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INDJECTION TRACKING STUDIES IN
THE FCC-EE COLLIDER RING
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Top-up Injection for FCC-ee

Top-up injection is necessary to maximize
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The FCC-ee Ring
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20 e P(J)int PB Four operation modes ( Z, WW, ZH, & tt)

ranging in beam energy from 45.6 to 182.5 GeV.
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Z-mode examined first for machine protection
aspect (high stored beam energy).
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Injection Options

Multipole Kicker Injection (MKI) Conventional Orbit Bump Injection
+ Off-axis injected beam « Dipole kickers create a one turn orbit bump
» Kicker has minimal on-axis field (stored beam) * Reducing the effective amplitude of off-axis injected
 Kicker has significant off-axis field (injected beam) beam
+ Bump is closed quickly to avoid septum on subsequent
turns.
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Both modes also work off-momentum, with dispersion allowing on-axis injection.
For all cases we’ve chosen to look into the horizontal plane.



Machine Parameters
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MULTIPOLE KICKER INJECTION

On-momentum



Placement of Injection Magnets
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Simulating Injection

Injection at 20° horiz.
phase, beam is off-axis at
MKI. (90° phase advance)

MKI kicks injected beam
and reduces its angle.

No losses during injection,
with preliminary aperture
model (no collimators
included).
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Injection Effect on Stored Beam

at Interaction Point

Without MKIC, increase in g, would result in
factor of ~5 decrease in luminosity.
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Injection Effect on Stored Beam

at Interaction Point

Without MKIC, increase in g, would result in
factor of ~5 decrease in luminosity.

180° phase advance from MKIC to MKI
allows for ‘-l transformation’ which counters
effect on stored beam.

Stored beam at MKI location
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CONVENTIONAL ORBIT BUMP

On-momentum
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. . .
Conventional Orbit Bump d
Store
beam
— > x
« Two kickers used to create a temporary bump in the
orbit. R
« This brings the stored and injected beams close Septum
together. e b

Y

 Bump is then closed.

Bump height: Separation:
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Injection Straight Optics - Bump Kickers Active
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In both cases (MKI/Bump), the next step is error studies to see what closed orbit
distortions we get and what injection efficiencies are achieved.



OPTICS COMPATIBLE WITH
OFF-MOMENTUM INJECTION
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1)
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Matching Constraints
Stored
Optics need to be re-matched to have sufficient TL_EE .
dispersion at the septum.
Then the off-momentum injected beam is placed on the
dispersive orbit when the bump is closed. N
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Key Matching
Constraints
* Dispersion at
septum = 1m

« Phase advance over =
straight is maintained > 1000

Off-momentum DA under
investigation.

Then follow up with studies
using misalignments.
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Outlook

« Studied top-up injection approaches
for Z operation mode
« To be studied to determine injection
efficiency:
* Injection with misalignments and
corrections
* Other operation modes
 Beam-beam effects
« Studies performed on old 2 IP lattice
» New layout with longer straight
sections
« Complication arises in 4 IP
 Beam crossing
» Possibly combined with
extraction
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Thank you
for your attention

Gitlab Repository of Project Work:
https://gitlab.cern.ch/phunchak/fccee-injection-studies
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Placement of klckers
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Modelling the Multipole Kicker

MKI has zero on-axis field to minimize disturbance of stored beam, large off-axis field to
kick the injected beam.
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