Chapter 2

Detector for the Linear Collider

General Detector Concepts and Detector Performance Conveners: M. Martinez, D.J. Miller, M. Piccolo Working Group: A. Andreazza, M. Battaglia, G. Blair, G. Daskalakis, A. Juste, A. Kyriakis, C. Markou, H.U. Martyn, H. Nowak, I. Riu, M. Sachwitz, H.J. Schreiber, D. Schulte, R. Settles, R. Shanidze, C. Shepherd-Themistocleous, S. Shichanin, E. Simopoulou, R. Vuopionperä, C. Troncon Detector Subsystems Conveners: M. Mazzucato, D. Saxon, R. Settles Working Group: S. Aïd, A. Andreazza, P. Bambade, T. Barklow, W. Bartel, M. Battaglia, R. Bellanzzini, S. Bertolucci, G. Blair, R. Brinkmann, I. Brock, R. Brown, J. Bürger, P.J. Bussey, M. Caccia, P. Checchia, G. Coignet, P. Colas, P. Clarke, C. Damerell, M. David, A. De Roeck, E. Elsen, E. Fernandez, Y. Giomataris, T. Greenshaw, R. Heuer, C. Heusch, N. Holtkamp, P. Hüntemeyer, P. Janot, L. Jönsson, F.P. Juster, B.J. King, F. Kircher, V. Korbel, U. Kötz, Y. Kurihara, P. Le Du, M. Leenen, W. Lohmann, C. Luci, L. Mandelli, M. Martinez, C. Meroni, J. Meyer, D. Miller, R. Nahnhauer, O. Napoly, R. Nania, R. Orava, M. Piccolo, M. Pohl, D. Reed, F. Richard, A. Rousarie, H.-G. Sander, U. Schneekloth, H.J. Schreiber, S. Schreiber, D. Schulte, C. Shepherd-Themistocleous, F. Simonetto, K. Sinram, A. Skillman, A. Sopczak, P. Steffen, H. Steiner, J. Steuerer, G. Tonelli, M. Tonutti, C. Troncon, C. VanderVelde, G. Vegni, A. Wagner, N. Walker, M. Weber, W. Wiedenmann, G.W. Wilson, K. Zapfe-Düren Collider-Experiment Interface Conveners: N. Holtkamp, M. Leenen, O. Napoly Working Group: G. Bardin, R. Brinkmann, C. Cavata, S. Drozhdin, J.-P. Jorda, N. Mokhov, M. Sachwitz, H.J. Schreiber, S. Schreiber, D. Schulte, R. Settles, K. Sinram, N. Walker, K. Zapfe-Düren

Contents

2 Detector for the Linear Collider 111 2.1 General Detector Concept . . . . . . . . . . . . . . . . . . . . . . . . . 115 2.1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115 2.1.2 Layout Concept . . . . . . . . . . . . . . . . . . . . . . . . . . . 117 2.1.3 Layout for Other Machine Options . . . . . . . . . . . . . . . . 122 2.1.4 The Detector Magnet . . . . . . . . . . . . . . . . . . . . . . . . 123 2.1.5 Rates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126 2.2 Subdetectors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135 2.2.1 Silicon Vertex Detector and Forward Tracker . . . . . . . . . . . 135 2.2.2 Intermediate Tracker . . . . . . . . . . . . . . . . . . . . . . . . 143 2.2.3 Main Tracker . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145 2.2.4 Combined Tracking Performance . . . . . . . . . . . . . . . . . 152 2.2.5 Calorimetry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155 2.2.6 Instrumented Iron . . . . . . . . . . . . . . . . . . . . . . . . . . 173 2.2.7 Luminosity Calorimeter . . . . . . . . . . . . . . . . . . . . . . 177 2.2.8 Infrastructure . . . . . . . . . . . . . . . . . . . . . . . . . . . . 179 2.3 Detector Performance . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191 2.3.1 Precision Measurement of Luminosity and ps . . . . . . . . . . 192 2.3.2 Top Physics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 194 2.3.3 Higgs Physics . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199 2.3.4 Production of the HA Final State . . . . . . . . . . . . . . . . . 205 2.3.5 e^+e� ! WW . . . . . . . . . . . . . . . . . . . . . . . . . . . . 210 2.3.6 Study of e^+e� ! χ^+_1 χ�_1 . . . . . . . . . . . . . . . . . . . . . . 216 2.3.7 Study of e^+e� ! μ̃R μ̃R . . . . . . . . . . . . . . . . . . . . . . . 222 2.3.8 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 229 2.4 Interface between Collider and Experiment . . . . . . . . . . . . . . . . 235 2.4.1 Beam Delivery System . . . . . . . . . . . . . . . . . . . . . . . 235 2.4.2 Interaction Region Layout . . . . . . . . . . . . . . . . . . . . . 236 2.4.3 Accelerator Backgrounds . . . . . . . . . . . . . . . . . . . . . . 237 2.4.4 Beam-Beam related Backgrounds and Masking . . . . . . . . . 244

2.4.5 Ground Motion Detection and Feedback . . . . . . . . . . . . . 252 2.4.6 Beam Related Measurements . . . . . . . . . . . . . . . . . . . 253 2.4.7 Luminosity expectation for a calibration run on the Z^0-pole . . . 264 2.5 Conclusion on Particle Physics and Experiments . . . . . . . . . . . . . 271

130 CHAPTER 2. DETECTOR FOR THE LINEAR COLLIDER

134 CHAPTER 2. DETECTOR FOR THE LINEAR COLLIDER

2.2.8 Infrastructure

2.2.8.1 Hall layout

The underground experimental hall must accommodate the detector and allow convenient installation and maintenance procedures for the whole lifetime of the experiment and for all foreseeable circumstances.

The experimental hall of rectangular cross section is divided by the beamline into a short and a long section. The long section of the hall will allow a complete detector installation or in a later phase upgrade of the detector with the installation area shielded by movable concrete blocks against radiation from accelerator operation. Commissioning of the linac is therefore completely independent of the detector status. The short section of the hall is designed to house one of the muon filter-shells with the detector in the interaction region and in the open position to access the inside areas of the barrel toroid.

The detector size and the various modes of operation (detector-assembly, detectortest in a parking position, detector-data taking in the interaction region) lead to the following approximate hall dimensions: width 30 m, length 82 m, beam height 9 m above floor, crane-hook 20 m above floor.

2.2.8.2 Detector assembly and Maintenance access to detector systems in the beam position

The detector consists of three independent parts moving on rails; a central part mounted around the beam pipe and two symmetric half shells which can be moved independently perpendicular to the beam line. The steel rails are installed in the floor of the hall and extend over the full length of the installation area and interaction region. The modular concept allows a simultaneous assembly of the various detector systems during the installation phase and a fast and easy access to detector components while the detector is in the interaction region. Two cranes are foreseen for the installation of heavy pieces.

The detector electronics is located in a 3 stories electronic trailer coupled to the detector and moving on the rail system. Figure 2.2.15 shows a cross section through the detector arrangement perpendicular to the beam.

The linac section between tunnel entrances and the detector – rolled into the beam position and closed for data taking – are shielded with movable concrete blocks. The detector is designed to be self-shielding. A layer of about 1 m concrete is mounted on the outer detector-shell to stop slow neutrons. Figure 2.2.16 is an isometric view of the closed detector with one detector quadrant cut out and part of the shielding removed to show the structure of the detector arrangement in the interaction region.

The detector design allows the outer shell of the detector to be split in two and moved apart leaving the central part in the beam position with the detector beam pipe permanently connected to the machine vacuum.

Figure 2.2.15: Cross section through the detector arrangement perpendicular to the beam.

To access the inner detector elements the calorimeter end cap discs are movable along the beam direction to storage positions on specially provided support frames. Figure 2.2.17 shows the detector with the calorimeter discs opened, Fig. 2.2.18 shows the detector arrangement during installation or maintenance work with the beam region shielded by concrete blocks.

Figure 2.2.16: Isometric view of the closed detector with one detector quadrant cut out and part of the shielding removed. For clarity the toroids are not shown.

Figure 2.2.17: Detector with the calorimeter discs opened.

Figure 2.2.18: Detector arrangement during installation with the beam region shielded by concrete blocks.

184 CHAPTER 2. DETECTOR FOR THE LINEAR COLLIDER

234 CHAPTER 2. DETECTOR FOR THE LINEAR COLLIDER

270 CHAPTER 2. DETECTOR FOR THE LINEAR COLLIDER

274 CHAPTER 2. DETECTOR FOR THE LINEAR COLLIDER