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Abstract

Passive Landau cavities have been built, installed arl(\j
taken into regular operation in the MAX 1l ring. The
purpose of the Landau damping system is twofold: t
decrease the energy spread of the beam induced
coupled bunch oscillations and to increase the TouschW
life-time. The cavities are of the pillbox type operated aé
1500 MHz, the third harmonic of the main RF. This papey
describes the design and operational results of the
cavities. 5
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1 INTRODUCTION 3

The MAX 1l ring is a 1.5 GeV third generation 4.
synchrotron light source in Lund, Sweden [1]. Target
specifications and ring parameters are given in Table 3.

2 DESIGN CONSIDERATIONS
passive cavity system was chosen due to its simplicity,

compared to an active one. Furthermore, a third harmonic

tem, at 1.5 GHz, was chosen, since a higher frequency

S
gé/stem would have suffered from a low shunt impedance,
ith the given vacuum pipe dimensions. The design

iteria were the following:
The overall RF voltage derivative should be close to
zero at the position of the bunches.
The maximum power taken from the beam should not
exceed 10 kW.
The fundamental 500 MHz RF voltage is 0.8 MV.
The operating circulating current range should be
01A<I,<0Q2A.

The coupled bunch instability should be suppressed

All the target specifications had been met, except that fgf' The heam should be Robinson damped.

the energy spread of the electron beam. This increasedp the MAX-Il case 1-4 requires [6] th&, > 7.5 MQ
energy spread is due to coupled bunch oscillations apghac definition). This shunt impedance also provides
would deteriorate the performance of the undulators wheggpinson damping. Measurements [6] on the real pill-box

used at higher harmonics. A feed-back or a HOMype cavities showed a shunt resistance of @, Mence
damping system has been considered, but this shoyilr of them had to be installed.
imply a short Touschek lifetime. In this situation & 1200

longer bunch with less density.

At MAX 1l the Landau cavities are used passively, i.e
they are excited by the electron beam itself. Passi
Landau cavities have been used before, and at MAX
there is one working under certain conditions [2,3]
Landau cavities have successfully been used elsewhérigure 1: Design voltages in the double RF system. A:
e.g. [4,5]. main cavity voltage with the passive system tuned, B:
voltage in the passive cavity system, C: total voltage, D:
main cavity voltage with the passive system detuned.

Landau cavity system was chosen to solve the proble 1000
Such a system should both damp the coupled bun 800 TN
instability, and prolong the Touschek life-time. The igg 25 A}
damping should be provided by the nonlinear Rl £ 20 ,/'}/ R
waveform, and the increased lifetime should come fror g _208 iy n T _1,;;:\:3;”\ . n .
the reduced gradient at the bunch position, giving | s e R \“\;

Q

Bunch position

Bunch-related phase (degrees)

Table 1: The target specifications of MAX 1.

Maximum energy E 1.5 GeV The different voltages in the double RF system are
Current I 200 mA shown in Fig. 1. To reach zero gradient, each Landau
Lifetime T 10 h cavity should roughly keep an RF level equal to 1/12 of
Fundamental RF f 500 MHz the main RF voltage.

Emittance € 8.8nmrad

Natural energy spread o/E 07m0° 3 MEASUREMENTS

Momentum compaction factor o 0.004 First the plunger position for resonance was found for
Dispersion in straight sections  n 0.13m each cavity one by one, operating at low currents. Now
Coupling € lg, 10%

y each probe signal could be calibrated towards the Landau

cavity field, by U=I R,. The probe signals were then
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used to determine the cavity fields during operation. AfteAt the undulator beamline 411 spectra at higher
the calibration, all four cavities were operated in parallelharmonics were taken with and without the Landau
Measurements of energy spread and bunch length weravities engaged [8]. Fig. 3 shows a typical result.
performed during a series of fillings of MAX Il. A certain
RF voltage level in the Landau-cavities were chosen arfgunts / (s*100 mA)
kept constant, by plunger tuning, during the current sof
decay. Due to out-gassing problems in the main cavity, its ., L
fields were maximised toU=500 kV during the
experiments. Careful measurements of the synchrotron
frequency gave precise indication on the total voltage 50
slope at the bunch position. 40

Landau cavities off

— Landau cavities on 18 kV

3.1 Electron beam energy spread 20

The energy spread was determined from beamsize 1°[
measurements [7]. At minimum coupling, less than 1% in o
this case, the horizontal beam emittance is least sensitive "2 730 740 750 760 7o 780
to coupling variations. Thus, at low currents the

horizontal beamsize is determined and compared to tfégure 3: The effect of the Landau cavities on a high
theoretical value harmonic of undulator 411.

axz\/sxﬁx+(nae/E)2 1)
where 0, /E=0.710° is the natural energy spread,s'2 Bunch length

and B, is the horizontal beta-function at the observatiofunch length measurements were performed using an

oint. This was done for differing optics which aveOptical sampling oscilloscope (OSQJ]. However, the
Eonsi.stent result for the naturalg erﬁ)er S reag BOSO is a time averaging instrument when triggered by

: . gy sp ! .l¥1e RF clock, and the measurements give no information
measuringo,  at higher currents the energy spread '%Cp actual bunch length in the case we have coupled-

derived from (1). With detuned cavities the energy spre . .
is 4-510° due to the coupled bunch oscillations, but Witﬁ)unch oscillations. The natural RMS bunch length is 24

tuned Landau cavities the energy spread decreased doB\/sr\.at .Uf 500 kV. But QUe to_strong coupl_ed bunch
5 h . ..._oscillations we measure it to 160-170 ps at ring currents
to 1-210°. Fig. 2 shows a setting with Landau cavities ; S
_ above 100 mA (Fig.3.3). These numbers indicate an
tuned to U=182 kV.

It was found that the most pronounced decrement ATy spread which is seven times higher than the

energy spread, down td1®°, was reached already at 11natural one,_con;deg;g tge bunch length given by

kV in each Landau cavity. With further tuning/E I ‘Cf/ st/ (2) )

=1.110° could be achieved. At the time of measurement¥here 0. /E is the sum of coherent and incoherent

the zero gradient case, requiring 42kV in each cavitgnergy oscillations. With the Landau cavities a bunch

could not be reached due to out-gassing problems in thength of about 80 ps is measured at 18 kV excitation.

Landau cavities. Thus, the energy oscillations are effectively damped.

However, again considering equ. (2), keeping in mind

that at the low excitation levels used in the Landau

cavities the quadratic potential term is still dominant, with

the measured Q=2rx14kHz one arrives at

0,/E=18x107°. This is in very good agreement with

the previously measured energy spread. As can be seen
from Fig. 4, going either to higher or lower excitation
leaves the measured bunch lengths quite unaffected, since
then both energy spread and synchrotron frequency either
increase or decrease.
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Figure 2: The beam energy spread versus beam current
with and without Landau cavities.
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5 CONCLUSIONS

The passive Landau cavity system is very effective
already at excitation levels far below the design level
giving zero gradient at the bunch position. The beam
energy spread can easily be diminished from0% to
2010° for currents from 250 mA down to 70 mA, merely
by keeping a constant excitation level in the cavities. No
limitation for higher currents has been seen, while at
lower currents the Landau damping ceases. The beam
lifetime increases dramatically as the Landau cavities are
tuned in. However, it is quite evident that the Landau
cavity system, when operated as described, not is killing
all coherent energy oscillations. By tuning the cavities
closer to resonance the energy spread can be diminished

Figure 4: Bunch lengths, as measured with the OSO, witdrther, down to 1.00°, leaving the Touschek lifetime
and without Landau cavities.

4 ROUTINE OPERATION

fairly constant. At these excitation levels, ~30 kV, out-

gassing problems presently start to appear in the Landau
cavities, and the target of zero gradient at the bunch
position has therefore not yet been reached. The question

In normal SR production mode an emittance coupling gf,

hether the natural energy spread may be reached, thus

10% is used. Presently, an excitation level of 18 kV g remains open.

each Landau cavity is used, giving an energy spread of

1.8110° . The effect of the Landau cavity system on th??EFERENCES

beam lifetime is dramatic as can be seen from Fig. 5. The
landau damping ceases at around 70 mA. However, (3
routine operation the ring is now filled with 250 mA,
which means that the current does not decay below 1g)
mA even after one day. This admits injection only once
per day, in spite of the fact that the main cavity field level3]
is only 500 kV.

Current(l)= 167.24 mA Lifetime(t)j=3543 h I*t= 5925 mAh 4
200 : , , 8000 (4]
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Figure 5:Beam current, and beam current times beam
lifetime, versus time. The Landau cavities are tuned to
18 kV, at -0.5h. The measurement is done with 10%
emittance coupling..
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