Conceptual Design Report

October 1994

Forward Angle and Midrapidity Hadron Spectrometers at RHIC

The BRAHMS collaboration

K. Ashktorab, D. Beavis, C. Chasman, Z. Chen, Y.Y. Chu, R. Debbe, M. Gonin, S. Gushue, J.H. Lee, M.J. LeVine, B. Moskowitz, J.W. Olness, L.P. Remsberg, F. Videbaek and F.Zhu Brookhaven National Laboratory, Upton, NY 11973

J.-P. Coffin, P. Fintz, G. Guillaume, F. Jundt, C. Maazouzi, F. Rami and P. Wagner Centre de Recherches Nucleaires, Strasbourg, FRANCE

J.P. Bondorf, H. Bøggild, J.J. Gaardhøje and O. Hansen Niels Bohr Institute for Astronomy,Physics and Geophysics University of Copenhagen, DENMARK

Cheng-lie Jiang China Institute of Atomic Energy, Beijing, CHINA

B. Budick Physics Department, New York University, NY 10003

K. Hagel, J. Natowitz and R. Wada Texas A&M University, College Station, TX 77843-3366

H.J. Crawford and J. Engelage Space Sciences Laboratory, University of California, Berkeley, CA 94720

Individual participation D. Roehrich (University of Frankfurt)

2

Contents

1 Introduction 7

2 Physics Overview 9 2.1 Motivation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 2.2 Physics Goals and Experimental Criteria . . . . . . . . . . . . . . . . . . 12 2.3 Pair Correlations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 2.4 ϕ(1020) Measurement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 2.5 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 3 Detector Overview 19 3.1 Forward Spectrometer . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 3.2 Midrapidity Spectrometer . . . . . . . . . . . . . . . . . . . . . . . . . . 21 3.3 Rapidity Coverage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 3.4 Global detectors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 4 Magnets 25 4.1 Design Features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 4.2 Estimated Costs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 4.3 Magnet Support Carriages . . . . . . . . . . . . . . . . . . . . . . . . . . 27

5 Facilities and Experimental Layout 35 5.1 Shielding layout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 5.2 Support Buildings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 5.3 RF cavities and the experiment . . . . . . . . . . . . . . . . . . . . . . . 37 5.4 Beam Pipe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 5.5 Utilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 5.6 4 O’clock Facilities and Improvements . . . . . . . . . . . . . . . . . . . . 41 5.7 2 O’clock Facility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

6 Tracking 45 6.1 Forward Spectrometer . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 6.1.1 General tracking considerations . . . . . . . . . . . . . . . . . . . 46 6.1.2 Tracking Detectors . . . . . . . . . . . . . . . . . . . . . . . . . . 51 6.2 Midrapidity Spectrometer . . . . . . . . . . . . . . . . . . . . . . . . . . 53 6.3 Time Projection Chambers . . . . . . . . . . . . . . . . . . . . . . . . . . 55 6.3.1 Design of the Midrapidity TPC’s . . . . . . . . . . . . . . . . . . 55 6.3.2 Electronics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 6.3.3 TPC Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . 61 6.3.4 TPC Simulations . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 6.3.5 Present Status . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 7 Particle Identification 69 7.1 Forward spectrometer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69 7.2 Midrapidity spectrometer . . . . . . . . . . . . . . . . . . . . . . . . . . . 72 7.3 Time-of-flight . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73 7.3.1 TOFW design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73 7.3.2 TOF tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74 7.4 RICH detector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75 7.4.1 Design Requirements and Detector Performance . . . . . . . . . . 77 7.4.2 Expected performance . . . . . . . . . . . . . . . . . . . . . . . . 82 7.5 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83 8 Global Detectors 85 8.1 Beam-Beam Counters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 8.2 Centrality detector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87 8.2.1 Phase-space Coverage . . . . . . . . . . . . . . . . . . . . . . . . . 88 8.2.2 Concept for a Silicon Strip Detector . . . . . . . . . . . . . . . . . 90 8.2.3 The Backup Option: A Gas Proportional Counter . . . . . . . . . 94 8.2.4 Potential Upgrades . . . . . . . . . . . . . . . . . . . . . . . . . . 94 8.3 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96 9 Data Acquisition and Triggers 97 9.1 Data Acquisition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97 9.2 Triggers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 10 Cost and Schedule 103 10.1 Cost . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103 10.2 Schedule . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104

A Prototype RICH Test Results 109 A.1 The Multi-anode PMT . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109 A.2 PMT Single-photon Response . . . . . . . . . . . . . . . . . . . . . . . . 110 A.3 The Test Box . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110 A.4 Gas Handling System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112 A.5 In-Beam Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112 B Simulation programs 117

C Rate Estimates 119

6

List of Figures

2.1 Net baryons from central Au+Au collisions . . . . . . . . . . . . . . . . . 10 2.2 dn/dy for π+ and K+ in central Au+Au collisions . . . . . . . . . . . . . 11 2.3 d2n/dpdθ for several angle settings in central Au+Au collisions . . . . . . 13 2.4 Two-pion correlation function . . . . . . . . . . . . . . . . . . . . . . . . 14 2.5 Two-kaon correlation function . . . . . . . . . . . . . . . . . . . . . . . . 15 2.6 Distributions in (y,p_t) space of accepted ϕ mesons . . . . . . . . . . . . . 16 2.7 The expected invariant mass distributions of K+K� pairs . . . . . . . . . 17

3.1 Layout of the BRAHMS spectrometers . . . . . . . . . . . . . . . . . . . 20 3.2 Acceptance of BRAMS spectrometers . . . . . . . . . . . . . . . . . . . . 22

4.1 Layout of the 4 o’clock area. . . . . . . . . . . . . . . . . . . . . . . . . . 30 4.2 Steel design for D5. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 4.3 Coil design for D5. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 4.4 Field across the gap in D1. . . . . . . . . . . . . . . . . . . . . . . . . . . 33 4.5 Fringe field in D1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 4.6 Vertical field in D1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 5.1 Detail of BRAHMS at the 4 O’clock area. . . . . . . . . . . . . . . . . . 38 5.2 Bird’s eye view of BRAHMS at the 4 O’clock area. . . . . . . . . . . . . 39 5.3 Beam pipe profile for the BRAHMS intersection region . . . . . . . . . . 40 5.4 Layout of BRAHMS at the 2 O’clock area. . . . . . . . . . . . . . . . . . 43

6.1 Variance due to multiple scattering over 4 meters of air. . . . . . . . . . . 47 6.2 Reconstructed momentum resolution, target position distributions for 10 GeV/c pions with an assumed position resolution of 200 μm . . . . . . . 48 6.3 Top view of shielding for T2 . . . . . . . . . . . . . . . . . . . . . . . . . 51 6.4 T4 layout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 6.5 Charged particle densities in TPC1 and TOFW . . . . . . . . . . . . . . 54 6.6 Hit multiplicities in TPC1, TPC2 and TOFW . . . . . . . . . . . . . . . 55 6.7 Longitudinal and transverse diffusion constants for various gas mixtures as a function of drift field. . . . . . . . . . . . . . . . . . . . . . . . . . . 56

6.8 Schematic view of the pad-readout TPC. . . . . . . . . . . . . . . . . . . 57 6.9 Typical geometry of the anode wires and pad rows with clusters. . . . . . 59 6.10 TPC readout electronics used by ALEPH and NA35. . . . . . . . . . . . 60 6.11 Illustration of the steps used in track finding and reconstruction. . . . . . 65

7.1 Schematic view of the C1 Čerenkov counter. . . . . . . . . . . . . . . . . 71 7.2 Pion acceptance in the midrapidity and forward arms . . . . . . . . . . . 72 7.3 K/p separation in the midrapidity and forward arms . . . . . . . . . . . 72 7.4 Arrangement for mid-rapidity TOF wall staves. . . . . . . . . . . . . . . 74 7.5 Schematic outline of RICH detector . . . . . . . . . . . . . . . . . . . . . 78 7.6 Ring radius and number of photoelectrons vs. momentum . . . . . . . . . 80 7.7 Typical RICH detector ring patterns . . . . . . . . . . . . . . . . . . . . 83 7.8 Position of the ring centers for particles in RICH detector . . . . . . . . . 84

8.1 Schematic view of the two beam-beam counter arrays. . . . . . . . . . . . 86 8.2 Beam-beam array efficiency . . . . . . . . . . . . . . . . . . . . . . . . . 87 8.3 Charged particle dN/dη for central Au+Au collisions . . . . . . . . . . . 89 8.4 Coverage of the silicon strip multiplicity detector . . . . . . . . . . . . . 90 8.5 True charged multiplicity distribution into the centrality detector . . . . 91 8.6 Layout of silicon wafers on the multiplicity detector barrel. . . . . . . . . 92 8.7 Simulated performance of the silicon strip multiplicity detector. . . . . . 93 8.8 Fraction of channels hit versus multiplicity . . . . . . . . . . . . . . . . . 95

A.1 Position dependence of PMT pulse height from an LED scan . . . . . . . 110 A.2 Schematic view of the RICH test box. . . . . . . . . . . . . . . . . . . . . 111 A.3 Schematic flow-diagram for gas-handling system . . . . . . . . . . . . . . 113 A.4 Prototype RICH counter results with a Freon gas mixture . . . . . . . . 114 A.5 Prototype RICH counter results with 3 GeV/c particles . . . . . . . . . . 115 A.6 Ring radius versus momentum from the prototype RICH counter . . . . . 116

List of Tables 4.1 Magnet parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 6.1 Variance due to multiple scattering . . . . . . . . . . . . . . . . . . . . . 48 6.2 Expected charged particle multiplicities for the 7.5-15 GeV/c setting at 2.1ffi. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 6.3 Expected charged particle multiplicities for the 15-30 GeV/c setting at 2.1ffi. 49 6.4 Expected charged particle multiplicities for the 2-5 GeV/c setting at 2.1ffi. 50 6.5 Effect of shielding on rates in T1, T2 and H1 . . . . . . . . . . . . . . . . 50 6.6 Detector characteristics for the forward arm components. . . . . . . . . . 52 6.7 Average charged particle multiplicities in the midrapidity spectrometer. . 55 6.8 TPC parameters for the present prototype. . . . . . . . . . . . . . . . . . 63

7.1 Performance of the various TOF detectors . . . . . . . . . . . . . . . . . 70 7.2 Characteristics of different phototubes for the TOF. . . . . . . . . . . . . 75 7.3 Average charged particle hits in the RICH detector . . . . . . . . . . . . 77 10.1 Budget summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104 10.2 Funding profile for subsystems . . . . . . . . . . . . . . . . . . . . . . . . 105

C.1 Counting rates in the Forward Angle Spectrometer . . . . . . . . . . . . 120