SLAC–95–6789 June 1995

A Final Focus System for the Next Linear Collider^∗

F. Zimmermann, K. Brown, P. Emma, R. Helm, J. Irwin, P. Tenenbaum, P. Wilson, Stanford Linear Accelerator Center, Stanford University, Stanford, CA 94309 USA

Abstract

The final focus of the Next Linear Collider (NLC) demagnifies electron and positron beams of 250–750 GeV energy down to a transv erse size of about 2.5 × 350 nm^2 at the interaction point (IP). The basic layout, momentum bandwidth, vibration tolerances, wakefield effects, and the tunability of the proposed final focus design are discussed. Also a perspective is given on the crab cavity and on effects of the solenoid field in the interaction region.

I. INTRODUCTION

The purp ose of the NLC final focus system is to transport electron and positron beams at 500 GeV from the end of the big bend to the IP, where the demagnified beams are collided. The design spot size at the interaction point (IP) is about 2.5 nm vertically and 250–420 nm horizontally. The normalized emittances before collision are assumed to be as γϵ_x ≈ 5 × 10^{− 6} m, γϵ_y ≈ 5 × 10^{− 8} m, and the intrabunch rms momentum spread as δ ≈ 0.3%.

The entrance of the final focus system is formed by a skew-correction section (SCS) and a diagnostics section (DS) followed by a beta-matc hing section (BMS), horizontal and vertical chromatic correction sections (CCX and CCY), and the final transformer (FT). The final focus design is flexible enough to be operated at 500, as well as at 250 GeV. Furthermore, an upgrade to a beam energy of 750 GeV is possible. All data and figures in this report refer to the design for a 500 GeV beam energy, unless noted otherwise.

Table I lists importan t beam parameters at the interaction point. The luminosit y may be doubled by reducing β^∗_x to 10 mm. The minimum horizontal beta function at the IP will be determined by the maximum tolerable number of beamstrahlung photons and by the synchrotron radiation in the final doublet (‘Oide effect’ [8]).

Section II discusses the SCS. Section III presents two options for the DS. Section IV describ es the BMS. The CCX, beta-exchanger (BX), CCY and FT are discussed in Section V. Section VI addresses the final doublet, and Section VII discusses the solenoid field and the crab cavity.

II. SKEW CORRECTION SECTION

The large emittance ratio of ϵ_x /ϵ_y ≈ 100 in the NLC makes a dedicated SCS highly desirable. The SCS contains four orthonormal skew quadrup oles ( i.e., they are orthogonal and equally scaled). Each of the four skew quadrup oles

∗ Work supp orted by Departmen t of Energy contract DE-A C03- 76SF00515.

Table I Basic interaction-p oint beam parameters.

c.m. energy 1 TeV commen ts L [cm^{− 2} s^{− 1}] (2.7 × 10^{34} ) 1.3 × 10^{34} Luminosit y N_b 1.1 × 10^{10} Particles per bunc h n_b 90 Num ber of bunc hes f 120 Hz Bunc h trains per s H_D 1.32 Enhancemen t factor σ_x (220) 420 nm variable σ_y 2.5 nm β^∗_x (10) 37 mm variable β^∗_y 100 μm ϵ_x 5 × 10^{− 12} m γϵ_x = 5 × 10^{− 6} m ϵ_y 5 × 10^{− 14} m γϵ_y = 5 × 10^{− 8} m σ_x ′_{,y} ′ (22) 12, 22 μrad IP divergence σ_z 100 μm variable θ_c 20 mrad Crossing angle δ_{r ms} 3 × 10^{− 3} Energy spread l^∗ 2 m Free length from IP

corrects one of the four beam correlations ⟨xy⟩, ⟨xy^′⟩, ⟨x^′y⟩, and ⟨x^′y^′⟩. The first and second, and also the third and fourth, skew quadrup oles are separated by FODO cells with betatron phase advances of Δ ϕ_{x,y} = π/2 while the phase advances between the second and third are Δ ϕ_x = π, and Δ ϕ_y = π/2. The SCS is about 110 m long, and is able to correct a 300% emittance dilution due to linear coupling.

III. DIAGNOSTICS SECTION

The correctors of the SCS are adjusted based on emittance measuremen ts in the DS, which is located immediately downstream. The projected emittances may be measured separately in the horizontal and vertical plane. Alternativ ely, the DS can be designed such that a fourdimensional measuremen t determines the two invariant emittances, as well as all four coupling parameters. The first, single-plane scheme would use four wire scanners (with two differen t wires—horizon tal and vertical) separated by a phase advance of π/4. In this case, the DS is about 70 m long. The linear coupling is removed by minimizing the vertical projected emittance with each skew quadrup ole of the SCS in turn. This procedure is invasive, has to be reiterated at least once, and may require several hours to perform. On the other hand, the fully-coupled scheme needs two additional wire scanners, as well as 45^∘ wires on each scanner, and its length is about twice that of the single-plane scheme. This scheme allows a complete coupling measuremen t and correction within a few minutes, and could possibly be integrated into a feedback loop for automatic continuous decoupling.