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MICE Steps IV & V
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MICE Steps IV & V 
Plan endorsed by MICE  
Project Board in April 2014 
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CM40 Reference Lattice
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New MICE Reference Design I 
Plan developed in response  
to P5 recommendations 
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New Lattice
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Concern about damaging sealing !
face preventing pump down  

New MICE Reference Design I 
Plan developed in response  
to P5 recommendations 
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Bellows

Lattice 194 mm longer
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New Lattice
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Coil currents (6 mm, 200 MeV)

Coil Reference lattice Nominal values (step V)
Upstream E2 +253.00 255.46
Upstream C +274.00 288.27
Upstream E1 +234.00 239.37
Upstream M2 +203.13 290.69
Upstream M1 +240.61 274.34

Upstream AFC1 +77.86 245.65
Downstream AFC1 +77.86 245.65

Upstream AFC2 -72.94 245.65
Downstream AFC2 -72.94 245.65

Downstream M1 -218.39 274.34
Downstream M2 -187.68 290.69
Downstream E1 -234.00 239.37
Downstream C -274.00 288.27
Downstream E2 -253.00 255.46
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Initial beam
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Pure muon beam, ~10 000 particles!
Position: before first plane upstream tracker (after 
diffuser)!
Gaussian distribution!
Normalised rms longitudinal emittance = 20 mm!
Normalised rms transverse emittance = 6 mm

Cuts
PID cut!
Transmission cut!
Radial cut r < 200 mm, at first and last plane.
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Transverse beta
New Lattice
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4D emittance
New Lattice
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6D emittance
New Lattice
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Secondary absorbers !
in the SS

Better performances (6.5% cooling at 6 mm, 200MeV).!

Beta constant for any momentum at secondary 
absorbers.!

BUT impossible to remove the secondary absorbers.
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CM40 Alternative Lattice
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New MICE Reference Design I 
Plan developed in response  
to P5 recommendations 
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4D emittance

Figure 10: Mean beam energy for (Left) the reference lattice, and (Right) the alternative lattice designs, with
re-acceleration.

Figure 11: Emittance reduction of a (", p
z

) = (6, 200) beam for (left) the reference lattice, and (right) the
alternative lattice designs, with re-acceleration.
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Figure 12: Fractional change in emittance as a function of initial emittance for (black, solid) the reference
lattice, and (blue, dashed) the alternative lattice designs, with re-acceleration. The equilibrium emittance for
each lattice is indicated by the vertical lines. Error bars estimate the (reconstructed) measurement uncertainty.
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Transmission
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Figure 9: Transmission as a function of initial emittance for (black, solid) the reference lattice, and (blue,
dashed) the alternative lattice designs.

3.4 Observation of transverse emittance reduction with re-acceleration

Sustainable emittance reduction requires that energy lost in the absorbers is replaced by RF. Both the refer-
ence and alternative lattices use two single RF cavities powered at 10.3 MV/m1 for this purpose, though their
positions in the lattice are different. Figure 10 shows the mean beam energy of a (", p

z

) = (6, 200) beam as
it crosses the lattice. In the reference lattice (left), energy is lost in the upstream tracker and first (secondary)
absorber before being partially restored in the first RF cavity (z ⇡ �2000mm). Further energy is lost in the
primary absorber, partially restored in the second RF cavity, and then lost in the final (secondary) absorber. A
similar pattern is followed by the alternative lattice, however the first RF cavity is at z ⇡ �500mm.

A muon passing through two 32.5 mm secondary LiH absorbers and one 65 mm primary LiH absorber would
lose h�Ei = 18.9MeV. Including losses in the SciFi trackers and windows, this increases to 24.3 MeV. The
RF gradient achievable in two cavities is insufficient to replace the energy lost in the absorber, therefore a
comparison of beam energy with and without RF is required. With RF an energy deficit of h�Ei = 19MeV
would be observed. This measurable difference would confirm that, were more RF cavities or higher RF
gradient available, the transverse emittance reduction would be sustainable.

The reduction in transverse emittance, with RF, is shown in Figure 11. The beam is subject to non-linear
effects in regions of high �?, which causes emittance growth in both cases. Nonetheless, a reduction in emit-
tance is observed between the up- and downstream trackers (z ⇡ ±4000mm). The reference lattice achieves a
reduction of ⇡ 7%, and the alternative achieves ⇡ 5%.

The difference in emittance reduction seen in the reference and alternative lattices is due to the difference
in equilibrium emittance (Equation 2) and �? at the primary absorber. Figure 12 shows the fractional change
in emittance with respect to the input emittance, with an indication the estimated reconstructed measurement
error. The reference lattice has a lower equilibrium emittance (shown by the vertical lines in Figure 12), and
hence cools larger emittance beams more efficiently.

1Including a 10% estimated loss in power due to reflections.
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Summary

Lattice has been modified to allow easy removal of 
cavity module. !

It decreases slightly the cooling performance of the 
channel !

5.5% 4D cooling in the new lattice, !
6% in the CM40 lattice, !
5.7% with only bellows between SS and cavity!

Stable lattice, with a good working point 
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Future plans

Optimisation of the distance FC <-> FC (current 
lattice not far from optimum).!

Study of different emittances in the new lattice.!

Paper on the way.
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Thank you for your attention
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Back-up slides
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Transverse beta
CM40 Reference Lattice
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4D emittance
CM40 Reference Lattice
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6D emittance
CM40 Reference Lattice
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Transverse beta
CM40 Alternative Lattice
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4D emittance
CM40 Alternative Lattice
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6D emittance
CM40 Alternative Lattice
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