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Baseline optics for FCC-ee Optics parameters at Z energy
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Ballistic optics for FCC-ee
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Optics parameters at Z energy

Parameter | Ballistic | Nominal
Max betax | cos0 65 | 7884.28
[m]
Maxbetay | /12395 | 13076.04
[m]
Max Dx [m] | 0.75 0.75
0.00/ 0.29/
Chroma -0.176 4.28
e 217.77/ | 218.15/
220.37 | 222.19

« The ballistic commissioning optics involves turning off all IR sextupoles and
quadrupoles 200 m around the IP (used in the first commissioning phases).



https://indico.cern.ch/event/1450442/contributions/6113015/attachments/2927766/5140223/Ballistic Optics tuning meeting.pdf
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Optics tuning challenges

« The overall machine performance is strongly dominated by magnet field imperfections
and misalignments.

* The very small beta function B at the 0] =7
Interaction Point (IP) requires strong FF Pmax=9973.6 m — b
magnets, which in turn need strong *]
sextupoles for local chromaticity
correction (very sensitive to even small
imperfections).
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Tuning simulations studies

* Tuning simulations for the FCC-ee lattice at tt energy were performed using

(MAD-X) T. Charles, et al., "Alignment & Stability Challenges for FCC-ee," EPJ Techniques and
Instrumentation, vol. 10,no. 8, 2023.

* The larger beta functions at the magnet locations in the Z lattice indicate a higher
sensitivity compared to the t lattice.

« We focused on the Z energy mode, and work is ongoing toward having a first look at
the tuning of the W lattice.
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Optics sensitivity to magnet alignment errors (Z lattice)
Arc region
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Correction procedure

Switch — Beam Beam Based Sextupoles

Sextupoles Off Threading Alignment ramp 10 %
Orbit

Correction
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correction (Arc SF & SD) AL 100% of (Arc QF & QD)

sextupoles
strengths



Correction procedure

For the ballistic optics with nominal errors Dispersion Free Steering (DFS) was found to be
essential to proceed to BBA and optics correction.

w DA 6D Nominal ®
14 { =%+ DA 6D after correction '

rms DFS
Ver. Orbit (um) 255

0.4 4 A nX (mm) 70
* A ny, (mm) 39
o E gy fF S £y (Pm) 4

DA after beam threading Including initial
BPM-to-Quad alignment of 100 um.
Sextupoles Off



Correction algorithms

Orbit correction
 Singular value decomposition

VBB (s) _ o 1(9n,(so)
M = eintegy POV ()T

Linear Optics from Closed Orbit (LOCO)

( model .i. " ) . )
X Z e , 0, is the BPMs noise

}

-We studied the validity of the orbit response based e

optics correction for FCC-ee. -5 1

-Implemented Python-based numerical code for
LOCO.
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Correction algorithms

Beta beating and coupling correction
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Optics tuning tools

» We developed optics tuning tools using the Python interface of the Accelerator Toolbox
(PyAT) GitHub Repository
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» The tools were integerated into the Python version of the Simulated Commissioning
toolkit for Synchrotrons (PySC) which is being used in the commissioning simulations
of PETRAIV at DESY,

v" highlighting the synergies between light sources and FCC.

« The simulated commissioning tools can be integrated with other frameworks (e.g.,
Xsuite).


https://github.com/elafmusa/Optics-corrections-with-PyAT
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LOCO Vs. Phase advance/n, and RDTs/n, correction

« The large median DA for 50 seeds after correction demonstrate a better performance
for the TBT compared to LOCO.
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Applied magnets misalignments and strength errors

Hor. & \er.
displacement
Elements Field Errors
Arc quads and 50 um 50 urad
sext Arc quads K5 10+
All dipoles 1000 pum 1000 prad and sext. K
i AK_ —4
Girders 150 pum 150 prad All dipoles —=2x10

BPMs-quads.  100— 10 um -

«  These values correspond to one sigma Gaussian distribution truncated at 2.5
sigma.
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Tuning simulation results (nominal lattice)

Before linear
optics cor.
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Parameter Prior optics Final
Cor. Cor.
hor.orbi(um) 120.25 120.46
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Tuning simulation results (nominal lattice)
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Tuning simulation results (Ballistic optics)

The simulation included IR alignment

errors of 50 um in addition to the arc Parameter P”Oégft'cs Final Cor.
errors. :
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Ongoing studies:
Using different correctors for beta beating correction.
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Ongoing studies:

Adding measurement noise to the ThT approach.

Measurement noise are added to phase advance and coupling RDTSs.

The standard deviation o of the noise was scanned.

c=1x 1075

c=2x1073

Parameter —1x10-5 | =2x10-3
AB, /B, %0 0.33 0.27
AB,/B,% 3.12 2.46

A n, (mm) 0.24 0.24

A my (mm) 0.29 0.78
gy (pm) 0.75 1.09
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Conclusion

Developed correction procedure

Switch Beam

Beam Based Sextupoles
Sextupoles Off = Threading o Alignment ™ ramp 10 %
Orbit
Correction
Linear Optics - Chr:imabclty —' Tune Fitting
correction (Arc srmlsmso) At100% ot | VAre QF QD)
sextupoies
strengths

Defining alignment and field tolerances
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and sext. S0 pum 50 prad

. 1000

All dipoles 1000 um urad

Girders 150 um 150urad

BPMs-

quads. 10pm )

Baseline tuning simulations

0.0

w—— MA nominal
= MA with errors and tuning

Ballistic lattice tuning

[
2 o
S ©

-
~
=3

y [sigmas]
=

5 o @ ©
S &8 & o

N
S

DA 6D Nominal

-1.00-0.75-0.50-0.25 0.00 0.25 0.50 0.75 1.00

6 (%]

-20

ol % «- DA 6D After correction 8
20 -0 0 10 20
x [sigmas]

LOCO vs. phase advance performance

— Nominal | DA 4D
Medi t




Thank you for your
attention



Ballisticopties o= =
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Improving the correction procedure

» Adjusting the number of singular values used for orbit and optics corrections.

» Sextupoles ramping in steps of 10%, with further orbit and tune correction
performed at every stage. Once at 100% of the design value, the sextupole strengths
are varied to perform chromaticity correction.

« This improvement managed to increase the manageable alignment tolerances in
the arc magnets to 30 um standard deviation.

« Additional orbit correction steps along the scheme.
 Interleaved with LOCO to control emittance growth.
« Example: For 100 um alignment errors in the arc, the mean vertical
emittance was reduced from:
 Baseline: 537.30 pm t0 5.99 pm
* LCCO: 444 pmto 2.52 pm



Used Correctors
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PETRAIV error tolerances

BPM Errors:

+ BPM offsets = 500 um

* BPM noise (TBT) = 50 ym
« BPM noise (CO) =0.1 ym
* BPM roll = 400 yrad

* BPM calibration = 5%
Magnet Errors:

* Magnet offsets = 30 um

* Magnet roll = 200 prad

* Magnet calibration = 0.1%

* Quadrupole calibration = 0.05%

Corrector Errors:

» Corrector roll = 200 yrad

» Corrector calibration = 2%
Girder Errors:

» Girder offsets = 150 um

* Girder roll = 200 prad

RF errors:

* RF phase is random

* REF frequency = 100 Hz

* RF Voltage = 1 kV

» Relative ring circumference = 106



