the di�erence between the values ofthe cross section at the extrema) is about � 0:5 �b (cf.our estimate (4)). We see that in the invariant energy re-gion 1680{1720 MeV the total cross section of 
p! �preveals a narrow oscillation (or maybe dip) structurewith the magnitude compatible with our expectations (4)for the interference pattern of the narrow N�(1685). Theamplitude of the oscillation structure and its width aretoo close to the upper limits what one can expect for theputative narrow resonance N�(1685). It seems that sev-�¨±¼¬  ¢ ���� ²®¬ 94 ¢»¯. 7 { 8 2011
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Fig. 2. Coe�cients Ai of the Legendre expansion (5) normalized to the total cross section A0. The coe�cients Ai are calculatedusing the data of Ref. [23]. The �lled circles correspond to A1=A0, �lled squares to A2=A0 and �lled diamods to A3=A0eral partial waves are in play. It might be that the wideresonances in the neighbourhood of W � 1685 MeV,such as P11(1710), P13(1720) and D15(1675) can con-tribute additionally to the enhancement of the observedoscillation. All these contributions can be disentangledby PWA.The consideration above shows that around W �� 1680 MeV there exists a phenomenon with the typicalenergy scale of about 20{40 MeV. In order to investigatea possible origin of the phenomenon let us consider thedi�erential cross section. It is convenient to expand thedi�erential cross section in the Legendre series:d�d
 = 14� 1Xl=0 Al(W ) Pl(cos �); (5)where Pl are Legendre polynomials.In Fig. 2 we show the normalized Legendre coe�-cients (5) (Ai=A0) extracted from the data of Ref. [23].One sees that A1 coe�cient undergoes rapid changeof its sign on the invariant energy interval of W �� 1650�1730 MeV. Also A3 changes its sign on thatinterval, whereas the coe�cient A2 shows little struc-ture on that energy interval. We note that the rapidchange of A1 coe�cient occurs exactly at invariant en-

ergy, where the rapid change of photon beam asymmetrywas observed in Refs. [12, 13].It is clear that the rapid change of the sign ofA1 can be driven by the interference of various par-tial waves. Thus one de�nitely needs sizable values ofP and/or D waves in the invariant energy interval ofW � 1650�1750 MeV. That simple observation castsserious doubts on the model of Ref. [19], which predictsthe dominance of S-wave in that energy interval.The main distinctive feature of putative N�(1685) isits small width, one may try to single out its contributionto A1 considering derivatives dA1=dW . Indeed, lookingat Fig. 2 one might see that the speed of A1's changewith W has probably a qualitatively di�erent regime onnarrow energy interval of W � 1670�1700 MeV. Thatobservation invites us to study the \speed characteris-tic" of the normalized A1:S1(W ) �W ddW �A1(W )A0(W )� : (6)That quantity is dimesionless, it allows us to sepa-rate rapidly changing contributions from contributionsof wide resonances and smooth background. It is di�-cult to extract S1(W ) from the data because of statistical
uctuations in the data that induce large instabilities inthe calculations of the derivative. We use the following�¨±¼¬  ¢ ���� ²®¬ 94 ¢»¯. 7 { 8 2011



546 V.Kuznetsov, M.V.Polyakov, M.Th�urmannprocedure to compute S1(W ): for each ith bin in W wechoose the energy interval [Wi;Wi+12] (about 30 MeVwide) and �t the data by the 4th order polynomial (13data points). After that, using resulting from the �tpolynomial, we compute S1(W ) analytically for the 4middle bins in the interval [Wi;Wi+12]. Obviously, theresulting value of S1(W ) for a given W depends on theinitial bin in our procedure. The di�erences of values ofS1(W ) re
ect the uncertainties in di�erentiation of thenumerical data.In Fig. 3 we plot S1(W ) obtained by that procedure.We see that at W around 1660 MeV and 1690 MeV the
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Fig. 3. Extracted values of S1(W ) (6) on the energy inter-val of 1650{1750 MeV. As an example, we show by thedashed line the contribution of 100 MeV wide P11 reso-nance with the mass of 1710 MeV (dotted line correspondsto MR = 1700 MeV) andpBr�NAp1=2 � 8 � 10�3 GeV�1=2(that corresponds to �res=�tot � 0:1). The values of themass and width are chosen in accordance with the centralvalues for those parameters provided by the Particle DataGroup [24] for the three star N(1710) resonance\speed characteristic" S1(W ) (6) is very uncertain (oneobtains very di�erent values depending on the startingbin), whereas between these points the S1(W ) is ratherstable. That means that at points 1660 and 1690 MeVthe change of the regime of theW dependence of the nor-malized A1 happens. Also it is remarkable that S1(W )reaches its maximum at W � 1680 MeV (that is cor-responds to the in
ection 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 appearsas the result of interference of two partial waves: oneis smooth (say S-wave) and another is dominated by aresonance (say P -wave). Note that the value of S1(W )at maximum at 1680 MeV is rather sizable: Smax1 � 30.If one uses a simple model, which consist of smoothS11 amplitude and a narrow P11 resonance (mass MR

and total width �R) on the top of smooth backgroundone can derive a simple expression for Smax1 :Smax1 = 4MR�R r�res�tot p1� r (1� 2r); (7)where r is the fraction of the P11 partial wave in �tot atW = MR and �res is the resonance cross section. Wenote that this equation is derived under the assumptionsthat the resonance is weak, i.e. �res � �tot. We con-sider this limit because otherwise (for �res � �tot) theresonance should be seen in the total cross section as aclean cut peak.From Eq. (7) one obtains that for the known wideresonances of width �R � 100�200 MeV Smax1 �� (22�11) even for optimistically large cross sectionratio of �res=�tot = 0:1. As an illustration, the con-tribution of P11(1710) resonance to S1(W ) is shownby the dashed line in Fig. 3. For the calculations weused the central values of the N(1710) parameters listedby the Particle Data Group [24]: MR = 1710 MeV,�R = 100 MeV whereas for the photocoupling we tookpBr�NAp1=2 � 8 � 10�3 GeV�1=2 which corresponds tothe maximal value provided by PDG. The latter valuecorresponds to �res=�tot � 0:1, if one uses the centralvalues of N(1710) parameters listed by PDG one ob-tains the contribution to S1(W ) which is about 10 timessmaller than the one shown by the dashed line on Fig. 3.One sees that it is very di�cult to obtain the exper-imental value of Smax1 � 30 by contribution of knownwide resonances if the corresponding resonance crosssection is not large. For the case of the large resonancecross section the corresponding resonance should be vis-ible as a peak in the di�erential cross section.According to Eq. (7), another possibility to obtainthe large experimental value of Smax1 � 30 is due tothe contribution of a narrow resonance with small pho-tocoupling to the proton (small ratio of cross sections�res=�tot). From Eq. (7) we see that for each valueof parameter r we can determine a relation betweenpBr�NAp1=2 and the resonance total width �R. Tak-ing experimental values of �tot � 3�b and Smax1 � 30we plot in Fig. 4 the relation between pBr�NAp1=2 andthe resonance width for several values of the parameterr. Also we plot our estimation of pBr�NAp1=2 (2) ob-tained from the analysis of the beam asymmetry in �photoproduction o� free proton [12, 13].Given that our estimates are very rough, the agree-ment is rather impressive. We can conclude from thepresented simple analysis that the observed in Ref. [23]oscillation of �tot(
p ! �p) and rapid change of theLegendre coe�cient A1(W ) aroundW � 1685MeV mayindicate an existence of new narrow N�(1685) resonance�¨±¼¬  ¢ ���� ²®¬ 94 ¢»¯. 7 { 8 2011
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Fig. 4. Lines show the relation between pBr�NAp1=2 andthe width of putative resonance �R obtained from Eq. (7)with the experimental input Smax1 � 30 and �tot � 3 �b.The lines correspond to values of the parameter r =0; 0:1; 0:2 and 0.3 (the larger r the steeper the curve).Shaded area shows our estimate given by Eq. (2). Bydashed lines we show the solutions of Eq. (7) for the caseof Smax1 � 20with �tot � 50 MeV and small resonance photocouplingin the range of pBr�NAp1=2 � (0:3�3) � 10�3 GeV�1=2.These parameters are in agreement with the analysis ofthe photon beam asymmetry in 
p ! �p process per-formed in Refs. [12, 13].The estimates presented here provide us the feelingof the expected scales for the e�ect of putative N�(1685)in the cross section of 
p ! �p. The estimates alsoshow that the e�ect of putative N�(1685) is interlacedwith e�ects of neighbourhood wide resonances, such asP11(1710), P13(1720) and D15(1675). We hope that oursimple estimates were able to grasp main physics in ob-served phenomena and future PWA will be able to detailour observations.It seems that all experimental facts discussed herestrongly support the existence of new narrow nucleon ex-citation N�(1685) with properties neatly coinciding withthose predicted for the non-strange member of exoticanti-decuplet [1{5] (for the most recent analysis of theproperties of anti- decuplet baryons see Ref. [25]).This work has been supported by SFB/Transregio 16(Germany). We are thankful to M.D�oring, A. Fix,A. Sarantsev, and L.Tiator for interesting discussionsand for correspondance.1. D. Diakonov, V. Petrov, and M. V. Polyakov, Z. Phys.A 359, 305 (1997) [arXiv:hep-ph/9703373].2. D. Diakonov and V. Petrov, Phys. Rev. D 69,094011(2004) [arXiv:hep-ph/0310212].3. R.A. Arndt et al., Phys. Rev. C 69, 035208 (2004)[arXiv:nucl-th/0312126].
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