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Abstract the beam-based alignment technique for the calibration of
electrical offsets of selected BPMs. In particular, we try

There are 108 beam position monitors in the PLS for the do a beam-based alignment which is rather geometrical

orbit measurement and closed orbit correction. As th@ethod derived from simple beam dynamics. For the

BPM pickup electrodes are assembled directly on thereliminary test, we installed 14 quadrupole magnet

10m-long vacuum chamber, calibration of the electricalurrent shunt circuits in one cell of the storage ring [6].

center of BPMs have been done with the external fh this paper, we describe on the preliminary tests and

transmission-reflection method. Since the closed orbigsults of the BBA experiments.

distortion is still larger than 50Qum rms, we are

developing the beam-based calibration method for the 2 BEAM BASED ALIGNMENT

BPMs in PLS to improve the accuracy of the absolutnf,

position reading. In this report we present the method %t?

beam-based calibration of BPMs and its experiment

results.

e purpose of the BBA is the measurement of the offset
electrical center of the BPM from an ideal reference
%Irbit or the magnetic center of the nearest quadrupole
magnet. If the BPM is located at the center of the
guadrupole magnet, or even when the BPM is located
1 INTRODUCTION very close to the quadrupole magnet as shown in Fig. 1,
The Pohang Light Source (PLS) is a dedicated thirthe deviationds, between the reference orbit and the
generation synchrotron light source with nominal bearfeam trajectory is very small or even eliminated by taking
energy of 2 GeV. In the low emittance storage ring likewverage over the many beam trajectories passing through
PLS, minimization of the closed orbit distortion is athe center of the quadrupole magnet. In this case, the
necessary condition for the optimum performance of thgffset Axy, is just the average of the beam position

machine. To minimize the closed orbit distortion, thQXPM> read by the BPM when the orbit passes through
alignment accuracy of the accelerator component has fe center of the quadrupole magnet.

be within 150um. Novel opto-mechanical methods have

been used for the survey and alignment of the lattice £|
magnets and BPMs in the PLS. Local alignment Q BPM
accuracy is less than 100m rms [1]. Among the AXpm
accelerator components, BPMs and magnets are particular
ones which have magnetic or electrical center different 0
from the mechanical center. In view of the charged F

particles circulating in the storage ring, the true centers of

the lattice components are magnetic or electrical centers,
not the mechanical ones. The magnetic center of each J ‘
magnet was precisely measured within 2® on the ‘ d ‘
magnetic field measurement table before the installation.

However, BPMs could not be calibrated individually in

the PLS, because the BPMs are plugged into the 1O|Jr:1'-gure 1. When the distancé between quadrupole

long single piece vacuum chamber. Instead, we ha\r/réagnet and BPM is small compared to the betatron

measured all the coupling coefficients between the pickfj@velength or the crossing anglg is negligible by
electrodes using a network analyzer and a 48dB gaifking average over many beam trajectorias6f> ~ 0),
power amplifier to find the relative gains of the pickupthe BPM offsetdxy is equivalent to the average of beam
electrodes and the electrical centers of the BPM. position<xpyx>.
However, since the coupling coefficients are very
sensitive to the chamber structure, it seems that this For the test, we consider that the initial beam position
method is not as accurate as done on the test bench [g]%, at the quadrupole magnet, arg at the BPM. A
Indeed, the closed orbit distortion after the closed orbforrector magnet and another BPM2 are also selected.
correction is no better than 50@ in the PLS. Therefore, These are well apart from the quadrupole magnet. By
we believe the rms error of the electrical offsefhanging the corrector magnet current, the beam position
measurement of the BPMs should be larger thanB00 X,at the quadrupole magnet can be controlled. When the
Recently, beam-based alignment (BBA) techniqueguadrupole magnet strength is changediy the beam
by using quadrupole magnets are tried in severgkperiences the change of kick angdg such as
laboratories [3,4,5]. In the PLS, we are also developing 86, = 0k X, . 1
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Consequently, the closed orbit chargg,, at BPM2 is Q1 Q2
o= 06 B COS@y @yt 1Y) 2 SiN@y),  (2) BPM £ Ref
crerence
wherel, is the effective length of the quadrupole magne $AX"M Trajectory

and f, is the betatron function at the quadrupole magne )

If the orbit passes through the center of the quadrupc o ] X

magnetx,= 0 and, accordinglyx.,,= 0. The offsetx,,, F Beam

of the BPM is then equivalent to the average of the bea d Trai

position readingXey>. ! J‘ rajectory
In some accelerators like the PLS, however, BPM d

are not located close to the quadrupole magnets. T . .

average<d6,> is not negligible if the distance from the Figure 3: D_lffEVGHCE of the beam trajectory _and the

quadrupole magnet is large. Then we need a referencdéeference trajectoryd,6,,, can be measured with two

orbit or a reference trajectory, instead of a closed orbit, @ladrupole magnets Q1 and Q2.

measure the absolute BPM offsets. The closed orbit is

not uniquely defined in a storage ring, because it changbsFig. 3, the offsetdx,,, of the BPM from the reference

with the change of lattice parameters, such as tunes. Wajectory is finally

will here define a unique reference trajectory by

connecting the centers of the quadrupole magnets Mo = Xom ~0,0, /d

piecewise as shown in Fig. 2. The offset of the BPM is = Xou - dlx,QZ w

then defined as the offset from the reference trajectory. = 2d %, Sin(21) / [3Ky,dlo, (Bofon)

In the practical sense, the reference trajectory defined as x COSE@g Pou* 2V)]- ®)

above may be almost the same to the design orbit or tage again take the average over the many beam
closed orbit, because the overall alignment accuracy @hjectories passing through the center of the quadrupole
the storage ring components are less thanubb0ms. magnet using the selected corrector magnets. In these

analysis, the tune shift by the change of quadrupole
BPM 5 magnet strength is neglected.

3 EXPERIMENTS

We have done an experiment as a preliminary test for the
application of BBA to the PLS storage ring. Two
focusing quadrupole magnets, PO5Q1D and P06Q1U, at
both sides of the BPM 6PM2, and a corrector magnet
Fi 2 A ref traiect is defined thPOSCH6 are used for the experiment. A bending magnet
lgure. 2. reterence trajectory 1S delined as g, 04 in between two guadrupole magnets is regarded as
piecewise straight lines connecting the centers of tf}ﬁe free drift space. Two corrector magnets, PO6CH1 and
quadrupole magnets. PO6CH2, located in between two quadrupole magnets are

turned off. Fig. 3 is, therefore, equivalent to our
Measurement of the absolute offset of BPMs can b perimental setup.

rea!ized .using two quadrupole magnets. First, we find the Current shunt circuits for 14 quadrupole magnets of
orbit W{“Cq passetsr,] thl;o;'ah tge center of the quadrlépoégle lattice period of the storage ring are installed for the
?aggiﬂg nte{ahr ?f ¢ f.th egpmMpost'ﬁ% measgre experiment. It is controlled linearly within 10% of the

y IS not the offset of ine In this case, becau adrupole magnet strength. Since the data acquisition
the beam will cross the quadrupole magnet center with Ad control system is not completed yet, each shunt

angleé,, circuit is manually controlled for this experiment.
b1 = Xopy /01 = X,/ (3) The closed orbit is changed by the corrector magnet
) . ) PO5CH®6 to change the beam position at the quadrupole
wherex,, is the beam position at Q2 adds the distance magnet Q1 (PO5Q1D). Changes of the beam position
between two quadrupole magnets Q1 and Q2. TP “hatween the shunt current on and off, are measured
measure, X,, should be measured first. It can be don@ngd plotted with respect to the beam positigp By
by measuring the change of beam positioy), at the fitting the data, the closed orbit passing through the center
BPM with respect to the change of the focusing streagthof Q1 is found. In Fig. 4x,,,= 2.5843 mm with the fitting
ky, Of Q2. Therx,, can be obtained from Eq. (2) as accuracy better than 170n rms. To find beam position
_ : 2 X, at Q2 when the beam passes through the center of Q1,
X ZiXE%SSI(;(ﬂI:) ! E_é:‘f)l]‘”(ﬁ@ﬁ ) @) the change of beam positiér,,, at the BPM is measured
™ Pez ' by changing the focusing strengték,, of Q2. In Fig. 5,
we getox,, / ok, = -1.775, and,, is calculated from Eq.
(3) as 1.637 mm. The linearity of the quadrupole magnet
current shunt circuit, tested with the beam, is sufficiently
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good as shown in Fig. 5. Finally, the true offset of the

BPM can be calculated from Eq. (4). With=6.813 m 0

andd=7.04 m, we obtainix,,, = 0.947 mm.

4 CONCLUSION

We have done an experiment as a preliminary test for the <

application of BBA to the PLS storage ring.

defocusing quadrupole magnets PO5Q1D, P06Q1U and a%

BPM 6PM2 are used for the experiment.

Results of this experiments are shown in Figs. 4 and
5, wheredx,, = 0.947 mm with the fitting accuracy 10
m rms. The linearity of the shunt circuit is sufficiently

Two £ g1 K3
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good for the purpose of beam-based alignment. As we  -0.2
expected before the test, the electrical offset of the BPM 0 0.05 0.1
seems to be large.
a(mi?)
0.3
Figure 5: Change of beam position vs change of
guadrupole magnet strength. Nominal focusing strength
\ of the quadrupole magnki is -0.64178M
02
g’ Since the shunt circuits were controlled manually,
= sufficient averaging of the data was not taken. To verify
< N the consistency of the BBA technique in the PLS, we
© 61 have to do the same experiment in the reverse direction.
¢ The same offset values should be obtained for the same
o BPM.
o P All the new current shunt circuits are completed and
Y are being installed now [6]. The shunt current is linearly
-4 -2 0 2 4 variable up to 10% of the quadrupole magnet current. By
the end of this year, all the current shunt circuits will be
x(mm) controlled with RS232 from the local VME-bus MIU

(machine interface unit). Each MIUs will be controlled

Figure 4: Plot of beam positions at the BPM and changgifine from the main PLS control system via the
of beam position by turn on and off the quadrupolghdependent Ethernet which has been installed for the

magnet shunt current.

development of the low level MIU program. Control
software for the system is now under developing. Several
precision BPMs are also prepared for the test. When all
these are installed, more precise BBA will be possible.
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