MEASUREMENT OF THE DIFFERENCE OF THE K^∘ − K^∘ FORWARD SCATTERING AMPLITUDES IN CARBON AT LOW MOMENTUM WITH THE CPLEAR DETECTOR

Panagiotis Kokkas Institute for Physics, University of Basel, Klingelbergstr. 82, CH-4056 Basel, Switzerland For the CPLEAR Collaboration^1.

ABSTRACT

We propose to measure the difference Δf = f(0)−f(0) of the K^∘−K^∘ forward scattering amplitudes in carbon at low momenta (250-750 MeV/c) with the CPLEAR detector. We expect to determine Δf with a precision of ±2% for the modulus and ±2^∘ for the phase. The two results are correlated for K^∘ momenta higher than 350 MeV/c. The systematic error on the CPLEAR measurement of φ_{+−} connected with the regeneration effect will be decreased to about 0.1^∘.

1 INTRODUCTION

The difference Δf = f(0) − f(0) between the forward scattering amplitudes of K^∘ and K^∘ is important for the determination of regeneration effects in high precision CP-violation experiments 1^, 2^, 3^, 4^). For the experiments working with neutral kaons of low energy 3^, 4^), only semitheoretical calculations can be used at present to estimate Δf. This introduces large systematic uncertainties in the correction for regeneration effects. In the CPLEAR experiment 3^, 5^), the latter induces an uncertainty of ±0.6^∘ on the phase of the CP-violating parameter η_{+−}. It is the largest source of systematic errors and of the same order as the statistical error expected at the end of the experiment.

Direct measurements of Δf are available for various materials from many experiments 6^, 7^, 8^) using K_L beams, at momenta above 2 GeV/c. Experimental results are shown in fig. 1 and 2 for hydrogen and carbon respectively. Below 2 GeV/c the quantity Δf can be calculated using measured K^+ and K^−cross sections with protons and neutrons (due to isospin

1The CPLEAR Collaboration A. Angelopoulos^1, A. Apostolakis^1, E. Aslanides^{11}, G. Backenstoss^2, C.P. Bee^2, O. Behnke^{17}, A. Benelli^9, V. Bertin^{11}, F. Blanc^{7,13}, P. Bloch^4, P. Carlson^{15}, M. Carroll^9 J. Carvalho^5, E. Cawley^9, S. Charalambous^{16}, G. Chardin^{14}, M.B. Chertok^3, A. Cody^9, M. Danielsson^{15}, M. Dejardin^{14}, J. Derre^{14}, A. Ealet^{11}, C. Eleftheriadis^{16}, I. Evangelou^8, L. Faravel^7, R. Ferreira- Marques^5, W. Fetscher^{17}, M. Fidecaro^4, A. Filipčič^{10}, D. Francis^3, J. Fry^9, E. Gabathuler^9, R. Gamet^9, D. Garreta^{14}, H.-J. Gerber^{17}, A. Go^{15}, C. Guyot^{14}, A. Haselden^9, P.J. Hayman^9, F. Henry-Couannier^{11}, E. Hubert^{11}, K. Jon-And^{15}, P.-R. Kettle^{13}, C. Kochowski^{14}, P. Kokkas^2, R. Kreuger^6, R. Le Gac^{11}, F. Leimgruber^2,A. Liolios^{16}, E. Machado^5, I. Mandić^{10}, N. Manthos^8, G. Marel^{14}, M. Mikuž^{10}, J. Miller^3, F. Montanet^{11}, T. Nakada^{13}, B. Pagels^{17}, I. Papadopoulos^{16}, P. Pavlopoulos^2, J. Pinto da Cunha^5, A. Policarpo^5, G. Polivka^2, R. Rickenbach^2, B.L. Roberts^3, E. Rozaki^1, T. Ruf^4, L. Sakeliou^1, P. Sanders^9, M. Schäfer^{17}, L.A. Schaller^7, A. Schopper^4, P. Schune^{14}, A. Soares^{14}, L. Tauscher^2, C. Thibault^{12}, F. Touchard^{11}, C. Touramanis^4, F. Triantis^8, E. Van Beveren^5, C.W.E. Van Eijk^6, G. Varner^3, S. Vlachos^2, P. Weber^{17}, O. Wigger^{13}, M. Wolter^{17}, C. Yeche^{14}, D. Zavrtanik^{10} and D. Zimmerman^3

1University of Athens,^2University of Basel,^3Boston University,^4CERN,^5LIP and University of Coimbra,^6Delft University of Technology,^7University of Fribourg,^8University of Ioannina, 9University of Liverpool,^{10}J. Stefan Inst. and Phys. Dep., University of Ljubljana,^{11}CPPM, IN2P3-CNRS et Université d’Aix-Marseille II,^{12}CSNSM, IN2P3-CNRS, Orsay,^{13}Paul-Scherrer- Institut(PSI),^{14}CEA, DSM/DAPNIA, CE-Saclay,^{15}KTH Stockholm,^{16}University of Thessaloniki, 17ETH-IPP Zürich symmetry in strong interactions, the K^∘ and K^∘ scattering amplitudes with protons and neutrons are related to those of K^+ and K^−). The imaginary part of the forward scattering amplitude is related to the total cross section through the Optical Theorem. Measurements 9^) of total cross sections exist in all interesting kaon momentum regions for K^±p scattering, but only above 800 MeV/c kaon momentum for K^±n. Measurements of the real part of the K^±p and of the K^±n forward scattering amplitudes are rare and poor, and their values are obtained, in particular for momenta below 1 GeV/c, from an integral over total cross section with the help of dispersion relations 10^), or other more elaborate methods 11^, 12^). The same procedure is used for the imaginary part in the momentum range where experimental data on total cross sections do not exist 10^, 12^).

We have assumed the average of these values, with an error given by their standard deviation, to calculate Δf and its error in hydrogen. The results are shown together with the experimental data at high momenta in fig. 3. In the momentum region between 350 to 800 MeV/c, the average uncertainty in |Δf| and arg(Δf) is ±13% and ±9^∘ respectively. In fig. 3 the values given by Eberhard 13^), and by Michetti and Baldini 14^) are also shown. Both sets are in good agreement with our average values.

The corresponding scattering amplitudes for a nucleus are calculated as the convolution of the proton and neutron contributions in the framework of an optical model calculation. Recent theoretical estimations 13^) of ℜ(Δf) and ℑ(Δf) for various materials and kaon momenta between 0.35 and 2.6 GeV/c are based on the optical model of ref. 15^), and on values of ℜ(Δf) and ℑ(Δf) for hydrogen shown in fig. 3.

2 EXPERIMENTAL METHOD

In the CPLEAR experiment, the dominant contribution to the regeneration effect in the 2π decay arises from the interference of the inherent K_S amplitude with the K_S amplitude regenerated from the K_L component of the neutral kaon. For a better understanding of the regenerated K_S amplitude ρ = |ρ|e^{iφρ} (which is proportional to Δf 16^, 17^)) we intend to enhance the regeneration effect by introducing an additional amount of material (absorber, regenerator) into the decay volume of the detector. The time dependent decay rate asymmetry between the initially pure K^∘ and K^∘

A_{+−}(τ) = R � K^∘_{τ =0} → π^+π^− � (τ) − R (K^∘_{τ =0} → π^+π^−) (τ) R � K^∘_{τ =0} → π^+π^− � (τ) + R (K^∘_{τ =0} → π^+π^−) (τ) (1) measured for decays behind the absorber is: A_{+−}(τ) ≈ 2Re(ε) − 2|η_{+−}|e^{12 (γS −γL)τ} cos(Δmτ − φ_{+−}) 1 + |η_{+−}|^2e^{(γS−γL)τ} + I (2)

with I = −2 |ρ|e^{12 (γS −γL)τR} cos(Δmτ_R − φ_ρ) 1 + |η_{+−}|^2e^{(γS−γL)τ} (3) where we have neglected terms of the order of |ρ||η_{+−}|, |ρ|^2|η_{+−}| and |ρ||η_{+−}|^2; τ_R is the proper time of the neutral kaon to reach the absorber; Re(ε) is the parameter describing CP violation in the K^∘, K^∘ mixing; m_{S,L} (Δm = m_L − m_S) and γ_{S,L} are the mass and the width of K_{S,L}.

The interference term I is ideally measured by placing the absorber in such a way that the inherent K_S amplitude is comparable to the regenerated K_S amplitude. Fig. 4 shows the expected decay rate asymmetry with a 2 cm carbon absorber compared to the one expected in the absence of absorber for five different K^∘ momentum regions, between 250 and 750 MeV/c, which is the region covered in the CPLEAR experiment.

2.1 Experimental Setup

The neutral kaons are produced in pp-annihilations at rest through the two channels pp → K^±π^∓K^∘(K^∘) both with a branching ratio of 2 · 10^{−3}. The strangeness of the neutral kaon is tagged by the charge of the accompanying charged kaon. A carbon absorber, shaped as a cylinder sector of 2 cm thickness, will be put inside the CPLEAR detector at about 7 cm from the target (see fig. 5), where about 90% of the K_S available at τ = 0 have already decayed. The absorber will cover only 120^∘ of the azimuthal angle providing thus the possibility of selecting primary charged particles which did not cross the absorber.

The weight of the absorber material is approximately 2.4 kg. It will be mounted together with the target on an extraction tube made of inox, so that the regenerator can easily be put in and taken out through the downstream side of the detector. The position of the absorber can be determined by reconstructing the vertex of converted photons 20^).

We plan to equip the absorber with a thin veto counter. It would allow us to reject, at an early trigger stage, the events with charged tracks traversing the absorber, thus reducing trigger and readout deadtime, with an increase in the trigger rate by 30% with respect to the present one. Possible solutions for this counter are either a flat scintillator with flexible light guides or a plane of 2 mm thin scintillating fibers (as used in the electromagnetic calorimeter of the KLOE detector 18^)).

2.2 Simulation Studies and Statistical Errors

In 1994 the CPLEAR experiment collected a total of 11 × 10^6 fully reconstructed events K^∘(K^∘) → π^+π^− with a lifetime above 1 τ_S . The average pp-rate was 650 kHz and the average efficiency of LEAR during the 70 days of running was 60% 21^). With the same amount of beam time and efficiency for the regeneration measurement, we expect about 4×10^6 π^+π^− decays above 1 τ_S where the primary charged tracks do not cross the absorber and the neutral kaon momentum direction points to the regenerator.

The central values of the modulus |Δf| and the phase φ_{Δf} of Δf for carbon taken from ref. 13^) are shown in table 1. Using these values as input, a detailed simulation was done taking into account the K^∘ and K^∘ propagation through the detector material 19^), the kaon momenta and angular distributions, and the acceptance as a function of the lifetime, as measured by the CPLEAR detector. ”Experimental” asymmetries for five different momentum intervals with altogether 4·10^6 events were generated. The asymmetries are shown in fig. 4 together with the asymmetry without regenerator. Due to the necessary integrations over different regenerator thicknesses and kaon momenta only a numerical fit is possible to obtain the modulus and phase of Δf. In order to perform this numerical fit the shape of the asymmetries corresponding to different values of |Δf| and φ_{Δf} have to be known. Therefore we calculated the K^∘ and K^∘ decay rate asymmetries for different values of |Δf| and φ_{Δf} (40×40 sets in steps of ±0.1 fm and ±0.5^∘), and five different kaon momentum bins. By comparing in each momentum bin these asymmetries with the ”experimental” asymmetry we obtain the χ^2-distribution for |Δf| and φ_{Δf} . From this distribution we extract at χ^2 = χ^2min the pair |Δf| and φ_{Δf} , whereas the errors and correlations for |Δf| and φ_{Δf} are given by the values at χ^2 = (χ^2min + 1) (see table 2). Except for the first momentum region, the measurements of the modulus and phase are strongly correlated as can be understood from eq. 3. However the fact that the absorber has a cylindrical geometry results in values for τ_R which depend on the K^∘ momentum direction, and therefore decouples partially |Δf| and φ_{Δf} .

It turns out that by using the complete covariance matrix the error on φ_{+−} due to the regeneration corrections remains small despite of the large correlation of |Δf| and φ_{Δf} . We estimated the dependence of the CPLEAR measurement of φ_{+−} in first order to |Δf| and φ_{Δf} (see table 3). The remaining uncertainties on the measurement of φ_{+−} due to regeneration corrections are shown in table 4 together with the presently estimated uncertainty. We conclude that the measurement of Δf would eliminate the regeneration corrections as the dominating source of the systematic error of the φ_{+−} measurement.

2.3 Systematic Errors

The effect of multiple scattering inside the absorber material on the momentum and vertex resolution was studied with a Monte Carlo simulation and was found to be small compared to the measurement error of the drift chambers. The number of wrongly identified decays outside the absorber amounts to about 3% causing only a small dilution of the measured asymmetry. The systematic error resulting from the uncertainty of Δm should be less than 0.6^∘ for φ_{Δf} and negligible for |Δf|. 3 SUMMARY

To strongly reduce the systematic error due to regeneration effects in the measurement of the phase φ_{+−} in the CPLEAR experiment, we propose to measure Δf, the difference of the forward scattering amplitudes, for low K^∘ and K^∘ momenta. With 70 days of running in ’96 we expect to determine Δf in carbon for a K^∘ momentum between 250 and 350 MeV/c with a precision of 2% for the modulus and 2^∘ for the phase. At higher K^∘ momenta (up to 750 MeV/c) we will obtain correlated information on the modulus and the phase of Δf. This will enable us to reduce the systematic error on our measurement of φ_{+−} induced by the regeneration effect to about 0.1^∘.

Table 1: Central values for the difference of scattering amplitudes in carbon used in the simulation

Momentum interval |Δf| φ_{Δf} [MeV/c] [fm] [^∘] [250 − 350] 5.09 −136.1 [350 − 450] 5.82 −130.5 [450 − 550] 6.24 −140.5 [550 − 650] 7.46 −143.7 [650 − 750] 10.63 −144.4

Table 2: Covariance matrix

Momentum interval σ(|Δf|) σ(φ_{Δf} ) correlation coefficient [MeV/c] [fm] [^∘] [250 − 350] 0.13 2.1 −0.01 [350 − 450] 0.24 3.5 0.90 [450 − 550] 0.49 6.0 0.97 [550 − 650] 0.47 3.2 0.96 [650 − 750] 0.55 2.2 0.92

Table 3: Dependence of φ_{+−} on Δf amplitude and phase

Momentum interval ∂φ_{+−}/∂|Δf| ∂φ_{+−}/∂φ_{Δf} [MeV/c] [^∘][fm^{−1}] [%] [250 − 350] −0.89 3.3 [350 − 450] −0.62 7.0 [450 − 550] −0.45 5.1 [550 − 650] −0.29 4.8 [650 − 750] −0.23 5.0

Table 4: Systematic error of φ_{+−} from regeneration

Momentum interval present 1996 [MeV/c] [^∘] [^∘] [250 − 350] 0.66 0.14 [350 − 450] 0.78 0.13 [450 − 550] 0.58 0.11 [550 − 650] 0.51 0.04 [650 − 750] 0.55 0.05

Figure 1: Measured difference of the K^∘ and K^∘ forward scattering amplitudes in hydrogen as function of the kaon momentum, a) modulus and b) phase

Figure 2: Measured difference of the K^∘ and K^∘ forward scattering amplitudes in carbon as function of the kaon momentum, a) modulus and b) phase

Figure 3: Difference of the K^∘ and K^∘ forward scattering amplitudes in hydrogen as function of the kaon momentum, calculated and measured values for the modulus (a) and phase (b)

Figure 4: K^∘ − K^∘ decay to π^+π^− rate asymmetries for 5 intervals of the kaon momentum, as a function of the proper time τ ( in units of the K_S mean lifetime τ_S ). The dashed line is the asymmetry without regenerator (Eq. 2 with I=0) and the points are Monte Carlo data with a 2 cm carbon regenerator at 7 cm from the target.

PC1

Target

Regenerator 2 cm

Figure 5: Schematic view of the regenerator inserted in front of the inner proportional chamber (PC1)

References

1. R.Carosi et al., Phys. Lett. B237 (1990) 303.

2. L.K.Gibbons et al., Phys. Rev. Lett. 70 (1993) 1199.

3. ‘Measurement of the CP Violation Parameter η_{+−} using tagged K^∘ and K^∘’, R.Adler et al., to be submitted to Phys. Lett.

4. The DAFNE Physics handbook, ed. L.Maiani, G.Pancheri and N.Paver, INFN Frascati

5. ‘The CPLEAR detector at CERN’,

R.Adler et al., to be submitted to Nucl. Instr. and Methods.

6. A.Gsponer et al., Phys. Rev. Lett. 42 (1979) 13;

H.Faissner et al., Phys. Lett. 30B, (1969) 204; H.Foeth et al., Phys. Lett. 31B, (1970) 544; F.Dydak et al., Nucl. Phys. B102, (1976) 253.

7. D.Freytag et al., Phys. Rev. Lett. 35 (1975) 412;

P.Darriulat et al., Phys. Lett. 33B, (1970) 433; G.J.Bock et al., Phys. Rev. Lett. 42 (1979) 350; V.K.Birulev et al., Nucl. Phys. B115 (1976) 249;

G.W.Brandenburg et al., Phys. Rev. 9D (1974) 1939; M.Mugge et al., Phys. Rev. 20D (1979) 2105.

8. W.C.Carithers et al., Phys. Rev. Lett. 34 (1975) 1240;

K.F.Albrecht et al., Nucl. Phys. B93 (1975) 237; J.Roehrig et al. Phys. Rev. Lett. 38 (1977) 1116.

9. A.Baldini et al., Landolt-Börnstein New Series I/12b, ‘Data an Kaon total cross sections’ 10. P.Baillon et al., Nucl. Phys. B105 (1976) 365;

P.Baillon et al., Nucl. Phys. B107 (1976) 189; P.Baillon et al., Nucl. Phys. B134 (1978) 31.

11. A.D.Martin, Nucl. Phys. B179 (1981) 33. 12. J.Antolin, Phys. Rev. 35D (1987) 122;

J.Antolin, J.Math.Phys. 31 (1990) 791;

J.Antolin and A.Cruz, J.Phys. G:Nucl. Phys. 12 (1986) 297.

13. P.H.Eberhard and F.Uchiyama, Nucl. Instr. and Methods A 350 (1994) 144. 14. A.Michetti and R.Baldini, KLOE Collaboration, private communication. 15. W.L.Wang and F.Uchiyama, Nucl. Phys. B73 (1974) 23.

F.Uchiyama, Phys. Rev 9D (1974) 673.

16. K.Kleinknecht, Fortschritte der Physik 21 (1973) 57. 17. ‘Determination of regeneration amplitudes with K^∘ and K^∘ beams’, W.Fetscher, P.Kokkas, P.Pavlopoulos and T.Ruf, in preparation.

18. S.Bellucci, KLOE Collaboration, private communication. 19. ‘The effect on regeneration for the 2π decays’,

P.Kokkas, CPLEAR note CP/PHY-034 (1994).

20. ‘Status of the π^∘π^∘-analysis using Dalitz decays and converted photons’, T.Ruf and M.Wolter, CPLEAR note CP/NFS/007.

21. see CERN SPSLC 94-30, october 1994.