Submitted to EPS-HEP97, Jerusalem, 19-26 august, 1997

Paper n. 403

Parallel Session 1 - Plenary Session 23

Observations of the Scalar Meson f_0(980) in the Photoproduction Experiment E687 at Fermilab. E687 Collaboration

P. L. Frabetti

Dip. di Fisica dell’Università and INFN - Bologna, I-40126 Bologna, Italy

H. W. K. Cheung[?], J. P. Cumalat, C. Dallapiccola[?], J. F. Ginkel, W. E. Johns[?], M. S. Nehring[?]

University of Colorado, Boulder, CO 80309, USA

J. N. Butler, S. Cihangir, I. Gaines, P. H. Garbincius, L. Garren, S. A. Gourlay, D. J. Harding, P. Kasper, A. Kreymer, P. Lebrun, S. Shukla, M. Vittone

Fermilab, Batavia, IL 60510, USA

S. Bianco, F. L. Fabbri, S. Sarwar, A. Zallo

Laboratori Nazionali di Frascati dell’INFN, I-00044 Frascati, Italy

R. Culbertson[?], R. W. Gardner[?], R. Greene[?], J. Wiss

University of Illinois at Urbana-Champaign, Urbana, IL 61801, USA

G. Alimonti, G. Bellini, M. Boschini, D. Brambilla, B. Caccianiga, L. Cinquini[?], M. Di Corato, M. Giammarchi, M. Gullotta, P. Inzani, F. Leveraro, S. Malvezzi, D. Menasce, E. Meroni, L. Moroni, D. Pedrini, L. Perasso, F. Prelz, A. Sala, S. Sala, D. Torretta

Dip. di Fisica dell’Università and INFN - Milano, I-20133 Milan, Italy

D. Buchholz, D. Claes[?], B. Gobbi, B. O’Reilly[?]

Northwestern University, Evanston, IL 60208, USA

J. M. Bishop, N. M. Cason, C. J. Kennedy[?], G. N. Kim[?], T. F. Lin, D. L. Puseljic[?], R. C. Ruchti, W. D. Shephard, J. A. Swiatek[?], Z. Y. Wu[?]

University of Notre Dame, Notre Dame, IN 46556, USA

V. Arena, G. Boca, G. Bonomi, C. Castoldi, G. Gianini, M. Merlo, S. P. Ratti, C. Riccardi, L. Viola, P. Vitulo

Dip. di Fisica Nucleare e Teorica dell’Università and INFN - Pavia, I-27100 Pavia, Italy

A. Lopez, University of Puerto Rico at Mayaguez, Puerto Rico G. P. Grim, V. S. Paolone[?], P. M. Yager, University of California-Davis, Davis,

CA 95616, USA

J. R. Wilson University of South Carolina, Columbia, SC 29208, USA P. D. Sheldon Vanderbilt University, Nashville, TN 37235, USA F. Davenport University of North Carolina-Asheville, Asheville, NC 28804, USA K. Danyo[?], T. Handler University of Tennessee, Knoxville, TN 37996, USA B. G. Cheon[?], J. S. Kang, K. Y. Kim

Korea University, Seoul 136-701, Korea

Abstract Observation of the scalar meson f_0(980) is reported in the E687 photoproduction experiment at Fermilab. Evidence is given also for the associated ϕ(1020)f_0(980) photoproduction.

1 Introduction

Pion-pion scattering, particularly in the I=0, s wave, has been seen as an important test of our understanding of strong interaction[?, ?]. The region around 1 GeV, featuring the K-K threshold, has always been considered critical. So far, most if not all calculations of the scattering amplitude ignore the surrounding of this s-wave, e.g., implicitely assuming that the scattering phenomena can be understood independently from the presence of other particles in the final state. Although most relevant data have been obtained[?] with exclusive scattering, such as pp → ππpp where, if the pion pair is centrally produced and far away in rapidity from the baryons, one can always fear that such scattering amplitudes are not universal and are strongly perturbed by other real or virtual hadrons.[?].

In this paper we show evidence for the photoproduction of the f_0(980) scalar meson and that indeed the environment where the f_0(980) is produced seems to play a relevant role. In particular, we report on the first observation of quasi-exclusive ϕ(1020)f_0(980) photoproduction.

2 Experimental Setup and Event Selection

The data have been collected in the photoproduction experiment E687 performed in the Wide Band Photon Beam Laboratory, exposing a beryllium target , a ”silicon microstrip telescope and two magnet spectrometer” to the Wide Band Photon Beam from the Fermilab Tevatron. The experiment is oriented to detecting charmed particles; however the trigger, requesting the release of a large amount of hadronic energy in a hadron calorimeter, was able to select also light quark final states leading to the conversion of more than about 30 GeV energy into charged hadrons. Beam (average photon energy of 220 GeV) and setup are described elswhere [?, ?].

A special Light Quark Skim (LQS) has been used, corresponding to approximately 140 million low multiplicity triggers (n_{ch} = 2, 3, 4, 5, 6). All tracks are requested to come from the primary vertex and events with secondary interactions in the target are rejected.

Two independent sub-selections have been used for this analysis: sample A: selection aiming at an inclusive search of the f_0(980); sample B: selection to search for the f_0(980) in final states containing two kaons and two pions (K^+K�π^+π�).

In selecting sample A a total of approximately 33 million events with a π^+π� invariant mass between 0.8 and 1.2 GeV were selected. The Cherenkov cuts for the pion tracks were “pion - consistent”, rejecting candidate tracks definitely identified as either electron, kaon or proton. Events with total charged momentum too low (P_z < 25 GeV/c), P_z being the momentum component along the beam axis) or too high (P_z > 350 GeV/c) were rejected, as being very likely electromagnetic background.

In selecting sample B (aiming at preserving events possibly containing high mass vector states decaying into K�(982), ϕ(1020) and ρ(770)), the cuts were: i- only two opposite sign pions, defined as “pion-consistent”; ii- only two charged kaons (“kaon consistent”, but inconsistent with being either a definite proton or pion). These criteria yielded a total of 100,510 events.

3 Inclusive observation of the f_0(980)

The π^+π� invariant mass distribution in 1MeV bins, for the inclusive selection is shown in fig.s 1a,b,c. A whimpy signal around 0.970 GeV emerges from the huge continuous “background”, after the tail of the ρ(770) in fig. 1a. The signal persists if no electromagnetic energy (e.g. π^0, η, ... decays) is detected within the ≈ 100mr. × 150mr. acceptance (albeit at the cost of a very significant loss in statistics -to make it visibile, the scale has been multiplied by a factor 10 in the figure). The observed effect cannot be enhanced by a stringent P t cut, as shown in figure 1b. In fig. 1c,the spectrum is decomposed into the different multiplities, The effect is present in multiplicities n_{ch} ≥ 2. In the n_{ch} = 2 sample, the signal is strongly suppressed. In the 2π exclusive sample, due to both Vector Dominance and further suppression against broader states such as the f_2(1270), no trace of a narrow f_0(980) has been detected. Therefore, the combinatoric problems are unavoidable but still affordable.

3.1 Fits to the inclusive mass distribution.

In order to prove that a signal in present in our data we have to tackle the problem of describing the background, i.e. the shape of the ππ mass spectrum under the claimed signal. The two pion mass differential cross section can be parametrised as: dσ/dm_{2π} ∝ N_{NR}e�^α + |A|^2 (1) a)

b)

c)

Figure 1: a)- M_{2π} spectrum in 1 MeV bin, in the range 0.8-1.2 GeV/c, for the total inclusive sample (3.4 10^7 entries). Also shown is the same spectrum in events without electromagnetic energy release in the calorimeters (solid histogram, labelled No E.M., 4.0 10^6 entries). The same is redrawn -intermediate histogram- in a finer 10x scale for a better reading; b)- same spectrum as in a) -upper histogram- compared to the spectrum obtained by rejecting all events with a total transverse momentum larger than 0.25 GeV/c (solid histogram). The same is redrawn -intermediate histogram- in a finer 10x scale for a better reading; c)- same spectrum for different charged multiplicities n_{ch} = 2, 3, 4, 5, 6 5

The first term parametrises the “non-resonant” continuum as well as the tail of the dominant ρ(770) meson. The second term describes the resonant s-wave of interest. That is:

A_{f0} = e^{iδf0} m_{f0} Γ_{f0} (m) (m^2_{f0} − m^2_π) − im_{f0} Γ_{f0} (m) (2) while α is a 5th order polynomial parametrization (the C_i’s are free parameters) : α = 5X_{i=1 Ci ∗ (m2π − 1.0)i (3)}

In the following, when necessary, the amplitude A will be written as a sum of Breit Wigner functions as: A = X_{k eiδk ABW,k (4)} Despite the large number of free parameters describing the non-resonant component, the χ^2 corresponding to a one Breit Wigner fit shown in fig. 2a to the mass spectrum in the interval 0.85 − 1.15 GeV/c^2 is not very good (523.8 for 391 degrees of freedom -hereafter dof). In fig. 2b the residuals (data-fit) show non satisfactory fluctuations. However, a significant signal is clearly visible once this non-resonant background is subtracted out, as as shown by fig. 2c.

The fitted parameters of a single assumed resonance are :

m_{f0(980)} = 968 ± 0.5 ; Γ_{f0(980)} = 50. ± 2.35 . Increasing the mass range to 0.8 ↔ 1.2 GeV/c^2 the fit gives:

m_{f0(980)} = 962.5 ± 0.5 ; Γ_{f0(980)} = 87.7 ± 2.35 MeV . The errors are statistical only. The mass is not stable and seems to be correlated to the way the background is described. The “non-resonant” component is expected to be non-trivial, given the sample. For instance, the Jacobian peak for the ϕ(1020) → π^+π�π^0, with missing π^0 is in this range, as well as the low-mass tail of the f_2(1270). In addition, the ρ(770) ↔ ϕ(1020) interference effect plays an important role.

a)

b)

c)

Figure 2: a)- Fit of the M_{2π} spectrum with only one Breit-Wigner; b)- the residuals (Data - fit); c)- the residuals (Data - fit) from the M_{2π} spectrum, when the amplitude for the signal has been fixed to zero.

The overall yield for the signal is hard to determine, given the uncertainty of the background shape. We find roughly a few hundred thousands events in the peak: only less than 1 % of the events in the sample would contain a possible f_0(980) signal.

In spite of the difficulties of dealing with semi-inclusive mass distributions, and the absence of a well definite reference frame to perform proper partial wave analyses, our result provides nonetheless a certain amount of information:

- The f_0(980) can not be fitted by a single scalar relativistic Breit Wigner; - inspection of fig. 2c clearly indicates that a coupled Breit-Wigner of the ”Flatteé type” [?] is needed.

-as already observed by WA76[?], this relatively narrow structure could interfere with broad s-wave resonances in the nearby mass region [?].

4 Evidence for associated Œ(1020)f_0(980) photoproduction

Since the f_0(980) signal in exclusive two pion channel is highly suppressed and having observed the f_0(980) state in the highly inelastically produced final states we investigated the possibility that the f_0(980) might be present in collisions containing kaons, in particular associated to the production of the well known narrow ϕ(1020) di-kaon resonance.

This has been recently suggested by F.E. Close el al. [?] in view of the possible role played by the f_0(975) and the a_0(980) in the dynamics of quarks confinement.

The event sample was obtained by requiring: a)- n_{ch} = 4;

b)- only two positive and two negative tracks.

c)- no electromagnetic energy released in the event (no additional neutral pions).

d)- two particles are pion consistent (no ”definite” electron or kaon or proton);

e)- two particles are kaon consistent (no ”definite” electron or pion or proton);

f)- the two kaons of opposite charge have an invariant mass within 5 MeV of the ϕ(1020) mass, that is |m_{2K} − 1.020| < 0.005 GeV/c^2;

The M_{2π} mass distribution, in 20 MeV bins is shown in fig. ??a. The same distribution is repeated also in fig.s ??b and c in 4 MeV/c^2 limited a)

b)

c)

Figure 3: a)- The full 2π mass spectrum, in 20 M eV /c^@ bins, associated to a ϕ(1020) particle; b)- sam e as in a) in 4 M eV /c^2 bins, limited to the mass range

0.8 � 1.2 GeV /c^2 (black histogram) also shown the spectrum for the ”background”

sample (dashed purple histogram); c)- same spectrum as in b) fitted by a Breit- Wigner plus a background term (3 free parameters).

Figure 4: The π^+π� invariant mass spectrum from the “exclusive” K^+K�π^+π� sample, rejecting ϕ(1020)f_0(980) events, has been fitted by a Breit-Wigner plus a second order polynomial background term. The thick green line corresponds to leaving the Breit-Wigner amplitude vary freely, yielding only a 1.5 σ effect, while the thin blue line has been obtained by fixing this amplitude equal to the one observed in the ϕ(1020)f_0(980) sample.

to the mass range 0.8 − 1.2 GeV/c^2. Fig. ??b shows also, as a dashed histogram, the ”non ϕ” background obtained by requiring |m_{2K} − 1.045| < 0.005 GeV/c^2. In order to quantify the level of significance of the ππ signal, the M_{2π} spectrum asssocited to the “ϕ(1020)” has been fitted to a scalar Breit Wigner function of the type (2) plus a background term of the type (3), limiting the polynomial expansion for α to a linear and a quadratic term.

We find an about 3σ signal (of 167 ± 47 events over background ; a χ^2 of 73.45 for 68 dof with:

m_{f0(980)} = 973 ± 2.5 Γ_{f0(980)} = 28. ± 10. MeV

and an unnormalized amplitude of 0.674 ± 0.20. This fit is shown in fig. ??c.

Te significance of the signal could be enhanced with a P_t cut. Likewise, relaxing the veto on neutrals, e.g., allowing for E.M. energy in the event, simply raises the flat background component of the spectrum.

The signal seems to be enhanced by the presence of hidden strangeness. We selected the exclusive ”Off ϕ” K^+K�π�π^+ events (No Pt cut, but vetoing events with E.M. and rejecting event with |m_{KK} − 1.020| < 0.007) and perform the usual straight Breit-Wigner fit, using the fixed pole mass and width for the fit presented on fig. ??c. The 2π mass spectrum is shown in fig. ??. It is clear that the f_0(980) yield is not improved, while the background is considerably increased: the ϕ(1020) over K^+K� cross section is about 1/30.

The exclusive ϕ(1020)f_0(980) enhancement does not seem to come from a narrow higher mass resonance. The 2π2K mass spectrum doesn’t show any relevant structure.

5 Conclusions

We have observed the f_0(980) scalar meson in a high statistics photoproduction experiment at the right mass location. Due to the complicated shape of the background and the presence of several known states in the nearby mass region, a more sophisticated analysis is needed to extract the exact position of the mass pole and the correct value of the Breit Wigner width.

Given the results reported in Section 4, we claim we have observed a somewhat unexpected dynamical correlation between the photoproduction of the two narrow states ϕ(1020) and f_0(980).

A similar f_0(980) signal has been found in J/ψ decay [?, ?]. Moreover, it has been shown that the branching ratio J/ψ → ωf_0(980) is at least three times smaller than J/ψ → ϕ(1020)f_0(980).

So far, there has been in the literature no strong evidence for exclusive f_0(980) production, neither at e^+e� machines nor in photoproduction. This state, seen as a narrow peak, seems to be correlated with associate production of hidden strangeness, or strong ss̄ annihilation, as in the charm decay D^+_s → 2π^+π�.

References

[a] Present address: Fermilab, Batavia, IL 60510, USA.

[b] Present address: University of Maryland, College Park, MD 20742, USA.

[c] Present address: University of South Carolina, Columbia, SC 29208, USA.

[d] Present address: Vanderbilt University, Nashville, TN 37235, USA.

[e] Present address: Enrico Fermi Institute, University of Chicago, Chicago, IL 60637, USA.

[f] Present address: Department of Physics, Indiana University, Bloomington, Indiana, IN 47405, USA.

[g] Present address: Syracuse University, Syracuse, NY 13244-1130, USA. [h] Present address: University of Colorado, Boulder, CO 80309, USA. [i] Present address: University of New York, Stony Brook, NY 11794, USA. [j] Present address: AT&T, West Long Branch, NJ 07765, USA. [k] Present address: Pohang Accelerator Laboratory, Pohang, Korea. [l] Present address: Science Applications International Corporation, McLean, VA 22102, USA.

[m] Present address: Gamma Products Inc., Palos Hills, IL 60465, USA. [n] Present address: Department of Physics and Astronomy, University of Pittsburgh, 3941 O’Hara St., Pittsburgh, PA 15260, USA.

[o] Present address: Brookhaven National Laboratory, Upton, NY 11793-5000, USA. [p] Present address: KEK, National Laboratory for High Energy Physics, Tsukuba 305, Japan.

[1] See, for example, M. Harada et al., Phys. Rev. D54, 1991 (1996), and references therein;

[2] N.A. Törnqvist, Zeit. Phys. C68, 647 (1995); [3] F.E. Close et al., Phys. Lett. B319, 291 (1993); [4] P.L. Frabetti et al., N.I.M. in Phys. Res. A329, 62 (1993); [5] P.L. Frabetti et al., N.I.M. in Phys. Res. A320, 519 (1992); [6] D. Morgan and M.R. Pennington, Zeit. Phys. C48, 623 (1990); [7] T.A. Armstrong et al., Zeit. Phys. C51, 351 (1991).; [8] A. Falvard et al., Phys. Rev. D38, 2706 (1988);

[9] MARK-III Collaboration (W.S. Lockman for the collaboration).

SLAC-PUB-5139, Nov 1989. 9pp. Presented at 3rd Int. Conf. on Hadron Spectroscopy, Ajaccio, France, Sep 23-27, 1989. Published in Ajaccio Hadron 1989: 109-118 (QCD161:I407:1989).