=PiL

FCC-ee Orbit Correction and Polarization

Yi Wu, Léon Van Riesen-Haupt, Michael Hofer, Felix Carlier,
Tatiana Pieloni, Mike Seidel

Acknowledgements to Desmond Barber, David Sagan, Jorg Wenninger,
e manr Werner Herr, Tobias Persson, Christian Carli, Frank Zimmermann

Technology

FUTURE
CIRCULAR
COLLIDER

Work supported by the Swiss Accelerator Research and Technology (CHART)



Energy calibration in the FCC-ee
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High precision COM energy calibration

The current precision targets
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Spin polarization

Thomas-BMT equation

dt

Y, () qerfect! P=924% v,=ay

‘< feal ., P <92.4% Vo= ay+dv0
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How much?

Magnet figures from Maxwell’s equations for magnets, A. Wolski, https://cds.cern.ch/record/1333874/files/1103.0713.pdf
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Spin polarization theory reference: D. P. Barber, G. Ripken, Sections 2.6.6-2.6.8, Handbook of Accelerator Physics and Engineering, 3rd Edn., World Scientific, Singapore, 2023.


https://cds.cern.ch/record/1333874/files/1103.0713.pdf
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Lattice

Based on V22 Z lattice
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1856 quadrupoles

Modified by adding
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1 BPM & 1 corrector next to each quad
928 Ver. corrector + 928 Hor. corrector

sextupole knob to control all sextupole

strengths proportionally
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disregard the influence

in MadX [ sextupoles & RF off ] =) of sextupole feed-down
and radiation

$
arc, IR, BPM {—= add errors
$
SVD <& correction ,
L ) Qx/y matching at in case it hits
4 Ny Mgy resonance conditions
feed-down of ¢—— | recover sextupole ly,-.iteration
strong sextupoles strength by 5%
$
[ RF on ]
$
match PT at
IPs & tapering
‘_ First order equilibrium polarization
[ correctlon.& } =) Tao (Bmad) calculation based on linearized
Qx/y matching spin-orbit motion

[*] Bmad Home Page https://www.classe.cornell.edu/bmad/
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Misalignments in arc

50 seeds with 50um random misalignment in arc
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Misalignments in arc

50 seeds for each misalignment scale
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Misalignments in arc

50 seeds for each misalignment scale
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extreme cases may have large
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=> need nonlinear spin tracking later
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Misalighmentsinarc & IR

same 100 initial seeds for each square on the colormap
can be further

improved
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Misalighmentsinarc & IR

all survived seeds
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Misalighmentsinarc & IR

standard deviation of y __(um) standard deviation of Peq (%)
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BPM scaling error and resolution

Uoog=(110.01)u _, u=xy read error

real

same 50 initial seeds for each square on the colormap
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BPM scaling error and resolution
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Closed Orbit Searching Result

200 seeds each case

Misalignments (um)

Case Failed percentage (%)
arc IR
1 40 10 13.5
2 40 20 36
3 50 10 19
4 50 20 40

+100prad arc dipole rolls
+ 1% random BPM scaling error + 1um random BPM resolution + 5% random BPM missing
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Survivorship bias!
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=F*L BPM misalighments ’

+ 40pm arc misalignment
+ 10um IR misalignment

+ 100purad non IR dipole roll (DPSI)

5% random BPM missing + 1% BPM random scaling errors + 1um BPM random resolution

BPM not misaligned

BPM misaligned together with quads

200 random seeds
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=F*L BPM misalighments

same 93 seeds
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Spin tune shift
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Conclusion

e Various combinations of machine errors in the lattice have been simulated and tested.

e Orbit and equilibrium polarization are primarily affected by misalignments in arc.

e Closed orbit searching is primarily affected by misalignments in IR.

e Influence of BPM errors has been investigated, among which the BPM misalignments have
the most substantial impact

e High polarization at Z energy can be achieved as long as tight alignment can be made.

e Current lattice still falls short of the target for systematic error.
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Outlook

Add phase matching, dispersion correction and chromaticity correction

Investigate long range alignment errors

Quantification of the influence of machine errors to polarization remains to be explored.
Exploration of the origins of systematic errors and devise strategies to mitigate their

effects to meet the energy calibration precision target.
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Thank you!
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Appendix
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Misalighmentsinarc & IR
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RMS BPM resolution (um)
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=F*L BPM misalighments

173 seeds remained

95 seeds remained
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