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RF systems in the FCC tunnel

« Point J and point D are straight sections
FCC ee dedicated to RF c_qviti_es and klystrons
* Involve 1364 cavities in total
« Total length of straight section without
kickers: 2.2 km
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FCC hh  The RF system is similar to the one of LHC
« Total voltage of 48 MV (24 LHC type cavities)
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* 400 MHz 1-cell cavities * 400 MHz 4-cell cavities

* Nb/Cu,4.5K * Nb/Cu,4.5K

* 104 cavities * 408 cavities

e Eacc=5MV/m e Eacc=10 MV/m

e 1MW /cav « 1MW to 200 kW per cav.
* 4cav./cryom. * 4cav./cryom.

* Re-used for FCC-hh

e 800 MHz 5-cell cavities
* bulkNb, 2K
e 852 cavities
* Eacc=20 MV/m
e 200 kW/cav.

* 4cav./cryom.




RF power & FPC coupling requirements

The FCCee RF system baseline design requires
the development of different types of
klystrons, delivering different RF power levels
(from 200 kW to 1 MW)

Variable RF Fundamental Power Couplers
(FPC) at 1 MW are also needed

It will be necessary to switch back from H to Z
operation at lower beam current, in order to
perform physics calibration
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Cavity Design for the Z machine

Rect. waveguide
280 x 140 mm

= First step for FCCee ——

= Single cell elliptical cavity, strongly damped for N;
high current operation (1.39 A)

= Studied by S. G. Zadeh (Univ. of Rostock)
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Hook type HOM coupler
103 mm external diameter

v F=400.79 MHz
v’ Eacc=5.1 MV/m
v' Vcav =19 MV
v P =1 MW
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Cavity fabrication technologies R&D

Application to 400 MHz cavity

Improvement of engineering technics of elliptical coated
copper cavities

polishing if required

RF side_

= Half cells manufacturing

= Seamless technics

= |nternal electron beam welding
= Chemical electropolishing

T. Demaziére, G. Fabre (CERN)

Improvement of thin film deposition technics of RF

To find a substitute for Nb in order to Nb/Cu — A15/Cu

lower the power consumption of RF A15/Cu should provide a
S u p e rco n d u Cto rs superconducting accelating cavities higher quality factor
— :4‘2 K, 500 MHzLOW =
= Niobium on Copper sputtering M N R ey
= HIPIMS (Wi e B
z2| ES . o Ik [

= A15 on copper | F AT 7. &

-» See talk at TTC meeting — Stephanie Fernandez (CERN) (21th of Jan. 2021) LN VoS T,~ 17.5K
TTC 2021, TESLA Technoloqgy Collaboration (19-21 January 2021): Nb3Sn and V3Si as thin films on

Cu toward SRF applications (15+5) - DESY-Konferenzverwaltung (Indico)



https://indico.desy.de/event/27572/contributions/94311/

Challenging the high level RF parameters of FCCee

Can we find an alternative cavity design to optimize the whole RF system configuration and operation ?

= Changing of the cavity parameters brings very

700,000 \ interesting opportunities

=  For example:

600,000
I e Point1:Q=6°5, P,, =250 kW
500,000 * Henergy at nominal current
* W energy at nominal current
Zat1.39A * Zenergy at 0.25 A (for physics calibration)
400,000
) . Hat29 mA . Poi A e _
2 oint 2: Q=1°4, P, = 240 kW
& 300,000 \ e Zenergy at nominal current

* Spanning Q from 1°4 to 65 with a 100 mm variable FPC
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Alternative cavity design studies

= Tentative design of various cavity shapes
= Peak fields optimization at fixed r/Q

Parameters LHC HWR en?fant 3!‘:‘: (\IIZ\rIE Spoke

Frequency [MHz] 400.79

Operating temperature [K] 4.5

Nominal Accelerating Voltage a
(Vo = (Eoee X L) [MV]

Accelerating gradient E,.. [MV/m] 10.6

Circuit r/Q[Q] at B=1 42.7 41.9 44.33 | 46.69 44.8 63.25
Epi/Eaec at B=1 24 2.15 6.05 3.92 3.97 3.85
Boi/Eacc [MT/(MV/m)] at B=1 5.08 5.25 11.05 7.22 7.31 10
Manx. surface field E,, [MV/m] 25.7 23 64.7 42 42.77 | 41.14
Max. surface magnetic field B, [nT] [ 54.3 56.3 118.2 77.4 78.88 | 106.75
;t:lred energy [)] at nominal E,..and | -, 76 | 7148 | 67.8 | 703 | 50.32
Aperture [mm] 300 170 220 313.5 220 283.7
Cavity envelope [mm] 688 790 556 637 665 543.8

LHC

Re-entrant

Spoke

QWR Ver2

\

HWR



E Field

[Vim] N Re - e n t ra n t c a v i ty Parameters LHC | Re-entrant cavity

T.1611E+D6

. £ GABEEDE Frequency [MHz] 400.79 401.8
:;g;ﬁ Nominal Accelerating Voltage [MV] 2 2 4
5.1150E+08

4.6035E+06 E field Circuit r/Q[Q] at B=1 42.7 44.33

4 0920E+06
. 3.5805E+06

3.0690E+06
2.55TBE+D6
2.0480E+06
1.5345E+06
1.0230E+06
5.1151E+05
1.3401E+00

G[Q] 256.9 126.7

Epi/Eacc at B=1 2.4 6.05
Byi/Eacc [MT/(MV/m)] at B=1 5.08 11.05

Max. surface field E; [MV/m] 12.85 32.43 64.87

Max. surface magnetic field B,
[mT]

Stored energy [J] at nominal E_
and B=1

Aperture [mm] 300 220

27.11 59.23 | 118.45

H Field
[A/m]

.11'1?2.5493

18.5 17.87 71.48

10427.7145|
8682 8308
£938 0458
§193.2118
74483779
6703.5435
5958 7090
5213.8745
4468.0400
3724.2061 .
2979.3716 H field
2234 5371
1488.7030
744 8536
0.0343

Cavity envelope [mm)] 688 556
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» Very compact and very few number of Higher Order Modes Leos
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Re-entrant cavity with 300 mm aperture

. v/m
Re-entrant cavity
Parameters LHC sonts
VZ 5.5e+06
Frequency [MHz] 400.79 400.82 o
3.5e+06
Nominal Accelerating Voltage [MV] 2 2 S
Circuit r/Q[Q] at B=1 42.7 41 o2
0
G [Q] 256.9
E i/Eoec at B=1 2.4 5.35
B, /Eacc [MT/(MV/m)] at B=1 5.08 9.74
Mode 1 E-Field @
Max. surface field Eok [MV/m] 12.85 28.6 - Qutide
Frequency 0400789 GHz
Max. surface magnetic field B, [mT] 27.11 52.1 Gonsecien . r
Mo ot Ga27e 0oV &
Stored energy [J] at E, .. and =1 18.5 19.3
Aperture [mm] 300 300 aim
Cavity envelope [mm] 688 580 .
7000
v/m 5000
TMy,, longitudinal mode: F = 778.3 MHz 5652406 o
Fcutoff (TM,, with aperture=300mm) = 766 MHz o
— Propagation through beam pipe S o
- 3e+06
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Mode 1 H-Field &
QOrientation Qutside
Frammany S\:E_)U?eg G
I o ol
Maximum on Plane (Plot) 9440.1 A/m
Maximum (Plot) 9580.16 A/m ¥

Mode 14 E-Field
Frequency 0.778299 GHz
Phase 0°
Cross section A

Cutplane at X 0.000 mm
Maximum on Plane (Plot) 5.0119e+06 V/m
Maximum (Plot) 5.64788e+06 V/m




Summary

» In the next 5 years, the FCC SRF team will focus on various R&D topics, including:

©)
©)

Review of the operational scenarii ( Z <-> W <-> H <-> ttb machines)
RF design of various cavity shapes
o Including beam dynamics and LLRF studies
New manufacturing technics (seamless cavities, internal EB welding and electropolishing of copper
cavities)
Optimisation of coating process including HIPIMS
R&D on A15 materials on copper substrates
o Important for energy savings
High power RF coupler up to 1 MW in CW at 400 MHz and HOM power extraction schemes
(especially for the Z machine)
Review of the RF power sources choices and RF distribution configuration in the tunnel

» Building prototype cavities and a cryomodule demonstrator is also the target




