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Introduction
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Using the Xsuite simulation toolkit, we have built a model of the FCC ring including four

experimental magnets and related compensations

o Used non-local compensation method developed by M. Boscolo, A Ciarma and H.

Burkhardt

o DA®DNE (Frascati) implemented a similar scheme
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Compensation scheme
- @) -(Fec

<7 There are 7 solenoids at each IP
* 1 experiment solenoid (2 T)
* 2 screening solenoids inside (to cancel the field at the final focus quads)

* 2 x 2 compensation solenoids (to have zero net integrated field)
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Orbit and dispersion
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* Significant radial fields introduced by
solenoid fringes (included in the
simulation)

o Due to the crossing angle the
beams go through these
transverse fields

o Strongest transverse fields seen by
the beams in the full ring!

o These generate closed orbit distortion
and dispersion (mostly in vertical)

o Need to be corrected to preserve
low emittance

o Use dipole correctors (H & V) per side:
o 1 nested in the screening solenoid
o 4 nested in the final doublets

o 1lin front of the compensation
solenoids
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Linear coupling and optics
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e The main solenoid introduces a tilt of
the beam plane (= linear coupling)

* Thisis compensated by:

o Skew quadrupole coils nested in
the final focus quads (equivalent
to an energy-dependent
mechanical tilt of the magnets)

o The two compensation solenoids

* Linear coupling remains local (no
leakage to the rest of the ring)

* The solenoids introduce optics
distortions

o Compensated with 6 nearby
guadrupoles per side
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Synchrotron radiation
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Synchrotron radiation can be included
in the simulation, to assess:

o Local emitted power

o Equilibrium emittances

For the full machine with 4
experimental solenoids (+ corrections)
the vertical equilibrium emittance,
computed with radiation integrals, is
found to be g, =~0.1 pm
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Spin and polarization
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* Spin tracking is supported by the
toolkit

* Spin precession from the solenoid
fields is cancelled by compensation
solenoids and vertical correctors

e Qutside this region the spin closed
solution is perfectly vertical, which is
key to preserve polarization

e Equilibrium polarization estimated
from linearized Invariant Spin Field is
Peq = ~85%
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FCC

Next steps

e Study so far based on Xsuite Twiss module (accounting first-order effects) and using
simplified solenoid maps (cylindrical current sheet)

* Presently launching tracking studies (computationally heavy) to verify

o Preservation of Dynamic Aperture and Momentum Acceptance
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= Local optics distortion is significant (might affect DA/MA)
=  QOptics rematching accounting for the solenoid might be required
Equilibrium emittance (including higher order effects)

Spin depolarization (including higher order effects)

Xsuite can model arbitrary field expansion

Need realistic field maps from magnet designers especially for main solenoid +
screening solenoid = in contact with BNL colleagues to get this data

Need to check also:

Sensitivity to imperfections (transfer functions, non-linear field components,
alignment, vibration)

Synchrotron radiation power deposition

Develop commissioning and operational correction strategy
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Thank you for your attention!



