SC Cavities Feedback Controls
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Cavity represented by resonance circuit with L,C, and R, and two current sources: the klystron and the beam

Differential equation:
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The voltage V is made up by a “slowly” varying amplitude and a fast oscillation
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The amplitude approximately follows a first order equation
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The detuning is approximated by
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The simulation is done such, that

a) If there is beam, the beam is propagated through the linac based on transit time functions and drifts between cavities

b) The corresponding beam phases are calculated

c) The induced field is subtracted from the cavity field, assuming that all the charge comes in one -peak at the beginning of the time step

d) The refill of the cavity is simulated assuming constant klystron power

e) The klystron power is then adjusted by a vector sum feedback loop and the phase shifter loop

The transit time factor for a standing wave structure is
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Here I deviate from the usual definition by normalizing T to 1.

The Phase Shifter

The heart of the phase shifter (electrically) is the solenoid coil creating the bias field. This acts as an integrator. Additionally there are filters and screening effects acting as low-pass filters


[image: image7.wmf]
The elements:

1) “black box” for the loop controls

2) ideal amplifier

3) limiter, say +/-150V 

4) low-pass =10s

5) low-pass =20s

6) solenoid L=1mH


[image: image8.wmf]HFSS File: Shifter_coax_fnal2 

(coax id 0.5", od 3.0", 6" long, filled with G510, with matching section)

0

50

100

150

200

250

600

700

800

900

1000

1100

1200

1300

1400

1500

1600

1700

1800

1900

2000

Internal Bias Field (Oe)

Phase (degree)

S21(phase)

(corrected:

add 360 for

negtive phase)


I take the phase shifter as approximately linear in the interesting regime

[image: image9.png]amplitude [norm]

phase shift [deg]

10’ 10° 10°
frequency [Hz]

10

10°

10°

-100

-150

-200

-250

-300

10°

10’ 10° 10°
frequency [Hz]

10

10°

10°




Open loop Bode-plot with proportional gain 1
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Open loop Bode-plot with differential gain 1
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energy along macro pulse slew rate 45deg/300us
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voltage
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cavity phases
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forward power before phase shifter
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phase shifter attenuation beta 0.47-0.81
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phase shift of the two stubs
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first 16 elements (1st module)
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gradient of the phase shift, due to the differential gain it oscillates between the two maximal positions
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include condition to reduce attenuation 

(i.e. from <0dB towards 0dB)
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energy with attenuation reduction
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slew rate 45deg/ 500us

[image: image22.png]phase shift [deg]

phase shift [deg]

-40

40

30

20

10

-10

-20

-30

-40

I
200

I
400

L L
600 800
time [us]

I
1000

I
1200

1400

I
400

L L
600 800
time [us]

I
1000

I
1200

1400




corresponding phase shifts
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beam energy without klystron linearizer (arctan saturation)
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corresponding forward power
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cavity voltages, saturated case
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cavity phases in that case
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