STATUS OF THE KLOE AND DAΦNE PROJECTS

G. FINOCCHIARO INFN - Laboratori Nazionali di Frascati, Via Enrico Fermi 40, 00044 Frascati, Italy E-mail: Giuseppe.Finocchiaro@lnf.infn.it

Representing the KLOE Collaboration:

M. Adinolfi, F. Ambrosino, A. Aloisio, A. Andryakov, A. Angeletti, A. Antonelli, C. Bacci, R. Baldini-Ferroli, G. Barbiellini, G. Bencivenni, S. Bertolucci, C. Bini, C. Bloise, V. Bocci, F. Bossi, P. Branchini, L. Bucci, G. Cabibbo, A. Calcaterra, R. Caloi, G. Carboni, P. Campana, G. Capon, M. Carboni, C. Carusotti, G. Cataldi, F. Ceradini, F. Cervelli, F. Cevenini, G. Chiefari, P. Ciambrone, S. Conticelli, E. De Lucia, R. de Sangro, P. De Simone, G. De Zorzi, S. Dell’Agnello, A. Denig, A. Di Domenico, S. Di Falco, A. Doria, F. Donno, E. Drago, V. Elia, L. Entesano, O. Erriquez, A. Farilla, F. M. Favero, G. Felici, A. Ferrari, M. L. Ferrer, G. Finocchiaro, D. Fiore, C. Forti, G. Foti, A. Franceschi, P. Franzini, A. Galli, M. L. Gao, C. Gatti, P. Gauzzi, S. Giovannella, V. Golovatyuk, E. Gorini, F. Grancagnolo, E. Graziani, P. Guarnaccia, U. v. Hagel, H. G. Han, S. W. Han, M. Incagli, L. Ingrosso, W. Kim, W. Kluge, V. Kulikov, F. Lacava, G. Lanfranchi, J. Lee-Franzini, T. Lomtadze, C. Luisi, A. Martini, W. Mei, L. Merola, R. Messi, S. Miscetti, A. Moalem, S. Moccia, F. Murtas, M. Napolitano, A. Nedosekin, P. Pagès, L. Paoluzi, E. Pasqualucci, L. Passalacqua, M. Passaseo, A. Passeri, V. Patera, E. Petrolo, G. Petrucci, D. Picca, M. Piccolo, A. Pintus, G. Pirozzi, L. Pontecorvo, M. Primavera, F. Ruggieri, P. Santangelo, E. Santovetti, G. Saracino, R. D. Schamberger, C. Schwick, A. Sciubba, F. Scuri, I. Sfiligoi, S. Sinibaldi, T. Spadaro, S. Spagnolo, E. Spiriti, C. Stanescu, L. Tortora, E. Valente, P. Valente, G. Venanzoni, S. Veneziano, D. Vettoretti, S. Weseler, Y. G. Xie, C. D. Zhang, J. Q. Zhang, P. P. Zhao

CP and CP T physics issues at a ϕ-factory are reviewed. The design strategies and the status of the new Frascati ϕ-factory complex, DAΦNE, and of the KLOE detector are discussed.

1 Introduction

The commissioning of the new Frascati ϕ-factory, DAΦNE, and of the KLOE detector is almost completed.

The primary mission of KLOE is to measure the real part of ε^′/ε with statistical and systematic accuracy of 10^{−4}. This is mainly motivated by the fact that experimental results to date^{1,2}, which carry errors ∼ 6×10^{−4}, do not allow one to draw firm conclusions on the CP properties of the weak^0K decay; in particular, it is not known yet whether the ε^′ parameter, describing direct

CP violation, is vanishing or not.

In the present paper, after briefly recalling the main objectives of the KLOE experiment, I will assess the status of DAΦNE and KLOE.

2 DAΦNE

To allow a 10^{−4} measurement of ε^′/ε, the DAΦNE luminosity must be O(5×10^{32} cm^{−2}s^{−1}), 100 times bigger than the maximum ever obtained at the low energy for ϕ resonant production, where intra-beam instabilities play a significant role. The strategy to achieve such a high luminosity is to circulate up to 120+120 bunches, in two separate rings to minimise beam-beam interactions^3. The DAΦNE injection system consists of a 60 m LINAC where e^+e� are accelerated to their nominal energy of 510 MeV, and a 32 m circular accumulator. The particles are then injected in topping up mode (that is, continuously replenishing the lost beam) into the main rings. The projected single beam current is 44 mA, which makes for more than 5 A per ring with 120 bunches. The main technological challenges posed by these huge currents included the design of a vacuum system capable of dynamically maintaining the residual pressure at the 1 nTorr level required for beam life time and background in the detectors, and the design of a feedback system to tame multibunch instabilities.

The maximum current reached in single bunch mode during the machine commissioning has been 110 mA for both positrons and electrons, without any active feedback. In multibunch mode, 120 bunches have been stored, without feedback, with 0.3 A in the positron ring and 0.23 in the electron one. With longitudinal feedback, about 0.5 A have been stored in 25 e� bunches and in 28 e^+ bunches.

Collisions were first obtained on March 1st this year; the maximum single bunch luminosity was 3×10^{29} cm^{−2}s^{−1}, (to be compared with the design one of 4×10^{30} cm^{−2}s^{−1}). Tuning of the machine parameters is in progress, and expected to reach a reasonably good working point by autumn 1998.

3 Physics issues at a ϕ-factory

At a ϕ-factory, kaons originate from the decay of the ϕ meson, which is resonantly produced in e^+e� collisions at 1020 MeV centre of mass energy. Kaon beams from two body decays of the ϕ are, except for small effects due to the beam-beam crossing angle monochromatic and back-to-back. Moreover,^0K^0K pairs (or, equivalently, K_SK_L pairs) are produced in a pure antisymmetric superposition, due to conservation of charge conjugation in the strong decay ϕ→^0K^0K . These properties result in two main consequences. First, a very efficient and high purity tag: thanks to the huge difference in the decay lengths, the K_S and K_L fiducial volumes are neatly separated, therefore the detection of a K_S implies the presence of the K_L in the opposite direction and vice-versa, with contaminations O(10^{−5}) at worst.

Second, the coherence of the initial state reflects in the K_SK_L decay products, which exhibit then quantum mechanical interference patterns. This opens up a whole world of measurements which are unique to the ϕ-factory environment.

The gold plated way to study quantum interference at DAΦNE is to consider the probability distribution for finding in the detector two generic final states, f_1 and f_2, at a given proper time difference^4 Δt = t_1 − t_2:

I(f_1, f_2; Δt > 0) = |⟨f_1|K_S⟩⟨f_2|K_L⟩|^2 2Γ × {|η_1|^2e^{−ΓL} + |η_2|^2e^{−ΓS} − 2|η_1||η_2|e^{−Γ|Δt|/2} cos(Δm|Δt| + φ_1 − φ_2)} (1) with Γ = Γ_S + Γ_L, η_j ≡ |η_j |e^{iφ}j = ⟨K_L|f_i⟩/⟨K_S|f_i⟩. The formula for Δt < 0 (when state f_2 is is detected before state f_1) reads the same, after interchanging indices 1 and 2.

3.1 Some examples of CP physics

Choosing f_1 = π^+π^−, f_2 = π^0π^0, one has η_1 = ε(1 + ε^′/ε), η_2 = ε(1 − 2ε^′/ε), thus φ_1 − φ_2 = 3ℑε^′/ε. Since η_1≃η_2, for Δt∼0 a symmetric state is being formed from the initial antisymmetric one, therefore the amplitudes interfere destructively (fig. 1).

For large Δt, we can measure ℜε^′/ε, while for Δt∼0 the distribution is sensitive to ℑε^′/ε (which, if found ≠0, would also be a signal of CP T violation^4). This approach is unique to a ϕ-factory and is complementary e.g. to hadronic machines. However, ℜε^′/ε can also be measured via time-integrated quantities, among which is the well known double ratio. In the latter case, assuming we detect ∼ 4×10^6 tagged K_L→π^0π^0 events (the less abundant decay) in the K_L fiducial volume, corresponding to about 2×10^7 seconds of data taking at the DAΦNE target luminosity, the statistical error on ℜε^′/ε will be 10^{−4}.

CP violation can also be observed at DAΦNE in the channel K_S→π^0π^0π^0 although, being the latter decay phase space suppressed, only ∼20 events are expected^8. Finally, interesting limits can be found on direct CP violation of charge kaons in the modes �K →π^+π^−π^±, �K →π^0π^0π^±.

3.2 CP T , ΔS=ΔQ

CP T invariance can be studied at DAΦNE using semileptonic decays. Similar to the CP violation case, both time integrated asymmetries and interference

Figure 1: Interference pattern from ϕ!KSKL!π+π�π0π0.

patterns can be exploited. In the most general way, semileptonic amplitudes for neutral kaons can be written as^9:

A(^0K →ℓ^+) = a + b A(^0K →ℓ�) = a^∗ − b^∗ A(^0K →ℓ�) = c + d A(^0K →ℓ^+) = c^∗ − d^∗ (2) where ℜ(a, c) ≠ 0 conserve and ℑ(a, c) ≠ 0 violate both CP and T , ℜ(b, d) ≠ 0 violate CP but conserve T , and ℑ(b, d) ≠ 0 conserve CP and violate T . Consequently, a and c are CP T conserving, while b and d are CP T violating. Moreover, c, d violate the so called ΔS=ΔQ rule, which is expected to hold to very good accuracy (∼7·10^{−7}) in the Standard Model^5. Going back to eqn. 1, the η coefficients read now (δ_k parametrises CP T violation in the mass matrix):

η_ℓ+ = 1 − 2 ( δ_k + c^∗ a − d^∗ a )

η_ℓ� = −1 − 2 ( δ_k − c a^∗ − d a^∗ ) (3)

i.e. they have nearly opposite signs; for this reason, in the double semileptonic channel (fig. 2) there is constructive interference for Δt∼0. Again, in this time region there is maximal sensitivity to the imaginary part of the CP T violation parameter (φ_1 − φ_2 = ≃π − 4ℑδ_k − 4ℑc^∗/a), while the real part is measured from the asymmetry at large Δt. In this respect, fully integrated

Figure 2: Interference pattern from ϕ!KSKL!πℓνπℓν.

asymmetries have of course better statistical power. The unique feature of KLOE of having pure tagged K_S beams will let us measure the asymmetry of the never observed heretofore semileptonic decay of the K_S. This in turn will allow us to perform tests of T and CP T violation^6, without assuming CP T conservation in 2 pion decays^7 (as it is done in present CP T analyses), albeit assuming ΔS=ΔQ: for example, from the difference of K_S and K_L semileptonic asymmetries, one has A_S − A_L = 4ℜδ_k − 4ℜ(d^∗/a). At present, A_L=(3.30±0.12)·10^{−3}; with 10 fb^{−1}, KLOE can measure^a A_L to ∼2×10^{−5} and A_S to ∼2.5×10^{−4}. Usually, CP T tests are phrased in terms of the quantity (m_K0 − m_K0 )/⟨m_K ⟩: using the above measurements, KLOE should reach a sensitivity (m_K0 − m_K0 )/⟨m_K ⟩∼2×10^{−19}, that is interestingly close to the Planck scale.

Finally, KLOE can test the absence of ΔS = −ΔQ transitions, both comparing the total semileptonic rates of K_L and K_S: Γ^ℓ_L/Γ^ℓ_S − 1 = 4ℜ(c^∗/a), and using tagged^0K beams from charge exchange of �K on the beam pipe or the

aAssuming a KS tagging efficiency of about 70%, obtainable using KL interactions in the e.m. calorimeter: see sec. 4.2

internal wall of the drift chamber.

4 The KLOE detector

4.1 Experimental requirements

The design of the KLOE (K LOng Experiment) detector^{8,10} has been optimised to measure ℜε^′/ε via the double ratio: R ≡ R^+� R^{00} = Γ(K_L→π^+π^−) Γ(K_S→π^+π^−) · Γ(K_S→π^0π^0) Γ(K_L→π^0π^0)

= 1 + 6ℜ ( ε^′ ε ) (4) with an accuracy of 10^{−4}. KLOE must collect as many as possible of the events delivered by DAΦNE: since β(K) = 0.216, the mean K_L decay length is 3.44 m; this is the parameter driving the scale of KLOE, which is therefore quite a sizeable experiment, despite the fact that DAΦNE is a small, though complex, collider.

On the systematics side, the main challenges KLOE has to face include rejection of the copious non CP violating background, knowledge of the combined – geometric, detection, reconstruction – (in)efficiencies to the percent level, and control of event miscounting in the vicinity of the fiducial volume boundary: in this respect, it is crucial that the distance scales for charged and neutral decays coincide within a fraction of millimetre.

Background rejection at the desired level (∼10^{−4}÷10^{−5}, depending on the reaction) is obtained with a careful design and construction of detector components, and exploiting the kinematical constraints of the ϕ→KK events at DAΦNE. The other two requirements are met making use of several reactions, which yield plenty of calibration events. For example, equalisation of the charged/neutral scales can be achieved using K_L→π^+π^−π^0 and �K →π^±π^0π^0 events; with the same reactions we can also cross-check the photon efficiency with the tracking efficiency, and vice-versa. Finally, Bhabha events can be used to calibrate time and energy scales in the e.m. calorimeter, as well as, together with μ^+μ� events and cosmic muons, t_0’s and the drift velocity in the drift chamber. The good point is that these events are so abundant that a calibration to the desired level of accuracy is obtainable in a few minutes of data taking, therefore variations of the running conditions can be easily tracked.

4.2 Status of the detector

The KLOE detector (fig. 3) is about 6 m in diameter and 5 m in length – relatively short: K K pairs from ϕ decays have the sin^2 ϑ angular distribution typical of a J = 1 state. The installation of the detector components started from the most external one, the superconducting magnet, which provides a longitudinal field of 6 kG, proceeding inwards with the electromagnetic calorimeter, the drift chamber, the two small calorimeters on the quadrupoles, and the spherical beam pipe.

Figure 3: Schematic section of KLOE.

The electromagnetic calorimeter^{10} is a fine sampling lead/scintillating fibres calorimeter, with good measured energy response: ΔE/E = 4.7%/ √ E(GeV), and excellent time resolution, Δt = 55ps/ √ E(GeV). The barrel section is subdivided into 24 modules 4.5 m long, while each end cap is composed by 32 C-shaped modules of variable sizes, arranged in such a way as to cover ≃ 98.5% of the solid angle, to reject K_L→π^0π^0π^0 decays in which some of the photons escape detection. The light is read out from both sides of the modules, by about 5 000 fine mesh photomultipliers, with a granularity of 4.5×4.5 cm^2. The K_L→π^0π^0 vertex can be measured in KLOE to a fraction of cm using only one of the 4 γ’s, exploiting the low K_L velocity, and the fact that the K_L direction is known with good accuracy from momentum balance in K_S→π^+π^−. A further crucial property of the electromagnetic calorimeter is its high efficiency for photons of energy down to 20 MeV. The calorimeter has been installed in the fall of 1997 and is being continuously tested with cosmic rays since then.

The tracking detector is a cylindrical single cell drift chamber^{11,12}. The exigency of a sizeable decay volume for K_L’s and the necessary hit granularity of their decay products required us to design and build the biggest detector of this kind, both for dimensions (3.3 m in length, 4 m in diameter) and number of wires (over 52 000). Other unconventional features comprise: the all stereo geometry of the square drift cells, organised in 58 concentric layers because this configuration optimises the filling of the decay volume; the mechanical structure entirely in carbon fibre/epoxy, to prevent low energy photon conversion; the spherical end plates, to minimise the plate thickness and their deformation under the ∼3.5 tons load of the wires; the system of recovery of the plates deformation within ∼0.5 mm, with carbon fibre rings which pull the end plates like membranes through a set of radial screws; and the ultra light gas mixture (90%He-10%iC_4H_{10}) to minimise multiple scattering and K_L regeneration. The overall radiation length of the gas mixture plus the wires is almost one kilometre, while the total material thickness in front of the calorimeter, including the 8.5 mm C-fibre end plates, the low mass electronics mounted on them, and the cables is ≤ 0.1X_0.

The design point space resolution of σ_{Rϕ} = 200 μm allows large rejection factors on the unwanted K_{μ3} background through kinematical cuts (for example, the resolution on the reconstructed K_L mass is σM≃1 MeV); all the test on prototypes, including one in a magnetic field and one on a 1:1 prototype, yielded a resolution of ∼120 μm on large portions of the drift cell, and efficiencies close to one.

The drift chamber was wired in Frascati using dedicated machineries designed and built for this job, was closed and sealed to helium (the present O_2 contamination is ∼40 ppm at 15 slm flux), and ∼2000 channels out of the total 12 582 were tested on march with cosmic rays. On April 1st the chamber was then moved inside the rest of the detector, where cabling, installation and test of the remaining electronics proceeded till June. Since July a new, systematic test began. The program is to fully commission the chamber by mid October.

A factor 5 reduction of the K_L→π^0π^0π^0 background has been achieved by equipping the low β permanent quadrupoles inside KLOE with scintillating tiles/lead calorimeters (QCAL). The calorimeters on both quadrupoles have been built and tested with cosmic rays^{13}. The data show excellent agreement with simulations and preliminary tests, therefore indicating that the QCAL will detect photons with the required efficiency and time/space resolution.

Peculiar to the KLOE experiment is the spherical shape of the beam pipe at the interaction region; the sphere has a radius of 10 cm, and is designed in order to give negligible regeneration effects. The correct electromagnetic field profile is guaranteed by a straight beryllium section 50 μm thick, while the sphere is a Be-Al composite of 500 μm thickness.

At the expected DAΦNE peak luminosity of 10^{33}cm^{−2}s^{−1} the event rate on the KLOE detector will be several hundred kHz, out of which about 5 kHz are due to ϕ decays. The two level trigger system^{14} which has been designed and realised is capable of rejecting the unwanted reactions, while keeping a very high efficiency for CP violating events. It is also crucial that such events be selected without any bias, since the latter could influence the measurement of ℜε^′/ε. The rate after the second level will be of 10 kHz, including some ‘prescaled’ Bhabha events for calibration purposes.

At an expected average event size of 5 kbytes, this corresponds to a load of 50 Mbytes per second on the data acquisition system. The system which has been realised^{15} collects data from some 23 000 FEE channels organised in 10 independents chains composed by 40 9U-VME crates. It sustains rates up to 80 Mbyte/sec, and is scalable to 130 Mbyte/sec. Like the trigger system, it is being extensively tested on the detector since several months, proving it exceeds the design specifications.

5 Prospects and conclusions

The conclusion of the KLOE construction and commissioning phase will coincide with the startup of the exciting data taking period. KLOE is expected to roll in during the fall 1998, it is therefore conceivable to start data taking by early 1999. KLOE’s request to collect 100 pb^{−1} of data has been granted by the LNF scientific committee. This corresponds to about two months of run at 1/10 of the design luminosity, but will already let us obtain the first physics results.

We intend to measure ℜε^′/ε to a 10^{−3} statistical accuracy, learning how the detector works and to control the systematics. This is a fundamental step towards the 10^{−4} measurement.

With 100 pb^{−1}, the K_{ℓ3} form factors can be measured to an unprecented accuracy, ∼10 times better than at present. Even better so (×30 improvement) for various branching ratios of the light scalar mesons f_0 and a_0 from the radiative decays ϕ→f_0γ, ϕ→a_0γ.

CP , T and CP T precision measurement together with the test of the ΔS=ΔQ rule which all can in principle give clues of new physics beyond the Standard Model, will come (soon) after.

Acknowledgements

It is a pleasure to thank prof. A. Thomas and the organising committee for inviting me to a very pleasant, interesting and well organised workshop.

References

1. G.D. Barr et al. (NA31 coll.), Phys. Lett. B 317, 233 (1993). 2. L.K. Gibbons et al. (E731 coll.), Phys. Rev. Lett. 70, 1203 (1993). 3. G. Vignola in Workshop on Physics and Detectors for DAΦNE 95, ed.

R. Baldini et al., (SIS-Pubblicazioni, Frascati, 1995).

4. C. Buchanan, R. Cousins, C. Dib, R.D. Peccei, J. Quackenbush, Phys.

Rev. D 45, 11 (1992).

5. L. Maiani, CP and CP T violation in neutral kaon decays in The Second DAΦNE Physics Handbook, ed. by L. Maiani et al., Frascati, 1995.

6. G. Finocchiaro, Il sistema di tracciamento per particelle cariche in esperimenti sulla violazione di CP e CP T a DAΦNE , PhD Thesis, Università di Roma II - Tor Vergata, (1994).

7. P. Franzini, in Proc. of Symp. on Flavour Changing Neutral Currents (FCNC97), ed. David. B. Cline, 1997.

8. The KLOE Collaboration, A General Purpose Detector for DAΦNE, LNF-92/019 (1992).

9. G. D’Ambrosio, G. Isidori, A. Pugliese, CP and CP T measurements at DAΦNE, in The Second DAΦNE Physics Handbook, ed. by L. Maiani et al., Frascati, 1995.

10. The KLOE Collaboration, The KLOE detector, Technical Proposal, LNF-93/002 (1993).

11. The KLOE Collaboration, The KLOE Central Drift Chamber, Addendum to the Technical Proposal, LNF-94/028 (1994).

12. G. Bencivenni for the KLOE Drift Chamber group, The KLOE Drift Chamber, presented at the VIII Vienna Wire Conference, Vienna, Feb. 23-27, 1998, and references therein.

13. The KLOE collaboration, submitted paper # 633, ICHEP98, Vancouver, Canada, 1998.

14. The KLOE Collaboration, The KLOE Trigger System, Addendum to the Technical Proposal, LNF-96/043 (1996).

15. The KLOE Collaboration, The KLOE Data Acquisition System, Addendum to the Technical Proposal, LNF-95/014 (1995).