– 79 –

Antiproton-Ion Collider

K. Suzuki, P. Beller^a, F. Bosch^a, M. Cargnelli^b, L. Fabbietti, T. Faestermann, B. Franzke^a, H. Fuhrmann^b, R.S. Hayano^c, A. Hirtl^b, J. Homolka, P. Kienle^b, Ch. Kozhuharov^a, R. Krücken, H. Lenske^d, Y. Litvinov^a, J. Marton^b, F. Nolden^a, P. Ring, Y. Shatunov^e, A.N. Skrinsky^e, V.A. Vostrikov^e, T. Yamaguchi^f , E. Widmann^b, S. Wycech^g, and J. Zmeskal^b

a Gesellschaft für Schwerionenforschung, Darmstadt, Germany^b Stephan Meyer Institut, Vienna, Austria c University of Tokyo, Tokyo, Japan^d Justus-Liebig Universität Giessen., Giessen, Germany e Budker Institute of Nuclear Physics, Novosibirsk, Russia^f University of Saytama, Saytama, Japan g Andrzej Soltan Institute for Nuclear Studies, Warsaw, Poland

An antiproton-ion collider is proposed to independently determine rms radii for protons and neutrons instable and short lived nuclei by means of antiproton absorption at medium energies [1]. The experiment makes use of the electron ion collider complex [3] with appropriate modifications of the electron ring to store, cool and collide antiprotons of 30 MeV energy with 740A MeV ions in the NESR (Fig. 1). Antiprotons are collected, in the RESR and will be cooled and slowed down to 30 MeV by an additional electron cooler. Hereafter the 30 MeV antiprotons are transferred to the electron storage ring using a new transfer line. Radioactive nuclei are produced by projectile fragmentation and projectile fission of 1.5A GeV primary beams and separated in the Super FRS. The separated beams are transferred to the collector ring (CR) and cooled at 740A MeV and transported via the RESR to NESR, in which especially short lived nuclei are accumulated radiicontinuously to increase the luminosity. The total absorption cross-section for antiprotons on the stored ions with mass A will be measured by detecting the loss of stored ions by means of the Schottky method. Cross sections for the absorption on protons and neutrons, respectively, will be measured by the detection of residual nuclei with A-1 either by the Schottky method or by detecting them in recoil detectors after the first dipole stage of the NESR following the interaction zone. With a measurement of the A-1 fragment momentum distribution, one can test the momentum wave functions of the annihilated neutrons and protons, respectively. Furthermore by changing the incident ion energy the tails of neutron and proton distribution can be measured. Theoretical calculations clearly show that the absorption cross sections are directly proportional to the mean square radii [4]. Predicted cross sections and luminosities show that the method is applicable to nuclei with production rates down to about 10^5s^{−1} or lower depending on the lifetime of the ions in NESR and half-lives of about down to 1 second (Table 1) [2].

Fig. 1: Schematic layout of the antiproton-ion collider magnetic lattices.

References

[1] P. Kienle, Nucl. Instr. Meth. B214 (2004) 191 [2] AIC Techinical Proposal. [3] ELISE Techinical Proposal.

[4] H. Lenske, P. Kienle, submitted to PLB, eprint-archiv; nuclth/0502065.

Ion Intensity Lifetime Luminosity σ_{total} σ_{N−1} σ_{Z−1} N_{T otal} N_{N−1} N_{Z−1} Meas. Time - [1/s] [s] [1/(cm^2s)] [barn] [barn] [barn] [1/s] [1/s] [1/s] [min/10k ev.]

40Ar 6E+08 20 1.2E+27 0.96 0.48 0.48 1151 173 173 0.14 52Ca 4E+05 12 4.8E+23 1.14 0.64 0.51 0.55 0.09 0.07 304 55Ni 8E+07 0.5 4.0E+24 1.2 0.60 0.60 4.80 0.72 0.72 34.7 72Ni 9E+06 4.1 3.7E+24 1.3 0.80 0.50 4.80 0.89 0.55 34.7 104Sn 1E+06 51 5.1E+24 1.81 0.94 0.87 9.25 2.40 2.22 18.0 132Sn 1E+08 93 9.3E+26 2.13 1.32 0.81 1977 614 374 0.08 134Sn 8E+05 2.7 2.2E+23 2.15 1.35 0.80 0.46 0.15 0.09 359 187Pb 1E+07 34 3.4E+25 2.68 1.51 1.18 91.2 25.6 20.0 1.83

Table 1: Summary of luminosities, cross sections, event rate and related numbers for typical ions