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Simple model of recirculation

In an attemt to the recirculated power and predict the power for a given current we
assume the following simple field model :
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r : the ratio of the field being recirculated
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Simple model: prediction

Approx as differential eq, with solution (for initial condition E(0) = 0)2
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Eout,n = CI-n + C/\fn—a A=A exP(]Cb)

M _
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m=0

a = tcirchPM

3 parameter model:
c, A, phi
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theta,n= arctan( Im(E_out,n ) / Re(E_out.n))



for m=0:n_recirculations,
recirced_field = [zeros(l,round(n_recirc_step*m)) (lambda*m)*I_beam(1,:)];
E_mod_total = postpad(E_mod_total, length(recirced_field),®,2);
E_mod_total += recirced_field;

end
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Y RF MEASUREMENTS

= Diode (calibrated at time of run)
= less noise than 1Q signal

= | and Q channel, field measurements with pi/2
relative phase (calibration not known at time of
run)

m However: with 1Q both RF power and phase can be
reconstructed, so we use 1Q for fit

m Diode is used to compare absolute values of model
and measurements
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“~ Power and phas

Using | and Q channel :

P_meas = const (I1*'2 + Q*2)
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Needed timing adjustment (IQ to pulse) “~10 ns scale"
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I and Q signal [a.u.]

150, time [ns]

Needed phase adjustment
"~10 ps scale"

-variable shift for bunches
required1

theta_meas = arctan(1/ Q)

T T
meas PetsFwd 1Q s

pulse intensity [A]  s—

phase [deg]

250

150, time [ns]

(((((

150, time [ns]



- scan over 200 consequtive pulses in time window w/o pulse shortening
Minimized metric (both P and theta) :
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well defined minimum result: A=0.75, phi=18 deg -> indicates robust model



To the Load e
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ag = ai +a; Model fit :
and
ai = aj + aj Our fit gave:
yielding A = Nohm X rfie = 0.75
2 (ﬂ)z _ a3 — a3 _ at — a3 — a? _ 1_AFWD _ Prer —1-0.19—0.11 = 0.70 and we estimate 7,5, = 0.9 giving
agp a? a? Prwp Prwp
reie = 0.83
thus

Pmeas = 0.84
-> Seems consistent



T Reality check: constant factor

Comparing the RF signal from the calibrated diode with the RF
signal from model (using the BPMs, calibrated with test-current,
but be confirmed end-to-end calibration) :

P_meas = 0.67 x P_mod(FF=1)

sources : P~ (1/4) PL,.2FF2(R'/Q) » / v,

- calibration

- FF (Form Factor)

- detuning beam frequency wrt. PETS fundamental mode

If we assume ok calibrations and no detuning:

P_meas = P_mod(FF=0.82)
-corresponding to an rms bunch length of 2.5 mm

-> numbers seam reasonable
-> however we stress again: good rms bunch length measurement
is imperative to compare measurement and model
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Constant recirculation phase :
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== Phase behaviour of pulses w/ pulse

shortening
= Adjusting recirc phase to fit beam phase

Phase-dip in recirculation phase
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If attenuation is also adjusted we can also fit the measured power much better
-> however, physical models of break down is out of my current scope



