12. Particle detectors 153

12.9.2. Scaling laws for thin solenoids: For a detector in which the calorimetry is outside the aperture of the solenoid, the coil must be thin in terms of radiation and absorption lengths. This usually means that the coil is superconducting and that the vacuum vessel encasing it is of minimum real thickness and fabricated of a material with long radiation length. There are two major contributers to the thickness of a thin solenoid:

1. The conductor, consisting of the current-carrying superconducting material (usually Cu/Nb-Ti) and the quench protecting stabilizer (usually aluminum), is wound on the inside of a structural support cylinder (usually aluminum also). This package typically represents about 60% of the total thickness in radiation lengths. The thickness scales approximately as B2R.

2. Approximately another 25% of the thickness of the magnet comes from the outer cylindrical shell of the vacuum vessel. Since this shell is susceptible to buckling collapse, its thickness is determined by the diameter, length, and the modulus of the material of which it is fabricated. When designing this shell to a typical standard, the real thickness is t = P_cD2^:5[(L/D) � 0.45(t/D)0^:5]/2.6Y 0:4 , (12.24) where t = shell thickness (in), D = shell diameter (in), L = shell length (in), Y = modulus of elasticity (psi), and P_c = design collapse pressure (= 30 psi). For most large-diameter detector solenoids, the thickness to within a few percent is given by [49]

t = P_cD2^:5(L/D)/2.6Y 0:4 . (12.25)

12.9.3. Properties of collider detector solenoids: The physical dimensions, central field, stored energy and thickness in radiation lengths normal to the beam line of the superconducting solenoids associated with the major colliders are given in Table 12.5.

Table 12.5: Properties of superconducting collider detector solenoids.

Experiment–Lab Field Bore Dia Length Energy Thickness (T) (m) (m) (MJ) (X0)

CDF-Fermilab 1.5 2.86 5.07 30 0.86 Topaz–KEK 1.2 2.72 5.4 19.5 0.70 Venus–KEK 0.75 3.4 5.64 12 0.52 Cleo II–Cornell 1.5 2.9 3.8 25 2.5 Aleph–CERN 1.5 5.0 7.0 130 1.7 Delphi–CERN 1.2 5.2 7.4 109 4.0 H1–DESY 1.2 5.2 5.75 120 1.2 Zeus–DESY 1.8 1.72 2.85 10.5 0.9