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RF requirements for the FCC-ee booster

The RF section of the booster, located in Point L, Reverse Phase Operation** AN = 16 = N¢ — N4
will be installed in two stages, with additional (or counter-phase***)
cavities installed for tt operation.

* |Increased voltage per cavity,
Therefore, the first 112 cavities need to provide a
wide range of voltage (from 50 MV to 2 GV), « Optimal static beam loading
while minimizing RF power requirements and a compensation,

minimal voltage per cavity of 2 MV.*
« Homogenized voltage range

Booster 800 MHz cavities through all ramps

ZZ,WW,ZH: 112 at 2K in 28 cryomodules (CM)* (4 cavities per ** Y Morita et al., SRF, 2009
CM) Experimentally verified in Y. Morita, IPAC,

Qo =3 x 1019, 2010

L=1 x 107 *** Similar concept used at CERN SPS since
the 70s.

tt : 448 at 2K in 112 cryo-modules (4 cavities per CM) |. Karpov, FCC_Week_2025_IK.pdf

Q, = 2.7 x 107

*S. Gorgi Zadeh, 800MHz cavity design update, FCC WP1, January 2025
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https://indico.cern.ch/event/1408515/contributions/6514097/attachments/3071971/5434887/FCC_Week_2025_IK.pdf

BOOSTER CYCLES

Energy ramps for all physics modes



Booster cycles selected parameters

Continuous operation of the booster in parallel Booster physics mode selected parameters
to the collider, following three different modes: Z WW ZH ttbar
* Filling mode: to fill the collider from scratch, Characteristics of the ramp

with maximum bunch intensity. Injection energy [GeV] 20

: : Collider energy [GeV 45.2 80 120 182.5

 Top-up mode: top-up the collider bunches with 9y [GeV]

a personalized charge. Energy deviation at +19% (TBD)

injection

 Polarized bunches_(Z): for precise energy Accumulation time [s] 28 232 3.0 0.64

measurement and pilot bunches. Total ramping time [s] | 1.0 (1.14) 1.6 2.6 4.3
Extraction energy will be varied in the coming Cycle length [s] 3.8 5.5 10 10
weeks, depending on the collider optics and Bunches per cycle 1120 928 300 64
injection scheme. _

Particles per bunch 2.725e10 | 1.268e10 | 1.268e10 | 1.268e10

Changes from FCC week 2025
— Increased cycle duration for WW, ZH and tt in filling mode
— The voltage program will be adjusted to match a variable extraction energy (+1%) and the extraction bunch length

L. Valle, FCCee high-energy booster, Journées Accélérateurs 2025



Booster energy ramp analytical computation

Motivation: Optimization the energy and voltage Example of tt

ramps for all four physics modes, all operation oo - Energy and voltage ramps

modes, including RPO program, homogenize — ey 10
. — lotal voltage

dynamic losses and reduce RF power 175 | synchrotron radiation losses

requirements.

150 +

« Analytical tools to compute the energy and

voltage ramps of the high-energy booster
(code on GitLab)
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https://gitlab.cern.ch/lvalle/feb_fcc-ee.git

Booster ramping strategies for Z mode  waxinum energy

gain: 100 GeV/s

Optimised energy ramp and emittance evolution

60 4

Transverse emittances requirements at extraction
energy (45.6 GeV)™:
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* Specified by Y. Dutheil, ECCee injectors parameters - Google Sheets and presented
in 3rd Meeting of the FCC-ee Layout and Optics Design (30 avril 2025) - Indico Optimized overshoot energy ramp with Particle Swarm Optimization (PSO)**

L.Valle, ECC_WP1_25_03_2025.pdf for lower transverse emittances at extraction
L. Valle, FCCee high-energy booster, Journées Accélérateurs 2025



https://docs.google.com/spreadsheets/d/1qPyr8YWQChVHC_QEGvX3FsmE-Br0H4WD5py4XfcKQMg/edit?gid=0#gid=0
https://docs.google.com/spreadsheets/d/1qPyr8YWQChVHC_QEGvX3FsmE-Br0H4WD5py4XfcKQMg/edit?gid=0#gid=0
https://docs.google.com/spreadsheets/d/1qPyr8YWQChVHC_QEGvX3FsmE-Br0H4WD5py4XfcKQMg/edit?gid=0#gid=0
https://docs.google.com/spreadsheets/d/1qPyr8YWQChVHC_QEGvX3FsmE-Br0H4WD5py4XfcKQMg/edit?gid=0#gid=0
https://indico.cern.ch/event/1539102/
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https://indico.cern.ch/event/1526568/contributions/6436488/attachments/3038176/5366053/FCC_WP1_25_03_2025.pdf
https://indico.cern.ch/event/1526568/contributions/6436488/attachments/3038176/5366053/FCC_WP1_25_03_2025.pdf
https://indico.cern.ch/event/1526568/contributions/6436488/attachments/3038176/5366053/FCC_WP1_25_03_2025.pdf
https://indico.cern.ch/event/1526568/contributions/6436488/attachments/3038176/5366053/FCC_WP1_25_03_2025.pdf
https://indico.cern.ch/event/1526568/contributions/6436488/attachments/3038176/5366053/FCC_WP1_25_03_2025.pdf
https://indico.cern.ch/event/1526568/contributions/6436488/attachments/3038176/5366053/FCC_WP1_25_03_2025.pdf
https://indico.cern.ch/event/1526568/contributions/6436488/attachments/3038176/5366053/FCC_WP1_25_03_2025.pdf
https://indico.cern.ch/event/1526568/contributions/6436488/attachments/3038176/5366053/FCC_WP1_25_03_2025.pdf
https://indico.cern.ch/event/1526568/contributions/6436488/attachments/3038176/5366053/FCC_WP1_25_03_2025.pdf

Booster ramping strategies for Z mode  waxinum energy

gain: 100 GeV/s

Optimised energy ramp and emittance evolution
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Adding damping wigglers... 8
Already considered for stability considerations at injection™. E -mE
First approach: n,, = 2 wigglers of constant magnetic field (1 T), 2 (1008
4.925 m long, 43 95 mm-long poles, gap of 20mm (collider , %
specifications) g
Natural energy spread at 45.6 GeV blows up from 0.38 x 1073 050 - N T

to1.11 x 1073 (n,, = 1)or 1.44 x 1073 (n,, = 2) 0451 ~-- Vertical -
= 0.401 NN (05
E 0.35 - \\\ % §
iEJ 0.30 - N %
g 0.25 emx_ext =0.120 nm, \‘\ F20°®
.g 020 _emy_ext =4.0 pm EJ
= T - 10

0.15 ST
0.0 O.Il 0:2 0:3 0.|4 0:5 0.|6 O.I?
t[s]

.. . . N -
*S. Gorgi Zadeh, FM passband Optimized overshoot energy ramp with Particle Swarm Optimization (PSO)

**L.Valle, ECC_WP1_25 03_2025.pdf including two damping wigglers
L. Valle, FCCee high-energy booster, Journées Accélérateurs 2025



https://indico.cern.ch/event/1491949/contributions/6286611/attachments/2999623/5285596/Six_Cell_800MHz_Design_Update.pdf
https://indico.cern.ch/event/1526568/contributions/6436488/attachments/3038176/5366053/FCC_WP1_25_03_2025.pdf
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Booster ramping strategies for Z mode  waxinum energy

gain: 100 GeV/s

Optimised energy ramp and emittance evolution
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*S. Gorgi Zadeh, FM passband including two damping wigglers disabled during the ramp
**L.Valle, FECC_WP1_25_03_2025.pdf L. Valle, FCCee high-energy booster, Journées Accélérateurs 2025



https://indico.cern.ch/event/1491949/contributions/6286611/attachments/2999623/5285596/Six_Cell_800MHz_Design_Update.pdf
https://indico.cern.ch/event/1526568/contributions/6436488/attachments/3038176/5366053/FCC_WP1_25_03_2025.pdf
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Voltage per cavity program including Reverse
Phase Operation

Optimized overshoot, no damping wigglers Reverse Phase Operation voltage per cavity
7 mode (identical for all cavities) and phase verify:
Reverse Phase Operation characteristics
— Voltage per cavity RPO 50 « Conservation of the energy gain
6 - Average voltage per cavity
——- Focusing phase Synchronous phase Total voltage
_____ Defacusing phase - o oo e

L | l

Nflvcavl COS(¢5 + d)f) + Nyl V.0l cos(ps + ¢ i) = Vior cos s

: _ T ¥
£ 4 F-50 @ |
© o Number of Voltage per cavity
5 % focusing cavities
o
g 37 Reverse Phase Operation o
£ |«——Accumulation and acceleration —> roioos :
> ramp - Conservation of the sync%rotron tune
- - —150 Nflvcavl Sin(¢s + ¢f) + Nyl Veaul sin(s + q) = Vio sin ¢

A. Blednykh et al, https://www.osti.gov/servlets/purl/1888292

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

o - )ister, Journées Accélérateurs 2025
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Dynamic power losses in the high-energy booster

Dynamic power loss is the power dissipated in the RF
cavity from its own resistivity. For a superconducting RF
cavity, the dynamic power loss is expressed as:

Dynamic power loss during different
booster cycles

) 25 - ( — Lower than the - i,
B Veav static heat loads in - ZH
172 x R.Q x Q all modes T mhar
| | 201 (#350 — 500W) *
With 1.,, the voltage per cavity, Q, the unloaded Q- = * K. Canderan, |
factor and R_Q a geometry-dependent factor. = . FCCweek2025 SRF_CM Design
v -2 _Evolution.pdf
Duty factor for all g
physics modes Z ww ZH ttbar - Arbitrary start of the
E accelerating ramp for
Peak [W] 221 | 930 | 162 | 257 : WW. ZH and tE
D b
Average [W] 0.676 | 1.29 1.42 | 2.02
Integrated power | 566 | 404 | 142 | 202
[W.S] r\,‘
st 031 | 014 | 0088 | 0.079 | . . . .
(average/peak) 0 2 4 6 8 10

t [s]

L. Valle, FCCee high-energy booster, Journées Accélérateurs 2025


https://indico.cern.ch/event/1408515/contributions/6514110/attachments/3072212/5435659/FCCweek2025_SRF_CM_Design_Evolution.pdf
https://indico.cern.ch/event/1408515/contributions/6514110/attachments/3072212/5435659/FCCweek2025_SRF_CM_Design_Evolution.pdf

POWER TRANSIENTS AT INJECTION
Z MODE

Overshoot energy ramp, no damping wigglers.

Results are subjected to large variations depending on the energy ramp strategy and use of damping wigglers
throughout the booster cycle.

13
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RF power requirements in the booster with
optimal detuning

The power required by the RF cavities can be
minimized with the choice of the loaded Q factor
and a detuning program Aw.

In the case of FCC-ee, the cavities are fixed, and
identical for Z, WW and ZH modes.

Minimization can therefore only be conducted
with detuning of the cavities.

P _1
_—*
RF =5

DC beam current

R_Q = Qp * l

Veanl n |Fpl1 cos(¢p,a + ‘f’s)r
2(R_Q)Q, 2

i _ 2
Voawl  Aw  |Fpll Sm(¢f,d + ¢s)]
_I_
| R_Q  wgr ! 2

Form factor
|Fb| ~ 2

L. Valle, FCCee high-energy boos

Total RF power [MW]

Z mode
RF power and detuning

Clamp at 50kW per cavity
(overshot to be verified

dynamically)

Focusing RF power y | 1500
Defocusing RF power
Total RF power
SR power - 1000
Focusing phase
Defocusing phase
- 500
N Overshoot energy 0
“>~._ ramp, no wigglers
TNvao - —500
T - —1000
D —_-— | _1 5':”:.

Detuning [Hz]
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RF power transients at injection using BLonD

To complete previous calculations™ with tracking Lgen_ofset
tools, RF power requirements are simulated o o o J(jpd
using the code BLonD**. > sw — RATOR = 3
|_gen
—— TUNER
 Adapted LHC Cavity Loop class in BLonD** e
e —— &, —— o ——<———
- - open_rffb
« Sampling time: 25 ns (every 20 booster ’
bUCketS) [ OTFB < AC —’}‘ RF FEEDBACK
vom
 Fixed beam in the longitudinal phase space \ﬁtfb | *excftamn |
i V_a out Vain I+ V_fb_in H f
_;FGFEE[’)\!I:EEK <Xy I Z+' BRLAY <+
« First four equal bunches injected at t = Os, v_m*_outhe — + |
equally spaced by 25 ns | V-doutTEEBACK v_fo_in JYoLTAGE . ACS Cavity Loop
BLonD model
v1.0.4, 2019-05-16
« Two RF cavities: focusing and defocusing,
located at the same place, with their own LHC Cavity Feedback loop diagram as implemented
feedback loop. in BLonD**

*|. Karpov, ECC_optics_meeting_27022025_IK.pdf
** BLonD, Beam Longitudinal Dynamics simulator, https://blond.web.cern.ch/

*** B.E. Karlsen-Baeck, H. Timko, 2024 JINST 19 T04005
L. Valle, FCCee high-energy booster, Journées Accélérateurs 2025



https://indico.cern.ch/event/1498720/contributions/6384888/attachments/3022922/5334346/FCC_optics_meeting_27022025_IK.pdf
https://blond.web.cern.ch/
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Injecting the four first bunches — Z mode

Injection of the first four bunches from the
linac:

2.725e10 particles per bunch,
25 ns bunch spacing,
No intensity nor injection errors,

Fixed beam in the longitudinal phase space in
a first approach,

Consistent with expected stabilised value
(total 48kW for the first injection) 5

Averaged at 70kW including transients 01

booster (Z mode, 20 GeV)

3.22
16 A = Focusing RF power
Defocusing RF power
14 - 7™ == Voltage per cavity [MV]
fN -3.21
; \\
L I S e ———
i
= 10 - - 3.20
=
b
g 8 1 I
(=] I
" ! L 3.19
e 6 1 :
K
kI
4 1]
',‘ -3.18
1
| ]
| ]
e ————— N ——————————————————
T 3.17

T T
1.16 1.18 1.20

Accelerating ramps and voltage programs from FCC_week_ 2025 _valle.pdf

L. Valle, FCCee high-energy booster, Journées Accélérateurs 2025
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RF power transients per cavity at injection in the

Voltage per cavity [MV]


https://indico.cern.ch/event/1408515/contributions/6514116/attachments/3069718/5430426/FCC_week_2025_valle.pdf
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Summary and next steps

Summary Next steps
Codes available on GitLab (develop branch) « Ongoing optimization of the energy ramps
(esp. Z):
* Energy ramp designing and optimizing - Damping wigglers requirements to meet the
functions for all target physics modes extraction targets to be determined,
« Bunch rotation at flat top to transfer energy
« LHC Cavity feedback loop being adapted to spread into bunch length,
the FCC-ee booster for RF power transient
calculation « Study of booster availability
« Trips of RF cavity, redundancy, recovery
« Power transients studied during the first turns procedures, ...
after injection in the booster, for Z mode
bunches * Full injection scheme (multi-turn injection) in

BLonD(3?) in filling and top-up mode:
« Booster filling scheme,
* Injection mismatches, inhomogeneous bunches,
« Coupled-bunch instabilities to be assessed (P.
Hickersberger)

L. Valle, FCCee high-energy booster, Journées Accélérateurs 2025


https://gitlab.cern.ch/lvalle/feb_fcc-ee.git
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Accelerator Early Career Researchers (AccelECRs)

An accelerator science and technology ECR How to join:
community is in the pipelines. Our goals:
Simply subscribe to the ‘accelerator-ecr’ e-group

- Build a Europe-wide network of early-career mailing list here:
researchers (ECRs) in accelerator science and
technology, https://e-qroups.cern.ch/e-
groups/EgroupsSubscription.do?egroupNa
« Support ECRs with their professional and personal me=accelerator-ecr

development, career and research opportunities,

* Organize topical workshops locally and globally to _
maximize knowledge sharing and interactions of the For now: CERN-based, we are looking to
community build antennas in different European labs ©

Get involved in building this community!

L. Valle, FCCee high-energy booster, Journées Accélérateurs 2025


https://e-groups.cern.ch/e-groups/EgroupsSubscription.do?egroupName=accelerator-ecr
https://e-groups.cern.ch/e-groups/EgroupsSubscription.do?egroupName=accelerator-ecr
https://e-groups.cern.ch/e-groups/EgroupsSubscription.do?egroupName=accelerator-ecr
https://e-groups.cern.ch/e-groups/EgroupsSubscription.do?egroupName=accelerator-ecr
https://e-groups.cern.ch/e-groups/EgroupsSubscription.do?egroupName=accelerator-ecr
https://e-groups.cern.ch/e-groups/EgroupsSubscription.do?egroupName=accelerator-ecr
https://e-groups.cern.ch/e-groups/EgroupsSubscription.do?egroupName=accelerator-ecr
https://e-groups.cern.ch/e-groups/EgroupsSubscription.do?egroupName=accelerator-ecr

Thank you for your attention
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RF operation requirements for FCC-ee and its
high-energy booster

Main challenge: SYNCHROTRON RADIATION LOSSES up to 10 GeV energy loss per turn.

Compensation of SR losses require many RF cavities 400 MHz 2-cell cavity

Bulked machined model

Booster Collider
800MHz cavities 400MHz cavities
ZZ,WW,ZH: 112 at 2K in 28 ZZ,WW,ZH: 132 at 2K in 66
cryomodules™ (4 cavities per cryomodules
CM)
0=3X 1019, 112 cavities for Z, W and H booster
Q,=1x 107 408+336 additional cavities for tthar
800MHz cavities ape v

tt : 448 at 2K in 112 cryo-
modules (4 cavities per CM) tt : + 408 at 2K in 102 cryo-

Q, = 2.7 x107 modules

800MHz CM
. . 8§ 400MHz CM
K. Canderan, ECCweek2025_SRF_CM_Design_Evolution.pdf S. Gorgi Zadeh, Accelerating cavities with HOM damping for FCC-ee.pdf

** See Ivan’s talks (e.g. ECC_Week 2025 _IK.pdf) L. Valle, FCCee high-energy booster, Journées Accélérateurs 2025



https://indico.cern.ch/event/1408515/contributions/6514110/attachments/3072212/5435659/FCCweek2025_SRF_CM_Design_Evolution.pdf
https://indico.cern.ch/event/1408515/contributions/6514097/attachments/3071971/5434887/FCC_Week_2025_IK.pdf
https://indico.cern.ch/event/1408515/contributions/6514109/attachments/3071809/5461234/Accelerating%20cavities%20with%20HOM%20damping%20for%20FCC-ee.pdf
https://indico.cern.ch/event/1408515/contributions/6514109/attachments/3071809/5461234/Accelerating%20cavities%20with%20HOM%20damping%20for%20FCC-ee.pdf
https://indico.cern.ch/event/1408515/contributions/6514109/attachments/3071809/5461234/Accelerating%20cavities%20with%20HOM%20damping%20for%20FCC-ee.pdf
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RF operation requirements for FCC-ee and its
high-energy booster

Main challenge: SYNCHROTRON RADIATION LOSSES up to 10 GeV energy loss per turn.

Compensation of SR losses require many RF cavities

Booster

800MHz cavities

ZZ,WW,ZH: 112 at 2K in 28
cryomodules™ (4 cavities per
CM)

0 =3 x101°,

Q, =1x107

tt : 448 at 2K in 112 cryo-
modules (4 cavities per CM)
Q, = 2.7 x 107

Collider

400MHz cavities

ZZ,WW,ZH: 112 at 2K in 66
cryomodules

800MHz cavities

tt . + 408 at 2K in 102 cryo-
modules

* K. Canderan, ECCweek2025 SRF_CM_Design_Evolution.pdf

** See Ivan’s talks (e.g. ECC_Week 2025 _IK.pdf)

Layout of the FCC_, SRF system

Start operation in March 2047

Duration: 10 years

I

I

I

|

I

I

I

I

I  The RF configuration
I does not change

1 anymore allowing to
| runatZ, WorH

I modes

I

|

I

|

I

I

I

Start operation in March 2058
Duration: 5 years

— T
112CM
33CM _ 102CM _ 33CM

L. Valle, FCCee high-energy booster, Journées Accélérateurﬂeaﬁchev, FCC Week 2025 Svratchev.pdf



https://indico.cern.ch/event/1408515/contributions/6514110/attachments/3072212/5435659/FCCweek2025_SRF_CM_Design_Evolution.pdf
https://indico.cern.ch/event/1408515/contributions/6514097/attachments/3071971/5434887/FCC_Week_2025_IK.pdf
https://indico.cern.ch/event/1408515/contributions/6514098/attachments/3071693/5434319/FCC_Week_2025_Syratchev.pdf
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to BR
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Injection chain into the FCC-ee

Transfer lines
.
’ Electron transfer line
19.5 MV/m, 15 RF unit module | i

Electron linac, 215 m, S-band
Electron “ 55
UHWEW[MM 100 HAI%WM S BRRE MY
Positron pgsitron linac, 304 m, 2 GHz  Energy
source 133 MV/m, 21 RF unit module """

Damping
ring,
2.86 GeV

High-energy Linac, 1080 m, S-band,

Energy : Bunch
compressor 21.1 MV/m, 72 RF unit module compressor

A\ N\
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Synchrotron radiation in Beam LONgitudinal
Dynamics (BLonD)

BLonD* is a CERN simulation suite for longitudinal =~ BLonD3 is a restructuration of BLonD and is under
particle tracking in synchrotrons. development, and will be adapted to future
accelerators (FCCee, muon colliders especially.)
lts latest version includes:
* Developer and beginner friendly,

« Synchrotron radiation damping and quantum

excitation (using synchrotron radiation » High test coverage and numerous examples
integrals), (training in preparation),
« FCCee booster feedback loops adapted from « XSuite wrappers for lattice import,

the LHC cavity loops
* No backward compatibility with BLonD.

*BLonD website: https://blond.web.cern.ch/
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]

Bunch position [ns

Injection error in the booster: Z ramp

Acceleration of an early-injected bunch n ] e

Maximum jitter implemented in the BLonD simulation of the
acceleration:

« 50ps time jitter >@ ><,>
« 31073 relative energy error

Slight oscillations remaining at extraction, almost fully s
damped with the wigglers.

0.4 0.6 0.8 10 12 ' 0.0 0.2 0.4 0.6 0.8 1.0 1.2 ' 0.0 0.2 0.4 0.6 0.8 1.0 12
t [ns] t[ns] t[ns] led
att=0.4s

Average bunch position [ns] ny, = 0 Average bunch position [ns] ny = 2 Average bunch position [ns]

—— from tracking 0.68 —— from tracking
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expected expected
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Z mode overshoot

ain for acceleration [GeV/s]

Energy 9

Horizontal emittance [nm]

Energy [GeV]

Energy and voltage ramps

tl=sl

energy gain: 862.610G€ _ gnergy gain for acceleration

—— Energy gain to compensate SR
—— Total energy gain

Emittances, energy spread and bunch length variations

0.4 1

o
P

Sy
emx_ext =0.12
Jemy_ext =1.6 pni~~

-
—
_____
T e = ——

=
o

0.1

0.6

0.7

- 40

- 20

Vertical emittance [pm]

Overshoot energy ramp could meet the
requirements on the extraction
transverse emittance...

with at least 850 GeV/s energy gain in
less than 0.05s!
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Z voltage per cavity for RPO and RF power

Optimized overshoot, no wigglers

Z mode
Reverse Phase Operation characteristics
—— Voltage per cavity RPO
6 - Average voltage per cavity
——- Focusing phase
_____ Defocusing phase . - — -
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Z voltage per cavity for RPO and RF power

Optimized overshoot, two wigglers

Z mode
Reverse Phase Operation characteristics
—— Voltage per cavity RPO
16 - _
Average voltage per cavity
| ==-"Focusing phase

14 7 Defocusing phase
= 12 -
=
Z 10 -
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5]
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5 o
@
n
S 61
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4 .
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WW voltage per cavity for RPO and RF power

WW mode
Reverse Phase Operation characteristics

Voltage per cavity [MV]

—— Voltage per cavity RPO 20
Average voltage per cavity
129 - Focusing phase
_____ Defocusing phase _ _ _ __ S —
10 ~
Phase
8 1 reset - —50
6 - RPO
-—100
4 -
2 -—150
0 ] T T T T
0 1 2 3 4

t[s]

Total RF power [MW]

WW mode
RF power and detuning

2.0+

1.5~

1.0~

0.5

Focusing RF power
Defocusing RF power
Total RF power

SR power

Focusing phase
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0.0

- 400

- 200

- —200

- —400

t[s]

4.5% RF power overshoot at flat top
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ZH voltage per cavity for RPO and RF power

ZH mode
Reverse Phase Operation characteristics
—— Voltage per cavity RPO | =, - 50
17.5 1 Average voltage per cality’
—-—- Focusing phase : |
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> i
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5% RF power overshoot at flat top
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tt voltage per cavity for RPO and RF power

tthar mode

tthar mode RF power and detuning

Reverse Phase Operation characteristics

-—= —— Voltage per cavity RPO FGCUSI”Q RF power L 30
Fa N
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RF power transients at injection using BLonD

 Adapted LHC Cavity Loop class in BLonD

« Sampling time: 25ns

* Fixed beam in the longitudinal phase space

I_gen_offset

open_drive_inv

V_fb_out V_swap_out GENE- |_test open_drive +e +
— )
SWAP RATOR (Z
I_gen
TUNER
|_beam
BEAM BPF —
—_— —_————
PROFILE @f > CAVITY
open_rffb
S OTFB < AC —+ RF FEEDBACK |
! NOISE WV _ant
AC COMP. | :
DELAY ! i
V_otfb ' i
open_otfb excitation
in I+ V fb in M ;
V_a_out ANALOG V_a_in - _""z - LOOP 1

i 4] FEEDBACK ¥ v b in J DELAY "*“:
i V_fb_out z +
[ DIGITAL

V d out FEEDBACK

VOLTAGE
SET POINT

ACS Cavity Loop

BLonD model
v1.0.4, 2019-05-16

Parameters of the FCCee feedback system

Time delays
Loop delay 7;40p 700 ns
Analog feedback delay 7, 28,3 us
Digital feedback delay 7,4 66,7 us
Gains
1
Maximum stable analog gain G"** 2 R/QwrrTioop
Fraction of maximum gain a 5
Analog gain G, # = 90e-9
Digital gain G, (eff. G,G,) 10
Other parameters
Pre-detuning Aw/frr 0 Hz
Sampling time 25ns
Pretracking turn number 50

Phase offset between analog and digital

- 6,7 degrees (foc.)

+ 6,7 degrees (defoc.)

L. Valle, FCCee high-energy booster, Journées Accélérateurs 2025
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