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Cavity voltage amplitude/phase 
modulation during the acceleration
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Implementation follows the description in [2] I. Karpov, “Transient beam loading and rf power evaluation for future circular colliders”
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Injection at nominal Voltage and 0 cavity phase leads to a non-nominal equilibrium voltage
→ Why is this the case?

Last meeting: transient beam loading with stronger detuning and “Optimal Quality factor”



• Two parameters can be used adjusted to reach optimum power efficiency: 

Loaded quality factor 𝑸𝑳 and cavity detuning 𝚫𝝎

• Both parameters have an optimum point, for which the generator power 
and reflected power are minimised.

• BUT: the optimum of 𝑄𝐿 is dependent on the chosen Δ𝜔

• Since we will change the Δ𝜔 to make the acceleration stable, the 𝑄𝐿 must 
be adjusted as well. 

Beam loading compensation
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Equilibrium is closer to the setpoint  (green dashed line), but not oscillating around it. 

Corrected Quality factor“Optimal” Quality factor



• In the Muon Collider, the entire beam charge is concentrated in 2 bunches, leaving the rest of 
the ring empty.

• High difference between average and peak current in the MuCol. 

• Simulation assumes only slow changes of the beam current per simulation step

→ not the case for MuCol.

• Solution: → increase time resolution of the simulation from 1 𝑡𝑟𝑓 to 0.1 𝑡𝑟𝑓

Transient beam loading in the 
Muon Collider
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 LHC-like bunch pattern 

over one turn

MuCol bunch pattern →
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Cavity voltage amplitude/phase 
Distributed beam
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With an averaged beam, the amplitude is exactly on the setpoint voltage 

Spread out beamCorrected Quality factor; Time resolution = 1 𝑡𝑟𝑓 



Cavity voltage amplitude/phase 
increased time resolution
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Now, the voltage amplitude is oscillating around the setpoint, as expected

Time resolution = 0.1 𝑡𝑟𝑓Corrected Quality factor; Time resolution = 1 𝑡𝑟𝑓 



Cavity voltage amplitude/phase 
increased time resolution
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Having the beam spread out over 10 buckets has the same effect as increasing the time resolution by a 
factor of 10 BUT: saves simulation time
The formulas of the cav. phase and amplitude are coupled: the per-timestep change cannot be too large

Beam in 10 rf buckets and Time resolution = 1 𝑡𝑟𝑓Time resolution = 0. 1 𝑡𝑟𝑓 



• As the cavity voltage is partially above the setpoint during parts of the 
acceleration, the setpoint needs to be lowered 

• → slightly more cavities are required

Cavity voltage amplitude/phase
Lowering the setpoint
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Cavity voltage amplitude/phase
Injecting at equilibrium 
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• To avoid the voltage change at the beginning of the acceleration, one can 
inject at the equilibrium voltage directly. 



Resulting parameter changes
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• Slightly higher number of cavities

• Different Q-factor and detuning

• Resulting power consumption is not differing by a lot

RF powering parameters before the changes RF powering parameters including adjustments



Conclusion and Outlook
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• Adjustment of 𝑄𝐿−𝑜𝑝𝑡 in dependence of Δ𝜔 was performed.

• Time resolution of the simulation was increased to reach the anticipated 
equilibrium voltage.

• Voltage setpoint was lowered, which led to a slight increase in required 
cavities. 

• Integrate transient beam loading calculation into beam dynamics 
simulation.

• Perform simulations for CERN-site based options.

• Perform simulations with different cavities.
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Changing cavity voltage (last turn 
of RCS2)

14

In order to keep the same 
energy  gain, a change in the 
beam phase is necessary:

Φ𝑏 = arccos
Δ𝐸

𝐴 𝑡
+ Φcav 𝑡
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In order to keep the same 
energy  gain, a change in the 
beam phase is necessary:

Φ𝑏 = arccos
Δ𝐸

𝐴 𝑡
+ Φcav 𝑡



Forumla collection
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𝑉𝑐𝑎𝑣
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Φ𝑠 = arccos
Δ𝐸

𝐴 𝑡
 14

Φ𝑏 = arccos
Δ𝐸

𝐴 𝑡
+ Φ 𝑡 15

16

Δ𝐸 = cos(Φ𝑠  − Φ 𝑡 ) ∗ 𝐴(𝑡) (16) 

for Φ𝑏 = Φ𝑠 = 𝑐𝑜𝑛𝑠𝑡.

https://journals.aps.org/prab/abstract/10.1103/Phy
sRevAccelBeams.22.081002 
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https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.22.081002
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