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Define a cooling efficiency Q
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dN/N
(1)
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Old RFOFO

length (m)
0 200 400 600

1.0

10.0

102

103

104

n/no = 0.501

emit perp=2.273 (pi mm)emit long= 2.9 (pi mm)

3



Efficiency vs. length

• Mismatch and Scraping losses at start

• Decay losses as emittances approach eqilibrium at end

• Sweet region in between (Q≈ 15

• If tapered then the entire channel is operated in the sweet region
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Old 1/3 scale RFOFO
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Efficiency vs. length

• Sweet region in between (Q≈ 8.5)
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What this means for overall survival
from start to end of 6D cooling ε6(n)

ε6(o)
= 0.6 106

If Q=15
N(n)

N(o)
≈ 0.4

If Q=8.5
N(n)

N(o)
≈ 0.2

To this must be added estimated losses from merging (0.7), final cooling (0.5)
and acceleration (0.7) giving

If Q=15
N(n)

N(o)
≈ 0.1

If Q=8.5
N(n)

N(o)
≈ 0.05

So the expected survival was between 0.1 and 0.04 which is consitent with our
guess of 0.07
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Version with bucking coils
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Efficiency vs. length

• Sweet region in between only (Q≈ 5)
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What this means for overall survival
from start to end of 6D cooling ε6(n)

ε6(o)
= 0.6 106

If Q=5
N(n)

N(o)
≈ 0.07

To this must be added estimated losses from merging (0.7), final cooling (0.5)
and acceleration (0.7) giving

If Q=5
N(n)

N(o)
≈ 0.017

This is not acceptable
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Old 1/3 lattice plus semi-open cavities
ra

d
ii

(c
m

)

length (m)

155

0.0 0.1 0.2 0.3 0.4

0

5

10

15

21 42 63 82 96104106102 92 78 62 47 35 26 19 14 10 6 4
23 43 64 83 97105107103 93 79 62 47 35 26 19 14 10 6 4
25 45 66 85 99107109105 95 80 62 47 34 25 18 13 9 6 4
28 47 69 89102110112108 98 82 63 46 34 25 18 13 9 6 4
31 49 73 93106113115111102 85 63 45 33 24 18 13 9 7 4
34 51 79100111118119116107 91 62 44 32 23 17 13 9 7 5
37 52 72 77 85 90 91 89 82 74 60 42 31 23 17 12 9 7 5
39 52 81 86 92 95 96 94 90 84 56 40 29 22 16 12 9 7 5
40 52 68 66 67 69 69 68 67 68 53 38 27 20 15 12 9 7 5
40 51 64 49 44 42 42 43 46 56 49 35 26 19 15 11 9 7 5
40 49 67 55 50 48 48 49 53 61 44 32 24 18 14 11 8 7 6
39 46 57 40 29 23 21 25 33 48 40 29 22 17 13 10 8 7 6
37 43 55 36 22 11 6 13 25 42 36 26 20 15 12 10 8 7 6
34 40 51 32 19 9 1 11 22 38 31 23 18 14 11 9 8 6 6
32 35 42 38 33 30 29 29 31 33 26 20 16 13 11 9 7 6 6
29 31 33 31 29 26 25 25 25 25 22 18 14 12 10 8 7 6 6
26 27 27 27 25 23 22 21 21 20 18 15 13 11 9 8 7 6 5
23 23 23 23 21 20 19 18 18 17 15 13 11 10 8 7 6 6 5

ra
d
ii

(c
m

)

length (m)

155

0.0 0.1 0.2 0.3 0.4

0

5

10

15

This could be used throughout
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What this means for overall survival
from start to end of 6D cooling ε6(n)

ε6(o)
= 0.6 106

If Q=8.5
N(n)

N(o)
≈ 0.2

To this must be added estimated losses from merging (0.7), final cooling (0.5)
and acceleration (0.7) giving

If Q=7.5
N(n)

N(o)
≈ 0.05

This is barely acceptable

I have not done this analysis with the open cavities with coils in irises that
could be used for the earlier stages and might be better
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