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https://indico.cern.ch/event/1615465/overview

European Strategy Particle Physics Update @
(ESPPU) 2026 Recommendation /M
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* The full exploitation of the physics potential of the LHC and the HL-LHC [..] remain the
highest priorities of European particle physics.

* The electron—positron Future Circular Collider (FCC-ee) is recommended as the preferred
option for the next flagship collider at CERN.

* Adescoped FCC-ee is the preferred alternative option for the next flagship collider at
CERN.

* The longer-term development of advanced technologies, such as high-gradient wakefield acceleration
and those underpinning bright muon beams, should be supported at an appropriate level. Synergies
with the US initiative on muon collider R&D should be exploited.

Note: CERN wants a go/no-go decision on FCC-ee
Documentation on LEP3 and LCF380 will also be provided D. Schulte, CERN

~ A. Grudiev, Recent R&D on RF systems for muon colliderignizationscoohin: RAC2020.



Collider landscape in Europe. ESPPU view

Potential for development: future 10 TeV parton-scale collider options International
)céﬂiﬁfﬂ?ﬂﬂ
C-e LEP3 LHeC LCF, CLIC

~2045

e
4 \ ew elee

~2065

FCC-hh, Muon Collider (3, 10 TeV) ! R&D i e*e” with improved acceleration technologies
baseline 85 TeV (> 120 TeV) Ay i LCF, C®(> 1TeV), CLIC (1.5 TeV), HALHF, ...
ibility for HI collisions -> plasma acceleration for higher energies
(can 0(10) TeV be reached? on what timescale?) 11

K. Jakobs, CERN Colloquium, 26" February 2026




IMCC R&D Program

Accelerator design - (isiratiaHal
* Complete start-to-end design ESPPU: Accelerator WG2a concluded on the muon collider: /ZQHZT,E,";&'.";Z
[...] the Muon Collider (MC), together with the FCC-hh, promises a potentially
Muon cooling technology energy-efficient path toward high-luminosity collisions at a parton centre-of-
+  Staged implementation - RF momentum energy of 10 TeV. However, the MC has not yet reached the level of
maturity of the other proposals discussed here. [..]
* RF test stands 4
* Cooling cell prototype Detailed R&D program proposal towards CDR with deliverables defined
* Demonstrator | [ Year T 1 | O | W[ IV | V [ VI][VO|vil] X ] X
Accelerator Design and Technologies
Material MCHF) | 16 | 32 | 48 | 64 | 96 | 108 | 12.0 | 120 | 120 | 120
Detector FTE 47.1 | 60.6 | 750 | 850 | 1000 | 120.0 | 150.0 | 174.6 | 177.2 | 185.1
e Strong potential for further improve Demonstrator
physics potential with technologies, Al Material MCHF) | 0.6 | 22 | 39 | 54 | 78 | 151 | 259 | 324 [ 31.8 | 126
FTE 9.5 11.0 12.5 29.2 | 29.7 | 305 255 | 277 | 267 | 255
and ML | Detector
Material MCHF) | 0.5 1.1 1.6 2.1 2.1 2.1 2.1 2.6 3.1 3.1
Magnet programme FTE 234 | 465 | 70.0 | 93.0 | 93.0 | 93.0 | 93.0 | 1164 | 139.5 | 139.5
Magnets
* Have conceptual designs, need hardware Material (MCHF) | 3.0 | 49 | 10.1 | 100 | 110 | 134 | 117 | 72 | 66 | 47
° HTS solenoids have importa nt synergy FTE 23.3 284 36.4 40.9 443 47.1 46.2 37.7 36.1 294
: - TOTALS
with society (al§o power cgnverter) Material MCHF) | 5.7 | 114 | 203 | 239 | 306 | 414 | 51.7 | 542 | 535 | 324
* Industry is ready to invest FTE 103.3 | 146.5 | 194.0 | 248.1 | 267.0 | 290.6 | 314.8 | 356.3 | 379.4 | 379.6

*  Must not miss the opportunity

D. Schulte, CERN |

~ A. Grudiev, Recent R&D on RF systems for m

AT ZLLER



MC RF systems R&D Program

Proton Driver Target & Front End Cooling Acceleration Collider j”a'
ion  Chi ase arg Bunch _ 6D i . 7 “olli er
T LNAC  Accyulaior Congrsor e, SIS letor s sidfon Ve o Colng P oo LNAC AT RCS 12383 [ StevCotiim] ',
I -
l.l
RF RF RF | RF_RF RF RF_RF_RF RF ) RF RF RF Tl VAR
Task force on
Moun cooling complex RF systems Detailed R&D program partially funded R&D for MC RF
Collaborators \ Tasks nnnn __ Tasks yart ‘1 2 3 4 5 6 7 8 9 10 Al systems:
P i S. Belomestnykh
1 Muon Cooling Design Effort
CERN, CH * ** Staff ey 101 1 1 1 2 2 2 2 2 sere (FNAL),
Postdoc/Student FTEly 4 4 4 4 4 8 8 8 8 8 60FTE G.Burt (ULAN),
INFN, IT *** J  Material MCHF 01 01 01 01 01 02 02 02 02 02 15 R. Calaga
. ; 4 2 Muon Cooling RF Tests & Theory (CERN)
University of Rostock, DE * : Staff FTEly 3 35 53 45 4 0 0 0 0 0 20FTE o)
Postdoc/Student FTEy 35 5 6 5 5 0 0o o o o 2sre D.Giove (INFN),
University of Lancaster, UK * * I L Material MCHF 02 04 08 02 05 0 O O 0 0 22 A. Grudiev
I3 RF systems for Accelerators (CERN),
CEA, FR ** ! Staff FTEly 03 03 03 08 1 55 55 55 45 35 27FTE T | o (LBNL)
| Postdoc/Student FTEly 2 2 2 2 3 5 5 5 5 4 35FTE ’ . !
LBNL, USA ** I Material MCHE 0 0 0 03 05 06 06 08 05 04 37 E. Nanni (SLAC),
- — 4 RF power sources J. Plouin (CEA),
FNAL, USA * Staff FTEly 0.3 0.3 3.053.05 27 045045 3 3 25 19FrTE U, van Rienen
Postdoc/Student FTE 11 22 36 41 4 21 31 4 4 3 3IFFE (YROS)
SLAC. USA * * Material MCHF 0002 18 08 04 003 003 08 08 04 5.1 ’
’ Tot Staff FTEly 45 51 96 93 87 8 8105 95 8 giFre |- Syratchev
; : () . Postdoc/Student FTEy 11 132 156 151 16 151 161 17 17 15 151FTE (CERN
University of Helsinki, Fl Material MCHF 03 053 27 14 15083083 18 15 1 ( )

~ A. Grudiev, Recent R&D on RF systems for muon
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RF system for muon cooling

A Alntarnatinng|

R g. Leng RE M RE Magnet Peak RF ESPPU Muon Collider Report — ACCELERATOR COMPLEX CONCEPTS — March 31, 2025 idoer:
egion en ax. agne ea
th Frequen | Gradient | icfield | power
RF Frequency Num. RF RF Length Max. RF Gradient RF phase
[m] cy [MHz] | [MV/m] [T] [MW/cav.] (MHz) cm) MV/m) (deg)
Buncher 21 54 490-366 0-15 1.3 A-Stage | 32 o 19 274 183
A-Stage 2 352 4 19 264 232
A-Stage 3 704 5 9.5 315 237
Rotator 24 64 366-326 20 2.4 A-Stage 4 204 ) 03 27 757
B-Stage 1 352 6 25 212 209
Rectilinear 363 1605 352,704 26,32 2-4,5-7 4,2 B-Stage 2 352 5 22 217 27.2
ler A-type X2 B-Stage 3 352 4 19 249 29.8
coo ypP B-Stage 4 352 3 2 24.3 313
. B-Stage 5 704 5 9.5 225 243
Bunch merge 130 26 x2 108 - 10 B-Stage 6 704 p 95 282 21
1950 B-Stage 7 704 4 9.5 285 18.4
. B-Stage 8 704 4 9.5 27.1 14.5
Rectilinear 487 2057 352,704 21,30 3-7,9- 4,2 B-Stage 9 704 4 9.5 29.7 119
cooler B_type x2 17 B-Stage 10 704 4 9.5 249 12.2
Final Cooling 140 96 x2 ~100-10 Table 5.2.5: Rectilinear cooling cell RF parameters.
0.6 Solenoid 0.6 Solenoid
Reacceleratio ~100-10 04| igoe 22 ]m. > - 04 ] L _ DQ_
n ,
Total 1165 7686 I ~20 GW g A ‘ g ‘
~ ~ F o= ] =
15! - - -0.4 4
Absorber RF —>‘-* MUONS @ \I’ 6] >< [ 0
/ > — ’ f)U‘l'l 0‘4 n:x 1‘1 ]:ﬁ 0.0 0:4 0:3 IjZ Lj(a Zji)
7 (m) z(m)

Figure 5.2.4: Schematic of the (left) A-type and (right) B-type cooling cell layout.

~ A. Grudiev, Recent R&D on RF systems for muon



RF cavities for muon cooling from US MAP ¢

Challenges:

* High Gradient

* High magnetic field
* High radiation

US MAP

No synergy with other projects

State of the art (not complete):
MICE 200 MHz RF module—
prototype: 4T, 10 MV/m,

Ims@1Hz

800 MHz beryllium cavity:/

3T, 50 MV/m, 30us@10Hz

Gas filled RF cavity:

Small gap, 800 MHz, >50 MV/m

~ A. Grudiev, Recent R&D on RF systems for muon
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Breakdown model: beamlet focused by magnetic field

Numerical simulations showed trajectories of
beamlets in the presence of the 805 MHz pillbox

cavity

805 MHz Cavity
L

US MAP

0

Electron beamlet

B=05T

805 MHz Cavity

0 5

z (cm)

Thermal

——_dfffusion

=

Heating due to
electron
bombardment

~ A. Grudiev, Recent R&D on RF systems for muon collide
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Model developed by US labs, che@%@d”a““
against measurements in high B. papers:
Palmer et.al PRAB 2009, Stratakis et.al NIMPR 2010

Model predicts local temperature rise AT
due to electron bombardment

Breakldownl occurs when AT > ATy q4tic

= ATpia.etic =
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ATplaStic:

38 °C for Cu,
129 °C for Be,
224 °C for Al




rx MuCool 805 MHz cavity with modular plates  ‘Sh54

Mlnternational

'~ Collider

3) Copper Aluminum Beryllium 50 Operation of normal-conducting rf cavities in multi-Tesla magnetic sration
gL, = fields for muon ionization cooling: A feasibility demonstration

8 S D. Bowring, A. Bross, P. Lane, M. Leonova, A. Moretti, D. Neuffer, R. Pasquinelli, D. Peterson, M. Popovic, D.

b e ATS = 128 °C s Stratakis, K. Yonehara, A. Kochemirovskiy, Y. Torun, C. Adolphsen, L. Ge, A. Haase, Z. Li, D. Martin, M. Chung, D.

D 1084 Z~— o AL T [ TTTmeemeeeeee=l 40 = Li, T. Luo, B. Freemire, A. Liu, and M. Palmer

S € Phys. Rev. Accel. Beams 23, 072001 — Published 2 July 2020

= )

g T FIG.2. Semi-log plot of local AT for Cu, Al, and Be cavities at U S MAP
Q 30 o various gradients and across a range of solenoidal magnetic field

5 2  strengths. AT [Eq. (4)] is indicated in each plot by a horizontal,

= @& dashed line. Note that for Be, the local temperature rise is lower

e i i i i i . 20 O  than AT, for a broad range of gradients and magnetic fields.

- 1 2 3 1 2 3 1 2 3

Magnetic field (T)

g

o
Material ~ Bfield (T)  SOG (MV/m) =

o
Cu 0 24.440.7 8
Cu 3 129+04 g
Be 0 41.1+2.1 2
Be 3 >498+25) |}
Be/Cu 0 Z39E05 : ;
Be/Cu 3 101+01 Be:0&3T

» Strong indication that Al could be a good middle
ground between safety of Cu and performance of Be.



Scaling using no-diffusion beamlet model @

The breakdown model can be simplified: for short pulses Josim e
(tpuise < 10 us) we can neglect heat diffusion in the wall.
Then the breakdown condition B(E ) is given by (S. Arsenyev, 2021):

3 . 0(\
/ 7 ATpiasi Cavity-dependent constant
Q TE !
X% 2(1 —v)o en&2 ¥ 1
N 2 _ t
Ny i t | Ath 13 dE pulse €= Pulse
> Magnetic field Wall mategal dZ ength
~10 us tpuise & breakdown o erties Electron energy loss

Field Emission current I(E,..)

This equation provides scaling laws of B(E,..) on different parameters. Mitigation
When combined, solutions that follow from this equation:
benefits from  \ery short pulse (sub us)
: : « Different wall materials (Al, hard copper alloys)
different SOIUt'(_)nS  Low temperature (nitrogen cooling 70 K)
would multiply « Cavity shape optimization

~ A. Grudiev, Recent R&D on RF systems for muon colliderignizationscoohin: NECIE2E.



Comparing breakdown mitigation ideas @

International
/«UON Collider
This plot is not intended to give absolute values for breakdown threshold, but only a feéﬁHabora“
of which solutions can be more promising. We scale curves from MUCOOL cavity study

(tpuise = 20 pus > 10 us so the no-diffusion model applies only approximately)

Breakdown limit

60
—— Cu 300K (Bowring 2020)

-~ Al 300K (Bowring 2020)
—-=- Be 300K (Bowring 2020)

—— Cu 77K (estimate) Scaled from the first 3
—— hard Cu allow (CuBe) (estimate) H

short pulse, Cu 300K (estimate) CurV.eS USIng the
—— short pulse, Cu 77K (estimate) Scallng model

——- short pulse, alum (estimate) (preViOUS Sl|de)

50

40

w
o
|

E_acc, MV/m

» Copper at short pulse and low
temperature looks better

v}
(=]
1

N Benefits of short pulse « Aluminum cavity with a short
and aluminum multiply pulse looks very promising
0 2 3 © L) oD a S. Arsenyev, 2021

~ A. Grudiev, Recent R&D on RF systems for muon colliderignizationscoohin: NECIE2E.
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Realistic field
maps used for
“RF-track”ing

160 0.4 |
140
1204 0.24 |
E 1004 G |
E g0 £ 004|
> x
60 |
-0.24 |
404 Field Combination
® EzRF + const Bz
204 0.4 | © AllRF + const Bz
1| ® AIIRF + real solenoid I k
0 . ‘ , See talk on Tue
=50 0 50 =50 0
z[mm] z [mm]

w
=)
T

i Pulse length l
0.3 s+
1us

10 us
20 s

ttet

~ A. Grudiev, Recent R&D on RF systems for muon

RF pulse length

1D. Merenich, NIU

T T
Field enhancement

—— B =250 1

Field-enhancement factor

40F —o— Bre =270
—8— B =325 ]
=370 4
sk Bre ]
n 1 n n n L 1 n " n n 1 1 n n n 1 :
5 10 15 20
B(T)

Low
temperature

Short pulse

Different
materials




Magneto-hydrodynamic model of breakdown
0 ~ Internauonal
Navier Stokes equatlon )(()— + (v.grad)v) = —gradp +{vAv|H f,. Je. |U|Ol;l Colltlder
s — “
14 1
PtS: Z_RC PradZZEOEZ
eurs: Fraction volum|que du ﬂu|del(1) o TE;“P?:IE-SS ISurface: Frlactlonvolurlmque du fluide 1 (1) Isov 10
u /\ | .
BDC will probably affect the amount and dynamlcs of copper detached :
To this point : no evidence of breakdown increase due to B field J. Plouin, CEA

A. Grudiev, Recent R&D on RF systems for muon collider ionization cooli _____w
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R&D directions for cavity tests in high B field.....

UON Collider
Collaboration

= Strong need of high gradient RF test stand(s) with strong B-field

" Frequency: ideally 300 to 700 MHz range, but

= RFtests at higher RF frequency in L, S, C and X-bands as well as DC tests are very useful in
studying and understanding the RF breakdown phenomena in strong magnetic field. They
provides important insights on the achievable gradients and its dependence on the material,
cavity geometry, RF pulse length, among others.

= Gradients from 25 to 50 MV/m

= Magnetic field: ~10T, different field configurations

= Short RF pulses (~10us)

* Different materials and Coatings: Cu, Be, Al, Cu-alloys, HTS(REBCO)...
* Different temperatures: 300K -> 70K ->...

* Dielectric-loaded cavities

~ A. Grudiev, Recent R&D on RF systems for muon colliderignizationscoohin: RAC2020.



INFN LASA RF in Magnetic Field Test Fauhtma;
. 364 mm | RFMFTF Jisicaise

A
170, = =M\ HTS split coils,
————\L = 250 mm coil aperture,
) - = 170 mm room temperature | [
<D 168 mm free bore :
p = Axial B-field
configuration:

homogeneus + +
or gradient + -

= Bz=7Tto10T
= Gz=68 T/Imto 97 TIm
=  S-band RF

D. Giove, INFN

A. Grudiev, Recent R&D on RF systems for muon colliderionization:6e olin; AAC2026



NLCTA-SLAC Test Facility

International

ﬂUON CoIlider

5 T Solenoid from = “°"'#°ereten
Cryomagnetics with 9.5”

diameter horizontal bore at

room temperature

First measurements planned
with a single-cell S-band cavity
in the fringe field

Benchmark high gradient results
for frequency scaling with
measurements at S-band and L-
band
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RF cavities for 6D-cooling
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Cortesy Giuseppe Scarantino
0.0

I L
110.2 242.8 3229 433.9

Several cavity designs.
Different parameters for
each stage

High gradient in strong B-
field. Current baseline’is Be-
window closing each RF cell

RF cavities are inside
solenoids. Strong motivation
for compact cavities

A. Grudiev, Recent R&D on RF systems for muog

L L 1 L L L 1 1 1
484.5 551.1 641.1 709.8 755.7 798.9 830.9 869.9 910.5
z[m]

R. Zhu, https://doi.org/10.1103/PhysRevAccelBeams.28.041003

On-axis Wedge Max

Cell Stage Pipe Max. Integrated Transverse Dispersion wedge  apex RF Number RF ° RF
length length radius on-axis B. (T- beta lenoth } frequency of  length dient phase
m (m (em) By T™ cm (mm) —length angle = G 7 pEe (emy SRGIEN )
(cm)  (deg) (MV/m)

A-Stage 1 1.8 1044 28 25 0.102 70 -60 14.5 45 352 6 19 27.4 185
A-Stage2 12 106.8 16 3.7 0.147 45 -57 10.5 60 352 4 19 26.4 232
A-Stage3 0.8 648 10 5.7 0.154 30 -40 15 100 704 5 9.5 315 237
A-Stage4 0.7 86.8 8 72 0.186 23 -30 6.5 70 704 4 9.5 317 257
B-Stage 1 23 552 23 3.1 0.106 35 -51.8 37 110 352 6 25 21.6 282
B-Stage2 1.8 61.2 19 3.9 0.138 30 -524 32 120 352 5 22 233 309
B-Stage3 14 756 125 5.1 0.144 20 -40.6 24 115 352 4 19 249 298
B-Stage4 1.1 671 95 6.6 0.163 15 -35.1 20 110 352 3 22 243 313
B-Stage 5 0.8 44 6 9.1 0.116 10 -17.7 12 120 704 5 9.5 225 243
B-Stage6 0.7 385 45 115  0.0868 6 -10.6 11 130 704 4 9.5 3.2 1938
B-Stage7 0.7 357 3.7 13 0.0882 5 9.8 10 130 704 4 9.5 295 178
B-Stage 8 0.65 44.85 2.65 158 0.0726 3.8 -1.0 7 140 704 4 9.5 28.1 140
B-Stage 9 0.65 3445 225 166  0.0694 3 -6.1 75 140 704 4 9.5 297 119
B-Stage 10 0.63 30.87 2.1 172 0.0691 27 -5.7 6.8 140 704 4 9.5 249 122



https://doi.org/10.1103/PhysRevAccelBeams.28.041003
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Comparison of different cavities: FM

Jreuum Covity cell B/ [Epeak| *

Cu walls 8 Parameter Unit Cavity with Cavity without  Dielectric
06 windows windows cavity
o fo MHz 704 704 704
o [ mm 567.86 551.07 567.79
R mm 60 60 60 :
.\ R mm 192.63 195.59 103.53 Ca\_"ty
i B - 0.8889 0.8889 08889 radius
’ tw um 30 - -
[E[/|Epeak| ! tq mm - - 36.28
Cu walls \ iy Evon MV/m 22.50 22.50 22.50
- 04 Qo - 384E+04  3.92E+04 6.98E+03  Q-factor
t us 19.63 20.02 3.57
0 DF - 7T41E05  7.57E-05 1.39E-05
TTF - 0.65 0.68 0.60
i RIQ (B) o 478.00 294.42 113.97
o Paiss MW 3.76 6.14 73 Peak power
|E|/|Epeak| Paiss Be/Diel MW 0.08 - 43.87
Bt - 1.63 3.82 2.34
Ring of Alumina - Epeaiccu MV/m 2380 | 58.34 7.10 E-fields
= om =110 Epeakgeiie MVim _ 20.79 - 31.44
Cuwalls S ° Pg MW 4.51 7.31 8760  Peak power
DFg - 9.88E-05  1.01E-04  1.84E-05
Paveg W 445.99 740.50 2297.29 Average
R Poug, = Paeg/nonu W 707.92 1175.40 2552.54

power

AT ZLLER



Comparison of different cavities: Wakefields

5-cell cavity with Be windows v/m
- &
- 50
o g 25
s =
2000 ﬁ UU
L 05
—5.0
—7.5
ﬁ —2 0 2 4
; % t [s]
Total longitudinal wake potential (CST wakefield solver)*
W ot (t) = Wemnm(t) + W noms(t) +We sc(t)
W o)
Finite-beam eigenmode wake potential (CST eigenmode solver)
rhnite 1 ' nl !
whnite(t o) = o [ Fo(a)W2 i (t = OA#) dt WO . (t) = H(t )Z “(R/Q)ne
J_x m
Transverse form factor Normalized transverse charge density

R;
-Fr‘LJ_(G_t) = / 27—7»,01 \,' R/Q n T'.s d"s Pr(T':.) =
0

7.5
Be windows — Be windows
—— No windows = 50 — No windows
. . [ J.
—— Diclectric . = Diclectric
P ]
= 93
=
E 0.0
=
+_25 - .
iﬁ Short-range wake Long-range wake
w1
= —5.0
= E
— .0 b
G 3 29 0 9 4 6 3
%102 t [s] x 107

. Be-windowed design: Exhibits the highest mode
excitation. This is due to the high field confinement
introduced by Be windows

. Windowless design: Shows reduced wakefield
excitation compared to the Be-windowed version, as
the open iris allows a large fraction of long-range
wakefields to escape the cavity

= Dielectric cavities: Achieves the lowest overall
wakefield due to the lowest R/Q

C. Barbagallo, CERN

™ cos(wnt)
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704 MHz 3-
cell :
RF cavity with &
Be- or Al- :
windows

4 -
....

L. Rossi, Uni. Milan & INFN

~ A. Grudiev, Recent R&D on RF systems for muo er ionization.coolin AAC2026




The ultimate caV|ty for 6D-cooling ©

70K
Sapphire(tanD=1e-8): 4 kW
Copper walls: 10 MW

HTS walls:

ST

Sapphire-loaded cavity
with HTS walls in common
cryostat with HTS solenoid

International
2 C D UON Collider
< HJ [ ‘ [1 / Collaboration
e = ,IRRR -p(273 K)/p(d K) 3
g Eh t 7 p— Ring of Alumina
2 o'l | i A —4
- e S (6, =98, tand = 1x 1079 2
s 50 - €
Wi % i1 ——— N
= =S a =/l —= Cuwalls
- i1 s00 7 | £ (0°C) = 1545 x 10 50.m Vacuum
S Ehse—r" I
E 10 RRR = 2000 = ‘{—‘i‘glﬁ(()‘(:) =67 x 10" g.miK
Wil Sases
2x16* /] 11 )uoo ¥y

4 10 300

TEMPERATURE, K R
: ::_ 1

tand

m
107 ¢ S_Xm's
hi i i sample3
10°% %: R _m—q— 300K Sapphlre i sample6
E 7 < L fit
‘ o’ °7 1GHz <- 10GHz > Breeze
300K ->70K »
10— 4 _lo | [.C_'4 x10 Krupka
X1U0U o g o — ~—=—Ebata
L4 - = Hartnett
.
o L
107 . * tand | 2
o 7 e © tand >
. . o 0 f . . L L . L L
10° N 1 : 5 10 15 20 25 30 35 40 45 50
10 100 1000 frequency GHz
T(K)

A. Grudiev, Recent R&D on RF systems for muon colli

Al203(tanD=1e-4). 44 MW
Copper walls: 29 MW
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RF cavities for Final Cooling

Adapted Lattice Geometry
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* Very long bunches result in the
use of very low RF frequencies

47> Parameters of final cooling lattice

7\

B 10, 50 Beam
B 4T Solenoid
B 40T Solenoid
0.6 1 MM Absorber
I Beampipe

0.8 1

I Pillbox Cavity 20.MM O Key parameters O On-axis field
0.4 Stage | Peak | Absorber RF RF RE RF 40
length | on-axis| length |frequency | gradient length 30 4
phase (°)
(em) | B,(D| (em) | (MHz) |(MV/m) (em) 20
LT 104
0.2 Stage 0 2035| 40 183 -
- 0,
s
Stage 1 4656] 293 | 255 1318 | 66 145 150 @ o]
0.0 Stage2 4628| 394 | 55 56.3 44 314 125 20
Stage3 389 | 41 2 255 29 174 150 304
-40 4
Stage 4 4124| 39.6 | 15 14.8 1.7 456 175 '
0 5 10 15 20 25
-0.2 Stages 5068| 427 | 092 | 11s 13 413 25
z(m)

Cortesy
R.Taylor

* Non-periodic Bz field. Maximum on-axis Bz is around 40 T.

—0.4 * The cooling channel consists of 6 stages with length of ~24.4 m.

T T * RF frequency reduces from 131.8 MHz to 11.5 MHz. (probably need induction linacs

34 36 38 40 - [mt;'z 4 46 48 for stage 4 and 5, fzr<20 MHz) Cortesy R.Zhu

A. Grudiev, Recent R&D on RF systems for muog



‘Compact” cavities for final cooling &
at 100 30 and 10 MHz Rcav<lm /M

30 MHz AL,0; 10 MHz Al;O; 2.5cm ring
Parameter Reentrant - Cu insert - Cu Iwater loaded Description
Reentrant - water Reentrant R

cal
880.00 889.7 Cavity radius

100 MHz

Reav [mm] 880.00

Parameter i 100 MHz 10 MHz Accelerating fields

Erom i 10 : 371 | | |
Euec MVim] 97 54 M |
Ve V] 242 16 0927
| Bt 1 14 150 1% |
100 MHz RF figures of merits
Rews fmml] 880.00 880.00 8897
& [1 4094 7293 1742 .
f fus] 147.12 8740 B264 Ve ry h g h Reentrant geometry AL,Q, Reentrant AL,O, ring + water
bF 2 55.30e-> R287e-d 23.56e-5 Vacuum at 100MHz ~ 30MHz loaded + reentrant
TIF H 0.970 0,599 0.599 peak power at 10 MHz
R Q) 11178 4T 1313 E v a s
Pt mw] 129 96 i3 due tO IOSS acuum Water ——»|
| - W] 713 3146 8798 . . . . .
[P 14 % 6% w | indielectric  El wae Alumina ring
holding water
Parameter Unit 100 MHz 30 MHz 10 MHz Generator power Vacuum
ELELARRL —
Po W 155 1152 475 = Ao
OFg i 7 36e-4 4374 3134 :
Pave.g W 114 503 140 E. MortreUII, CERN

~ A. Grudiev, Recent R&D on RF systems for muon collidecionizati olin; REI02



Conclusions and Outlook @

JoAe S
The MC promises a potentially energy-efficient path toward high-
luminosity collisions at a parton centre-of-momentum energy of 10 TeV

10-year resource loaded R&D plan towards CDR developed by IMCC

High %radient RF in strong magnetic field test stand are extremely
important to understand the limitations and develop RF technology for
muon cooling

Dielectric-loaded RF cavities for muon cooling offer several advantages:
compactness, no Beryllium, high gradient potential

Low loss dielectric materials and low temperature oBera_tion are promising
dlre_(t:_tlons to mitigate the high peak power required by dielectric loaded
cavities

R&D on high gradient RF and dielectric cavities has synergies between
MC and AA communities

~ A. Grudiev, Recent R&D on RF systems for muon colliderignizationscoohin: NECIE2E.
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