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Introduction of Proton Complex for the Muon Collider

[2] IMCC webpage https://muoncollider.web.cern.ch/study

Aim: Design a proton complex that produces ONE short and intense proton bunch at a
certain frequency for the target to produce pions which decay to muons.

Parameter requirements from target:

Variable Option 1 Option 2
Beam Power P 2 MW 4 MW
Repetition Rate f 5 Hz
Beam Energy E 5 GeV 10 GeV
Bunch length on target bl 2 ns

⇒ Bunch intensities of
5.0·1014/Nbunches p+/bunch
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Introduction of Proton Complex for the Muon Collider

Proton complex:
• All acceleration done in a LINAC

• A Accumulator accumulates short pulses from LINAC until the desired bunch
intensity is reached

• A Compressor shortens the bunch
• A recombiner would recombine several bunches
• A Transportline from Target
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Comparison with ESS LINAC

ESS

5 GeV

10 GeV

full acceleration in LINAC, current design is an extension of the ESS LINAC.

Overview of the MuCol Proton Complex / Sofia Johannesson, Natalia Milas / ESS
3/20



• Due to long pulse requirements, no source working nowadays can deliver this
required pulse length however experts agree we are not too far both in length and
current (RnD required).

• H- stripping from Blackbody radiation stripping is a main challenge, solved by
cooling vacuum chamber to below 200 K or use of coating that reduces secondary
emission.

• The stripping of H- as a result of intra-beam scattering is under control (assuming
a limit of 1W/m)

• Chopping schemes will be slightly different for options 1 and 2, balancing what is
possible to produce in the linac with the length of the accumulators for both final
energies and the compressor requirements.
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LINAC - main challenges/further work

• 10 GeV acceleration in LINAC is challenging
• Current design uses 3 families of RF cavities (geometric beta = 0.5, 0.67 and
0.86), could be extended to βg= 1.0 and potentially reduce the LINAC length.

• Final momentum spread is quite optimistic but required for the final compresion.

Current design is an expensive LINAC, but a LINAC that works.
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Accumulator
• Simulations indicate no major show stoppers for either option
• The beam is in the accumulator for about 6000 turns
• The two options are FODO lattices of different lengths.
• No RF for acceleration, however, there will be a need for RF to create barrier
buckets to avoid spreading (to be studied as current simulations have been done
with no RF)
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Accumulator 5 GeV Option

Large tunespread and some emittance growth
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Accumulator 10 GeV Option

Minor emittance growth.
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Accumulator main challenges/further work

• No major breakdown for both energy/power options
• Large tune smearing for 5 GeV case
• No RF in simulations so far

→ further work is to
include barrier buckets

• No impedance in simulation

→ further work

• charge exchange injection or laser stripping

→
further work needed
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Compressor

Using lattice heavily inspired by lattice for
short proton bunches for a neutrino factory
by M. Aiba [3].

Lattice with negative bends to create neg-
ative dispersion and shift the absolute dis-
persion overall caping its maximum value.

10 GeV lattice twice as long as 5 GeV lattice
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Compressor - Rotation in Long. Phase space

Accepts bunches from the accumulator and performs a 90°-
bunch rotation in longitudinal phase space.

Example of simulations without space charge at 5GeV, initial
bunch length 120 ns, |δ| < ±0.00025:

One Cavity with h=1 and VRF=4MV, meaning fRF = 937.3
MHz

Turn 0 Turn 19 Turn 38 Turn 56
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Compressor - adding space charge (5 GeV)

Excite a resonance due to the tunespread from SC ⇒ losses and emittance blow-up
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Compressor - Optimize tune (5 GeV)

Plot the final loss,

emittance and bunch length for several
tune combinations

Map of normalized optimization taking into account all
three values.

→ Choose a tune
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Compressor - SC and optimized tune (5 GeV)

The tune can be optimized to increase transmission, however there is still emittance
blow-up.
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Compressor - halve intensity (5 GeV)

Halve the intensity
→ less space charge

However requires h = 2
and a recombination of
two bunches.

h=1, I = 5e14 p+/bunch h=2, I = 2.5e14 p+/bunch
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Compressor - optimized tune, two bunch solution (5 GeV)

Divided into two bunches, initial bunch length is 120 ns

Have margin for bigger momentum spread initially.
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Compressor - Emittance scans (5 GeV)

Starting at a higher emittance reduces the relative emit-
tance blow up.

But the actual gain is little.

ϵT = 3πmm mrad ϵT = 5πmm mrad ϵT = 7πmm mrad

Overview of the MuCol Proton Complex / Sofia Johannesson, Natalia Milas / ESS
17/20



Compressor - 10 GeV

Less space charge effects at 10 GeV
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Transport to Target

Final beam size at 2ns bunch length: 4.8/5.6 mm rms (around 1 mrad)

Not a showstopper
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Conclusions
• The defined parameters are achievable, so far no major showstoppers have been
found

• The main bottleneck is the compressor, which put restrictions on initial bunch
length, momentumspread, energy and emittance.

• There is still room for improvement, as space-charge forces cause emittance
blow-up in the compressor for both 5 and 10 GeV options

Further Work
• Further optimisation on all lattices
• Injection study for the Accumulator
• Figure out how to do recombination, perhaps 2 stacked bunches of 1 ns each
(longitudinal merge)? or go for transverse merge?

• Final rotation in transport line?
• Empirical studies at CERN or SNS (already ongoing)
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