1266 12. Particle detectors

12.10. Radiation levels in detectors at hadron colliders

An SSC Central Design Group task force made a study of radiation levels to be expected in SSC detectors [50]. Its model assumed

• The machine luminosity at √ s = 40 TeV is L = 1033 cm−2s−1, and the pp inelastic cross section is σinel = 100 mb. This luminosity is effectively achieved for 107 s yr−1. The interaction rate is thus 108 s−1, or 1015 yr−1;

• All radiation comes from pp collisions at the interaction point; • The charged particle distribution is (a) flat in pseudorapidity for |η| < 6 and (b) has a momentum distribution whose perpendicular component is independent of rapidity, which is taken as independent of pseudorapidity: d2Nch dηdp⊥ = H f(p⊥) (12.26)

(where p⊥ = p sin θ). Integrals involving f(p⊥) are simplified by replacing f(p⊥) by δ(p⊥ − ⟨p⊥⟩); in the worst case this approximation introduces an error of less than 10%;

• Gamma rays from π0 decay are as abundant as charged particles.

They have approximately the same η distribution, but half the mean momentum;

• At the SSC ( √ s = 40 TeV), H ≈ 7.5 and ⟨p⊥⟩ ≈ 0.6 GeV/c;

assumed values at other energies are given in Table 12.7. Together with the model discussed above, these values are thought to describe particle production to within a factor of two or better.

It then follows that the flux of charged particles from the interaction point passing through a normal area da located a distance r⊥ from the beam line is given by dNch da = 1.2 × 108 s−1 r2⊥ . (12.27)

In a typical organic material, a relativistic charged particle flux of 3 × 109 cm−2 produces an ionizing radiation dose of 1 Gy, where 1 Gy ≡ 1 joule kg−1 (= 100 rads). The above result may thus be rewritten as dose rate,

Ḋ = 0.4 MGy yr −1 (r⊥/1 cm)2

. (12.28)

If a magnetic field is present, “loopers” may increase this dose rate by a factor of two.

In a medium in which cascades can develop, the ionizing dose or neutron fluence is proportional to dNch/da multiplied by ⟨E⟩α, where ⟨E⟩ is the mean energy of the particles going through da and the power α is slightly less than unity. Since E ≈ p = p⊥/ sin θ and r⊥ = r sin θ, the above expression for dNch/da becomes

Dose or fluence∗ = A r2 cosh2+α η = A r2 sin2+α θ

. (12.29)

The constant A contains the total number of interactions σinel

R L dt,

so the ionizing dose or neutron fluence at another accelerator scales as σinel R L dt H ⟨p_⊥⟩^α. The dose or fluence in a calorimeter scales as 1/r2, as does the neutron fluence inside a central cavity with characteristic dimension r.

Under all conditions so far studied, the neutron spectrum shows a broad log-normal distribution peaking at just under 1 MeV. In a 2 m radius central cavity of a detector with coverage down to |η| = 3, the average neutron flux is 2 × 1012 cm−2yr−1, including secondary scattering contributions.

Values of A and α are given in Table 12.6 for several relevant situations. Examples of scaling to other accelerators are given in Table 12.7. It should be noted that the assumption that all radiation comes from the interaction point does not apply to the present generation of accelerators.

Table 12.6: Coefficients A/(100 cm)2 and α for the evaluation of calorimeter radiation levels at cascade maxima under SSC nominal operating conditions. At a distance r and angle θ from the interaction point the annual fluence or dose is A/(r2 sin2+α θ).

Quantity A/(100 cm)2 Units ⟨p⊥⟩ α

Neutron flux 1.5 × 1012 cm−2yr−1 0.6 GeV/c 0.67 Dose rate from photons 124 Gy yr−1 0.3 GeV/c 0.93 Dose rate from hadrons 29 Gy yr−1 0.6 GeV/c 0.89

Table 12.7: A rough comparison of beam-collision induced radiation levels at the Tevatron, UNK, high-luminosity LHC, and SSC.

Tevatron UNK-3 LHC SSC √ s (TeV) 1.8 6 16 40

Lnom (cm^{−2}s^{−1}) 2 × 10^{30} 4 × 10^{32} 4 × 10^{34a} 1 × 10^{33}

σinel 59 mb 80 mb 86 mb 100 mb H 4.1 4.5 6.3 7.5 ⟨p⊥⟩ (GeV/c) 0.46 0.52 0.55 0.60 Relative dose rateb 5 × 10−4 0.2 27 1

a High-luminosity option.

b Proportional to Lnom σinel H ⟨p⊥⟩0.7

The constant A includes factors evaluated with cascade simulation programs as well as constants describing particle production at the interaction point. It is felt that each could introduce an error as large as a factor of two in the results.

References:

∗ Dose is the time integral of dose rate, and fluence is the time integral of flux.

1. Experimental Techniques in High Energy Physics, T. Ferbel (ed.)

(Addison-Wesley, Menlo Park, CA, 1987).

2. Methods of Experimental Physics, L.C.L. Yuan and C.-S. Wu, editors, Academic Press, 1961, Vol. 5A, p. 127.

3. Nuclear Enterprises Catalogue.

4. R.K. Swank, Ann. Rev. Nucl. Sci. 4, 137 (1954);

G.T. Wright, Proc. Phys. Soc. B68, 929 (1955). 5. M. Laval et al., Nucl. Instr. and Meth. 206, 169 (1983). 6. M. Moszynski et al., Nucl. Instr. and Meth. A226, 534 (1984). 7. E. Blucher et al., Nucl. Instr. and Meth. A249, 201 (1986). 8. C. Bebek, Nucl. Instr. and Meth. A265, 258 (1988). 9. S. Kubota et al., Nucl. Instr. and Meth. A268, 275 (1988). 10. B. Adeva et al., Nucl. Instr. and Meth. A289, 35 (1990). 11. I. Holl, E. Lorentz, G Mageras, IEEE Trans. Nucl. Sci. 35, 105 (1988).

12. J. Litt and R. Meunier, Ann. Rev. Nucl. Sci. 23, 1 (1973). 13. D. Bartlett et al., Nucl. Instr. and Meth. A260, 55 (1987). 14. P. Duteil et al., Review of Scientific Instruments 35, 1523 (1964). 15. M. Cavalli-Sforza et al., Construction and Testing of the SLC Čerenkov Ring Imaging Detector, IEEE 37, N3:1132 (1990).

16. E.G. Anassontzis et al., Recent Results from the DELPHI Barrel Ring Imaging Cherenkov Counter, IEEE 38, N2:417 (1991).

17. R.T. Rewick et al., Anal Chem 60, 2095 (1989). 18. X. Artru et al., Phys. Rev. D12, 1289 (1975). 19. G.M. Garibian et al., Nucl. Instr. and Meth. 125, 133 (1975). 20. J.F. Detoeuf et al., Nucl. Instr. and Meth. A265, 157 (1988). 21. Y. Ducros et al., Nucl. Instr. and Meth. A277, 401 (1989). 22. T. Trippe, CERN NP Internal Report 69–18 (1969). 23. S. Parker and R. Jones, LBL-797 (1972);