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FUTURE N
CIRCULAR Effect of RF cavities

COLLIDER

Tracking the particles in presence of RF cavities (6D tracking) dramatically diminished the size of Dynamic Aperture.
( Lattice reference : PA31, Mode_tt [90°/90°], @ 20 GeV)
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FUTURE , .
CIRCULAR 5D vs 6D Tracking — Frequency Domain

COLLIDER
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FUTURE
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COLLIDER

5D vs 6D Tracking — Phase Space

initial Condition : [8.3 mm, 0, 1 um, 0, 0,0]
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(-\ FUTURE ] ]
CIRCULAR Growth of Vertical emittance

COLLIDER

ro: [1mm,0,1 pxm,0,0,0]
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COLLIDER

O FUTURE o
CIRCULAR Shift in the Reference Momentum

* Shift in the reference momentum could be well predicted by study the higher order longitudinal phase space.

* Polynomial expansion of path length variation up to second order:

2 @5+ a8+ E+0(3) 6 =22
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FUTURE "
CIRCULAR Shift in Reference Momentum

COLLIDER

Fig. 6.22. Higher order longitudinal phase space diagrams for y_= 0.7, 2§/n_=-0.125, and a weak perturbation a,/n_= —3.0
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FUTURE "
CIRCULAR Shift in Reference Momentum

COLLIDER

Rin :[8.3 mm, 0,1 um, 0, 0, 0]
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FUTURE . N
CIRCULAR Synchrotron Oscillation Stability

COLLIDER

 The longitudinal phase space of particles at HEB is under the influence of the higher-order momentum
compaction factor terms.

* The stability criterion for stable synchrotron motion is defined by: 456(1
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FUTURE

CIRCULAR
COLLIDER

Nonlinear Behavior of the Momentum Compaction
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* |sthe second-order polynomial expansion of the path length variation valid for all initial transverse amplitudes?
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FUTURE , ,
CIRCULAR Conclusion and Perspective

COLLIDER

* |n order to compensate for the destructive effects of RF cavities presence and restore
the 5D dynamic aperture the following adjustments seem to be beneficial:

* Minimizing the momentum-independent path length variation to control the
synchro-betatron resonance.

e At the same time, control the higher-order momentum compaction factor with
respect to the synchrotron oscillation stability criteria.

* Modifying the stability criteria by including at least a third-order momentum
compaction factor to cover the higher amplitudes.
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Thank you for your attention

Page : 12 Optics Tuning and Correction for Future Colliders Workshop, CERN, June 2023;-A.Mash'al



FUTURE

CIRCULAR
COLLIDER

PA31 initial Condition : [6 mm, 0, 1 xm, 0, 0,0] ; No.Turn: 2250
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6D - Horizontal DA
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Path Length Optimization (one turn)
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Ongoing lattice modification e
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Ongoing lattice modification
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