arXiv:0908.1697v1 [nucl-ex] 12 Aug 2009

NA61/SHINE low energy program at SPS

Grzegorz Stefanek^∗ for the NA61 Collaboration Jan Kochanowski University, Kielce, Poland E-mail: grzegorz.stefanek@pu.kielce.pl

N. Abgrall^{22}, A. Aduszkiewicz^{23}, B. Andrieu^{11}, T. Anticic^{13}, N. Antoniou^{18}, J. Argyriades^{22}, A. G. Asryan^{15}, B. Baatar^9, A. Blondel^{22}, J. Blumer^5, L. Boldizsar^{10}, A. Bravar^{22}, J. Brzychczyk^8, A. Bubak^{12} S. A. Bunyatov^9, K.-U. Choi^{12}, P. Christakoglou^{18}, P. Chung^{16}, J. Cleymans^1, D. A. Derkach^{15}, F. Diakonos^{18}, W. Dominik^{23}, J. Dumarchez^{11}, R. Engel^5, A. Ereditato^{20}, G. A. Feofilov^{15}, Z. Fodor^{10}, A. Ferrero^{22}, M. Gaździcki^{17,21}, M. Golubeva^6, K. Grebieszkow^{24}, A. Grzeszczuk^{12}, F. Guber^6, T. Hasegawa^7, A. Haungs^5, S. Igolkin^{15}, A. S. Ivanov^{15}, A. Ivashkin^6, K. Kadija^{13}, N. Katrynska^8, D. Kielczewska^{23}, D. Kikola^{24}, J. Kisiel^{12} T. Kobayashi^7, V. I. Kolesnikov^9, D. Kolev^4, R. S. Kolevatov^{15}, V. P. Kondratiev^{15}, S. Kowalski^{12} A. Kurepin^6, R. Lacey^{16}, A. Laszlo^{10}, V. V. Lyubushkin^9, Z. Majka^8, A. I. Malakhov^9, A. Marchionni^2, A. Marcinek^8, I. Maris^5 V. Matveev^6, G. L. Melkumov^9, A. Meregaglia^2, M. Messina^{20}, P. Mijakowski^{14}, M. Mitrovski^{21}, T. Montaruli^{18,∗}, St. Mrówczyński^{17}, S. Murphy^{22}, T. Nakadaira^7, P. A. Naumenko^{15}, V. Nikolic^{13}, K. Nishikawa^7, T. Palczewski^{14}, G. Palla^{10}, A. D. Panagiotou^{18}, W. Peryt^{24}, R. Planeta^8, J. Pluta^{24}, B. A. Popov^9, M. Posiadala^{23}, P. Przewlocki^{14}, W. Rauch^3, M. Ravonel^{22}, R. Renfordt^{21}, D. Röhrich^{19}, E. Rondio^{14}, B. Rossi^{20}, M. Roth^5, A. Rubbia^2, M. Rybczynski^{17}, A. Sadovsky^6, K. Sakashita^7, T. Schuster^{21}, T. Sekiguchi^7, P. Seyboth^{17}, M. Shibata^7, A. N. Sissakian^9, E. Skrzypczak^{23}, M. Slodkowski^{24}, A. S. Sorin^9, P. Staszel^8, G. Stefanek^{17}, J. Stepaniak^{14}, C. Strabel^2, H. Stroebele^{21}, T. Susa^{13}, I. Szentpetery^{10}, M. Szuba^{24}, M. Tada^7, A. Taranenko^{16}, R. Tsenov^4, R. Ulrich^5, M. Unger^5, M. Vassiliou^{18}, V. V. Vechernin^{15}, G. Vesztergombi^{10}, Z. Wlodarczyk^{17}, A. Wojtaszek^{17}, W. Zipper^{12}

© Copyright owned by the author(s) under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike Licence. http://pos.sissa.it/

1Cape Town University, Cape Town, South Africa 2ETH, Zurich, Switzerland 3Fachhochschule Frankfurt, Frankfurt, Germany 4Faculty of Physics, University of Sofia, Sofia, Bulgaria 5Forschungszentrum Karlsruhe, Karlsruhe, Germany 6Institute for Nuclear Research, Moscow, Russia 7Institute for Particle and Nuclear Studies, KEK, Tsukuba, Japan 8Jagiellonian University, Cracow, Poland 9Joint Institute for Nuclear Research, Dubna, Russia 10KFKI Research Institute for Particle and Nuclear Physics, Budapest, Hungary 11LPNHE, University of Paris VI and VII, Paris, France 12University of Silesia, Katowice, Poland 13Rudjer Boskovic Institute, Zagreb, Croatia 14Soltan Institute for Nuclear Studies, Warsaw, Poland 15St. Petersburg State University, St. Petersburg, Russia 16State University of New York, Stony Brook, USA 17Jan Kochanowski University in Kielce, Poland 18University of Athens, Athens, Greece 19University of Bergen, Bergen, Norway 20University of Bern, Bern, Switzerland 21University of Frankfurt, Frankfurt, Germany 22University of Geneva, Geneva, Switzerland 23University of Warsaw, Warsaw, Poland 24Warsaw University of Technology, Warsaw, Poland

Status of the new experimental program to study hadron production in hadron-nucleus and nucleus-nucleus collisions at the CERN SPS will be presented. A physics motivation will be given for the part of the program related to the physics of strongly interacting matter. Upgrades of the NA61 experimental set-up and data taking plans will be described in detail.

5th International Workshop on Critical Point and Onset of Deconfinement - CPOD 2009, June 08 - 12 2009 Brookhaven National Laboratory, Long Island, New York, USA

∗Speaker.

© Copyright owned by the author(s) under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike Licence.

1. Introduction

The NA61/SHINE [1] (SHINE = SPS Heavy Ion and Neutrino Experiment) is a new fixedtarget experiment at the CERN SPS accelerator. The most important and expensive components of the NA61 detector are inherited from the NA49 experiment although several significant upgrades have been or will be introduced.The experiment was approved at CERN in June 2007 and the first pilot run was performed in October 2007. The history of the experiment is documented in [2, 3, 4, 5, 6, 7].

2. Physics goals

The physics programme of NA61 is the systematic measurement of hadron production in proton-proton, proton-nucleus and nucleus-nucleus collisions. The programme consists of three subjects. In the first stage of data taking (2007-2009) measurements are performed of hadron production in proton-nucleus interactions needed for neutrino and cosmic ray experiments. In the second stage (2009-2010) hadron production in proton-proton and proton-nucleus interactions as reference data for better understanding of nucleus-nucleus reactions will be studied.

Figure 1: Data sets planned to be recorded by NA61/SHINE (left) within the ion program and those recorded by NA49 (right). The area of the boxes is proportional to the number of registered central collisions, which for NA61/SHINE will be 2 · 10^6 per reaction and energy.

In the third stage (2009-2013) the energy dependence of hadron production properties will be measured in nucleus-nucleus collisions as well as p+p and p+Pb interactions. The aim is to identify the properties of the onset of deconfinement and find the critical point of strongly interacting matter. The last physics goal requires a comprehensive scan in the whole SPS energy range from 10A to 158A GeV with light and intermediate mass nuclei. NA61/SHINE intends to register p+p, C+C, S+S, In+In and p+Pb collisions at six energies with a typical number of recorded central collision events per reaction and energy of 2 × 10^6. The data sets planned to be recorded by NA61/SHINE for the ion program and those recorded by NA49 are compared in Fig. 1.

2.1 Study of the properties of the onset of deconfinement

Recent results on the energy dependence of hadron production in central Pb+Pb collisions at 20, 30, 40, 80 and 158A GeV coming from the energy scan program at the CERN SPS provide evidence for the onset of a transition to the deconfined Quark Gluon Plasma phase. Hadron production properties in central Pb+Pb (Au+Au) collisions as a function of collision energy exhibit rapid changes at about 30A GeV [8, 9]. These anomalies were predicted for the onset of deconfinement [10] and their further understanding requires new NA61 data. An illustration of the impact of the new measurements on the system size dependence of the K^+/π^+ horn is shown in Fig. 2.

Figure 2: An illustration of the impact of the new measurements (of central collisions) on clarifying the system size dependence of the K^+/π^+ horn observed in central Pb+Pb collisions at low SPS energies.

2.2 Search for the critical point of strongly interacting matter

Lattice QCD calculations [11] indicate that the phase diagram of strongly interacting matter features a first order phase transition boundary in the temperature (T ) - baryochemical (μ_B) potential plane, which has a critical endpoint. This critical endpoint may be located in the energy range accessible at the CERN SPS.

The temperature and baryochemical potential are not directly measurable quantities but the T − μ_B coordinates of the freeze-out points of nuclear reactions can be brought into one-to-one correspondence with the energy (E) and system size (A) of nuclear collisions [12]. Therefore, the T − μ_B coordinates of the freeze-out points may be scanned via a systematic E − A scan. When the freeze-out point of a given reaction is near the critical point, the increase of multiplicity and transverse momentum fluctuations is expected [13]. The scaled variance ω of the multiplicity distribution is expected to increase by more than 0.1 and the Φ_{PT} measure of transverse momentum fluctuations by about 10 MeV/c in the standard NA49 acceptance [13, 14]. An illustration of the impact of the NA61 measurements of central collisions on the search for the critical point of strongly interacting matter is shown in Fig. 3.

Measurements of central C+C, Si+Si collisions and p+p interactions at the top SPS energy as well as central Pb+Pb interactions at 5 different energies were done by the NA49 experiment [15].

Figure 3: An illustration of the impact of the new measurements of central collisions (the red points in the plane T, μ_B) on the search for the critical point of strongly interacting matter.

The energy dependence of Φ_{PT} and ω (see Fig. 4) show no indication for critical point fluctuations, however a narrower μ_B scan would be desirable.

A maximum of mean p_T and multiplicity fluctuations as a function of the system size is observed at 158A GeV for smaller systems Si+Si, C+C (see Fig. 5). If one takes the results as an indication of the critical point it would be located at T ≈ 178 MeV and μ_B ≈ 250 MeV [15]. A detailed NA61 energy and system size scan is necessary to establish the existence of the critical point.

3. The NA61 detector

The NA61 experimental setup is shown in Fig. 6. The main components of the NA61 detector are four large-volume Time Projection Chambers for tracking and particle identification. The TPC system consists of two vertex chambers inside the spectrometer magnets which allow separation of positively and negatively charged tracks and a precise measurement of the particle momenta. Two main chambers, placed behind the magnets at both sides of the beam, were optimized for high precision detection of the ionization loss dE/dx with a resolution of 3−6%.

3.1 Performance of the detector

During the 2007 pilot run no significant deterioration of the excellent detection capabilities of the NA61/SHINE apparatus was observed. The most important performance parameters of the detector are:

- Large acceptance ≈ 50% at p_T ≲ 2.5 GeV/c,

- Precise momentum measurement σ(p)/p^2 = (0.3 − 7) × 10^{−4}(GeV/c)^{−1},

- High tracking efficiency > 95%,

- Good particle identification ToF resolution σ(t) ≈ 60 ps, dE/dx resolution σ(dE/dx) ≈ 5%, invariant mass resolution σ(m) ≈ 5 MeV.

(a) Energy dependence of Φ_{pT} for the 7.2% most central Pb+Pb collisions in the forward-rapidity region 1.1 < y^∗_π < 2.6 and 0.005 < p_T < 1.5 GeV/c; y^∗_p < y^∗_{beam} − 0.5 (to reject the projectile spectator domain) and common azimuthal angle acceptance. Lines correspond to CP_1 predictions (T ≈ 147 MeV, μ_B ≈ 360 MeV) added to the energy averaged Φ_{pT} measurement.

(b) Energy dependence of ω for the 1% most central Pb+Pb collisions in the forward-rapidity region 1.1 < y^∗_π < y_{beam} and NA49 azimuthal angle acceptance. Lines correspond to CP_1 predictions (T ≈ 147 MeV, μ_B ≈ 360 MeV) added to the energy averaged ω measurement.

Figure 4: Energy dependence of fluctuations for central Pb+Pb collisions registered by NA49.

3.2 Main upgrades

The important NA61/SHINE detector upgrades are motivated by the physics goals. For the 2007 pilot run a new forward time-of-flight detector (ToF-F) was constructed in order to extend the acceptance of the NA61 set-up for pion and kaon identification as required for T2K measurements. Furthermore, numerous small modifications and upgrades of the NA61/SHINE facility were performed before the 2007 run: speed-up of the ToF-L/R readout, modification of the DAQ system to allow writing data on disk, refurbishment of the Beam Position Detectors (BPD-1/2/3) and installation of new beam counters for a new trigger logic. The new TPC readout and DAQ system with about 70 Hz readout frequency were installed and tested during a 2008 test run. These modifications increased the event rate by a factor of about 10.

One of the future upgrades planed for the ion runs is the construction of the Projectile Spectator Detector (PSD) [16]. Compared to the NA49 veto calorimeter it provides an increase of the

(a) System size dependence of Φ_{pT} at 158A GeV showing results from p+p, semi-central C+C (15.3%) and Si+Si (12.2%), and 5% most central Pb+Pb collisions. Forward-rapidity region 1.1 < y^∗_π < 2.6 and 0.005 < p_T < 1.5 GeV/c; NA49 azimuthal angle acceptance. Lines correspond to CP_2 predictions (T ≈ 178 MeV, μ_B ≈ 250 MeV) shifted to reproduce the Φ_{pT} value for central Pb+Pb collisions.

(b) System size dependence of ω at 158A GeV for the 1% most central p+p , C+C and Si+Si , and Pb+Pb collisions. Forward-rapidity region 1.1 < y^∗_π < y_{beam} (1.1 < y^∗_π < 2.6 for p+p); NA49 azimuthal angle acceptance. Lines correspond to CP_2 predictions (T ≈ 178 MeV, μ_B ≈ 250 MeV) shifted to reproduce the ω value for central Pb+Pb collisions.

Figure 5: System size dependence of fluctuations for central Pb+Pb collisions registered by NA49.

resolution of the measurement of the number of projectile spectators by a factor of 5 to about dE/dx ≈ 50%/E. Tests of a PSD supermodule, i.e. a 3 × 3 module matrix, were performed during 2007 and 2008. The assembling of the whole PSD is planned for 2011.

Channeling of the high intensity heavy ion beam through the gas volume of the Vertex TPCs has limitations when compared to the proton beam. Delta electrons produced in the gas volume inside the VTPCs from heavy ion beam-gas interactions may significantly increase the background in the TPCs and distort measurements of event-by-event fluctuations. A new low mass helium beam pipe will reduce the delta electron background by a factor of 10.

The NA61/SHINE physics program requires low and intermediate mass ion beams. However, only Pb beams may be available in some years. Thus the use of a secondary ion beam derived from the fragmentation products of primary Pb ions is proposed [7]. The main and essential components

Figure 6: The layout of the NA61/SHINE set-up (top view, not to scale) with the basic future upgrades indicated in red and finished upgrades indicated in blue.

Figure 7: Schematics of the proposed fragment separator in the H2 beam line (side view, not to scale). As an example selected trajectories of^{32}P fragments are indicated by thin solid lines.

of the proposed beam line are the first vertical bending section which acts as rigidity filter, the degrader at the first focus, the second bending section which separates different charge states due to Z-dependent energy loss in the degrader and the last slit which selects the wanted ions (see Fig. 7). Detailed simulation of the secondary ion beam line proved that ions with Z=15 selected by the NA61 trigger consist mainly (75%) of A=32 ions [7].

4. Status and plans

A pilot run in 2007 and the second run performed in 2008 showed that the detector fulfills the physics requirements and the finished upgrades significantly extend the detection capabilities of the NA49/SHINE setup. The NA61/SHINE data taking plan is presented in Table 1, together with the current recommendation and approval status assigned by the SPS Committee and the CERN Research Board. Three runs with ion beams are planned with nuclear mass number of A ≈ 10, 30, 100. The sequence of data taking is optimized to increase the probability to observe indications of the new physics in the shortest time. From this point of view the most promising strategy is to start ion data taking in 2011 with A ≈ 30 and continue in 2012 and 2013 with lighter and heavier ions.

Beam Beam Target Energy Year Days Physics Status Primary Secondary (A GeV)

p 400

p C(T2K) 31 2009 21 T2K, C-R recommended p 400

π^− C 158,350 2009 2x7 C-R recommended p 400

p p 10,20,30,40,80,158 2009 6x7 CP&OD recommended p 400

p p 158 2010 77 High p_T recommended Pb 10,20,30,40,80,158

A ≈ 30 A ≈ 30 10,20,30,40,80,158 2011 6x7 CP&OD recommended p 400

p Pb 158 2011 6x7 High p_T recommended Pb 10,20,30,40,80,158

A ≈ 10 A ≈ 10 10,20,30,40,80,158 2012 6x7 CP&OD to be discussed p 400

p Pb 10,20,30,40,80,158 2012 6x7 CP&OD recommended Pb 10,20,30,40,80,158

A ≈ 100 A ≈ 100 10,20,30,40,80,158 2013 6x7 CP&OD to be discussed

Table 1: The NA61/SHINE data taking plan. The runs with ion beams are planned for 2011, 2012 and 2013. In these runs the nuclear mass number of the selected ions will be A ≈ 30, A ≈ 10 and A ≈ 100, respectively. The following abbreviations are used for the physics goals of the data taking: CP - Critical Point, OD - Onset of Deconfinement, C-R - Cosmic Rays.

5. Summary

The NA61/SHINE experiment will first perform measurements of hadron production in hadronnucleus interactions needed for neutrino and cosmic ray experiments. The main part of the program will study energy and nuclear mass dependence of hadron production in nucleus-nucleus collisions with the aim to identify properties of the onset of deconfinement. It has a significant discovery potential for the critical point of strongly interacting matter, if it exists. There are also several future projects developed at BNL, FAIR and NICA complementary to NA61 which will provide experimental data for study of strongly interacting matter in the region of the onset of deconfinement.

Acknowledgments This work was supported by the Polish Ministry of Science and Higher Education (grant N N202 3956 33), the Hungarian Scientific Research Fund (OTKA 60506), the Virtual Institute VI- 146 of Helmholtz Gemeinschaft, Germany, Korea Research Foundation (KRF-2008-313-C00200), the Federal Agency of Education of the Ministry of Education and Science of the Russian Federation (grant RNP 2.2.2.2.1547) and the Russian Foundation for Basic Research (grant 08-02- 00018), the Ministry of Education, Culture, Sports, Science and Technology, Japan, Grant-in-Aid for Scientific Research (18071005,19034011,19740162), Swiss Nationalfonds Foundation 200020- 117913/1 and ETH Research Grant TH-01 07-3.

References

[1] The NA61/SHINE homepage [http://na61.web.cern.ch].

[2] N. Antoniou et al. [The NA61 Collaboration], Study of hadron production in collisions of protons and nuclei at the CERN SPS,NA61 letter of intent (2006), CERN-SPSC-2006-001, SPSC-I-235.

[3] N. Antoniou et al. [The NA61 Collaboration], Study of hadron production in hadron-nucleus and nucleus-nucleus collisions at the CERN SPS, NA61 proposal (2006), CERN-SPSC-2006-034, SPSC-P-330.

[4] N. Antoniou et al. [The NA61 Collaboration], Additional information requested in the proposal review process, Addendum-1 to the proposal P330 (2007), CERN-SPSC-2007-004, SPSC-P-330.

[5] N. Antoniou et al. [The NA61 Collaboration], Further information requested in the proposal review process, Addendum-2 to the proposal P330 (2007), CERN-SPSC-2007-019, SPSC-P-330.

[6] N. Abgrall et al. [The NA61 Collaboration], Report from the NA61/SHINE pilot run performed in October 2007 Addendum-3 to the proposal P330 (2007), CERN-SPSC-2007-033,CERN-SPSC-P-330.

[7] N. Abgrall et al. [The NA61 Collaboration], Proposal for secondary ion beams and update of data taking schedule for 2009-2013 Addendum-4 to the proposal P330 (2009), CERN-SPSC-2009-001,CERN-SPSC-P-330.

[8] S. V. Afanasiev et al. [The NA49 Collaboration], Phys. Rev. C 66 (2002) 054902. [9] C. Alt et al. [The NA49 Collaboration], Phys. Rev. C 77 (2008) 024903. [10] M. Gazdzicki and M. I. Gorenstein, Acta Phys. Polon. B 30 (1999) 2705. [11] Z. Fodor, S. D. Katz, JHEP 0203 (2002) 014.

[12] F. Becattini, J. Manninen and M. Gazdzicki, Phys. Rev. C 73 (2006) 044905. [13] M. A. Stephanov, K. Rajagopal and E. V. Shuryak, Phys. Rev. D 60 (1999) 114028. [14] T. Anticic et al. [The NA49 Collaboration], Phys. Rev. C 70 (2004) 034902. [15] T. Anticic et al. [The NA49 Collaboration], Phys. Rev. C 79 (2009) 044904.

K. Grebieszkow et al. [The NA49 Collaboration], arXiv:0907.4101. [16] M. Golubeva et al. Nucl. Instrum. Meth. A 598 (2009) 268.