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Abstract mode,m = 2 for the quadrupole mode ..., is the syn-

. . chrotron tuney, for the longitudinal CBMI's or the beta-
In the Pohang Light Source (PLS), there are serious effor{; n tunev,, for the transvgrse CBMI's, anf}, is the rev-

toincrease the stored beam current up to the design value& : .
LT T olution frequency. For a given coupled bunch madand
400 mA at 2.0 GeV. The malin limitation is due fo the Iongl-a” azimuthal within bunch modes, the total beam current

tudinal coupled bgnch que |nstab|I|t|es.(CBM|'s) which I, generates an effective longitudinal wakefield voltage
are generated by interactions between higher order modm1

(HOM's) of RF cavities and circulating beams. To cure ich is given by

those CBMI's, a longitudinal feedback system (LFS) us- o 21 f

ing parallel digital signal processors (DSPs) was installedV,, = il ¢, Z Z %Zu(fp,n,m)S(fp,n,m), @)
during the summer maintenance period in 1999. Besides p=—oom=1 JFF

the cure of CBMI’s, this programmable LFS can be used
to obtain various beam diagnostic information by using th
recording function of the LFS. At present, we have dampe
all CBMI's at 237.0 mA, 2.04 GeV by the LFS. The damp-
ing time of the LFS is about 2 msec which is much faste
than the growth time of the most harmful CBMI.

hereg,, is the amplitude of synchrotron phase motion for
e coupled bunch mode, and f g is the RF frequency.
(fp,n,m) 1s the form factor which cuts the summation se-
Fies. Here, we have ignored the radial within bunch mode
numberk, and Z(fpn,m) is the longitudinal complex
impedance which is a function of temperatures of RF cav-
ities [3]. For Gaussian bunches, the form fac$@y,, ,, )

1 INTRODUCTION is given bye —(27fs.n.m--)” whereo, is the bunch length in

Recently, we have turned on the PLS LFS to cure thztaIme scale. Note that negative valuesfgf,, . (or negative

CBMI's [1]. Al sidebands due to CBMI's have been value ofp) will reverse the sign of effective wakefield volt-

damped by 70 dB at 237.0 mA, 2.04 GeV, and 38% redge and these are seen as lower sidebands b_y a spectrum
S ) . ; . . analyzer. Therefore, in the case of above transition, the re-
duction in the horizontal emittance is obtained. During the. . - o ,
Sistive longitudinal?); generates longitudinal CBMI's for

LFS commissioning, we have obtained various useful diaqj er sidebands while a damping is generated due to the
nostic information such as HOM frequencies of RF cavities pp ping 1S g

which generate CBMI’s, instability growth rates of thosen:z%ag\lﬁgﬁ lrtnagfg’h fL?r:]Egg;j'gﬁgﬁﬂg;éﬂﬁg:iﬂr?;:l i
CBMI’s, the threshold beam current which can be obtaineB

by the LFS, the beam pseudo-spectra that are beam Spg&gdeszn, the total net growth raté/ 7 is given by

tra without beam revolution harmonics, the dependence of 1 1 1
HOM'’s on the temperatures of RF cavities, Landau damp- E = % - g ’ ®3)
ing by changing the bunch filling patterns [2], comparison 1 afrr  Im[V,]
of two damping efficiencies between the energy ramping P = 3, (E/e) o ) (4)
to 2.5 GeV and active LFS at 2.04 GeV, and finally the ) ) s | 1”
source of the LFS malfunction at high beam current due to - = 4+ =4+, (5)
RF noise modulation. In this paper, various commissioning ™D Ts TL  Tfb
results of the longitudinal feedback system are described. 1 8.85 x 10-5 - @ ©6)
Ts 1%
2 GROWTH RATESOF CBMI'S wherel/7¢ is the net growth rate due to the lower and

jupper sidebandd,/7p, is the total damping rate which in-
cludes the synchrotron radiation damping rafe s, the
Y andau damping rate/7;, due to the bunch-to-bunch syn-
chrotron frequency spreads and the longitudinal feedback
damping ratel /7, [1], « is the momentum compaction
factor, E (E¢) is the beam energy in eV (GeV,is an
electron charge, and = 6.306 m is the bending magnet
radius of the PLS storage ring.

Since the longitudinal complex impedanze (fp,n,m)
is a function of the RF cavity temperature, total net growth
*Work supported by POSCO and MOST. Korea. rates of CBMI’s are also a function of the RF cavity temper-
T E-Mail : yjkim@POSTECH.edu ature from Eqs. (2), (3), and (4) [3]. Since the amplitude of

According to CBMI theory, CBMI’s generate sidebands o
the beam spectrum around revolution harmonics in the fr
guency domain whose frequencies are given by

fornm=@ M+n+m-v) - f,, —co<p<oo, (1)
wherep is any integer,M is the total bunch number

is the coupled bunch mode numb@r ~ M — 1), m is
the azimuthal within bunch modesy(= 1 for the dipole
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the synchrotron oscillation decays exponentially k&~ ,  spectrum is less than 0.06 deg@RF. The measured ampli-
a positive total net growth raté/7 generates CBMI’s. tude reduction of sidebands which is obtained by a spec-
By considering the fact that the net growth time is pro- trum analyzer is about 70 dB. Therefore, all CBMI’'s are
portional toE /I, from Egs. (2) and (4), and the thresholddamped down to the noise level. Similar results can be ob-
beam current is determined when the is balanced with tained when the beam current is 237.0 mA.

therp, the threshold beam currehy, due to the CBMIfor  These figures can be compared with Fig. 2 which is re-

the same beam enerdycan be calculated as sult of the 2.5 GeV operation where all conditions except
- the beam energy and the filling pattern are similar with
Ip=-2.1, , (7) those of Fig. 1. Though the synchrotron radiation damping

D

time 7, is decreased to 4.26 msec from 7.84 msec by ramp-
where], is the beam current to calculate; by the ZAP  ing the beam energy to 2.5 GeV, a CBMI spectrum due to
code or the beam current at whieh is measured. For the TMo20 HOM is still strong. Since 468 bunches are oscillat-

TMo;3 mode withr¢ = 9.22 msec atl, = 100 mA from  ing with near 10 deg@RF amplitudes in time domain, and
ZAP code andp = 7, = 7.84 msec at 2.04 GeV from the maximum amplitude of the pseudo-spectrum is about
Egs. (5) and (6), the calculated threshold beam cuifgnt 6 deg@RF, the damping of the active LFS at 2.04 GeV
of TMy;3 mode is about 117.6 mA at 2.04 GeV. LFS ands more powerful than the synchrotron radiation damping

Landau damping are not considered in this estimation. at 2.5 GeV. We should cure the CBMI due to the Fiv
HOM by the LFS or the HOM damper to supply users with

3 COMMISSIONING RESULTS the more stable beams at 2.5 GeV operation.

3.1 Active Feedback Versus Energy Ramping T e

Since the growth rates of longitudinal CBMI's is a func- | [
tion of temperature of RF cavity, we have turned on the " '
LFS at 2.04 GeV with the temperature tuned status. Dur- -~ slabilbasiblmais i Sk G RRIN,
ing the recent machine study period (December 15, 1999),
we can damp all CBMI’s at the beam current of 237.0 mAFigure 2: Pseudo-spectrum of 468 bunches (b) when the
with the PLS LFS. By recording bunch phases in the dudlFsS is turned off at 161.9 mA, 2.5 GeV. Four cavity tem-
port memories (DPMs) of the LFS, the time domain moperatures arg7.8°C, 47.2°C, 45.7°C, and38.1°C, respec-
tions and the pseudo-spectrum for the 400 bunches wheigely.
the LFS is turned on at 2.04 GeV are obtained to investigate
the damping efficiency as shown in Fig. 1 (a) and (b) [4].
When the LFS is turned on at 2.04 GeV, all bunches oscil- .

3.2 Investigation of Transverse CBMI’s

We have also detected the transverse CBMI’s by using the

LFS recording function during the injection as shown in

Fig. 3 and summarized in Table 1 whefg;ons is the
= 7 frequency of HOM,n is the coupled bunch mode num-
— = ber, andQ, is the unloaded quality factor. By the help

i
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»= s A AR AT AL AR AL ' Figure 3: Pseudo-spectrum when LFS is turned off at
203.0 mA, 2.04 GeV. Four cavity temperatures4iet °C,
() 46.8°C, 45.6°C, and36.9°C, respectively.

Figure 1: Time domain 400-bunch oscillations (a) ancbf the synchro-betatron coupling, transverse beam motions
their pseudo-spectrum (b) when the LFS is turned on &ould be recorded by the LFS. The same transverse side-
165.3 mA, 2.04 GeV. Four cavity temperatures#f&°C, bands were also measured by a spectrum analyzer. Strong
47.3°C,45.7°C, and37.8°C, respectively. transverse CBMI's due to TMoV, TM110H and TM; 11V

HOM'’s are generated during the injection. But the side-
late in decoupled motions with small amplitudes less thahands of the transverse CBMI’'s and the instabilities in the
0.03 deg@RF, and the maximum amplitude of the pseuddransverse direction are reduced after the injection.
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Table 1: Harmful HOM's of the PLS RF cauvities. 3.4 Source of the LFS Malfunction

from [MHz]  n HOM Q. Direction Recently, we have found that the LFS could not damp any
758.6 241  TMu: 37,000 Longitudinal  CBMI's properly when the klystron for the RF cavity No. 1
1301.1 279 TNz 112,000 Longitudinal  has strong 36 Hz and its multiple noises, and the RF low
1707.0 194 TMis 34,000 Longitudinal level feedback systems for the cavity No. 1 and 3 have
1870.1 123  TMso 34,000 Longitudinal  strong3 ~ 5 kHz and their multiple noises as shown in
826.4 161 TMicV 56,000 Vertical Fig. 5. When the klystron noises have large amplitudes,
833.7 158 TMioH 56,000  Horizontal the large-amplitude modulations which are different from
1072.4 400 TM;:V 40,000  Horizontal the synchrotron oscillation are generated, and thus, the syn
chrotron frequency is changed by the modulations. There-
fore, the filter phase of the FIR algorithm becomes no more
constant. When the noises from the RF low level systems
are generated, the sidebands around the synchrotron fre-

guency can be observed, and the small-amplitude modu-

To estimate the damping rate OT the LFS and the thresrI]a'ltions with the the noise frequencies are generated in the
old beam current when the LFS is turned on, we have peE’ynchrotron oscillation

formed the well known grow/damp process [4]. In this
process, all CBMI’s are initially damped by the LFS (nor-
mal feedback status) as shown in Fig. 1. Then, the nor ™'}
mal feedback status is changed to the grow/damp proces
where an active damping process by the LFS will be fol- ¢ -
lowed after the natural growing process (aftel3 msec).
The evolution of two CBMI's withn = 123 andn = 194
due to the grow/damp process is shown in Fig. 4. Before

3.3 Estimation of Feedback Damping Time

Cout

Frea iz

Figure 5: Beam signal spectrum at 236.6 mA, 2.04 GeV
when two kind noises are generated simultaneously.

4 SUMMARY

Figure 4: Evolution of two modal strengths in the fre-We can completely damp all longitudinal CBMI's at
guency domain when the grow/damp process for 40@370 mA, 2.04 GeV and obtained brighter and stable beam
bunches is performed by the LFS at the beam current @ the beamline by turning the LFS on. The estimated

153.1 mA, 2.04 GeV. Temperature status is the same as tigfeshold beam current which can be obtained by the LFS
of Fig. 1. is about 400.0 mA. But, due to the RF phase modulations

of the RF noises, we can not increase the beam current fur-
ther. We are investigating the noise sources to remove the
a break point £13 msec), the net growth rate/Ty is modulation, and also investigating a new filter algorithm
1/7¢ — 1/7, for each mode from Egs. (3), (5), and (6).such as the IIR filter. After removing the modulation, we
Therefore, we can estimate two total net growth rates byill retry to increase threshold beam current further by the
exponential fitting. The estimated pure growth timg of PLS LFS.
n = 123 andn = 194 mode are 5.42 msec and 4.53 msec at
153.1 mA, respectively. Since we have ignored the Robin- 5 ACKNOWLEDGMENTS
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