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Abstract frequency obviously shift HOM frequency. In cavities

with plunger-type tuner all these changes affect tuner
New storage ring cavity temperature system wagosition since a phase loop always tune the cavity to the
successfully operated for the Pohang Light Source (PL8)oper rf frequency by adjusting the tuner position. The
and increased the stable maximum beam current up ¢hange in tuner position can be written as
200 mA. The storage ring cavity for PLS has the _
plunger-type tuner which is controlled by the phaseAl“’ta' = Blinermal * Bloeamoading
feedback |00p to a|Ways tune the resonant frequency_ It should be noted that each term in the RHS does not
Optimum temperature windows for the PLS cavitie§ouple to each other. The frequency shift of HOM
were obtained by intensive but tiresome measuremenfgcomes
The measured results is compared to the calculation
based on the relations expressed as a function of thmfHOM :—Eﬂ;ﬂ%%lmemﬁ%&'mm O

rf D D

tuner position.

The first term in the RHS represents the HOM frequency
1 INTRODUCTION shift due to the thermal expansion and the second term

Temperature tuning of the storage ring cavities has betncaused by the tuner position adjustment[4]. Note that
used effectively for shifting the dangerous cavit@Ms differentAl is used for each term.

at the Elettra[1, 2] and couple of other third generatioNow we describl as a known parameters. For thermal
light sources. At the Pohang Light Source (PLS) a ne@xpansion, it is known as[4]

temperature control system[3] for the cooling water of A = —a AT f

the cavities was installed and has been actively used for

suppressing amplitudes 6fOMs. A clear difference of wherea is the thermal expansion coefficient of copper.
the PLS cavities from the Elettra is the tuningsmce tuner always moves to tune to the resonant
mechnism; the plunger-type tuner. Effects of thérequency, the rf frequency shift can be written as
temperature change on the HOM frequency shift should herefore

consider the plunger movement controlled by the f

resonant frequency feedback circuit. This makes théf =- i %Ithermal 0

analysis cumbersome. At Photon Factory an elaborate dl

length adjustment of a fixed block was used in stead of

the temperature tuning[4]. In a similar fashion the tuner position change due to the

Here a systematic approach to temperature tuning of a f
RF cavities with plungers is presented in the foIIowingAlthe,malzdf—"mT.
sections and a comparison with the initial operation "A

results will be given. beam loading can be obtained as

where all the parameters are represented with the
2 DERIVATION conventional notations. Now thdOM frequency shift

The parameter, Critical Temperature, defined as the

cavity temperature for which the frequency of the HOM | - R f,cosp, 1 Al

exactly overlaps the frequency of the coupled bunch  beamoading 9(1+ :B)\/c dfrf/ b

mode[2] is adopted here for a systematic analysis. dl

According to the definition of the critical temperature,can be expressed as a function of the temparature change

the operating temperature of the cavities should not kg well as the beam loading. These two are major factors

near the critical temperature, where the coupling is &hifting frequency by changing the tuner position

maximum. accordingly. The frequency shift of HOM can be written

There are several parameters to sH@M frequency at in terms of these two parametetd; andAl, as follows.
the cavities. Cavity volume changes caused by thermal

expansion, by change in the dissipating power or by
change in beam loading are typical. Change in rf
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Here the accelerating voltage is defined asosW_. AT

andAl are the variations from the preset reference point
and other parameters should have values at the referer
point. By equating this to the condition for invoking a
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multi-bunch instability mode, the critical temperature prave
can be calculated as nl . atas’c
10 R co o O ENS
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hFigure 1. Tuner position as a function of beam current at three

where & is the derivative of frequency change wit different cavity temperatures which shows that the thermal
respect to the tuner position and the superscript zefg o o cavity: temperatures ch shows fhat the therma

. expansion and beam loading independently contribute to the
means the values at the reference temperatyr&ifice totZI displacement g P y
all rf parameters could only be measured at cases
without beam, the reference point for the beam current

set to zero and for the temperature set {€30

The growth rate of a longitudinal coupled bunch modg,ount of beam current stored and

instability for a beam currert stored inM uniformly
filled and spaced bunches and for a high Q ca¥®Ms
can be approximated by[2],

l r] I b _((’4 nO )2
s wl,nD(Z”(wl,n))e S
T, 4nQ.(E/e)
Il S
where,
@, _ (M +n+Q))f, /h
Wriom _ (. Suom B, Rocosy,  dyom 0
[C’(T TO)]S- fHOM+fri 5, g Q(l"'ﬁ)vc,, 5, friAIb+fH0M
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3 APPLICATION TO THE PLS CAVITIES

Zu(“’m) =

To apply the above analysis to PLS cavities, necessa
parameters were measured in situ. Since it is impossib
to measure frequencies with rf power on, measure
values without rf power should be converted to the
reference values, which are extrapolated by considerir

the effects of rf power-on at temperature Without

beam current. Before going further three points shoul
be examined for checking the usefulness of this analysi 500 : :
First it should be checked whether the total tune
position movement is just a summation of contribution:

Between cavities should be checked. Checking the first
point, tuner position was measured as a function of the
the cavity
temperature as shown in Fig. 1. In the figure, the slope
of the tuner position as the stored current increases does
not change at different temperatures. This clearly
represents that two factors (thermal and beam loading)
are decoupled as assumed. The slope is also linearly
fitted, which means that the second point is satisfied for
the beam loading factor, whereas the effect of the
thermal expansion was already tested in the Ref [5].
Testing third point requires a bit more speculation.
Relations betweeal andAl are for

the case with the optimum tuning, i@, is the tuning
angle for the case of the minimum reflected power. If
there is any balance mismatch, thgnis not optimum

any longer. In this case, relations betwéérand y_ are

very important. If the balance between cavities changes,

Current=100 mA
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from each factor. Second check whether the tun&igure 2. Change of the critical temperature as a function of
position is linearly proportional to the temperature anf€ tuning angle. Large change in tuning angle due to the

beam current. Third the effect of balance mismatch d{nbalanced beam loading between stations does not affect
the beam Ioading much on the critical temperature calculations.
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Figure 3. Growth rate calculated for TMO11 mode of #2 . .
cavity. Figure 4. Threshold current for the second cavity at

400C temperature.

W, changes, too. Thus sensitivity should be analyzed. )
Figure 2 shows the change in critical temperature as”#% an another example, we take same mode at the cavity

function of tuning angle for a typical case. The critical- Unlike the previous one, this mode does not have a
temperature does not change much for a relatively lar§gPendence of the tuner position on the frequency, i.e.
change in tuning angle. .oy—=0. Even though tuner does not purturb this mode,
Back to the main subject, parameters required the thermal expansiqn of the cavity body can.shift the
calculate the critical temperature and the growth raf@0de frequency. This fact clearly show the difference
were measured and recalculated. Let us take TMoPgtween cavities with and without plunger-type tuners in
mode of the second cavity as an example. The HOKgSPonse to a thermal disturbance. The calculation in this
frequency is 757.857 MHz at &0 The derivatived,,,  C2S€ also shows similar characteristics. From this
was measured of —59.19 kHz/mm. Boris 100 mA, the analysis, the optimal operating temperature can be
critical temperature is calculated as 50@6Since the determined after overlapping all the .COHFI‘IbutIOHS from
critical temperature has a current dependence, it chang@sHOMs. In PLS theemperature tuning improved the
from 52C to 45C as the current increases from zero t§t@ble operation current up to 200 mA. Above that
200 mA, respectively. The growth rate can be alsgU'Tent, a strong transverse instability appeared to limit
calculated as shown in Fig. 3. By comparing the growtﬂ‘_e ma>_<imum stqred current. The active feedbacl§ system
rate with the natural damping time the treshold curreMyill be installed in PLS, but the temperature tuning can
can be determined for this mode at certain temperatufdill provide flexible and useful operating modes such as
Though not seen in the Figure, the threshold current @peration with longer lifetime. The system also
the critical temperature is about 60 mA, which agreesPntribute very much to reduce the power requirement of
quite well with the experimental observations. Also thighe feedback system by decreasii®M impedances

growth rate decreases above 160 mA since the plungdtPstantially even at higher beam current.
tuner position continuously moves out as the current
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