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Abstract — According tothe algorithm of the beam-based alignment, tlgiadrupole
displacement was given by generating tbeal orbit bump at an individuajuadrupole and
then the orbit distortions were measured with the beam position momiloasound the
Accumulation Ring (AR). Preliminargtudies give thegromising resultswith an accuracy
comparable to oexceeding the conventional method if the position monit@cairate as
0.01 mm or better. In this work the relatibetween the offsets of tlgriadrupolemagnet
and readings of the beamosition monitors were examined by bogperiment and
computation.

1. INTRODUCTION

According to the beam-basedlignment (BBA) algorithm introduced &VAA95 [1], the
preliminary orbit measurements were performadTRISTAN-AR (Accumulationring) using an
improved electronic current shunt which is an alternative of the resstivet [2]. The simplified
linear equations were applied to the BBA measurements. In the experiments the sextupole magnets
were powered to eliminate the chromatic aberration to assure the higher beam int&Rityl e
beamorbits were corrected horizontally awmdrtically with the steering magnets and the backleg
windings to the tolerable distortions.

The BBA method can be conveniently applied to the measurement tfatisversemagnet
displacement after the acceleratmeginsthe beamoperation. Asthe slight modulation of an
individual quadrupole magnet current would not interfere with the physics experiment, this kind of
measurement could be done periodically or when it is requested during the routine operation of the
machine.

The transverse displacements of only one quadrupole can be measutieteaisathe same
procedure is repeatddr all quadrupoles. Ithe electronic currerghunt isremotely multiplexed
for all quadrupoles, the procedure can be programmed and the orbit perturbation due to the current
modulation can be measured automatically. For this purpose the amount of the current reduction is
controlled by the field-effedransistor (FET)not by theresistor becausthe shunted current is
determined by the voltage balareerossthe resistor and quadrupole the lattermethod. In the
former method the resistance of the electronic shunt can be controlled easily by applying a voltage
signal to the FET which allows an easy control of the shunt current.

2. LINEAR RELATION FOR THE BBA METHOD

The orbitdistorts due tdhe current perturbation given to a quadrupole magnet to reduce the
excitation currenbypassing gart of current to ahuntattached parallel to the magnet current
terminals. If there is a transverse offset of the position of the quadrupole from the beam center, the
deflection strength to the beam is proportional to this offset.

If {Ay} and{&} is a beanposition displacement column vector ananagnetoffset column

vector of either horizontal or verticplane, respectivelythe following matrix relation is obtained
when the n-th quadrupole current is reduced %6 [1, 2],



{Ay = (B)}{d},

where B is a MxN matrix whose elements are
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AB, Av and Adare the differences of the betatrfomction, tune and phasadvancerespectively
between the perturbed and non-perturbed optics,

vV =v+Av, B =B +AB; and ® (m;j) = d(m; ) + Ad(m ).

® =®(mj) is thephase advance betwettre m-th monitor and the j-thuadrupole.G; and I

are the field gradient and effective length of the gtmadrupole. Suffices m and j stand for
positions of the beam monitor and quadrupole, respectively.

The matrixelements,B.. and B,,, are givenfrom the numerical calculation of thlattice

parameterdor the perturbed andon-perturbed machine. Abowvelation is obtainedor both
horizontal and vertical plane independently assurtliagthecoupling does nogxist between the
horizontal andvertical motions. Toeliminate theorbit distortions existing irthe AR before
applying the currenshunt to any quadrupole, onllge additional orbitistortionsare derived by
subtracting the original closed orbit distortion (COD).

3. CURRENT SHUNT SYSTEM FOR THE EXPERIMENTAL COD
MEASUREMENT

The former FET shunt has been modified to adlapany magnetespeciallyfor the low coil
voltage, as shown ifrig.1. The FET shunt useghe metaloxide semiconductor field-effect
transistor (MOSFET) connectgurallel to the magnet calind the currenshared tahe shunt is
specified by the referencggnal. Apart of the exciting current of the quadrupolestaunted
through FET while it is conductinghe shunted current imited by thesaturation oMOSFET
and the present model FEShuntcan allow themax. 25 A.The max. current duration 60 sec is
limited by the temperature rise of the FET. So we must wait for at least 60 sec after each operation.
The shunt current was measured wittigital multimeter. The current drifvas negligibly small,
lessthan 0.1%, during 60 sec.This durationtime was determined to collecteadings of all
position monitors.

At least a unit of this current shunt is incorporated into the accelerator control systeowais
in Fig.2 to predict the quadrupole misalignment. If the current shunt is applied to every quadrupole
sequentiallyfor a shorttime during the BPMreadings, it is possible tpredict the individual
misalignment from a complete set of the BBA data.
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Fig.1 Modified FET current shunt equipped with the voltage source.
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Fig.2 The computer controlled current shunt expected for the BBA system. DAC = Digital-to-Analog Converter,
BPM = Beam Position Monitor, FET = Field-Effect Transistor, and CPU = Central Processing Unit.



4. EXPERIMENTAL COD MEASUREMENT

The ARring is currentlyshut down toconvert it into the dedicated SESynchrotron
Radiation) source. This experimental study of the BBA method was performed last year for a very

short time just before the AR shut-down.

The beanpositions were measured withe button electrodes equipped in the ARy. In
order to estimate the present accuracy of the beam position monitors, the same COD measurements
were repeated several times. The differences were plotted as in FigFg&yahdor the horizontal

andvertical COD's, respectively.The accuracyvas+30 - 50um excepftfor several monitors in
both planesThe present accuracy is nehough forthe BBA which is expected to detect the

misalignment less than %0n or so.
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As for aneffectfrom the transverse kick tdhe verticalCOD and viseversa,the local orbit
bump wasset so as to demonstrate the quadrupole misalignment ar@iOibés of both planes
were measured simultaneously. Fig.5 and Fig.6 are the effects to the horizontal andovbits;al
respectively, due tthe horizontal kick at the selected quadrup@®&R6NW, focusing quad) by
reducing the current by 3.11% at injection. Similar effect to the vertical and horizontal orbits due to
the vertical kick at the another quadrupole (QR5NW, defocusing quad) by reducing the current by
2.43% at injection as shown in Fig.7 and Fig.8. In these measurements the side-#fteciter
planes (coupling) is an ordemaller than the principgblanes, so it is safe to sdlat the
horizontal kick has an effect only to the horizontal offset and the vertical kick to the vertical offset.
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Fig.5 Horizontal closed orbit due to the horizontal kick at the QR6NW quadrupole. Kick was given by the
current reduction by 3.11% when the offset was horizontally given by the local orbit bump at this quad.
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Fig.6 Vertical closed orbit due to the horizontal kick at the QR6NW quadrupole. Kick was given by the current
reduction by 3.11% when the offset was horizontally given by the local orbit bump at this quad.
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Fig.7 Horizontal closed orbit due to the vertical kick at the QR5NW quadrupole. Kick was given by the current
reduction by 2.43% when the offset was vertically given by the local orbit bump at this quad.
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Fig.8 Vertical closed orbit due to the vertical kick at the QR5NW quadrupole. Kick was given by the current
reduction by 2.43% when the offset was vertically given by the local orbit bump at this quad.

The nominal local orbit bump shown in Fig.5 ~ 8 should be calibrated as in Fig. 9 and Fig.10
horizontally and vertically.
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Fig.9 Calibration curve for the local orbit bump at QR6NW. Horizontal offsets are given by the open circles.
Almost no change was observed for the vertical orbit given by open squares.
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Fig.10 Calibration curve for the local orbit bump at QRS5NW. Vertical offsets are given by the open squares.
Almost no change was observed for the horizontal orbit given by open circles.



5. COMPARISON BETWEEN THE NUMERICAL PREDICTION AND THE
MEASURED PERTURBED ORBIT

The expected readings of the beam position monitors are obtained by the numerical simulation
by assuminghe real machinand operation paramete®wvo optics, withand without a current
shunt to a specified quadrupole magnet, are calculated using a Mk&labtics code which has
been developed for this purpose. The current bypassed thitmudtic Tshunt wasmeasured and

the percent reductiorx)] was considered ithe simulations. In this study only two quadrupoles,
QR5NW and QR6NW, were assumed to hthes verticaland horizontabffset, respectively, and
all beam position monitors were read.

During the orbit measurement the chromatieityts corrected withthe sextupolemagnets.

Under this situatiothe orbit might distort asextupoles, sthe beamhad received the deflection
depending on the distance from the magnetic center (sextgisle Assumingthe sextupole as a

thin lens (kx= 0.9 m2 and kxp= -1.8 m2 for the focusing and defocusing sextupole,
respectively), the equilibrium orbit is calculated repeatedly. After about 10 repeated calculations the
equilibrium orbit is established but almost no effeets obtained from sextupoles a&hown in
Fig.11.

In simulations the random misalignments assumed forll quadsexceptfor a quad under
consideration and the perturbed orbit due todtfiget ofthe quad isthe orbit difference after and
before the current reduction. The same procedures were applied to the orbit measurements.

Comparisonsare undertaken between the measurement and the nuncengalitation.They
show anexcellent agreement atown in Fig.1landFig.13. If weselect several beaposition
monitors that will give an transverse offset estimation, the linear relations are obtained as shown in
Ficq.lz and Fig.14 for the horizontal and vertical offset, respectively.
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Fig. 11 Comparison of the horizontal COD between the measurement and calculation for the horizontal offset of
3.5 mm and the current reduction of 3.11%. Crosses give the results when the sextupole effects are considered.
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Fig.12  Horizontal orbit excursiorsbserved aBPM #13, #17and#65. Solid linesare computationand dotted
ones measurement. Monitor readings were shifted vertically to cross the origin.
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Fig. 13 Comparison of the vertical COD between the measurement and calculation for the vertical offset of 1.9
mm and the current reduction of 1.53%.
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Fig.14 Vertical orbit excursions observed at BPM #34, #46 and #70. Solid lines are compatatidottecones
measurement. Monitor readings were shifted vertically to cross the origin.

6. CONCLUSION

From Fig.12 and Fig.14, the BBA method can predict the quadropadg@et misalignment of
20 ~ 50um if the BPM reading is aaccurate as fum. However,discrepancy between the
measurement and calculation must be calibrated according to the present local bump method. In the
real case of the BBAnethod, it is enough to usenall number of the calibrat&8PM's. Present
study adoptedall available monitors and gave rather unrealistic laféset for the sake of
obtaining the BBA data under the noisy measurement condition. In practice aftsetsy small,
so the accuracy of BPM is very important to get the useful precise alignment data.

As seen fromFig.6 and Fig.7, the cross-plane effects betwedéme horizontal andrertical
motion are considered to be very small but the repeatability of the BPM readings are also essential.
In spite of the large offset as the presenstudy, the linear relation between tioéfset and BPM
reading indicates that the non-linear effect is very small ewelerthe sextupole correction to the
chromaticity.
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