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> Layout of final cooling cell
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Changes compared to baseline:

v" No separate phase rotation RF cavities
(RF phase is 0)

v Stage 0 has no RF cauvities.

v Field flips in every stage.

v' Each cooling cell starts at the matching coil
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Final cooling cell in baseline of MAP
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> Method to design final cooling
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® Using differential evolution algorithm to minimize the target function: —£1L 4 (.75 x Jinitial 4 75 y ZLfinal

ET initial Nfinal €L,initial

® 14 parameters to adjust:

v Solenoid coils current and length

v Absorber length

v' RF gradient, phase and number of RF cavities



S Final cooling performance &
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Updated final cooling lattice Final cooling lattice at CERN
€ (m m) € (m m) € (mm3) Overall Cell Transverse Longitudinal 6D emittance Cumulative
U - eb transmission emittance [um] emittance [mm] transmission
[mm] [%]
Start 0.1399 1.519 0.02972
Stage 0 0.124 1.953 0.03022 99.6% 1 275.2 2.7 586.1 97.5
2 212.7 5.9 645.4 94.1
Stage 1 0.09702 4.207 0.0398 96.4% 3 170.4 6.8 582.8 88.9
4 138 124 617.5 819
Stage 2 0.0781 5.291 0.03274 86.9% 5 o —p . —p
6 813 25 548.8 61.1
Stage 3 0.04755 10.73 0.02447 712% - 5a  ases 1
Stage 4 0.03227 16.46 0.01743 62.5% 8 L i e wid
9 412 48.4 4342 37
Stage 5 0.02239 24.77 0.01278 54.6% 10 328 66.1 414.6 317
11 29.5 82 4145 28.5

v" Initial emittance is from the output of stage 10 of the updated 6D cooling https://arxiv.org/abs/2409.02613
v' Reduce the transverse emittance to ~22.5 ym with longitudinal emittance of 25 mm.



https://arxiv.org/abs/2409.02613
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= Particle distribution in phase space
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Parameters of final cooling lattice ~~
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Stage Peak on- LH absorber RF Number of Maxmgm RF phase RF cell
S8g8  |angth (m) axis Bz (T) length (m) TCOUENCY ppqs RE gradient —oo 0 sih (m)
(MHz) (MV/m)
Stage O 1.564 38.5 0.2028 Und d final f Iatti
Stagel  3.1978 245 0.2486 107.2 4 12.01 22.95 0.25 pdated final cooling lattice
Stage 2 3.8672 46.5 0.05543 82.1 2 7.84 33.44 0.25
Stage 3 4.5955 -41.6 0.04289 28.2 3 6.09 6.96 0.25
Stage 4 4.4233 47.4 0.03439 12.3 5 5.06 55.33 0.25
Stage 5 4.6552 -50 0.029 11.2 8 2.8 41.93 0.25
Stage Solenoid LowBz LHlength RF Number Number RFtot Max. RF  RF phase v Fleld In Stage S Of updated flnal COOIIng
length  Bzfield drift field [m] frequenc Accelerati Rotating length  gradient [deg] goes up to 50 T. (f()r better transmission)
[m] onaxis on axis vy [MHz] ngRF RF [cm] [MV/m]
[T] :
v' RF frequency varies from 107 to 11 MHz.
14766 4463  4.629 0.85 0 0 0 0 0 0
45738 4463 4629 0466 111.06 5 5 25 1981 -180
6613 4463 4629 046958  56.85 7 10 425 14417 90 -
775 4463 4629 04 4013 i 9 425 1.9 51 Fm_al cooling
50858 4463 4629 03  34.91 2 7 225 1111 10 lattice at
6.863 4463 4629 025  30.61 10 5 3.75 10.4 54 CERN
7.064 42 2 03 11.637 14 5 475 6823 -82
6.6964 42 2 01 1617 7 2 2.25 8.04 67
8.37 41 1 017  13.38 1 2 3.25 7.32 67
6755 408 0.8 008 8226 2 11 3.25 5.39 -6
7595 408 08 00541 5676 4 11 3.75 448 -96
~100
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. Conclusion N

« Updated final cooling lattice reduces the transverse emittance
to 22.5 um with longitudinal emittance of 25 mm.

* Need 50 T field in the last stage.

 Will add windows for the RF cavities and absorbers and check
Its impact on cooling performance.
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Stage

Start

Stage O
Stage 1
Stage 2
Stage 3
Stage 4
Stage 5

Transvers
e
emittanc
e (mm)
0.1399
0.124
0.09702
0.0781
0.04755
0.03227
0.02239

Longitudi
nal
emittanc
e (mm)
1.519
1.953
4.207
5.291
10.73
16.46
24.77

6D

emittanc

e

(mm’)
0.02972
0.03022

0.0398

0.03274
0.02447
0.01743
0.01278

Cumulati

ve

transmiss

ion

99.60%
96.40%
86.90%
71.20%
62.50%
54.60%

Stage
ength
(m)

1.564
3.1978
3.8672
4.5955
4.4233
4.6552

Peak on-
axis Bz

(M

38.5
-24.5
46.5
-41.6
47.4
-50

absorber
length

(m)

0.2028
0.2486
0.05543
0.04289
0.03439
0.029

frequenc
y (MHz)

107.2
82.1
28.2
12.3
11.2

Number
of RF
cells
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Maximu
m RF

gradient
(MV/m)

12.01
7.84
6.09
5.06

2.8

RF phase

)

22.95
33.44

6.96
55.33
41.93

RF ce

len
(m)

I
gth

0.25
0.25
0.25
0.25
0.25

Final Pz
(MeV/c)

95
771
52.3
458
30.1

32.35
30.9

Final
enrgy
spread
(MeV)
3.35
4.218
2.857
1.957
1.455
1.503
1.606
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Final cxot

(m)

0.04794
0.07809
0.2445
0.5265
0.9423
14118
1.7784
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