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Muons are created as decay products and form a beam with a huge emittance
2 Cooling (the reduction of occupied phase-space by muons) is required
Traditional cooling techniques are not suitable due to muons lifetime

B lonisation cooling: fast novel technique, principle is demonstrated by \VIICE collaboration ii i



https://www.nature.com/articles/s41586-020-1958-9

Technology and challenges of Final Cooling

/«Uéﬁrgiﬁiﬁd”;' lonisation cooling: the only technique that works on the timescale of the muon lifetime
‘Collaboration o Muons passing through a material —> energy loss due to the interaction with absorber material
e Reduction of normalised beam emittance

e Re-accelerating the beam to restore the longitudinal momentum
B. Stechauner
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emittance el LH,-Absorber

X

reduced transversal but
"i'l"\,cre‘as'ed' longitudinal emittance

Momentum loss is Momentum gain

opposite to motion, is purely longitudinal

P, Py, Pv, AE decrease

dgT _ 1 dEg ﬁYﬁT d@g
Lowering transverse emittance on the costs of : ds B2E ds T 2 ds
= Longitudinal emittance growth : .
. . . Energy loss Multiple scattering

= Bunch length increasing: challenging RF set-up term term

= Energy spread (needs to be kept within the accelerator acceptance)
= Number of survived particles

MJ




Baseline Design and simulation tools

International Baseline: MAP study
/ COH‘QEES'{?ﬁ « Starting beam parameters: €, = 300um, € = 1.5mm, ot = 5S0mm, cE = 3.2MeV
« High-field magnets 25—32 T, beam momenta ranging from 135 MeV/c to 70 MeV/c

* Achieved in previous studies: €. =55 um, with & =76 mm, transmission of 50%

e Targetis €. =25um: should be possible to achieve with stronger focusing fields,

alternative absorber configuration, advanced optimisation

Matching coils LH_ absorber

Longitudnal phase space
I rotation rf cavities
Acceleration rf

cavities

Drift for developing energy-

- : focusing
time correlations

coils

Transport coils

High field — low energy muon ionization cooling channel
Hisham Kamal Sayed, Robert B. Palmer, and David Neuffer
Phys. Rev. ST Accel. Beams 18, 091001 — Published 4 September 2015




Baseline Design and simulation tools

/«lmemaﬂonal Baseline: MAP study
C

Matching coils LH, absorber
UON Collider : ‘e, =300 =15 =50 E =3.2M Longitudnal phase space
ollaboration « Starting beam parameters: ¢, = 300um, ¢y = 1.5mm, ot = 50mm, ok = 3.2MeV

rotation rf cavities

cavities

Acceleration rf
High-field magnets 25—32 T, beam momenta ranging from 135 MeV/c to 70 MeV/c

Achieved in previous studies: £, = 55 pum, with € =76 mm, transmission of 50%

Target is €. =25um: should be possible to achieve with stronger focusing fields,
alternative absorber configuration, advanced optimisation

Drift for developing energy-

time correlations focu;ing
coils
Transport coils
FIrSt SteDS USIng ICOOL SlmUIatlons: High field — low energy muon ionization cooling channel
. . . . . Hisham Kamal Sayed, Robert B. Palmer, and David Neuffer
v Python-wrapper to ease generation of input files and tracking results analysis Phys. Rev. ST Accel. Beams 18, 091001 - Published 4 September 2015
v Linear optics matching 0.4 300
. . . . 100
v Transverse cooling using Liquid Hydrogen absorber N 02 - L
» No re-acceleration E & WM o0 & ‘\
. Q ) % 200
» Studied transverse aspects only 0 k s |
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E. Fol, C.T. Rogers, J. Schieck, D. Schulte, and B. Stechauner,
“Automated Design and Optimization of the Final Cooling for a Muon Collider”, in Proc. IPAC'22
E. Fol, C. Rogers, D. Schulte, “Machine Learning-Based Modelling of Muon Beam lonization Cooling”,in Proc. IPAC'22



https://accelconf.web.cern.ch//ipac2022/papers/wepoms047.pdf
http://dx.doi.org/10.18429/JACoW-IPAC2022-WEPOMS046

Baseline Design and simulation tools

ﬂlnternational Baseline: MAP study vatching coils Lz absorber
UON Collider I

) H . — — — — Longitudnal phase space
Collaboration e Starting beam parameters: €, = 300um, ¢ = 1.5mm,ot = 50mm,cE = 3.2MeV comeraton s rotalonf caviiss {s

« High-field magnets 25—32 T, beam momenta ranging from 135 MeV/c to 70 MeV/c

cavities

* Achieved in previous studies: €. =55 um, with & =76 mm, transmission of 50%

e Targetis €. =25um: should be possible to achieve with stronger focusing fields,

alternative absorber configuration, advanced optimisation

Drift for developing energy-

- : focusing
time correlations

coils

Transport coils

First steps using ICOOL simulations:

High field — low energy muon ionization cooling channel

. . . . . Hisham Kamal Sayed, Robert B. Palmer, and David Neuffer

v Python-wrapper to ease generation of input files and tracking results analysis Phys. Rev. ST Accel. Beams 18, 091001 - Published 4 September 2015

v Linear optics matching 0.4 300

. . . . 100
v Transverse cooling using Liquid Hydrogen absorber N 02 - ‘\_//
» No re-acceleration E o | oo s § "u
. Q @ 200
» Studied transverse aspects only “l | . \
20 \‘ 150 ‘ /

Towards integrated Final Cooling design: G075 S0 75 W0 15 Bo U5 w0

z[m] z[m]

« RF-Track (developed by A. Latina): https://gitlab.cern.ch/rf-track/download

« Includes collective effects, relevant lattice elements, python and octave interface

« Specific ionisation cooling effects have been recently added (multiple scattering, muon decays)

« Allows simulation and optimization of a full cooling cell, including solenoid fields, absorbers and RF
= Further presented studies are focused on RF-Track simulations (thanks to A. Latina)

_M



https://gitlab.cern.ch/rf-track/download

Design optimisation strategy

/'\UgeNrgaoﬁlﬁdn:rl l. Analytical cooling model for II. Optimize high-field solenoid [Il. Simplified model for the
Collaboration “backwards” optimisation and matching coils to ensure optimization of bunch
starting from final ¢, = 25um efficient transverse cooling rotation and re-acceleration
= Provides starting momenta and = Mitigates emittance blow up in = Provides drifts and rotation “kicks”
absorber lengths for all cells the fridge fields and controls the needed to mitigate the increase of
optics in absorber region longitudinal emittance, initial

estimates for RF- system design

Current work in progress

IV. Integrated end-to-end
simulation of the complete
cooling channel using RF-Track

= RF frequencies, gradients, and
lengths derived from optimised
estimations

= Considering different RF-system
options (e.g. multi-harmonics RF)




Design optimisation strategy

/«UgeNrgaoﬁlﬁdn:rl l. Analytical cooling model for II. Optimize high-field solenoid [Il. Simplified model for the
Collaboration “backwards” optimisation and matching coils to ensure optimization of bunch
starting from final ¢, = 25um efficient transverse cooling rotation and re-acceleration
= Provides starting momenta and = Mitigates emittance blow up in = Provides drifts and rotation “kicks”
absorber lengths for all cells the fridge fields and controls the needed to mitigate the increase of
optics in absorber region longitudinal emittance, initial

estimates for RF- system design

Current work in progress
Applving numerical optimization and Machine Learning techniques:

IV. Integrated end-to-end
simulation of the complete

_ _ e Comparison of different algorithms and proof of concept for various
cooling channel using RF-Track

ML-based techniques for design optimisation:
“Machine Learning in accelerators operation and design”, IFAST 2nd annual meeting
e BOBYQA: derivative-free and fast executable
e Bayesian Optimization: converges much faster compared to e.g. differential evolution

= RF frequencies, gradients, and
lengths derived from optimised

estimations
= Considering different RF-system algorithm, provides uncertainty estimation
options (e.g. multi-harmonics RF) e Surrogate models to obtain initial guesses for optimisers or to allow “backwards”

optimisation
e Introduction of an anomaly detection method for identification of bunch cuts.



https://indico.cern.ch/event/1204855/contributions/5357649/attachments/2632134/4552623/IFAST_MLworkshop_Fol.pdf

Initial beam momenta and absorber thickness

/«U&Ergiﬁiﬁdn:rl | Analytical cooling model for dep __ e dE PLE] = Provides starting momenta and
Colleboration  “backwards” optimisation ds PPE ds  2mciLE absorber lengths for all cells
starting from final ¢, = 25um JE L L Z[1 . (2mPp s
E=4nNAprmc Zl/ﬁln( 1(Z) ) 1—2—[32]

- 40 T, Liquid hydrogen absorber, initial beam: P, = 135MeV/c,e, = 300ﬂm,€” = 1.5mm,oct = 50mm,cE = 3.2MeV

Cell | P, [MeV/c| | Absorber [cm| | €1 start[tm] | €1 end | Pz end
14 65 14 40 24.5 10
13 70 15 50 40 55.5
12 76 13 70 50 40
11 75 15 85 70 53.5
10 89.2 22 100 85 67.5
9 92.6 21 115 100 74
8 110 25 125 114.6 93.6
7 115 34 140 124.7 | 93.4
6 124.5 37 155 140 103.4
5 120 36 175 155 98.5
4 127.5 43 200 175 | 102.4
3 130 40 225 200 | 108.5
2 125 45 260 220 99
1 135 95 300 250 106

« Note: this assumes ideal optics matching and control of longitudinal parameters
e Transmission is not included

MJ




Initial beam momenta and absorber thickness

/«%Ergiﬁiﬁdn:rl | Analytical cooling model for dep __ e dE PLE] = Provides starting momenta and
Colleboration  “backwards” optimisation ds PPE ds  2mciLeE absorber lengths for all cells
starting from final ¢, = 25um JE L L Z[1 . (2mPp 5
— = 4aN  prim,c Zl/ﬁln( 1(Z) ) 1—2—[32]

- 40 T, Liquid hydrogen absorber, initial beam: P, = 135MeV/c,e, = 300,um,€” = 1.5mm,oct = 50mm,cE = 3.2MeV

Cell | P, [MeV/c| | Absorber [cm| | €1 start[tm] | €1 end | Pz end
14 65 14 40 24.5 10 \ - estimated
13 70 15 50 40 | 555 2501 B = —o— tracking
12 76 13 70 50 40 l\
11 75 15 85 70 | 53.5 _, 2007 l‘\- .
10 89.2 22 100 85 67.5 E 15 e
9 92.6 21 115 100 74 = m_e_
8 110 25 125 114.6 | 93.6 w B m o
7 115 34 140 124.7 | 93.4 1001 N N
6 124.5 37 155 140 | 103.4 Bg
5 120 36 175 155 | 98.5 50 TR
4 127.5 43 200 175 | 102.4 | | | €, =312um "8
3 130 40 225 200 | 108.5 2 4 6 8 10 12 14
2 125 45 260 220 99 Cell
1 135 55 300 250 | 106 y Tracking simulations using optimised

« Note: this assumes ideal optics matching and control of longitudinal parameters par.ameters confirm the potential Tor Iowe.r
« Transmission is not included emittance (compared to the baseline studies)

MJ




Optics matching

| 1 | . ] . .
/'\JéeNrgaotllﬁdn:r Il. Optimize high-field solenoid = Mitigates emittance blow up in the
c

ollaboration . . i i i
and matching coils to ensure fridge fields and controls the optics
efficient transverse cooling in absorber region

0.5 A —
041 —— beta x 360 - ‘r"\‘I ‘l‘\‘I‘. o Zg:g;
— alphax | W ';'“\'-I 2 —— emitt 4d
0.3_ E‘340 ,5
021 & f
9 014 %320
? o0 = 300
£
-0.11 o
~0.21 V/Jf 280
No 1
-0.31 260 1 : : : : : :
. . . , . . . 00 05 10 15 20 25 30 35 40
00 05 10 15 20 25 30 35 40 s [m]
S [m] :
. i‘l' ---- emitt x
—— beta x 360 1 ,'I\ ,;\\'. ---- emitty
0.4 1 —— alpha x \\'-‘ iy —— emitt 4d

0.2 1

w

o

o
L

0.0 1

N

(o0]

-~ O
L

Twiss
emitt 4d [microns]
w
N
o
S
:;f-f_—_:i
_ﬁ“r
=Ee
e —

N,
1,
N PN LAY
\
i} v‘\".‘,“ e p a7
e AN\ N

. matching coils

260 A

, ' ' ‘ . . , 00 05 10 15 20 25 30 35 40
00 05 10 15 20 25 30 35 40 S [m]
S[m]




Optics matching

International .. . . . it H i R g g :
/U\UON Collimer  II. Optimize high-field solenoid = Mitigates emittance blow up in the Indicates that the optics control is crucial
Collaboration . . i i i i i i
and matching coils to ensure fridge fields and controls the optics to avo(;d e.m:tanc:e. bIow:p and achieve
. . . i i esired coolin errormance
efficient transverse cooling in absorber region &P
0.5 —— . ‘,n\ - emitt x 300 —-— Fu‘II bunch
041 — alphax ] N i -oo- emitty 250 1 —#— Sliced, averaged
- A T . — emitt 4d —=— Estimated, with £, =0
> gaor (4 F1 [ -
02 5 A gﬁ;‘ E 200
g o1 =T N WA im & 150
F oo M '
£ 300 1 100
—0-17 No matching coils
~0.21 el 50 |
No matching coils 0 3 ) 6 8 10 12
B W0 Cell
: : : : : : : 00 05 10 15 20 25 30 35 40 ells
00 05 10 15 20 25 30 35 4.0 s [mi
> tm] : 300
R j\\ll -——- emitt x —#— Full bunch
—— beta x 360 1 ,'“ ,';x": mees emftty 250 —m— Sliced, averaged
0.4 —— alpha x . ; ! —— emitt 4d —m— Estimated, with £ =0
0 1 1
§ '. h '"rﬁ,;i; T 200
0.2 £ 320 1 i 'ji'lg?} 3
— [ iy —
2 T L AR A m‘ w 150
2 oo 2300- €| ond = 26()/47/}1
® 2801 Lah i e 1004
02 Incl. matching coils \ % W R Incl. matching coils
’ 260 1 501 ‘ ‘ ‘ . ‘ .
, ' ' ‘ . . , 00 05 10 15 20 25 30 35 40 0 - 4 6 8 10 12
00 05 10 15 20 25 30 35 4.0 S [m] Cells
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Control of bunch length and energy spread

lll. Simplified model for the
optimization of bunch
rotation and re-acceleration

International
UON Collider
Collaboration

= Optimise drift length (to develop
a correlation) and rotation
(to reduce the energy spread)

Pz [MeV/c]

140 1

130 4

120 1

100 A

90 1

Tracking setup

Drift + “kick” dP/dt

0.0 0.5 1.0 15 2.0
S [m]

25

3.0

3.5 4.0

Optimised field and absorber settings



‘  Control of bunch length and energy spread

International _ i
/ \Uou Collider 1. Simplified model for the Tracking setup
Collaboration L . -
optimization of bunch 140 1
rotation and re-acceleration 130 ] . ¢

30 A
120 A

= Optimise drift length (to develop
a correlation) and rotation slope

Pz [MeV/c]
-
]
o

B[T]
N N
o w

®
o l

g

oo

154

(to reduce the energy spread) 100 L
. | ; Drift + “kick” dP/dt
%o @5 1o 15 20 25 30 35 40 ¢ H——
- S [m]

Problem: “Outlying” particles Optimised field and absorber settings
e Important to “clean” the beam to estimate the correlation cell 7 Cell 7

to be corrected No cuts applied

» Choice of particles included in the bunch affects the 20 . )

rotation slope optimisation o l’“ = 100 ] b

» Too high emittance can be caused by a few “outliers”

Pz [MeV/c]
(<]
o

Pz [MeV/c]

o«
o
L

-

» 3 sigma-cut not always reliable, especially towards the
end of the channel

A.:-a:

60 601 @ startbeam
€, =23mm . e, = 12mm
. H start beam after absorber and matchin
> ”Anomaly deteCtlon” approaCh - CUt Off 1% Of p0|nt5 : after absorber and matching ” : after absorber and matching “' ”
. . . . . @ after rotation, L = 2.49287548 [m] L @ after rotation, L = 2.49287548 [m] °
which are further away (considering all 6 dimensions 401| o after acceleration 41 o after acceleration .
|n phase space) 37'.5 40'.0 42'.5 45'.0 47'.5 Sd.O 52'.5 55'.0 3'8 4'0 4'2 4'4 4'6 4'8 5‘0
t[m] t[m]

J




Complete Final Cooling channel: results

/\;\UgeNrgitlilpdn:rl Optimised towards longitudinal emittance reduction Absorber and momenta requirements for transverse cooling
|
Collaboratior
Cell | Drift [m] | J [Miz] | G MV/m] | ¢ mm] | o | o7 [mm] Cell | P, [MeV/c] | Absorber [cm] | €1 start[pm] | €1 end
1 0.17 123 11.1 95 | 17| 122 14 65 14 10 24.5
2 0.61 142 11.9 37 | 21| 105 13 70 15 PO 40
3 0.28 118 10.9 35 | 25| 126 12 76 3 70 >0
11 75 15 85 70
4 0.95 72 8.5 58 | 35| 210
10 89.2 22 100 85
5 0.2 91 9.5 75 | 48| 296 9 99.5 91 115 100
6 0.21 65 8 9.1 | 47| 232 8 110 95 195 114.6
7 0.61 35 6 1211 3.6 | 431 7 115 34 140 124.7
8 0.91 25 5 138 | 30| 593 6 194.5 37 155 140
9 0.44 18 4.2 20 31| 828 5 120 36 175 155
10 0.5 12 3.5 32 3.4 | 1248 4 1975 43 200 175
11 1.29 6.5 2.5 61 51 | 2380 3 130 40 225 200
12 0.49 5.3 2.3 80.4 | 5.3 | 2870 2 125 45 260 220
13 1.0 5.7 2.4 77 4.0 | 2630 1 135 55 300 250

» Scaling for the estimates of RF frequencies and
gradients based on optimised simplified model:

6, =1120,G = 1.24/f
»  Will be further optimised

MJ




Complete Final Cooling channel: results

/;\Uw(;ﬁlrgitlilpdn:rl Optimised towards longitudinal emittance reduction Absorber and momenta requirements for transverse cooling
|
Collaboratior
Cell | Drift [m] | J [Miz] | G MV/m] | ¢ mm] | o | o7 [mm] Cell | P, [MeV/c] | Absorber [cm] | €1 start[pm] | €1 end
1 | 017 123 1.1 95 | 17| 122 14 65 14 20 24.5
2 | 061 142 11.9 37 | 21| 105 13 70 0 o0 20
3 0.28 118 10.9 35 | 25| 126 12 76 13 70 >
4 0.95 72 8.5 58 |35 | 210 - 7 > > o
10 89.2 22 100 85
5 0.2 91 9.5 75 | 4.8 | 296 9 99.5 91 115 100
6 0.21 65 8 91 | 47| 232 8 110 95 125 114.6
7 0.61 35 6 1211 3.6 | 431 7 115 34 140 124.7
8 0.91 25 5 138 |30 | 593 6 194.5 37 155 140
9 0.44 18 4.2 20 |31| 828 5 120 36 175 155
10 0.5 12 3.5 32 | 34| 1248 4 127.5 43 200 175
11 1.29 6.5 2.5 61 | 51| 2380 3 130 40 225 200
12 0.49 5.3 2.3 80.4 | 53 | 2870 2 125 45 260 220
13 1.0 5.7 2.4 77 | 4.0 | 2630 1 135 55 300 250

Tracking through the entire channel, using optimal solenoid fields settings

300+ —&— Full bunch
77.9 —m— Sliced, averaged
80 | e 250+ —m— Estimated, with =0
vs. 120 mm without cleaning -
| (total transmission is 7% lower) 58.8- 200

60 » =
£ = 150 —
€ 40 32.9° o 10 €1 simulated = Sig/’tm
= 20.5’/,/‘ 100 €1 estimated = Dpm




Complete Final Cooling channel: results

)N

M U\éeNrgatlilqdnal Optimised towards longitudinal emittance reduction Absorber and momenta requirements for transverse cooling
ollraer
Collaboratior
Cell | Drift [m] | f [MHz] | G [MV/m] | ¢,[mm] | 0E | o; [mm] Cell | P, [MeV/c] | Absorber [cm] | €1 start[m] | €1 .end
1 017 123 11.1 25 | 17| 122 14 65 14 40 24.5
2 0.61 142 11.9 37 |21 105 g ;g ig ?8 ;18
3 0.28 118 10.9 3.5 2.5 126
11 75 15 85 70
4 0.95 72 8.5 5.8 3.5 210
10 89.2 22 100 85
5 0.2 91 9.5 7.5 4.8 296
9 92.5 21 115 100
6 0.21 65 8 9.1 4.7 232
’ 061 3 6 151 |36 131 8 110 25 125 114.6
-6 5 : : 7 115 34 140 124.7
8 0.91 25 5 13.8 | 3.0 593 6 1945 37 155 140
9 0.44 18 4.2 20 3.1 828 5 190 36 175 155
10 0.5 12 3.5 32 3.4 | 1248 4 1975 43 200 175
11 1.29 6.5 2.5 61 5.1 | 2380 3 130 40 995 900
12 0.49 5.3 2.3 80.4 5.3 2870 2 125 45 260 2920
13 1.0 5.7 2.4 77 4.0 2630 1 135 55 300 250
Tracking through the entire channel, using optimal solenoid fields settings
—@— Full bunch
80 v Transverse emittance = 32 micron, Longitudinal emittance = 77 mm —=— Sliced, averaged
] . —m— Estimated, with £ =0
¥ Problem: Transmission (only ~29% after last cell) Smees
60 1 => more acceleration, higher momenta at the start of last cells?
E 40 32.9’/ & 1509 €1 simulated = 323/’”/”
. 20.5 //', 1001 €1 estimated = 245/’”/”




Initial beam momenta and absorber thickness

/\«UgeNrgatlilqdnal e Starting momenta in cooling cells are ranging from 135 MeV/c to 65 MeV/c
olliaer
Collaboration e Hjgh drop in transmission in the last cells: caused by low initial energy?

e How big is the impact of decays due to the muon lifetime?

= Re-optimisation of absorber lengths and initial momenta in a higher range.

Transmission [%]

100 -

95 -

90 -

85 -

80 -

75 -

70 -

. . . . . \
Transmission in RF-Track simulations
[ ]

0 2 4 6 8 10 12
Cells




Initial beam momenta and absorber thickness

/.\UgeNrgatlilodnal e Starting momenta in cooling cells are ranging from 135 MeV/c to 65 MeV/c 100{ e
ollider "\*\‘
Collaboration e High drop in transmission in the last cells: caused by low initial energy? 95 T,
— Te-
.. . . . X )l e
e How bigis the impact of decays due to the muon lifetime? = 9 %
7 85
Ru| \
= Re-optimisation of absorber lengths and initial momenta in a higher range. 2 80 *
= 751
Transmission in RF-Track simulations,
7041 4: \
RF-Track simulations after optimisation using higher starting momenta (incl. 6d bunch cuts) b
0 2 a 6 8 10 12
1.0 Cells
300 -6- 135 -70 MeV/c, analytical
275 -~ 135 - 70 MeV/c, RF-Track
0.8 250 —6— 141 - 75 MeV/c, analytical
_ 225 141 - 75 MeV/c, RF-Track
= o° £ 115
3 = 150
0.44 -©- 135 -70 MeV/c, incl. decays w 125
-#- 135 - 70 MeV/c, no decays 100 1
02| 141 - 75 MeV/c, incl. decays 75
" | —m— 141 - 75 MeV/c, no decays :352:5;:8 504
5 3 4 6 & 10 1 12 251
Cells 0

= Higher momenta allow better transmission
while keeping final required emittance value.
= Low impact of decay losses




Initial beam momenta and absorber thickness

International
UON Collid
/Collaboroa tion e Momentum distribution in the bunch after passing through the LH absorber

Cell 1 Cell 9 Cell 12
120 - ]
135-70 MeV/c, N - 500 Lys | 135-70 MeV/c, N = 488 100 135-70 MeV/c, N = 72
1001 141-75 MeV/c, N = 500 141-75 MeV/c, N = 500 141-75 MeV/c, N = 336
80
801 100 1
60 -
60 - 754
40 - 50 40 1
20 25 | 20+
' ' ' ' ' ' ' 0 ‘ , : : : : 0l= : : :
85.0 87.5 9o.oP [9I\2/|'5V/ s]95.o 97.5 100.0 20 30 20 =0 s 7o o o s 0
z LHIeVre P; [MeV/c] P, [MeV/c]

» Slower particles are lost and cause the transmission reduction towards the end of the channel
» Crucial for the optimisation of the optimal cooling path
= Re-optimisation following the presented strategy using higher initial momenta in progress.




Summary and outlook

International
MH% groalltiidoer: e Demonstrated a strategy for the optimisation of final cooling design
e |dentification of suitable ML techniques and their integration into optimisation framework
e Values below the baseline results achieved in (simplified) simulations
e |dentified bottlenecks and found mitigation approaches
- significance of optics matching,

- transmission to be considered in optimal cooling path definition)

» Parametrisation of RF-systems using the optimised bunch rotation and re-acceleration parameters
» Consideration of feasible RF-design options: e.g. multi-harmonics RF (allows the use of higher
frequencies, shorter acceleration path is possible.)

» End-to-end simulation using re-optimized parameters for 140-75 MeV/c beam momenta range.




