arXiv:hep-ph/0408204 v1 18 Aug 2004

FZJ–IKP(TH)–2004–12

Comment on ’Photoproduction of η–Mesic^3He’

C. Hanhart IKP(TH), Forschungszentrum Jülich, D–52428 Jülich, Germany

In a recent paper by the TAPS collaboration [1] a first measurement of a bound system of an η meson and a^3He nucleus was reported. In this comment we critically reexamine the interpretation of the data and show that the data prefers a solution where there is no bound state present. Given the low statistics of the measurement, however, it does not exclude the existence of a bound state.

PACS numbers: 13.75.Cs, 14.20.Gk, 14.40.Aq, 14.40.Cs

The interaction of η mesons with nucleons is strong and attractive due mainly to the presence of the S_{11}(1535) resonance that strongly couples to this system. Consequently it is expected that the η meson should be bound in sufficiently heavy nuclei. So far, however, it is unclear what mass number is sufficient. Some authors predicted a bound state to occur on nuclei as light as 3He [2, 3, 4, 5, 6, 7], whereas others expect binding only for heavier nuclei [8, 9, 10, 11]. Until recently no direct experimental evidence for the existence of η–mesic nuclei was available. Only the presence of a strong η– nucleus interaction was seen experimentally in strong final state interaction effects in reactions like pn → ηd[12], pd → η^3He[13, 14], and dd → η^4He[15].

Thus it was a big step forward from the experimental side when this year the TAPS collaboration reported positive evidence for η–mesic^3He. Besides a strong deviation in the angular shape of γ^3He → η^3He from the expectation for quasi–free production (the cross section is flat instead of forward peaked), a structure was observed in the cross section γ^3He → π^0pX just below the η production threshold. These signatures were taken as strong evidence for the existence of η–mesic^3He.

It should be clear that the former evidence—a flat η^3He angular distribution in the close–to–threshold regime is a hint solely for a strong s–wave η^3He interaction that leads to a relative suppression of the impulse term with respect to the s–wave multiple scattering terms. Thus, given what we already know about the strong η^3He interaction, a flat angular distribution in the close–to–threshold regime should be expected. A closer look at the structure in the cross section γ^3He → π^0pX is the focus of this comment.

The structure reported by the TAPS collaboration was fitted with a Breit–Wigner function. In its non– relativistic form the scattering amplitude then is f_{BW} ∝ ( E − E_R + i 2 Γ )_{−1} , (1)

where Γ is assumed to be constant. The parameters deduced were (4.4±4.1) MeV and (25.6±6.1) MeV for the binding energy and the width, respectively. However,

FIG. 1: Comparison of the various fits to the data, as a function of the reduced photon energy W defined in Ref. [1]. Shown are the results in the absence of a background interference (B = 0 in Eq. (4)). The left panel corresponds to the calculation using the same binning as the data, whereas the right panel shows the results with no binning. The solid line corresponds to a = (+4, 1) fm, the dashed one to a = (−4, 1) fm and the dotted one to a = (0, 3.5) fm. The vertical line at W = 1486.4 MeV indicates the position of the η^3 He threshold.

since the position of the signal coincides with the η production threshold, one might wonder whether this is more a cusp than the signal of a bound state.

Already in 1976, when studying the light scalar mesons a_0 and f_0, Flatté observed that in the presence of thresholds the Breit–Wigner form of Eq. (1) is to be modified to include the momentum–dependence of the elastic width [16] (for a more recent discussion of threshold effects in various system we refer to Ref. [17]). Thus Eq. (1) should be changed according to

Γ → Γ_{inel} + Γ_{el} ,

where Γ_{inel} and Γ_{el} denote the inelastic and the elastic width (in our case with respect to the η^3He channel) of the resonance respectively. Here Γ_{inel} can be assumed constant; however, Γ_{el} has to vanish at the elastic threshold! Thus, for an s–wave structure, one gets Γ_{el} = g_{eff} k , where k denotes the momentum of the η relative to the 3He nucleus and, above the production threshold, may be written as k = √ 2μE. Here μ denotes the reduced mass of the ηHe system and E is its kinetic energy. In the region below threshold, however, k = i √ −2μE. Thus, we find that if a structure is predominantly inelastic, a Breit–Wigner might still be a good approximation, even in the proximity of a threshold; however, if a structure is predominantly elastic, using a Breit–Wigner is not justified.

A dynamically generated singularity, like a bound state, also dominates the final state interaction in the ηHe system. In addition, if a production reaction is short– ranged (typical momentum transfer significantly larger than any other scale of the problem) the final state interaction is universal (independent of the reaction) and can be related to the elastic scattering of the outgoing particles [18] which reads in the effective range approximation f_{sc} ∝ ( 1/a + rk^2/2 − ik )_{−1} . (2)

Recently the world data set on the reaction pd → η^3He was analyzed [19]. This study led to quite constrained values for the real and imaginary part of the η^3He scattering length, namely

a = (±4.3 ± 0.3 , 0.5 ± 0.5) fm , (3)

where the first number refers to the real part and the second number to the imaginary part—in the analysis the effective range term of Eq. (2) was neglected (r = 0). Note, these numbers where found from a fit to the world data set. However, this dataset is inconsistent and if we use only the newest data in the fit the scattering length is less constrained; see Ref. [19] for details. We come back to this point below. The two signs given in front of the real part indicate that η production data can not fix the sign of the real part. A positive sign would point at a virtual state (a singularity on the unphysical sheet), whereas a negative sign would point at the existence of a bound state. In Ref. [20] it was stressed that isospin– violating ratios of pion production cross sections taken in the vicinity of the η production threshold should be a good tool to fix the sign of the real part. It is important to understand whether or not the TAPS measurement is sufficient to decide on the sign of the real part of the scattering length.

The Flatté form discussed above can be easily matched to the effective range approximation of Eq. (2) [21]. One thus finds that neglecting the effective range term in Eq. (2) is equivalent to assume that g_{eff} is sufficiently large that in the region of interest E can be neglected in Eq. (1). In Ref. [21] it was argued that this should be a good approximation if the structure of interest is dynamically

FIG. 2: Comparison of the various fits to the data, as a function of the reduced photon energy W defined in Ref. [1]. Shown are the results for a dominance of the interference with the background (B large in Eq. (4)). The left panel corresponds to the calculation using the same binning as the data, whereas the right panel shows the results with no binning. The solid line corresponds to a = (+4, 1) fm, the dashed one to a = (−4, 1) fm and the dotted one to a = (0, 3.5) fm. The vertical line at W = 1486.4 MeV indicates the position of the η^3 He threshold.

generated and the singularity is close to the threshold, as is the case here. In addition, the role played by the effective range term in the η^3He final state interaction is completely unclear and the data for pd → η^3He could be very well fitted using r = 0.

There is one additional comment necessary before we can apply Eq. (2) to the TAPS data: there is in principle some interference with the background. Thus, what was identified as the resonance signal might well have some contribution from an interference term, and the full signal my be written as N ( 2Re(Bf^{res} ) + |f^{res}|^2 ) , (4)

where B is some complex number parameterizing that part of the background that is allowed to interfere with the resonance signal and N is a measure of the total strength of the signal. Therefore, we performed three different fits: fit 1 included only the pure resonance signal (B = 0; only N as a free parameter); fit 2 included only the interference term (B → ∞; N and the phase of B as a free parameter); and fit 3 considered the full structure (thus here we have 3 free parameters: N , |B| and the phase of B). As it turned out, the χ^2 per degree of freedom for the two scenarios (positive and negative real part of the scattering length) was almost the same in all three cases and thus for illustration in Figs. 1 and 2 we only show the results of the first two fits, where the left panel corresponds to the results after binning in accordance with that of the experiment and the right panel corresponds to the unbinned results. To keep the numbers of free parameters low we choose a = (±4, 1) fm. In both figures the dashed line corresponds to a negative real part (indicating the existence of a bound state) and the solid line corresponds to a positive real part (indicating a virtual state). The fit gave a χ^2 per degree of freedom of 1 for the latter case, whereas it was worse than 3 in the former. Thus the data prefers the solution that corresponds to a virtual state, although the existence of a bound state can not be excluded, given the quality of the data. Note, already in Ref. [22] the interpretation of the TAPS data as a bound state was questioned.

There is one important comment to be added: the data set for pd → η^3He shows some inconsistencies. As discussed in detail in Ref. [19], a fit to just the most recent data allows for a significantly broader band of scattering lengths: then even the case of a vanishing real part is not excluded (together with Im(a)=3.5 fm). To illustrate the impact of this scattering length in Figs. 1 and 2 we also show the corresponding results as the dotted curve. As can be seen, this fit is almost equally good as that with the positive scattering length (χ^2 per degree of freedom of about 2).

Thus we conclude that the data on γ^3He → πpX recently measured by the TAPS collaboration does not allow for a conclusion on the existence of a bound system of η and^3He. To improve the situation the measurement should be redone with improved statistics to allow for smaller energy bins. In addition, to permit an unambiguous interpretation of γ^3He → πpX, more refined information on the η^3He scattering length is needed. Fortunately, this will be available soon from measurements performed at COSY [23, 24, 25]. The present paper clearly shows the usefulness of a combined analysis of data from both electromagnetic and hadronic probes.

Acknowledgement We thank B. Krusche, J.A. Niskanen, V. Metag, M.

Pfeiffer, and C. Wilkin for useful discussions and J. Durso for numerous editorial remarks.

[1] M. Pfeiffer et al., Phys. Rev. Lett. 92 (2004) 252001 [2] S. Wycech, A.M. Green, and J.A. Niskanen, Phys. Rev.

C 52, 544 (1995).

[3] S.A. Rakityansky, S.A. Sofianos, W. Sandhas, and V.B.

Belyaev, Phys. Lett. B 359, 33 (1995).

[4] V.B. Belyaev, S.A. Rakityansky, S.A. Sofianos, M.

Braun, and W. Sandhas, Few. Body. Syst. Suppl. 8, 309 (1995).

[5] S.A. Rakityansky, S.A. Sofianos, M. Braun, V.B. Belyaev and W. Sandhas, Phys. Rev. C 53, R2043 (1996).

[6] A. Fix and H. Arenhövel, Phys. Rev. C 66, 024002 (2002).

[7] C. Wilkin, Phys. Rev. C. 47, R938 (1993). [8] Q. Haider and L.C. Liu, Phys. Lett. B 172, 257 (1986). [9] L.C. Liu and Q. Haider, Phys. Rev. C 34, 1845 (1986). [10] H.C. Chiang, E. Oset, and L.C. Liu, Phys. Rev. C 44, 738 (1991).

[11] Q. Haider and L.C. Liu, Phys. Rev. C 66, 045208 (2002). [12] H. Calén et al., Phys. Rev. Lett. 80 (1998) 2069.

[13] J. Berger et al., Phys. Rev. Lett. 61, 919 (1988). [14] B. Mayer et al., Phys. Rev. C 53, 2068 (1996). [15] R. Frascaria et al., Phys. Rev. C 50 (1994) 537. [16] S. Flatté, Phys. Lett. 63B, 224 (1976). [17] D. V. Bugg, arXiv:hep-ph/0406293.

[18] see, e.g., M. Goldberger and K.M. Watson, Collision Theory (Wiley, New York, 1964).

[19] A. Sibirtsev, J. Haidenbauer, C. Hanhart and J. A. Niskanen, arXiv:nucl-th/0310079; Eur. Phys. J. A., in print.

[20] V. Baru, J. Haidenbauer, C. Hanhart and J. A. Niskanen, Phys. Rev. C 68, 035203 (2003) [21] V. Baru, J. Haidenbauer, C. Hanhart, Y. Kalashnikova and A. Kudryavtsev, Phys. Lett. B 586, 53 (2004) [22] A. Sibirtsev, J. Haidenbauer, J. A. Niskanen and U. G. Meissner, arXiv:nucl-th/0407073.

[23] H. Machner et al., COSY Proposal no. 50.1, 2000. [24] A. Khoukaz et al., COSY Proposal no. 62.2, 2000. [25] A. Gillitzer et al., COSY Proposal no. 102.2, 2001.