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ÅFCC-eechallenges from a Beam instrumentation perspective

Å On-goingR&D activities

ÅConclusion

Outline
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+ injectors
and positron source

parameter (4 IPs, ◄►▄○ Ⱨ▼) value

circumference [km] 90.66

SR power per beam [MW] 50

min./max. beam energy [GeV] 45.6    / 182.5

max./min. beam current [mA] 1270   /  5

max./min. # of bunches/beam 15880 / 40

min. bunch spacing [ns] 15

max. bunch intensity  [1011] 1.5

min. H geometric emittance [nm] 0.71

min. V geometric emittance [pm] 1.42

min. rms bunch length SR / BS [mm] 1.95 / 14.45

FCC-ee from a BI perspective
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parameter (4 IPs, ◄►▄○ Ⱨ▼) value

circumference [km] 90.66

SR power per beam [MW] 50

min./max. beam energy [GeV] 45.6    / 182.5

max./min. beam current [mA] 1270   /  5

max./min. # of bunches/beam 15880 / 40

min. bunch spacing [ns] 25

max. bunch intensity  [1011] 1.5

min. H geometric emittance [nm] 0.71

min. V geometric emittance [pm] 1.42

min. rms bunch length SR / BS [mm] 1.95 / 14.45

FCC-ee from a BI perspective

Large size / footprint 
Å >300kms of beam lines to equip with a large

number of instruments

Å Large distance makes distributed BPM / BLM 

systems more challenging to maintain

Å Large distance may cause unwanted signal delays 

and long latency for Feedback applications. Not 

been studied yet !

Instrument Main tunnel Injector complex Total

Position1 8855 1492 10347

Losses2 1205 200 1405

Intensity 15 15 30

Transverse profile 18 35 53

Longitudinal profile 6 10 16

Beamstrahlung monitors 4 - 4

Polarimeter 2 - 2
Numbers to be confirmed

Gathering informations during the 1st FCC BI workshop 

in Nov 2022 - https://indico.cern.ch/event/1209598/

Inputs from P. Craievich, A. Chance, C. Milardi, W. Bartmann,..

1 - BPMs on Quadrupole only

2- BLM for collimation, injection, extraction regions only

https://indico.cern.ch/event/1209598/
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parameter (4 IPs, ◄►▄○ Ⱨ▼) value

SR power per beam [MW] 50

min./max. beam energy [GeV] 45.6    / 182.5

max./min. beam current [mA] 1270   /  5

max./min. # of bunches/beam 15880 / 40

min. bunch spacing [ns] 25

max. bunch intensity  [1011] 1.5

min. H geometric emittance [nm] 0.71

min. V geometric emittance [pm] 1.42

min. rms bunch length SR / BS [mm] 1.95 / 14.45

FCC-ee from a BI perspective

High Synchrotron radiation power in the arcs 

Å Would require all monitors in the arc tunnel to 

be radiation-hard (mainly position & loss 

monitors)

Å Radiation hard electronic (ASICs)

Å Radiation hard optical fiber for data 

transmission

Å Specific validation with high energy gamma rays

Å Shielding may help é a little
Collider 

centre

1

2

3 45

6

1) 350kGy

2) 600kGy

3) 1.5MGy

4) 700kGy

5) 350kGy

6) 150kGy

Courtesy of B. Humann, FLUKA team

FCC-ee: 1 year of operation 

(182.5GeV, 5.4mA, 107s, 15A*h)

x100 worse than SPS !
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parameter (4 IPs, ◄►▄○ Ⱨ▼) value

min./max. beam energy [GeV] 45.6  / 182.5

max./min. beam current [mA] 1270 /  5

max./min. # of bunches/beam 15880 / 40

min. bunch spacing [ns] 25

max. bunch intensity  [1011] 1.5

min. H geometric emittance [nm] 0.71

min. V geometric emittance [pm] 1.42

min. rms bunch length SR / BS [mm] 1.95 / 14.45

FCC-ee from a BI perspective

High beam current / number of bunches 

when running at Z pole

Å Large impact on beam heating related issues

Å Impact on all beam monitor designs, required to 

have óveryô low coupling impedance

Å Impact on stability and precision to be evaluated Courtesy of E. Carideo and M. Migliorati

Impedance simulation
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parameter (4 IPs, ◄►▄○ Ⱨ▼) value

min. H geometric emittance [nm] 0.71

min. V geometric emittance [pm] 1.42

min. rms bunch length SR / BS [mm] 1.95 / 14.45

FCC-ee from a BI perspective

Small emittance and small beam size at IP 

(34nm in V plane)

Å challenge in measuring beam profile and emittance 

(more difficult than in 4th generation light source). 

Studies on going..

Å require óexcellentô alignment and state of the art fast 

orbit feedback system. Not studied yet !

Small beam size chalenge

From Torôs presentation

CLIC
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parameter (4 IPs, ◄►▄○ Ⱨ▼) value

min. rms bunch length SR / BS [mm] 5.6 / 12.7

min. rms bunch length SR / BS [mm] 1.81 / 2.17

FCC-ee from a BI perspective

Changes in bunch length due to 

beamstrahlung generated at IP, combined 

with top-up operation would result in fast 

changing beam profiles

Å requiring bunch by bunch, turn-by-turn 

measurements quite challenging to get with ps/sub-

ps resolution

Å would need to have specifications of realistic 

transverse/longitudinal beam profiles in top-up mode

+ Challenge of measuring ~ 400kW Beamstrahlung

photons as luminosity monitors

@Z

@top

Eur. Phys. J. Plus 136, 501 (2021)

beamstrahlung

https://link.springer.com/article/10.1140/epjp/s13360-021-01485-x/figures/1
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ÅBeam Position Measurement (BPM)
ÅBeam Loss Measurement (BLM)
ÅBeam Size Measurement
ÅBunch Length Measurement
ÅPolarisationand energy calibration
ÅBeamstrahlungphotons
ÅΧΦ

On-going FCC-ee BI studies

6 crucial studies identified and being followed up  
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ÅBeam Position Measurement
ÅBeam Loss Measurement.. just starting
ÅBeam Size Measurement
ÅBunch Length Measurement
ÅPolarisationand energy calibration
ÅBeamstrahlungphotons
ÅΧΦ

On-going FCC-ee BI studies

Followed up within Accelerator Technology working group

Followed up within EPOL and MDI working groups

See the talk from Aurelien in this EPOL session this afternoon at 13h30 

6 crucial studies identified and being followed up  
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Å Shall provide Orbit, turn-by-turn and bunch-by-bunch data
o Large data throughput (>20GSPS for each BPM plane)

Å Resolution: <1 ˃ Ƴ(orbit), <10 ˃ Ƴ(TxT)
o challenging when considering large, 70mm, beam pipe diameter 

Å Accuracy 1-20 ˃ Ƴ(IP/Arc) (no BPM on sextupolesyet !)
Å Alignment strategy to be defined globally
Å Calibration errors ~1 %
Å Concern on long term stability & drifts (Temperature in the tunnel) ?
Å Need to draft a complete functional specification for BPM !

BPM Requirementsé.

ẉx ,rms = 1.65 nm rad
ẉy ,rms = 0.123 pm rad ẉ y

ẉ x
= 0.0071 %

Using the misalignments and roll angles of:

After correction:

Corrected Lattices results (182.5 GeV)

*BPM error relative to quadrupole position
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