
807 

DAQNE Longitudinal Feedback 

M. Bassetti, 0. Coiro, A. Ghigo, M. Migliorati*, L. Palumbo*, M. Serio. 
INFN Laboratori Nazionali di Frascati, C.P. 13,00044 Frascati (Roma) - Italy 

*Dipartimento Energetica Universita di Roma “La Sapienza”, Via A. Scarpa 14, Roma - Italy 

Abstract 
A preliminary assessment of the growth rate of the longi- 

tudinal multibunch instabilities in DAQNE has evidenced the 
need for a powerful active feedback system. In this report we 
present a prclirnin~ design of a mixed analog/digital feed- 
back system employing DSP techniques, which can be used 
with 30 bunches anti is upgradable to 120 bunches, capable of 
a damping time of 0.1 - 0.2 ms. 

1. INTR~DLJCTI~N 

DA@NE is a high-luminosity a-factory based on two in- 
tersecling storage rings. Details of the project are given else- 
where in These proceedings [I], 

Calculations [2] and simulations show that the resistive 
impedance of undamped HOM’s in Ihe accelerating cavities 
can drive coupler]-bunch (CB) modes of oscillation with un- 
manageably fast rise-time. Although a small frequency shift 
can in principle reduce by a large amount the growth rate, 
damping of at least two orders of magnitude of the HOM may 
prove more viable [3]. Even so, the rise-time of CB modes 
can be much faster than the natural (radiation and Landau) 
damping time; moreover the probability for a damped HOM 
to cross a CB mode frequency is larger, due to the wider 
bandwidth. An all-mode feedback system capable to damp all 
the CB modes and the injection tmnsicnts is thus necessary. 
The system propsed for DAONE is a bunch by bunch, time- 
domaln feedback. This approach is common 10 other factories 
with intense beams and a large number of bunches. In fact, a 
collaboration has been set up with the B-Factory group at 
SLAC, where considerable R&D on feedback systems for the 
ncxl gencrntion of elccuon colliders [4,S] is being carried out. 

:l. FEEDBACK BASICS 

In Table I we list rhc machine parameters relevant to the 
feedback. 

Table I 

Energy Eg (MeV) 510 
Revolution frequencyf,, (MHz) 3.07 
Harmonic number h 120 
Average current/hunch (mA! 44 
Number of blmchcs R 30 -> 120 
Bunch spacing (ns) 10.9 -> 2.7 
RMS Bunch duration a, (ps) 100 
Synchrotron tune Qs - II80 
Momentum compaction factor ~4: 0.017 
Synchrotron damping time 7,. (ms) 17.8 

The damping rate aFil [set-11 provided by a longitudinal 
feedback system is 
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where ~UFB is the energy correction/turn by the feedback 
kicker and dE is Ihe energy error. 

The following scheme can be applied: detect the individual 
synchrotron phase error with a longitudinal pick-up, rotate the 
signal in the synchrolron plane by means of an appropriate 
filter, amplify and give an energy kick with a longitudinal 
kicker. The differential equation governing lhe synchrotron 
phase 4 of a bunch is then, in the smooth approximation: 

$i @ + cX~ Q i- f.22 Q = faxikk forcing term 7- 

AU 

=-2qg: E 2f,,,(R q) , with g = * , 
0 

where a is the combined damping (or antidamping) rate from 
radiation and HOM excitation, f~,c is the RF frequency, fix 
the synchrotron angular frequency and g(a) [eV/rad] is the 
(complex) feedback gain 

9( Qs) 4= xl! fy@ +<i @sin t)= 
in -phase quadrature 
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The overall damping time is determined by lhe quadrature 
component of the feedback forcing term: 
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On the other hand, the in-phase component contributes to 
a small shift of lhe synchrotron frequency, but not lo the 
damping. Therefore the optimum damping effectiveness is 
achieved when 8= n f 2. 

It is worth noting that, in order to maintain the optimum 
phase-shift. the filter should be tuneable in the range of the 
allowable synchrotron tunes and that it is necessary to repli- 
cate the filter B times in order to damp independently B 
bunches. The phase detector and the kicker do not need to be 
replicated, provided that their bandwidth is such to detect the 
phase and kick individual bunches with no “memory” of the 
adjacent ones. 

With a maximum B of 120, however, the above basic ap- 
proach can become very complex, if not prohibitive at all. A 
different solution, still based on individual detection and cor- 
rection of the different bunch phases will be discussed in the 
following seclion. 

3. ANALOG - DIGITAL FEEDBACK 

Available electronic technology allows the realii%ion of a 
mixed analog/digital system employing Digital Signal 
Processors (DSP) as filters. With reference to Fig. 1, the 
front-end is a phase detector followed by a fast (bandwidth 
1.2 GHz) digitizer capable of sampling the phase signal of 
individual bunches at full rate with 8-bit resolution [6]. The 
DSP’s run at some lower frequency tian the digitizer, thus a 
digital demultiplexer is needed to convey to different units the 



digitized phase. The DSP’s perform the filtering algorithm, In this test (see Fig. 2) we send two narrow pulses of 
after which the feedback correction information from different -100 ps FWHM, produced by step-recovery diodes, into the 
parallel processors is multiplexed into a fast digital to analog inner conductor of a 3” coaxial line, lo simulate two bunches 
convertrr 171, then amplified with a power amplifier and feri to spaced at 2.7 ns in the accclcmtor pipe. 
a longitudinal kicker. 
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Figure 1. Analog-digital feedback. 

The main advantage of such a system is that the same 
DSP can scrvc as a filter for several different channels, thus 
reducing the overall complexity. Indeed, the use of pro- 
grammable devices allows also the flexibility to program the 
gain and to !une the frequency response of the filters on-line, 
according to the beam current intensity and to machine pa- 
rameters which affect the synchrotron motion. Moreover, the 
digital system can be programmed in such a way as to main- 
tain the correction signal just below the saturation limit of 
the power amplifier, so that, even in the presence of large 
phase excursions (i.e. at injection), the final power amplifier 
never goes into saturation, an undesirable condition during 
which the effective feedback gain is considerably reduced and 
whose recovery could take a time longer than the bunch to 
bunch spacing. 

3.1 Phmse Defector 
WC need to measure the single bunch phase with no signal 

feed-through by the preceding bunches. The use of a narrow- 
band tuned detector is thus precluded. 

A cohcrcnt burst of bipolar pulses can be produced by 
time-shifting and summing the output of a longitudinal 
stripline pickup. The phase of this pseudo-sinusoidal burst is 
compared, by means of a double balanced mixer (DBM), to 
that of a local oscillator (LO) locked to a harmonic of the ring 
RF. The output of the DBM phase detector is fed to a fast 
digitizer and processed by the DSP system. 

A laboratory test, based on that described in [4], has been 
set-up at SL.AC, with which it has been possible to character- 
i;re the pcrfc~rmancc of the front-end detector. 

Figure 2. Schematic layout of the front-end test. 

The output of four -36 dB stripline couplers in the coaxial 
line are combined to form a coherent burst in correspondence 
to the passage of each pulse (Fig. 3). 
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Figure 3. Pickup signal and coherent burst 
in the bunch simulator. 

We modulate the time position of the pulses with two si- 
nusoids at slightly different frequencies. The detected phase of 
each burst is digitized by gating the ADC on either one or the 
other bunch. The ADC output is converted back into analog 
by a reconstruction DAC and the output measured with a 
spectrum analyzer. The feed-through of one modulating fre- 
quency on the detected phase of the other bunch is a measure 
of the bunch to bunch isolation. The measured isolation is 
- -30 dB; an improvement can be expected by choosing a 
DBM with a better isolation of the LO port at the carrier 
frequency. The full scale range in the phase measurement is 
+ 15’ and the measured rms noise is comparable to the least 
significant bit (1/12X of FSR) of the ADC. 

3.2 Digital Filter 
The correction signal is calculated by a discrete-type non- 

recursive digital filter with N-taps. In such a filter the output 
signal y,, at the instant t, is computed as the convolution 
sum of N prior values of the input signal &,.i : 

G*{hJ is the N-samples reconstruction of the desired pulse 
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response of the filter, a sinusoid in our case. 
The period of the synchrotron oscillation is -4) revolution 

times, hut to reconstruct it in the digital filter we can use a 
smaller number of points by sampling at a rate D (down- 
sampling factor) times slower than the revolution frequency 
[8]. The number of taps in the filter is then N-l/D& and the 
number of multiply-accumul~~tc (MAC) cycles in each DSP 
l’tltcr IS rcduccd accordingly. The tot;11 number of opcra- 
tions/second is reduced by l/D2 because the number of 
MAC’s is reduced by l/D and the rate at which the correction 
kicks arc computed is reduced by the same amount. 

The main advantage of down-sampling is that the number 
of digital processors can be limited to a number much smaller 
than in a systcrn sampling at full rate. On the other hand, a 
fast dual-port memory rcgistcr is necessary to hold the last 
computed corrcctlon kick for each individual bunch and to 
provide a correction signal to the kicker, synchronously with 
each bunch passage. 

According to simukltions, the fccdhack system performs 
satisfactorily with a number of taps as small as 5. A prelimi- 
nary estimate of the number of DSP’s needed for 30 bunches 
IS -5, assuming a DSP with an instruction time of SO ns 181. 

3.3 Longitudinal Kickr 
The energy correction, in terms of the output power Pg of 

the final amplifier IS 

A(J ~~~ = J 
2 PO (H 7‘ 2, , 

where (R72) is the kicker shunt impedance, corrected by the 
transit time factor. The bandwidth rcquircd to damp all 
bunches separately is roughly >I/2 the bunch frequency 
HS,,,. The kicker resonant rrcqucncy ,$ and the bandwidth 
must bc such to encompass with a substan:ial value of the 
shunt impcdancc all possihlc CR mode frequencies. The up- 
timum resonant frequency is at 

f‘, = (P + l/4) f3 /,,,, 

with p an Integer. 
The present choice for the kicker is a structure of three US 

striplines with full coverage, broadly resonating at -1.2 GHl, 
series-connected with h/2 delay lines [9]. With such 
armngcmcnt, a peak shunt impedance of up to 900 Q and a 
half-power bandwidth in excess of l/2 the bunch fryucncy a.rc 
achicvahlc. Proper tl&gn of the kicker clcctrodc is crucial in 
reducing the power demand on the final stage of the feedback 
system :uld mismatches at ths power port must be tnirtimizctl 
to reduce reflections. 

4. ,SlMULATION STUDIES 

We have used the simulation code developed at SLAC [S] 
to assess the sysicm pcrformanccs in a realistic context. All 
sImulauons arc performed in the time domain taking into ac- 
wtml the intcrxtwn hctwrcn the hcam, the offending HOM’s 
and the correcting action of the fecdhack, including noise and 
hunch to bunch coupling in the dctcctor circuit, the implc- 
mcntation of the digital filter and indepcndcnt adjustment of 
the filter gain and saturation and the kicker power. 

The conditions under which we have tertcd most feedback 
configurations are 
. nominal intensity of the bunch current; 
. number of bunches B = 30, 2.5 (“gap” of five, RF buckets); 
. initial time offset of 100 ps of one injected hunch; 

l dummy HOM (see [2]) 
R/Q = 20 12, I_, = 250, SO0 
fif<j,v = (12’30 + 1 + Q,)f&, - 1.1 GHz; 

l number of taps in the digiti filter = 5, 20 
l fc&b,?ck gain - 20 KeV/rad; 
l kicker voltage = 400, 500 V. 

Under all the above conditions we have consistently mea- 
surcd a damping time of - 100 ps with no HOM’s, and an 
overall damping of all the bunches even in the presence of a 
dummy mode with 10 KQ shunt impcdancc at the frequency 
whcrc the fastest growth rate occurs. The maximum time 
offsets of 30 bunches tracked over 3000 rcvolulions in the 
presence of such HOM arc rcduccd from - 700 ps without 
feedback, down to - 12 ps with feedback (5 taps). 

5. CONCLUSIONS 

From the results of this preliminary study we are con- 
vinced that a longitudinal feedback system largely based on 
digital tcchniqucs is feasible and works wet1 according to the 
initial performance specifications that we: aim to (damping 
time of 0.1 - 0.2 ms, 30 bunches). 

Down-sampling to a level of a S-taps digital filter is ac- 
ccptablc. The number of DSP’s needed is modesr. 

Although many components in the system arc the state of 
art of electronics, all the required hardware, from the front-end 
to the power amplifiers, is market-available. Expected im- 
provements of the performances of future DSP’s can furtherly 
reduce the complexity of the digital system. 

A power amplifier of -500 W is enough to damp tran- 

sients of 100 ps with 30 bunches at the full design current. 
The number of power amplifiers-kickers wilt be increased 
four-fold when we run DAQNE with 120 bunches. 

The performances are not affcctcd in the case of an asy~n- 

metric fill. 
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