Pis’ma v ZhETF, vol. 106, iss. 11, pp. 667 – 668 © 2017 December 10

Observation of narrow N^+(1685) and N^0(1685) resonances in γN → ηπN reactions

V. Kuznetsov^{+∗1)}, F. Mammoliti^{∗#}, F. Tortorici^{∗#}, V. Bellini^{∗#}, V. Brio^{∗#}, A. Gridnev^+, N. Kozlenko^+, G. Russo^{∗#}, M. L. Sperduto^{∗#}, V. Sumachev^+, C. Sutera^#

+Petersburg Nuclear Physics Institute, 188300 Gatchina, Russia

∗INFN – Sezione di Catania, I-95123 Catania, Italy

#Dipartimento di Fisica ed Astronomia, Università di Catania, I-95123 Catania, Italy

Submitted 20 October 2017

DOI: 10.7868/S0370274X17230011

The observation of a narrow structure at W ∼ ∼ 1.68 GeV in the γn → ηn excitation function at GRAAL, CBELSA/TAPS, LNS and A2@MAMI C [1– 9] and in Compton scattering on the neutron γn → γn [10] (the so-called “neutron anomaly”), and two narrow structures at W ∼ 1.68 GeV and W ∼ 1.72 GeV in Compton scattering on the proton [11], in the precise data for the γn → ηn [12] and π^−p → π^−p [13] reactions may signal the existence of one (N(1685)) or two (N(1685) and N(1726)) narrow nucleon resonances [14–19].

On the other hand, there are alternative interpretations of the “neutron anomaly” in terms of the specific interference of known wide resonances [20–24] or as the sub-threshold meson-nucleon production (cusp) [25, 26]. Although being questionable [27], the first assumption is widely discussed in literature.

The decisive identification of these experimental findings is a challenge for both theory and experiment. In the previous experiments the possible signal of N(1685) was observed in so-called “formation” reactions in which the incoming particle interacts with the target nucleon and excites resonances. If N(1685) does really exist, its signal should also be seen in multi-particle “production” reactions in which it would manifest itself as a peak in the invariant mass spectra of the final-state products. Possible reactions could be γN → πηN.

In this Letter, we report on the study of the γp → → π^0ηp, γp → π^+ηn, γn → π^0ηn, and γn → π^−ηp reactions using the data collected at the GRAAL facility [28].

Photons from η → 2γ and π^0 → 2γ decays and charged pions were detected in the BGO Ball. The recoil protons and neutrons emitted at forward angles θ_{lab} ≤ 25^∘ were detected in the assembly of forward

1)e-mail: Kuznetsov_va@pnpi.nrcki.ru

detectors. It consisted of two planar wire chambers, a thin scintillator hodoscope and a lead-scintillator wall.

At the first step of the data analysis η and π^0 mesons were identified by means of the invariant masses of two properly chosen photons. Then the cuts on the proton and η missing masses were applied.

At the second stage of the data analysis the cuts on the coplanarity and on the differences between the missing and invariant masses assuming two-body reactions with one real particle and one “effective” two-particle in the final state were imposed.

Given the goal of this work, only the events in the range of the energy of the incoming photon E_γ = = 1.4 − 1.5 GeV were selected for the further analysis. The lower limit of 1.4 GeV is close to the γN → πN(1685) threshold. The upper value 1.5 GeV is the limit of the GRAAL beam and it also allows to avoid the contribution from higher-lying resonances. To eliminate the contamination of γN → ηΔ events, the cuts on the invariant mass 1.12 ≤ IM(πN) ≤ 1.22 GeV and the missing mass MM(γ, η) ≤ 1.22 GeV were applied.

Fig. 1 shows the obtained M(ηN) spectrum (the sum of all reactions under study). There is a well pronounced peak at ∼ 1.68 GeV. The Gaussian+3-order polynomial (signal-plus-background) fit results in the χ-square of 23.9/23. The fit by 3-order polynomial (background) gives the χ-square of 42.6/26. The log likelihood ratio of these two hypotheses ( √ 2 ln(L_{B+S} /L_B)) corresponds to the confidence level of 4.6σ.

The extracted peak position is M = 1678 ± 0.8_{stat} ± ± 10_{syst} MeV. The systematic uncertainty in the mass position originates from the uncertainties in the calibration of the GRAAL detector and tagger.

Our results support the existence of two narrow resonances, N^+(1685) decaying, in particular, into ηp final state, and N^0(1685) with one possible decay into ηn (i.e. the isospin-1/2 N(1685) resonance). It is unclear

Письма в ЖЭТФ том 106 вып. 11 – 12 2017 667

668 V. Kuznetsov, F. Mammoliti, F. Tortorici et al.

Fig. 1. Spectrum of extracted M(ηN) mass (sum of all channels) with corrections

if the interference of known wide resonances [20–24] or the cusp effect [25, 26] – two other hypotheses under discussion – could explain these results.

Full text of the paper is published in JETP Letters journal. DOI: 10.1134/S0021364017230023

1. V. Kuznetsov, S. Churikova, G. Gervino, F. Ghio, B. Girolami, D. Ivanov, J. Jang, A. Kim, W. Kim, A. Ni, Yu. Vorobiev, M. Yurov, and A. Zabrodin, Phys. Lett. B 647, 23 (2007).

2. I. Jaegle, T. Mertens, A. V. Anisovich et al. (CBELSA Collaboration and TAPS Collaboration), Phys. Rev. Lett. 100, 252002 (2008).

3. I. Jaegle, T. Mertens, A. Fix et al. (CBELSA Collaboration, TAPS Collaboration), Eur. Phys. J. A 47, 89 (2011).

4. F. Miyahara, J. Kasagi, T. Nakabayashi et al. (Collaboration), Prog. Theor. Phys. Suppl. 168, 90 (2007).

5. D. Werthmller, L. Witthauer, I. Keshelashvili et al. (A2 Collaboration), Phys. Rev. Lett. 111, 232001 (2013).

6. L. Witthauer, D. Werthmüller, I. Keshelashvili et al.

(A2 Collaboration), Eur. Phys. J. A 49, 154 (2013). 7. D. Werthmller, L. Witthauer, I. Keshelashvili et al. (A2 Collaboration), Phys. Rev. C 90, 015205 (2014).

8. L. Witthauer, M. Dieterle, S. Abt et al. (A2 Collaboration), Phys. Rev. Lett. 117, 132502 (2016).

9. L. Witthauer, M. Dieterle, F. Afzal et al.

(CBELSA/TAPS Collaboration), Eur. Phys. J. A 53, 58 (2017).

10. V. Kuznetsov, M. V. Polyakov, V. Bellini et al. (Collaboration), Phys. Rev. C 83, 022201(R) (2011).

11. V. Kuznetsov, F. Mammoliti, V. Bellini et al. (Collaboration), Phys. Rev. C 91, 042201 (2015).

12. D. Werthmller, L. Witthauer, D. I. Glazier, and B. Krusche, Phys. Rev. C 92, 069801 (2015).

13. A. Gridnev, I. G. Alekseev, V. A. Andreev et al. (Collaboration), Phys. Rev. C 93, 062201 (2016).

14. M. V. Polyakov and A. Rathke, Eur. Phys. J. A 18, 691 (2003).

15. Y. I. Azimov, V. Kuznetsov, M. Polaykov, and I. Strakovsky, Eur. Phys. J. A 25, 325 (2005) 16. A. Fix, L. Tiator and M. V. Polyakov, Eur. Phys. J. A 32, 311 (2007).

17. K. S. Choi, S. I. Nam, A. Hosaka, and H. C. Kim, Phys.

Lett. B 636, 253 (2006).

18. G.-S. Yang and H.-C. Kim, arXiv:1204.5644 [hep-ph]. 19. R. Arndt, Ya. I. Azimov, M. V. Polyakov, I. I. Strakovsky, and R. L. Workman, Phys. Rev. C 69, 035208 (2004).

20. A. V. Anisovich, V. V. Anisovich, M. A. Matveev, J. Nyiri, A. V. Sarantsev, and A. N. Semenova, Eur. Phys. J. A 51, 72 (2015).

21. A. V. Anisovich, V. V. Anisovich, M. A. Matveev, J. Nyiri, A. V. Sarantsev, and A. N. Semenova, Eur. Phys. J. A 49, 61 (2013).

22. V. Shklyar, H. Lenske, and U. Mosel, Phys. Lett. B 650, 172 (2007).

23. R. Shyam and O. Sholten, Phys. Rev. C 78, 065201 (2008).

24. X.-H. Zhong and Q. Zhao, Phys. Rev. C 84, 045207 (2011).

25. M. Doring and K. Nakayama, Phys. Lett. B 683, 145 (2010).

26. M. Doring, arXiv:1010.2180 [nucl-th].

27. V. Kuznetsov, V. Bellini, V. Brio, A. Gridnev, N. Kozlenko, F. Mammoliti, F. Tortorici, M. V. Polyakov, G. Russo, M. L. Sperduto, V. Sumachev, and C. M. Sutera, JETP Lett. 105, 625 (2017).

28. General description of the GRAAL facility is available in V. Bellini, O. Bartalini, V. Kuznetsov et al. (GRAAL Collaboration), Eur. Phys. J. A 26, 299 (2006).

Письма в ЖЭТФ том 106 вып. 11 – 12 2017