Bunch-Timing Measurement in the Muon Cooling Experiment Via TM_0,_1,_0 RF Accelerating Cavities

[Princeton/μμ/97-7, http://www.hep.princeton.edu/mumu] K.T. McDonald and E.J. Prebys

Princeton U. July 24, 1997

Studies of the TE_{0,1,1} and TM_{2,1,0} deflection cavities show a very marginal effect.

Consider an accelerating cavity phased by 90ffi, so (small) energy gain is a linear function of time within the bunch.

Consider a cylindrical TM_{0,1,0} cavity of length b, radius a and peak field E_0 = 40 MV/m for ω = 2π800 MHz.

Dispersion relation: ω c = 2.405 a , so d = 2a =

2.405 π λ = 0.766λ = 28.725 cm.

Energy gain:

ΔU = e^∫ E_zdz = eβ_zc^{∫ tmax}_{tmin} E_zdt

= eβ_zcE_0^{∫ tmax}_{tmin} J_0 2.405r a sin ωt dt ≈ eβ_zcE_0^{∫ tmax}_{tmin} sin ωt dt = β_zceE_0 ω (cos ωt_{min} − cos ωt_{max}) ≈ − β_zceE_0 ω 2ωz_0 β_zc sin ωb 2β_zc = −2 sin ωb 2β_zc eE_0z_0

= −2eE_0 sin ωb 2β_zc β_zcΔt,

UΔU = c^2P ΔP ⇒ relative momentum change: ΔP P = 2eE_0β_zcΔt βcP sin ωb 2β_zc = 2 · 40 [Mv/m] · 3 × 10�^4 [m/ps] · Δt [ps] 165 [MeV/c] · c

= 0.00014 Δt 1 ps , using b = λβ_z/3 = 10.5 cm and P = 165 MeV/c.

8-Cell Cavity

Consider an 8-cell RF cavity of same design as for cooling FOFO.

We wish to resolve 8 ps = 0.2σ_t.

Then the momentum gain is ΔP/P = 8 · 8 · 0.00014 = 0.009.

This is of same order as desired momentum resolution.

Straggling

σ_{P,straggling} ≈ γr_em_ec^2 βc 2πN_0 Z A s 1 − β^2 2 ≈ 0.11 [MeV/c] s 1 g/cm^2 ,

Require σ_{P,straggling} < σ_{P,D} = 0.005P = 0.82P MeV/c for P = 165 MeV/c.

⇒ s < σ_{P,D} 0.11 2 = 0.82 0.11 2 = 56 [g/cm^2].