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Outline

Problem statement + scope

Model
* Cavity
* Ferrite Vector Modulator (FVM)

RF control and beam compensation
* Using Klystron FF + FVM

Path forward
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HINS - Project X front end
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Beam compensation

during steady state
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Simulation Model
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Simulation Model: FVM
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Amplitude [dB]

modulation control domain

Phase [deg]

Controlling the FVM
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Control algorithm

1. Compute klystron A and © (initial conditions: cavities tuned for P,.-=0)
—>compensate beam loading for one cavity
—> zero reflected power for one cavity
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Control algorithm

2. Before RF pulse, tune FVMs for all cavities
-> power amplitude coupling, o
- power phase coupling, v

_ Ib 1
|, 1+ A2 —2Acos®

a

LP=cI>s+cI)+cosl{ A—Cos® }

J1+ A2 —2Acosd
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Control algorithm

2. Before RF pulse, tune FVMs for all cavities
-> power amplitude coupling, o
- power phase coupling, v
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Control algorithm

3. Before RF pulse, tune cavities
- loaded Q,
—> cavity detuning, Ao

~ Vcav V1+ A2 —2Acos @ 0

Q= l, R/Q cos ¥ At =

tan ¥

L
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Control algorithm

3. Before RF pulse, tune cavities
- loaded Q,
—> cavity detuning, Ao
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Control algorithm

4. RF pulse
—> at beam arrival time, klystron modulation A, ®
- nothing else changes
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Control algorithm
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RF control: beam loading compensation

Using FF klystron amplitude and phase modulation

=» Verification using a time dependent simulation
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RF control: beam loading compensation
Using FF klystron amplitude and phase modulation

= Power analysis

Steady state power during beam loading
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Path forward

* Steady state transfer function of the FVM has been measured
and interpolated over the modulation range.

* An inverse transfer function has been developed to linearize
RF control

* An approach has been developed to handle beam loading
transients using a combination of klystron FF and individual
cavity tuning

(optimizing high klystron bandwidth to alleviate FVM burden)

* Model improvements include individual FB on FVM
* Implementation to drive 6 cavities with beam in near future

(172 year)
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Thank youl!
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Back-up slides
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Control algorithm

1. For 1 cavity, compute klystron A and @ _
- compensate beam loading for one cavity

-> zero reflected power for one cavity

2. Before RF pulse, tune FVMs for all cavities
—> power amplitude coupling
-> power phase coupling

l, 1
_ A—cosd
a = . -1
I, V1+ A2 —2Acos® ¥ =P+ dros L/H AZ —2ACOSCD}
3. Before RF pulse, tune cavities

- loaded Q,

—> cavity detuning

AL V1+ A2 —2Acos @ Af = 10
" 1,R/Q cos ¥ 2Q,

4. RF pulse

- at beam arrival time, klystron modulation A, ©
—> nothing else changes

2& Fermilab PACO09 Julien Branlard — 05/06/2009 22/20



Simulation Model: cavity

o L ]

Solving the RLC electrical model of a cavity - 24 order differential equation
woRL C

o8 I()

V(t) + %V(t) + WAV(t) =

1st order solution to the equation above:

i VT . —wl/g —Aw . V,— i RLWUQ 0 ‘ IT
dt\ Vi) \ Aw  —wyp Vi 0 Rrwy o I;

V.., = (V.+]j.V) is a function of the cavity detuning Aw, the cavity half

cav

bandwidth o, ,, the cavity loaded resistance R, and the current inside the
cavity I, = I, + I, = (I.+ j.I) [
g
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Simulation Model: FVM

* each cavity has its own: Q,, V,, @, ¥/, Q,

e Pqg A/O® modulation is unique to each cavity

 using one FVM for each cavity

» Re {}

2 Fermilab PACO9 Julien Branlard — 05/06/2009 24/20



Controlling the FVM: domain limitations
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RF control: beam loading compensation:

FVM only
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e “warm” cavity Q; ~ 5000

 beam arrival during steady state
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RF control: beam loading compensation
Using FF klystron amplitude and phase modulation

= Power analysis Power variations during a pulse

Power plot for cavity 17
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RF control: beam loading compensation
Using FF klystron amplitude and phase modulation
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Assuming nominal beam loading, there is no need to modulate the klystron
forward power using the ferrite vector modulator if
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Introducing variations in detuning (6®) and in loaded Q (6QL )

dw =21 X 2.5kHz (~6%)

Q. =500 (~12%)

vector sum amplitude error: 2% vector sum phase error: 0.5°
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gradient [k%/m]

Introducing feedback
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Introducing feedback
FBis on Vg, only

—> Individual cavities might still show beam loading
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