arXiv:hep-ex/0311006 v1 3 Nov 2003

Latest results from Daϕne∗

the KLOE collaboration^† Presented by Stefano Di Falco

University and Sezione INFN of Pisa

The Daϕne Frascati ϕ factory has continously improved its performances reaching in 2002 an instantaneous luminosity of 8 · 10^{31}cm^{−2} s^{−1}. The DEAR experiment, concluded in 2002, has measured the de-excitation of kaonic atoms. The KLOE experiment, still running, has measured several branching ratios for neutral and charged kaons decays, ρ, η, η^′, a_0 and f_0 mesons parameters and, via the radiative return, the e^+e^− → π^+π^− cross section. Preliminary and final results are presented.

PACS numbers: 11.30Rd, 13.20Eb, 13.60Le, 13.66Bc, 14.40Aq, 14.40Cs

1. Introduction

The Daϕne ϕ−factory [1] is successfully running in Frascati since 1999. It’s particular design, with two different rings intersecting only in the two interaction regions, was intended to reach the extremely high luminosity of

∗ Presented at ’Matter to the deepest’, Ustron 2003 † A. Aloisio, F. Ambrosino, A. Antonelli, M. Antonelli, C. Bacci, G. Bencivenni, S. Bertolucci, C. Bini, C. Bloise, V. Bocci, F. Bossi, P. Branchini, S. A. Bulychjov, R. Caloi, P. Campana, G. Capon, T. Capussela, G. Carboni, G. Cataldi, F. Ceradini, F. Cervelli, F. Cevenini, G. Chiefari, P. Ciambrone, S. Conetti, E. De Lucia, P. De Simone, G. De Zorzi, S. Dell’Agnello, A. Denig, A. Di Domenico, C. Di Donato, S. Di Falco, B. Di Micco, A. Doria, M. Dreucci, O. Erriquez, A. Farilla, G. Felici, A. Ferrari, M. L. Ferrer, G. Finocchiaro, C. Forti, A. Franceschi, P. Franzini, C. Gatti, P. Gauzzi, S. Giovannella, E. Gorini, E. Graziani, M. Incagli, W. Kluge, V. Kulikov, F. Lacava, G. Lanfranchi, J. Lee-Franzini, D. Leone, F. Lu, M. Martemianov, M. Matsyuk, W. Mei, L. Merola, R. Messi, S. Miscetti, M. Moulson, S. Müller, F. Murtas, M. Napolitano, A. Nedosekin, F. Nguyen, M. Palutan, E. Pasqualucci, L. Passalacqua, A. Passeri, V. Patera, F. Perfetto, E. Petrolo, L. Pontecorvo, M. Primavera, F. Ruggieri, P. Santangelo, E. Santovetti, G. Saracino, R. D. Schamberger, B. Sciascia, A. Sciubba, F. Scuri, I. Sfiligoi, A. Sibidanov, T. Spadaro, E. Spiriti, M. Testa, L. Tortora, P. Valente, B. Valeriani, G. Venanzoni, S. Veneziano, A. Ventura, S. Ventura, R. Versaci, I. Villella, G. Xu (1)

5 · 10^{32}cm^{−2} s^{−1}, allowing 120 bunches per ring with a lifetime of 2 hours and an average luminosity of 5 fb^{−1} per year.

During the year 2002, in the KLOE interaction region, a luminosity of 8 · 10^{31}cm^{−2} s^{−1} has been reached using 45 bunches per ring. Beam lifetime has reached the 40 minutes. The total integrated luminosity, optimized by injecting new bunches during the data taking, has been of 0.3 fb^{−1} in 140 days corresponding to ∼ 2 pb^{−1}/day, more than the double of what had been obtained in 2001.

In the last months of year 2002, in the other interaction region, the DEAR experiment has collected 77 pb^{−1} with a maximum luminosity of 7 · 10^{31}cm^{−2} s^{−1} and 100 bunches circulating in each ring [2].

In the year 2003 major changes have taken place in Daϕne optics, in particular for the KLOE interaction region the layout of the low beta permanent quadrupoles has been substantially modified for easier tuning of the machine.

The new Daϕne setup aims to reach a luminosity of 2 · 10^{32}cm^{−2} s^{−1}. The FINUDA experiment has been installed in the interaction region previuosly occupied by the DEAR experiment.

In the fall of 2003 KLOE will restart taking data with the aim of collecting 2 fb^{−1} before the end of 2004.

The analysis of the data already collected by the DEAR and KLOE experiments has produced the results that will be shown in the following.

2. The DEAR experiment

2.1. Physics program The DEAR (Daϕne Exotic Atoms Research) experiment [3] has the goal of measuring the isospin dependent antikaon-nucleon scattering lengths, a_0 and a_1, via the measurement of the K_α line shift (ϵ) and width (Γ) in kaonic hydrogen and deuterium.

From the Deser-Trueman formulas [4] one has for kaonic hydrogen:

ϵ + iΓ/2 = 412 · a_K−_p eV fm^{−1} (1)

and for kaonic deuterium:

ϵ + iΓ/2 = 601 · a_K−_d eV fm^{−1} (2)

and, extracting a_K−_n from a_K−_d, one gets:

a_0 = 2 · a_K−_p − a_K−_n ; a_1 = a_K−_n (3)

These amplitudes give crucial informations about the meson-nucleon sigma terms and the strangeness content of the proton.

2.2. Experimental technique and results

The experimental setup contains a pressurized cryogenic target cell with a diameter of 11 cm and a thickness of 75 μm of kapton where the kaons, produced in the ϕ decays, are stopped and captured to form kaonic atoms.

The photons produced in the de-excitation of these atoms are detected by 16 CCD-55 (Charged Coupled Devices).

In a first period of data taking a nitrogen target has been used to tune up the apparatus: the yield of kaonic nitrogen transitions is indeed 20 times higher than the kaonic hydrogen ones.

Using the ∼ 10 pb^{−1} collected in the october 2002, the yields of the following 3 transitions have been measured for the first time (fig.1), obtaining the following results[5]:

7− > 6 at 4.6 keV : 2690 ± 650 events ( Y = 33.7 ± 8.1 ± 3.4% ) 6− > 5 at 7.6 keV : 5320 ± 395 events ( Y = 55.5 ± 4.2 ± 5.5% ) 5− > 4 at 14.0 keV : 1360 ± 330 events ( Y = 66.4 ± 15.6 ± 6.4% )

Fig. 1. Background subtracted energy spectrum obtained with KN run of October 2002[6].

Using the KN data the feasibility of a precision measurement of the charged kaon mass has also been proved[7].

In december 2002, DEAR has collected ∼ 60 pb^{−1} with an hydrogen target to measure the K_α line of KH. In addition, background data with no collision, equivalent to ∼ 30pb^{−1} in collision, have been collected for the study of the background.

Two different analyses based on the global fit of the KH spectrum before and after background subtraction have given as preliminary results for the K_α line shift and width[8]:

ϵ = −(162 ± 40) eV ; Γ = 200 ± 80 eV (4)

2.3. Future plans

An upgrade of the DEAR experiment called SIDDHARTA (SIlicon Drift Detector for Hadronic Atoms Resarch by Timing Application) is under study. The new setup will use fast triggerable devices, namely Silicon Drift Detectors, the trigger being given by the charged kaons entering the cell. A precision at the eV level is aimed on K_α lines of kaonic hydrogen and deuterium. The observation of other exotic atoms will also be possible.

3. The KLOE experiment

3.1. Experimental setup

KLOE (K LOng Experiment) is a general purpose detector [9] whose characteristics have been optimized for the study of the CP violating decays of the neutral kaons.

The main components of the detector are (fig.2):

• a Superconducting Solenoid giving a magnetic field of 0.52 T.

• the Drift Chamber [10]: a cylindrical shape (ø=4 m, l=3.3 m) filled with a gas mixture, 90% He+10% Isobutane, instrumented with 12582 stereo sense wires. It gives a momentum resolution σ_p/p ≤ 0.4% for tracks with p > 100 MeV and θ > 45^o. The spatial resolution is 150 μm in the radial direction and 2 mm in the longitudinal one.

• the ElectroMagnetic Calorimeter [11]: it’s a 15X_0 sampling calorimeter with lead and scintillating fibers read at both sides by photomultipliers. With its cylindrical shape it covers 98% of the solid angle. The energy resolution is σ_E /E = 5.7%/ √ E(GeV ). The time resolution is σ_t = 54 ps/ √ E(GeV ) ⊕ 50 ps^1. The spatial resolution for completely neutral vertices, e.g. K^0_L → γγ, reconstructed inside the drift chamber is ∼ 1.5 cm.

1 Interaction time spread due to the bunch length is not included.

• the Quadrupole CALorimeter [12]: two smaller sampling calorimeters with lead and scintillating tiles, surrounding the low β quadrupoles to complete the calorimetric hermeticity.

Fig. 2. Schematic view of KLOE detector.

3.2. KLOE Physics

Most of the ϕ mesons decay in charged kaons (49%) or neutral kaons (34%), so that kaon physics is the largest part of KLOE program.

Other particles, produced in ϕ decays with enough abudance to improve the existing experimental measurements, are ρ (∼15%), η (∼1.3%), η^′ (O(10^{−4})), a_0 (O(10^{−4})) and f_0 (O(10^{−4})).

Furthermore, thanks to the radiative return that reduces the center of mass energy of the colliding beams, KLOE can measure the hadronic cross section, e^+e^− → π^+π^−, in the crucial region from the ππ threshold to the ϕ resonance.

Results presented in the following are obtained from the analysis of 2000 data (25 pb^{−1}) and, in some cases, from the preliminary analysis of 2001 (170 pb^{−1}) and 2002 (280 pb^{−1}) data.

3.2.1. Kaon physics

Kaons are produced at a ϕ-factory in a pure antisymmetric initial state with quantum numbers J^{P C} = 1^{−−}. At Daϕne the ϕ mesons are produced pratically at rest, with only a small momentum (∼13 MeV/c) in the plane of the orbit, so that the kaons are produced practically back to back.

In the case of neutral kaons one has: |i >≃ 1 √ 2 (|K_L, ⃗p > |K_S, −⃗p > −|K_L, −⃗p > |K_S , ⃗p >) (5) This simultaneous production allows for a clean tagging of K_S (K_L) looking at the K_L(K_S ) on the other side, having also a precise information on the tagged kaon momentum.

The two main tagging algorithms in KLOE are:

• K_S tagged by K_L interaction in the calorimeter (K_L − crash): K_L interactions are identified using the time of flight and some additional request on the energy deposit[13]. The tagging efficiency, mostly geometrical, is ∼ 30%. The K_S momentum is obtained with a resolution of ∼ 2 MeV and an angular resolution of ∼ 1^o (0.3^o in Φ).

• K_L tagged by K_S → π^+π^− vertex close to the interaction point: K_S decays are identified asking for the K_S invariant mass and momentum. Tagging efficiency, mainly geometrical, is ∼ 70%. The resolution on K_L momentum is ∼ 2 MeV and the angular resolution is ∼ 1^o.

Using just the ∼ 2 · 10^6 K_L − crash tagged K_S from 17pb^{−1} collected in 2000, KLOE has measured the ratio of the partial widths of the main K_S decay modes[13]:

Γ(K_S → π^+π^−(γ)) Γ(K_S → π^0π^0)

= 2.236 ± 0.003 ± 0.015 (6)

The measurement is fully inclusive with respect to the radiated photon energy. The ratio in (6) is important not only because it enters in the double ratio used to measure Re(^{ϵ′}_ϵ ), but also because it can be used to derive the strong phases in the amplitudes A(K_S → ππ), investigating the presence of isospin-breaking electromagnetic phase shifts.

Other interesting K_S branching ratios measured by KLOE are:

BR(K_S → π^−e^+ν) = (3.46 ± 0.09 ± 0.06) · 10^{−4} BR(K_S → π^+e^−ν̄) = (3.33 ± 0.08 ± 0.05) · 10^{−4} (7)

the results are obtained from a still preliminary analysis of 170 pb^{−1} collected in 2001 and are consistent with the ones published using the 2000 data sample [14].

Combining the results in (7) one gets the first preliminary measurement of K_S semileptonic asymmetry:

A_S = BR(K_S → π^−e^+ν) − BR(K_S → π^+e^−ν̄) BR(K_S → π^−e^+ν) + BR(K_S → π^+e^−ν̄)

= (19 ± 17 ± 6) · 10^{−3} (8)

This asymmetry can be compared with the value of the K_L semileptonic asymmetry [15] to perform a nice test of CPT conservation.

K_S semileptonic decays can also be used to test the ΔS = ΔQ rule which forbids decays like K^0 → π^+e^−ν̄. The ΔS = ΔQ violation is commonly expressed via:

Re x_+ = 1 2 BR_S (πeν)/τ_S − BR_L(πeν)/τ_L BR_S (πeν)/τ_S + BR_L(πeν)/τ_L (9) If CPT holds, ΔS = ΔQ implies x_+ = 0. The standard model allows ΔS = ΔQ violation only at next to leading order predicting Re x_+ ∼ 10^{−7}. KLOE preliminary result (2001 data sample) is:

Re x_+ = (2.2 ± 5.3 ± 3.5) · 10^{−3} (10)

in agreement with the comparabale result obtained by CPLEAR [16].

Using an energy scan around the ϕ peak, KLOE has also measured the K_S mass[17]:

m(K_S ) = 497.583 ± 0.005 ± 0.020 MeV (11)

by normalizing the energy scale to the precise determination of the ϕ mass obtained by resonant beam depolarisation at Novosibirsk[18].

K_L neutral decays are reconstructed using the momentum information obtained from the K_S → π^+π^− vertex and the time and position of the energy deposited in the calorimeter by the photons produced in the decays. These informations are sufficient to completely reconstruct neutral vertices like K_L → π^0π^0 or K_L → γγ with a spatial resolution of ∼ 1.5 cm.

Exploiting the simple dynamics of the γγ decay it’s possible to obtain a precise measurement of the corresponding branching ratio[19] (362 pb^{−1} analyzed):

BR(K_L → γγ) = (2.793 ± 0.022 ± 0.024) · 10^{−3} (12)

in agreement with the recent NA48 result[20].

Preliminary results on K_L charged decays are also in good agreement with the PDG values[21]. In particular, a final error much better than 1% is expected on K_{l3} decays, improving the error on the kaon form factors (λ_+, λ_0), the K_L lifetime (τ_L) and, finally, on the CKM matrix element V_{us}.

Charged kaons are tagged using the two body decays into μ^±ν and π^±π^0. Again one kaon is tagged looking at the other kaon on the opposite side.

Using the momentum and time of flight informations obtained by the drift chamber and the calorimeter it’s possible to isolate the different decay channels[22].

In particular for the π^±π^0π^0 channel one gets:

BR(K^± → π^±π^0π^0) = 1.807 ± 0.008 ± 0.018% (112 pb^{−1}) (13)

Looking at the charge asymmetries of the slopes of the Dalitz plot for this channel it’s possible to have an evidence of direct CP violation in charged kaon decays. A preliminary fit of the Dalitz plot with just 6.3 pb^{−1} has obtained^2:

g = 0.607 ± 0.026; h = 0.026 ± 0.027; k = 0.0080 ± 0.0037 (14)

3.2.2. Non-kaon physics at ϕ resonance

From the fit of the Dalitz plot for the ϕ → π^+π^−π^0 decays, it’s possible to obtain the ρ-meson parameters for its three charge states and the cross section for e^+e^− → ωπ^0 with ω → π^+π^−. The result obtained with 17 pb^{−1} from 2000 data sample is[23]:

m_ρ = 775 ± 0.5 ± 0.3 MeV ; Γ_ρ = 143.9 ± 1.3 ± 1.1 MeV m_0 − m_± = 0.4 ± 0.7 ± 0.6 MeV ; m_+ − m_− = 1.5 ± 0.8 ± 0.7 MeV σ(e^+e^− → ωπ^0 → π^+π^−π^0) = 92 ± 15 pb

Using 2000 data KLOE has also measured the relative branching ratio for ϕ decays in η^′γ and ηγ[24]: BR(ϕ → η^′γ) BR(ϕ → ηγ) = (4.70 ± 0.47 ± 0.31) · 10^{−3} (15)

from where one can extract the pseudoscalar mixing angle (θ_P ) and the gluon content in η^′ (Z^′):

θ_P = (12.9^{+1.9}_{−1.6} )^o ; (Z^′)^2 = 0.06^{+0.09}_{−0.06} (16)

Scalar mesons are detected at KLOE through their decay channels: a_0 → ηπ^0γ [25] and f_0 → π^0π^0γ [26]. From the integration of the ηπ^0 and π^0π^0 mass spectra of 2001 and 2002, these preliminary updated branching ratios are found:

BR(ϕ → ηπ^0γ) = (0.85 ± 0.05 ± 0.06) · 10^{−4} BR(ϕ → π^0π^0γ) = (1.09 ± 0.03 ± 0.05) · 10^{−4}

A fit of the Dalitz plots to extract the a_0 and f_0 contributions is in progress.

2 Errors are statistical only.

3.2.3. Measurement of hadronic cross section

The determination of hadronic cross section σ(e^+e^− → π^+π^−) in the energy region from ππ threshold to the ϕ resonance is still one of the main source of error for the theoretical estimate of the muon anomaly (a_μ) [27].

Furthermore, recent results obtained in this region from e^+e^− and τ data show an inconsistency of some percent [28].

Despite of the fact that Daϕne runs at fixed energy, √ s = m_ϕ, KLOE can measure the hadronic cross section via the radiative return[29]: Initial State Radiation (ISR) from the beams can lower the value of √ s down to the π^+π^− threshold.

KLOE ππγ events are selected asking for two charged tracks coming from the interaction region with an angle respect to the beam pipe 50^o < θ < 130^o. Additional cuts on the momentum, p_T > 160 MeV or |p_Z| > 90 MeV, are used to reject tracks spiraling along the beam line.

In order to suppress the events in which the ππ invariant mass is reduced by the presence of a Final State Radiated (FSR) photon, a cut on the missing momentum angle, θ_{miss} < 15^o or θ_{miss} > 165^o, is imposed.

Background from Bhabha scattering, ϕ → π^+π^−π^0 decays and e^+e^− → μ^+μ^−γ events is suppressed using a particle identification method based on the time of flight, the energy deposit in the calorimeter and the kinematic closure of the event in the hypothesis of only one photon in the final state[30].

Residual background is evaluated from the fit of the mass distribution of the charged particles and subtracted.

The yield of the selection is ∼ 11000 events/pb^{−1}.

The cross section is obtained by dividing for the luminosity measured with large angle Bhabha events using the BABAYAGA generator[31].

The e^+e^− → π^+π^− cross section is obtained from the e^+e^− → π^+π^−(γ) cross section by dividing for the radiation function (fig.3.a) given by the PHOKHARA event generator[32] used with F_π = 1 and vacuum polarization off^3 and multiplying by the appropriate kinematic factor.

After correcting for the vacuum polarization the bare e^+e^− → π^+π^− cross section shown in fig.3.b is obtained.

The corresponding preliminary value for the ππ contribution to a_μ in the interval 0.37 < s < 0.93 GeV^2 is: a^{ππ}_μ = 378.4 ± 0.8_{stat} ± 4.5_{syst} ± 3.0_{theo} ± 3.8_{F SR} (17) where the theoretical error comes from the knowledge of the radiation function, of the vacuum polarization and of the Bhabha cross section used to determine the luminosity.

3 The method is exact only if the contribution of FSR is negligible. This holds only at leading order (see [32]) and the effect of residual FSR will be quoted as a 1% in the final systematical error.

Fig. 3. Left: Cross section for e^+e^− → π^+ π^−γ. The radiator function H is also shown. Right: Bare cross section for e^+e^− → π^+π^− .

The result (17) is in good agreement with the one obtained by CMD2 with the energy scan method[33] and confirms a discrepancy with τ data.

Aknowledgments

It’s a pleasure to thank C. Curceanu (Petrascu) for the help she gave in presenting the DEAR results and all the Daϕne team for the nice successful work they did to improve the accelerator performances.

REFERENCES

[1] The Daϕne project team, “The Frascati ϕ-factory”, PAC’93, Washington, 1993.

[2] A. Drago et al., ”100 Bunches DAFNE Operation”, Presented at PAC2003, Portland, Oregon, May 12-16, 2003. LNF-03/012 (P), 11/07/03.

[3] S. Bianco et al., Rivista del Nuovo Cimento 22, No. 11 (1999) 1. [4] S. Deser et al., Phys. Rev. 96 (1954) 774; T.L. Truemann, Nucl. Phys. 26 (1961) 57.

[5] DEAR Kaonic Nitrogen final results:

http://www.lnf.infn.it/esperimenti/dear/KNResults-October2002.pdf [6] C. Curceanu (Petrascu) et al. (DEAR Collaboration), “Last results from the DEAR experiment at DAFNE”, Proceedings of ”HADRON SPEC-

TROSCOPY”, Tenth International Conference on Hadron Spectroscopy, Aschaffenburg, Germany, August 31 - September 6, 2003.

[7] G. Beer et al., “A new method to obtain a precise value of the mass of the charged kaon”, Phys. Lett. B, Vol. 535 (1-4) (2002) pp. 52-58.

[8] DEAR Kaonic Hydrogen preliminary results:

http://www.lnf.infn.it/esperimenti/dear/KHResults.html [9] The KLOE Collaboration, “KLOE: A General Purpose Detector for DAFNE”, LNF-92/019.

[10] M. Adinolfi et al. (KLOE Collaboration), Nucl. Instr. Meth. A488, 51 (2002). [11] M. Adinolfi et al. (KLOE Collaboration), Nucl. Instr. Meth. A482, 364 (2002). [12] M. Adinolfi et al. (KLOE Collaboration), Nucl. Instr. Meth. A483, 649 (2002). [13] A. Aloisio et al. (KLOE Collaboration), Phys.Lett. B538, 21-26, 2002. [14] A. Aloisio et al. (KLOE Collaboration), Phys.Lett. B535, 37-42,2002. [15] A. Alavi-Harati et al. (KTeV Collaboration), Phys.Rev.Lett. 88, 181601, 2002. [16] A. Angelopoulos et al. (CPLEAR Collaboration), Phys.Rept.374, 165-270, 2003.

[17] M. Antonelli, M. Dreucci, KLOE Note 181, May 2002.

[18] R.R. Akhmetshin et al. (CMD-2 Collaboration), Phys.Lett.B466, 385,1999.

Erratum-ibid.B508, 217-218,2001.

[19] A. Aloisio et al. (KLOE Collaboration),Phys.Lett. B566, 61-69, 2003. [20] A. Lai et al., Phys.Lett. B551, 7-15, 2003.

[21] A. Aloisio et al. (KLOE Collaboration), eConf C0304052 WG607, 2003.

hep-ex/0307016.

[22] A. Aloisio et al. (KLOE Collaboration), KLOE Note 190, July 2003. [23] A. Aloisio et al. (KLOE Collaboration), Phys.Lett. B561, 55-60, 2003. [24] A. Aloisio et al. (KLOE Collaboration), Phys.Lett. B541, 45-51, 2002. [25] A. Aloisio et al. (KLOE Collaboration), Phys.Lett. B536, 209-216, 2002. [26] A. Aloisio et al. (KLOE Collaboration), Phys.Lett. B537, 21-27, 2002. [27] F. Jegerlehner. DESY-03-170, Oct 2003. hep-ph/0310234 [28] M. Davier, S. Eidelman, A. Hocker, Z. Zhang. LAL-03-50, Aug 2003.

hep-ph/0308213 [29] S. Binner, Johann H. Kuhn, K. Melnikov, Phys.Lett. B459, 279-287, 1999. [30] A. Aloisio et al. (KLOE Collaboration), KLOE-NOTE-189, Jul 2003. Contributed to International Europhysics Conference on High-Energy Physics (HEP 2003), Aachen, Germany, 17-23 Jul 2003. hep-ex/0307051 [31] C.M. Carloni Calame et al., Nucl.Phys. B584, 459-479, 2000. [32] H. Czyz et al. CERN-TH-2003-179, TTP03-22, Aug 2003. hep-ph/0308312 [33] R.R. Akhmetshin et al. (CMD-2 Collaboration), Aug 2003. hep-ex/0308008