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Optimized Beam Optics for Muon Acceleration

Alex Bogacz

@ Improvements to RLA scheme (200MHz SRF) — beyond Study |l
»  Complete linear lattice (Pre-accelerator, Linacs & 7 Arcs)

@ Optimized beta matching from the cooling channel to the Pre-accelerator

@ Special optics for multi-pass linacs - equalized input/output Twiss functions
# ‘Smooth’ transition of optics between linacs and Arcs - compact Spr/Rec
w»  Transverse emittance preservation scheme
@ Chromatic corrections with sextupole families

Emittance dilution
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**Muon accelerator complex (245MeV/c - 20GeV)

RLA 4-pass
Solenoidal Injection
matching Pre-Accelerator Linac 2.87GeV, 450m chicane
Cooling channel L

245MeV/c

2.31GeV/pass, 363m

>4— R =80m

Complete lattice design for: matching section, linear pre-accelerator (sol.),
injection chicane, linacs (tripl.), spreaders/recombiners (hor.) and 7 arcs

20GeV muons

2.31GeV/pass, 363m

@ Solenoidal matching section after the cooling channel (beta~25cm to ~5m)
@ Off-crest bunch compression in linear pre-accelerator

@ Requirement of high periodicity and ‘smooth’ transition between different kinds of optics,
linac-spreader-arc-recombiner-linac

Principle of uniform focusing periodicity (90°) — cancellation of chromatic effects
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*»Solenoidal matching section — constant focal length

Tue May 14 14:53:19 2002 OptiM - MAIN: - E:\Neutrino Factory\PreLinac\MatchToLinac.opt
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Beta-functions & beam envelopes (2.5s) at 245MeV/c
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*»Optimized linac optics for multi pass beams — smooth transition Arc-linac

Sat May 11 10:48:04 2002 OptiM - MAIN: - E:\Neutrino Factory\Linacs Bump\Linacl.opt
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Sat May 11 10:50:40 2002 OptiM - MAIN: - E:\Neutrino Factory\LinacsBump\Linac7.opt
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**Arc | and 2 optics — smooth transition in Spreaders/Recombiners

Wed Apr 11 15:19:30 2001 OptiM - MAIN: - E:\Neutrino Factory\Pieces\Lin1l_Arcl.opt
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Wed Apr 11 15:39:10 2001 OptiM - MAIN: - E:\Neutrino Factory\Pieces\Lin2_Arc2.0pt
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**Arc 3 Optics - beta-functions and the horizontal dispersion matched to
both adjacent linacs.

Tue Jan 07 15:05:37 2003 OptiM - MAIN: - M:\acc_phys\bogacz\Neutrino Factory\Arc3\Arc3.opt
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“*Arc 5 Optics - beta-functions and the horizontal dispersion matched to
both adjacent linacs, larger difference of Twiss functions.

Tue Jan 07 15:03:10 2003 OptiM - MAIN: - M:\acc_phys\bogacz\Neutrino Factory\Arc5\Arc5.opt
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**Arc 7 Optics - beta-functions and the horizontal dispersion matched to
both adjacent linacs, much larger Twiss functions difference (compared to
Arc 1, 3 and5)

Tue Jan 07 15:09:48 2003 OptiM - MAIN: - M:\acc_phys\bogacz\Neutrino Factory\Arc7\Arc7.opt
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*»*Chromatic Corrections Scheme in the Arcs - Arc 5 example

Tue Jan 07 15:12:19 2003 OptiM - MAIN: - M:\acc_phys\bogacz\Neutrino Factory\Arc5\Arc5.opt
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*»Three families of sextupoles (R, B and G); each family configured as follows:
" 4 focusing quads have build-in sextupole component, SAL=0.15 kG/cm
2 it corresponds to S=1 G/cm’ or »5% correction for G at r = 20 cm

" Quads are shifted by p/2 in betatron phase and their effects are canceled in
linear approximation

@ 4 quads are better than 2 shifted by p (case of complete cancellation for small energy
spread)

" The sextupole gradient is chosen to minimize the total emittance growth

- Particle displacement for uncompensated and compensated chromaticity
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*+Arc 5 emittance preservation via chromatic corrections — particle tracking
s\shows no emittance dilution with 0.8% particles loss (‘clipping’ of large
amplitude tails)

Wed May 01 16:24:04 2002 OptiM - MAIN: - M\acc_phys\bogacANEUTRVARCSOPT
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Summary

@ Lattice improvements to RLA scheme — better optimized linear optics

»  Optimized beta matching from the cooling channel to the Pre-accelerator
w  Special optics for multi-pass linacs - equalized input/output Twiss functions

w  ‘Smooth’ transition of optics between linacs and Arcs - compact Spr/Rec
w  Complete lattice designed for the entire complex

@ Emittance preservation scheme - nonlinear corrections in the Arcs
w»  Chromatic corrections in the Arcs to effectively restore longitudinal space
linearity (via three families of sextupoles)

Multi-particle tracking studies (Arc-by-Arc) show no emittance dilution for
all Arcs, with small level (~ 1%) of particle loss.
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