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Abstract 2 FREQUENCY ANALYSIS

The RF system of the SOLEIL lightourceinvolves i the aim of studying the stability of the RF
superconduc’_ung:avmesand IS working in the heavily system, with and without feedback, bymeans of the
beam-loadedimit. Fast amplitude and phase feedback conventional feedback theory, we recall below ttaesfer

Ioop_s provide theequiredstability of the rf_systgm with functions (with the Laplace operator p), defined in[2],
particle beam. The steady-state behaviouramalysed . ik somewhat different notations :

using conventionalfeedback theory, whereastransient _ . _
beam-loading, arising for example from beam injection or Cavity-to-beam transfer function (n=0 dipole mode)
some gap in the bunch train studiedwith the help of a 5y = Fndve + Fpgda

numerical code simulating the beam-cavity interaction and
feedback loops.

1 INTRODUCTION

The RF system of the SOLEIL Storage Ring has to
compensate the enertpgst by synchrotrorradiation and
to providethe RF voltage for a proper longitudinal
focalisation. Two single cellsuperconductingavity are
driven by one klystron, transfering 200 kW per cell to the
beam for the nominal bearourrent of 500 mA. The
parameters of the RF system are given in Table 1.

Table 1: RF system parameters

Total RF voltage (MV) 4

Total beam power (kW) 400

Geometric impedancé)] 45

LoadedQ 210
Beam-loading paramet¥r 5 2
Tuning angle (degree) -78.5

With compensation ofreactive beam-loading, and
operating at the optimal couplingg>>1), the SCcavity-
beam system would be, without afgedbackjust at the
limit of the Robinson stability [1]. Fig.1 shows the
unstable region (gray) in the y-diagram. 3
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Fig. 1: SOLEIL stability diagram
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Frequency (MHz) 352.2 1.
Harmonic humber 396
Energy loss / turn (keV) 800
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The functionsG; and G, are given below for 3 cases :

without any feedback
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. with direct RF feedback[3] of loop gainG
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. with fast Amplitude and Phase feedback

(assuming equal loop gairs; = Gg =G)
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where the denominatdd(p) is
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The schematic circuit of this last case is drawrFog. 2.

The drive current is modulated byn-phase and in- 20000

quadraturesignals, proportional to amplitudend phase o ndeg
errors, through an 1/Q modulator. Tlyenerator current o

. 15000
can be written as /
10000
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whereG, andG,, are the amplitude and phase loop gains. 00 pd
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Fig. 3: Damping rates of the cavity-beam
Ig \ I system (SOLEIL parameters)

Cavity | V¢ 3 RESULTS OF SIMULATIONS

f et In order tostudy the dynamic behaviour dhe RF
system, under various perturbations, a numerical code was

LG é’L | written, simulating the beam-cavity interactiamd the
Q -fe feedbackoops. Thesequence ighe following : energy
Fig. 2: Schematic of the fast amplitude and and phase of the buncheare changed at eacturn,
phase feedback loops according tothe classical synchrotron dynamics; egtch

traversal of a bunch through the cavities, the voltage is
modified by the inducedwake; betweentwo successive
from Nyquist or Routh criteriaare given below with Passages, the evolution of the cavity voltageatsulated
reactive beam loading compensatidan(y = - Ysings) by Rynge—Kutta mtegrat,on of the pawtghfferenual
With direct RF feedback the high-intensity equations. F_or .examplle, icase ofamphtudegnd phase
Robinson limit is increased by the factor (1+G) feedback, this differential equation can be written

146G T (Vo +iVe @)+ (1-itan)V, = Ry @ oo~ %)
oS x [1+ Gy (Vigg = Vo) / Vit +1 Go (et — )

With amplitude and phase feedbackthe dynamic I st = Yo/ 7 Vst Q (et ~ %
behaviour is similar to thdirect RF feedback(assuming ~ We first checkedthe previous resultgredicted by the
identical | and Q loo® gains), but with an effective loop feedbacktheory, without anyadditional perturbation. On
gain G - G (1+Y cosg), which increases automatically Fig. 4, we can seethat the beam cannot kept stable
with the beam current; the system is then always stablithout feedback(left), whereasthe amplitudeand phase
as soon as the gaimse largetthan 1. Since a fagthase feedback is able to stabilize the beam at eumnyent when
feedback isanyway neededfor SOLEIL, because of the the gain of the amplitudandphaseloops is larger than
high level of time stabilityrequired bylight lines users, unity. On these examples, The beam waschedwith
the amplitude and phase feedback system was chosen. an initial phase error of 10

The damping rates of the cavity-beam systesre
calculated for the SOLEIL ring parameters. They are giveri®™® 0004
by therealpart of the poles of thelosed-looptransfer
function, i.e. the roots of a ™ order characteristc \\ o —
equation. Fig. 3 shows the evolution of the dampatgs ¢ [/l oo (7
as function of the gain of the amplitudad phaseloops. \\ \g
It is worthwhile noting that the highedamping rate is o o002
achieved for a very modegtin (G=2). For higher gains, -~/
the cavity voltage (amplitude and phase) is nearly constarit®os oo w5 w0 w0 *®s0 w0 50 o0 50 100
andthe longitudinal beam dynamiare then decoupled.

The resulting beam-loading parametdimits, deduced

Ovy<

Only the synchrotromadiationwill be effective to damp Fig. 4: Bunch motion in the longitudinal
beam oscillations. phase spac@E/E-Ag) w/o feedback (left) and

Furthermore, since the Q of SC cavities is relatively ~ With feedback (right)

high, the gain limitation due to a timdelay ofthe loops
is not severe : the system is stabl@enwith an effective 4 EXTERNAL PERTURBATIONS

loop gain of 100, assuming an overall tindelay of The effect of aneventual beam gap to cope if
1.5 ms, a very pessimistic value. necessary with the ion-trapping problem, was estimated.
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We would like to restrict the bunch phase modulation,
induced bythe gap, to about 1/1@egree, insuch a way
that the time jitter, as seen by the experimenirasind 20005
1 ps. In steady-state, the phase of each bunch of the train
is fixed by radiation damping and the phase modulation is

3.0e-05

1.0e-05

determined by the size of the beam gap. Since SC cavities sdez [
have alow R/Q andhigh acceleratingsoltage, thephase
modulation is approximately linear (Fig. 7). Treedback L0605

system, whoseeffect is to zeroing theaveragebunch
phase, and radiation damping are both in operatichim

-2.0e-05

simulation. The maximum bunch gallowed is 15%, 2000 L
giving a bunch phase modulation of abau0.12 and a
cavity voltage modulation of aboti0,05%. Fig. 6: Bunch energy and phase oscillations,

excited by a mechanical mode (feedback ‘ON’).
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Fig. 5: Beam phase fluctuation due to a 15 % 0 2 4 6 8 10
beam gap (feedback ‘ON). Eig. 7: rms phase fluctuation vs phase

calibration error (degrees).
Microphonics noiseis the most harmfugffect for

SC cavities,because othe narrow bandwidthand poor 5 CONCLUSION
stiffness of the mechanical structure. Although a single
klystron is feeding a pair of cavities, we ae@nfidentthat
no ponderomotivénstabilities will occur with feedback, . l00ki | digital
because the Q of the cavity is fairly low (of tbeler of N _Progress. Weare ooKIng at eventua 'g't‘f" 0ops,
) . using fast DSPs, which could offer further flexibility.
2. 1¢). However, mechanical modes can be excited by
external perturbations, like theryogenics system for 8 e
example. Simulationswere performedwith different
mechanical resonance frequencies and differerdulation S
amplitudes. Fig. 6 shows for example thaergy and
phase fluctuations of the beam with mechanical
oscillation at 1 kHzand generating a cavityphase
modulation oft 20°. After performing somewhathaotic
transient phase and energy oscillations, the beam reache
stable trajectory (thick line) with a phase magnitude of th Skl
order of+ 0.1°, with closed feedback loops (gain 40 dB). 14 4
As soon as one single klystrdeedsmultiple cavities, LJ s e
the calibration in phase and in amplitude for the ) o
vector sum reconstruction, which is the sole quantity we
cancontrol, becomes a crucigboint. Any time-varying
perturbation, like microphonics, wilhduce afluctuation
of the actual total voltage, even if we assumpedect REFERENCES
feedback system. Fig. 7 shows the rms phase fluctuatifij K.W. Robinson, "Stabilty of beams in
as a function of the phase calibratiemor (an amplitude radiofrequency systems”, CEAL-1010, Feb. 1964.
calibrationerror 0f 10% was assumed), fauning angle [2] F. Pedersen, “Beam Loading Effects in the CERN PS
variationsbetween -10 and +10, due to microphonics. Booster”, IEEE Trans. Nucl. Sci. NS-32, 1985.
This effect is significant (two cavities onbre involved) 3] D. Bqus§ard,ControI of Cavities with HighBeam
: . : . Loading”, IEEE Trans. Nucl. Sci. NS-32, 1985.
and final phase will be carefully adjusted with beam.

An analog control module(Fig. 8), using I/Q
modulators for fast amplitude and phdsedbackoops is

Fig. 8: Drawing of the analog control module.
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