Cavity simulation

Development in the framework of EUROTRANS: design of a linear proton
accelerator driven for radioactive waste transmutation

I-> Modelling of the accelerating cavity and its interaction with the proton beam

» Characteristic equation of a cavity driven by a current generator:
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» Beam:

* Represented by a current generator
N e -
A IYIVe=R (1, +15)

» Represented by the beam loading theorem
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Vo=V, - %(5) 0, 005 [ 4. — 6.(5)- Ag,]

Representation for no-relativist particles: Energy gain and phase slippage




Cavity simulation

» Perturbations:

B Detuning of the cavity
Aw=Aw, +Aw,(t)+Aw ()

% Microphonics

A,©=Y daOsn(@ t+g)

+» Lorentz Forces
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+ _
dt> Q, dt

2
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» Amplifier

Transfer function, Power limitation

» Feedback control

Pl feedback, delay of digital calculations, ADC-DAC quantification




Implementation architecture for cavity simulation
MATLAB/Simulink

Feedback control

trigoers

o o
[=] [=]
= =
o [=]
n Y

From2
- i whi =

From1
heam loading,

ENErY Tud phase

s

dv.
dt

~

T—< +

r% +V, + YV,
dt

P
Bt £
—>é——|-“a

Vcr - chi = RLI ar

=R/

L" gi

Froma

!

Wi

From8

!

time

From10

store time, and
cavity voltage

react camp

W

* |dfrc(n) I—

Ly
—

n

progress|

sim %

Clock |

Beam

subveri

From3

1l

Gotal

]

p2 201F

Lk

T

From14

From11

perurbations

Amplifier

Perturbations



Beam representation

» Beam represented using the beam loading theorem
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> Beam represented by a current generator
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B Same method used in the test-stand at Saclay to test HIPPI cavity



SPL cavity
B=0.92
Eacc=24MV/m

Example of simulation

» Beam represented by a current generator R/Q=5000

cavity voltage amplitude (MV)

cavity voltage phase (deg)

QL=1.1.106
Open Loop Static Lorentz detuning factor K =-1 Hz/(MV/m)? and 1, =10ms  pylse=1.2ms
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Possible Layout for SPL

» System with 1 klystron per 4 cavities:

Vector Vector Vector Vector
modulator modulator modulator modulator
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System architecture
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» Feedforward: Vector modulator used as a feedforward system
» Simulations don’t take into account active Lorentz-force detuning
compensation system




System simulation

Open Loop  Static Lorentz detuning factor cavity 1 K, = -2 Hz/(MV/m)2 and t,=5ms
cavity 2 K = -2.2 Hz/(MV/m)? and t,=5ms
cavity 3 K, = -2.4 Hz/(MV/m)? and t,=5ms
cavity 4 K = -1.8 Hz/(MV/m)? and t,=5ms
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Active feedforward with Vector Modulator:

Example of simulation
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Summary

‘ Development of tools to define LLRF system

Needs:

» Cavity and perturbation parameters

Spread in cavity voltage, coupling, Lorentz detuning coefficients,
microphonics ....

» Vector modulator parameters

» To take into account Lorentz tuning system which reduce the effect of
Lorentz forces

Measurements at HIPPI tests

» Beam parameters (Input energy, gain energy, Beam phase)

Use of the beam loading theorem in the simulation to get errors in
energy and phase for every bunch at the cavity output




