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Abstract

Longitudinal coupled-bunch oscillations are an important limitation for the high-
brightness beams accelerated in the CERN PS. Up to the present intensities they are
suppressed by a dedicated feedback system limited to the two dominant oscillation
modes. In view of the proposed installation of a wide-band feedback kicker cavity
within the framework of the LHC Injectors Upgrade project (LIU), measurements
have been performed with the existing damping system with the aim of dimensioning
the new one. Following the excitation of well-defined oscillation modes, damping
times and corresponding longitudinal kick strengths are analysed. This paper
summarizes the results of the observations and gives an outlook on the expected
performance with the new coupled-bunch feedback.
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Abstract bunch of each turn profile allow the motion of the dipolar
Longitudinal coupled-bunch oscillations are an impor-bu_nCh posit_ions versus time to be extracted. F_itting sin_u-
tant limitation for the high-brightness beams accelerategP!da! functions to the motion of the bunches yields oscil-
in the CERN PS. Up to the present intensities they argtion amplitudes and phases per bunch, in additioi;to
suppressed by a dedicated feedback system limited to thBiS ¢an be translated to mode amplitudes and phases by
two dominant oscillation modes. In view of the pro_ap.plymgadls;crete Fourier transform [6]. It |S|m.por'tamtt
posed installation of a wide-band feedback kicker cavitf©int out that the mode spectra obtained by this time do-
within the framework of the LHC Injectors Upgrade projectain technique fully resolve lower and upp&rSBs. Ad-
(LIU), measurements have been performed with the existitionally, the analysis can also be applied in the case of
ing damping system with the aim of dimensioning the neiSSINg bunches, as with LHC-type beams in the PS where
one. Following the excitation of well-defined oscillation 18 bunches are accelerated withr = 21.
modes, damping times and corresponding longitudinal kick
strengths are analysed. This paper summarizes the results MODE EXCITATION
of the observations and gives an outlook on the expectedThe existing FB is based on a narrow-band tracking fil-

performance with the new coupled-bunch feedback. ter [7] on selected; sidebands. To study CB oscillations
at other modes in view of dimensioning the new FB, the
INTRODUCTION low-level part of the existing FB has been connected to a

Longitudinal coupled-bunch instabilities (CBI) are ob-SPare acceler_a'ging cavity. As powerful longitudinal kicke
served in the CERN PS with LHC-type beams during ac(“_p to20kV), it is tunable from2.8 MHz to 10 MHz, cov-
celeration and on the flat-top [1]. Up to the present in€N92 =6...2L. _ _ o
tensities the two dominant oscillation modes are damped TWO teéchniques can be applied to excite CB oscillations
by a dedicated feedback (FB) system [2], which will beUSing the FB (Fig. 7): switching the FB in anti-phase or
come insufficient for the beam parameters planned withifI€Cting a perturbation to generate a SBrgey + fs.
the framework of the LIU upgrade [3] of CERN's injec- The first method' has been applied to ensure correct phas-
tor chain. During the first long shutdown (LS1) a new FBNY of the FB prior to each measurement. However, two
will therefore be installed, covering all possible modes. IM0des krr — n andn) corresponding to bott: f; SBs of
will use a new wide-band kicker cavity based on Finefhet 7*./rF are excited in parallel. More precise measurements
technology [4] driven by a digital signal processing chain.2"€ performed with the second technique, since it avoids

In the beam spectrum measured with a wall-current morfVitching to anti-phase and back. Additionally, by inject-
itor (WCM95) coupled-bunch (CB) oscillations manifest9 the perturbation into the 1/Q signal processing chain of
themselves as synchrotron frequenty, sidebands (SBs) the tracking filter, only one distinct mode at either lower,
of the revolution frequencyf,.,, harmonics [5]. The CB "rr — 7 Or uppery SB can be excited. _ _
mode numbery, characterizes the phase advagee/Ng Figure 1 shows the mode spectrum following the excita-
from bunch to bunch foiV; bunches. An intra-bunch os- 10N Of the upper SB at9 frey (nexc = 19) for 21 bunches

cillation with the mode numbern (m = 1: rigid dipole N hrr = 21 (full machine). As expected, the = 19
mode,m —= 2: quadrupole, etc.) causes SBsf, away mode is excited most strongly. Also visible are the CB

from nf,.,. For LHC-type beams in the PS with bunch

Excitation cavity ah = 19

spacings below 00 ns, only dipole,x» = 1 modes are im- - 14
portant. Each mode occurs twice in the spectrum, as an % 1
upper SB ofn f,., and as a lower SB ofhrr — 1) frev, n—ggg
wherehgr is the harmonic number of the main RF system. § 04
At an energy of aboui4GeV and an RF voltage of 209
VRF ~ 165 kV, the fs SBS are separated by Onﬁl}DO HZ 01234567 8 91011121314151617181920

Mode numbern

from the f.., harmonics. Direct measurements of CB
oscillations in the frequency domain are therefore difﬁFigure 1: Example mode spectrum of 21 bunches i

cult. Bunch profiles in the. time domqin have.instead bee@l, excited at the upper SB db .., (E ~ 14 GeV, aver-
recorded during a few periods ¢f. Individual fits to each age of 5 cycles: 1o and min-max spread are indicated by
* heiko.damerau@cern.ch the red and blue rectangles).




mode excited by imperfect suppression of the unwanted DAMPING RATES

SB athrr — n and a third mode an — hrp. A SUM-  The gamning rates of the existing FB have been mea-
mary of measureq mode specFra f_or excitation harmonl%red versus intensity, longitudinal emittance and FB gain
Of nexc = 7...20 is illustrated in Fig. 2. In all cases the for the most important CB modesi(u.c, ~ 16, 17 corre-
sponding to SBs dit9, 20 f,.,) with a beam close to the sta-
bility limit. Additionally, damping rates without FB were
measured to disentangle the contribution of the FB from
natural damping.

Figure 4 shows the totaly;,; (red) and feedbackyrp
(blue) damping rates versus FB gain, the latter were cor-
rected by measuring the natural damping following the ex-
citation of a stable beam. A linear increasecoWith the
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Figure 2: Mode spectra measured after excitation of the

|
upper SB for 21 bunches akr = 21 (full ring). : %0

excited mode appears most strongly=£ nex.). Addition- OO/,:;,,,z,,O ] co”’"/ BT ErT
ally, the unwanted SB at = 21 — n,. and harmonics at Gain[arb. units Gain[arb, unitd
n = 2Nexc O M = 2nexe — 21 are detected.

‘The measured mode patterns become more complicatggyre 4: Damping rate versus feedback gain, uncorrected
with the operational filling pattern for LHC-type beams IN(red) and corrected for natural damping (blue).
the PS, where only8 bunches are accelerated, leaving a
gap of three empty buckets for extraction purposes. Witpeedback gain is observed and, for zero gain, the extrapo-
only 18 bunches the CB n_10de number beco.mg.gt?h and latedarg from a linear fit is compatible with no damping.
no longer corresponds directly to a harmonicfgf,: each As the beam spectrum scales with the intens,
mOd(.anbatc,h generg’;esaspectrumfngBs due to the con- per bunch, thef, SB indicating a CB oscillation at con-
volution with the filling patter n. However, for the releVantstant mode amplitude is also proportional to the intensity.
case ofl8/21 = 6/7 (36 %) filling, the strongest mode(s) Hence, assuming a sufficiently strong FB kicker, the effec-

excited are well approximated byaten = 6/7 X Nexec @S+ D L . : :
o oo . aven exc ive gain increases with intensity (Fig. 5). Natural dangpin
indicated in Fig. 3. Again, the excitation of the unwantec} 9 y (Fig. 5)

SB and harmonic modes is observed. h=19 h=20
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Figure 5: Damping rate versus intensity per bunch, uncor-

105 s 0 5 rected (red) and corrected for natural damping (blue).

Mode number, 7pqch

was measured to be constant. Due to saturation effects in
Figure 3: Mode spectra measured after excitation of thiae present analogue front-end, the gain dependence on in-
upper SB for 18 bunches akr = 21 (6/7 filling). tensity may become non-linear and the fit (corrected trace,
blue) does not cross the origin.

From these mode scans it becomes clear that the CBThe damping rate;rs depends only weakly, if at all, on
modes are only very weakly coupled to each other andngitudinal emittances; as illustrated in Fig. 6. The spec-
that a feedback operating in the frequency domain can treiahl components at9 f,., and20 f,., vary by only5% in
them successfully one by one. the relevant, range, which explains the weak dependence.
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Figure 6: Damping rate versus longitudinal emittance, uryqever, this assumes that the CB oscillation is already
corrected (red) and corrected for natural damping (blue). ye|| excited, which will not be the case under operational

conditions.

CROSS-DAMPING

_ _ _ CONCLUSIONS
The new CB FB will be designed to cover all possible os- .
cillation modes, hence a bandwidth of half the bunch fre- A measurement program to study the behaviour of the

qUENCyhrr frev /2 iS required. For the kicker cavity this present (?B EB has been Ia_lunched. It has'shown the abil-
can be achieved most efficiently for the rangefaf, to ity to excite single, well-defined CB oscillations and mea-
1000 (= 0.4-5MHz). However, for the sensitive detec- sure their damping times. The coupling between different

tion of the f. SBs the range from1 fc, t0 20 fie. is pre- modes is negligible and the new FB can attack each mode
ferred to av:)idf and its first multir;rgs v individually. The installation of the new FB kicker cavity
rev .

To validate this important design choice for the new FBiS planned for the end of 2013 to start first tests with beam

the existing system has been operated with modifications &€" LS1- Aln extenswﬁ sm;lz;ﬂon progrgrr]n has been ini-
detect the upper SB a8 f,., and correcting this oscillation tated recently to benchmark the code with measurements

at the lower SB o8 f,.. and vice versa. Growth and decayand subsequenently to predict the feedback requirements
of the demodulategfreéB is illustrated in Fig. 7 with the increased intensities projected for LIU and finally

to optimize the feedback algorithms accordingly.
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