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£* mode where o (rms) = 82um (solid line) and the

14 cm 5*“mode where o (rms) = 281 pm (dashed line).
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Challenges:

e limited quadrupole strength & Emw beam
energy

SLC triplet: 100 T/m — 500 T/m ?
but energy increases factor 100 or 1000!

e large geometrical emittances

e high bunch charge: 20-75x SLC, 200-750x
CLIC

e multiple passages

F. NWBBQ.mes FF - Introduction and Overview
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F. Zimmermann - FF - Introduction and Overview
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Spot size on first few turns, for optics ‘1-TeV ¢’. Blow-up for

0rms = 0 possibly caused by imperfections of the —I or of the phase
advance between the sextupoles and the final doublet, and/or by a
tiny mismatch between turns? Huge spot-size increase with ;s # 0,
due to higher-order chromaticity?

F. Zimmermann Final Focus Challenges




Single-Pass Collider Option

The design of a muon ring collider at multi-TeV energies faces
severe, perhaps insurmountable problems:

¢ neutrino radiation could limit the ring collider to energies below
a few TeV;

e beam has to survive hundreds of passes through a final-focus
system more challenging than that of the SLC, retaining the
same constant emittance. Non-trivial!

mﬂﬁ&m&% several difficulties lie in the way of electron-positron linear
colliders at multi-TeV energies: beamstrahlung, coherent pair
creation at high T, and associated degradation of the luminosity
spectrum and large background.

F. Zimmermann E— Final Focus Challenges
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_ Conclusions -

e 1-turn final-focus optics not trivial due to limited
quadrupole strength and large emittances; possible
cures: plasma lenses, dynamic focusing, advances in
high-field magnets...? cooling

o B&Sw_m passages imply many additional challenges
concerning spot-size stability, tolerances, tuning,...

o mwbmum.vmmm collider a la CLIC is one option which
avoids these last (and other) problems and could
achieve a high luminosity

F. Zimmermann Final Focus Challenges




K.V.Lotov Sept. 1999, p.3

What 1s plasma compensation

The beams induce charges and currents in plasma, which locally
compensates the charge and current of the beams:

g, > Oy
T, > Ap
ny < Ny

“Bad” features of the plasma are possibly not so bad for a muon
collider:

| no reduction of beam lifetime (short-lived p),
| beam density < electron density in solids (lithium jet),

? background.




K.V.Lotov Sept. 1999, p. 13

Conclusion: further steps for theorists

+ Various models of plasma response are developed.
+ First notion of plasma capabilities 1s obtained.

? Background.

? Transverse beam stability.

? Interplay of beam-plasma and beam-beam instabili-
ties.

? Multiple lithium 1onization.
? Jon dynamics.

? 2d and 3d simulations.
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Initial Stage: Linac

® Large longitudinal emittance

¢ Large relative energy spread at low energies
¢ Arcs difficult

® Large losses at low energies: don’t waste time in arcs
® Linac relatively short

® Design based on matching beam to RF bucket in
adiabatic approximation

+ Bucket area determined by emittance: adjust phase
to fill bucket

g SWltCh frequency to get higher gradient

* Higher frequency, larger gradient
* Higher frequency, further off crest

+ Adiabatic approximation wrong with these
gradients: probably good initial guess




Recirculating Linacs

® Go through same linac several times

® Increase efficiency (average power): more turns
better

® Muons can be bent

® Size d'e_termined by largest energy

¢ Minimize decays: smaller recirculator for lower
energies

* Lower energies, low frequency RF required:
switch to allow higher RF frequency

* Better gradients
* dasier to get RE power
* Better efficiency

® Different types of arcs




¢ FFAG
. Fixed-ﬁeld magnets

* Accept large range of energies in one arc

* As much as factor of 4 or more
* Large fraction of quadrupoles
* Arc length longer: average bend field smaller

¢ Only one arc

* Can’t control map turn-by-turn
> Can’t synchronize with RF phase
- > Longitudinal dynamics different for each pass
> Only matched into straight for one energy
> Chromaticity uncorrected |
> Potentially fix with ramped NC magnets: high
energy only

+ Accepts large energy spread in beam for free

* In multiple arc scheme, some low energy arcs
require this type for only one turn

+ Potentially combine with fast ramping scheme: get
extra degree of freedom from ability to ramp?
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Performance Parameters

Injection energy Ei 16 GeV
Central energy Eo 40 GeV
Extraction energy Ef > 64 GeV
Radial displacements xi - -3.6 cm
X0 0.0
xf 1.8 cm

Radial spread in straights  dxs 0.8 cm



Circumference Change (cm)

Circumference Variation vs P in 4-16 GeV FFAG

|—$=DC (cm) |



alpha (momentum compaction)

0.0025 ¢

0.002 §

0.0015

0.001

0.0005

-0.0005

Momentum Compaction vs P for 4-16 GeV FFAG

P (GeV)




