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Abstract For a storage ring of known magnet strengths, one can
calculate the orbit response matrix. The LOCO program
The linear optics of the TLS (Taiwan Light Sourceyeverses this process and calculates the magnetic field
storage ring at SRRC (Synchrotron Radiation Researghadients from the measured orbit response matrix.
Center) have been experimentally determined using thajusting the gradients in the model until the model
measured orbit response matrix. The storage ring witlalculated response matrix is best fit to the measured one,
insertion devices open was found to have small betée can obtain the real machine gradient distribution.
beating with the linear optics very close to the design. The The COMFORT or MAD [5] accelerator optics
analysis revealed some incorrect wiring of the orbpprogram can be used to calculate the model response
steering magnets and significant variation in the gains ofatrix. The measured and model response matrices are
BPMs. Both of these problems were subsequenttiefined by
corrected. Analysis of the orbit response matrix data also

can be used to correct beta beating caused by the insertion X 9
devices =M X (1)
y meas, mot 6

y
1 INTRODUCTION
Since the commissioning of the TLS at SRRC in Aprilvhere 6, , 6, is a change in the orbit steering magnets

1993, it has o_pgrgted for 4 years(1-3]. The 1.3 Gegndx,yis the resulting change in electron orbit. The

electron beam is injected from the booster synchrotron to . . L
. . rpodel parameters in the program are varied to minimize

the storage ring, and the energy is normally ramped up 19 defined

1.5 GeV in the storage ring started from September 199§, defined as

The lattice structure of the storage ring has six periods,

each 20 m long. One period consists of a 6-m long straight _, (M i-M mod,i)z _ 2
- z meas, ij - zvk(i,j) (2)
]

and a combined function triple bend achromat. In all there

are 48 quadrupoles and 24 sextupoles. The emittance of b
the lattice at 1.3 GeV is 1.9 f0n-rad. Each integrated

sextupole strength is about 10"nThe beam closed orbit ) ) )
can be corrected down to a level of 100 to REOrms Whe_re the sum is over the 62 orbit steering magnets (30
with respect to the ideal orbit, based upon the bedhPrizontal and 32 vertical) and the 96 BPMs (48
position monitor readings. However, the real center coultprizontal and 48 vertical). TheJ; are the measured

be different from these values partially due to theoise levels for the BPMs. In this study, we ignored the
electronics offsets of the BPMs and partially theoupling terms for the transverse planes such that only the
alignment errors. At the sextupole position, this offsatormal terms of the gradients were fitted. The vector

creates quadrupole fields, and the linear optics is th%(i ;) has 2976 elements for the uncoupled response
distorted. The symmetry of the linear optics is then '

broken. To determine the lattice optics precisely, tE\aet;l;(fljnn(t:rt]ilsnsgj‘dt%éB?J(;a:jurﬁec:ree rrzzri)g:tsenggxn:zsrt]ot:ea
computer code called LOCO (Linear Optics from Close 9 poie g ’

Orbits) developed by one of the authors, J. Safranek, \Alé%rated until it converges to the best set of parameters,

used to analyze the orbit response matrix associated itk trnetﬁzsftitgrr]adc'ﬁr:;g'fgs'bgtr';g' matrix. the enerav shifts
the steering magnets[4]. The analysis provided best fjt 9 POnSe Ny -Nergy Snits
values for the gradients in the individual quadrupoles a e to the horizontal corrector in the dispersion region is

sextupoles as well as the BPM gain errors and steeriao included, i.e., a termm is considered in the

of

magnet calibration errors. The measured BPMs gain ac
errors were consistent with subsequent measuremerithnogel- The kick size was usually of a size to create an
made using a test signal. orbit distortion of 1 mm rms so as to have good noise-to-
signal level and eliminate the nonlinear effects in the
2 METHOD BPMs.
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3 QUADRUPOLE MAGNET ERROR beta distortion was abot#t.5 percent and8 percent in

We stored the beam current in the SRRC storage ring fifg¢ horizontal and vertical plane, respectively.

with sextupole magnet turned on to correct chromaticities

of the lattice and then turned off the sextupole magnet 2 —
power supplies. In both cases, we performed the betay
measurements of the orbit response by changing the
individual correctors. We averaged the BPM data from |
database 100 times per measurement. Except a few J

beta function with sextupole off at 1.3 GeV
T T T

malfunctioning BPMs, we achieved a BPM noise level of
1 um. However, the BPM gains varied quite significantlye
and the fitted gain errors were checked with testiné 10 |V Lo
electronic signals. The results were in good agreement. s r “

The closed orbit could be corrected down to several ‘ ‘ ‘
hundred microns rms for the normal users operation. Due s| (\ ﬂ (\ f
to construction errors the alignment of the sextupole I ‘1“\
magnets were not as accurate as quadrupoles of which U
alignment errors were 0.15 mm rms. The systematic
position errors at the BPMs also gave extra orbit offsets at "o - w0 % % 200 o
sextupole locations. To remove the gradients generated peirienam(m
from the sextupole offsets, we first analyzed the case
without powering sextupoles. beta function with sextupole on at 1.3 GeV

The fit of the quadrupole gradients showed that * ‘ ‘ ‘ ‘ " e —
quality of the SRRC magnets is very good. The following betay
tables shows that the rms variation in the fit gradient for
the four quadrupole families. Also shown is the rms |
variation in gradients according to the magnetic
measurements. U

Table 1: Variation in fit and measured gradients withirg 1wy

each family.

beta funcli;s (m)

Quadrupole rms variation from average
family fit magnetic measuremenis

.26 percent{ .06 percent
.07 percen{ .03 percent 0 ‘ ‘ ‘ ‘ ‘

.30 percent .07 percent 0 2 ey 100 120
.14 percen{ .04 percent

A WN P

Figure 1, 2: The fit betatron functions in the cases with

The larger variation in the fit gradients is probablyand without sextupoles at 1.3 GeV.
due to systematic errors in the fitting associated with
variation in the dipole gradients. In the fitting it was The beam energy is usually ramped up to 1.5 GeV
assumed that the dipole gradients are all exactly sanadéter 1.3 GeV injection and the sextupole strengths are
The variation in real dipole gradients results in variatiomcreased. It showed the beta beat was larger at 1.5 GeV
in the fit quadrupole gradients. Including the individua(shown in Fig. 3).
dipole gradients as fit parameters showed that the orbit In the presence of perturbations from the insertion
response matrix was insufficient to accurately calibratdevices, the vertical beta beat becomes larger if the
both the individual dipole gradients and the gradients glerturbations are not compensated. Fig. 4 shows the effect
the quadrupole adjacent to the dipoles. It results in af the wiggler magnet (1.8T, 25 poles). Correction of the
increase of both gradients errors in the fit. This means tHagta beats of the SRRC storage ring will be possible once
the variations of the quadrupole gradients is smaller thave have independent quadrupole trims which are
can be resolved with the orbit response matrix analysis. presently being installed.

As shown in Fig. 1, the analysis showed that the
distortion of the beta function was very small in the case 4 BPM CALIBRATION

that the sextupoles were turned off. When the sextupoigg, found significant variations in the calibrations of the
were on, the orbit offsets created gradients and s They varied in the horizontal plane by a factor of 3
betatron functions were distorted as given in Fig. 2. Theym 1.946 to 0.665, and by a factor of 2 vertically from
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1.830 to 0.791. This caused the errors in the closed orbie also observed the miswiring of correctors which was
correction to some extent. Figs. 5 and 6 show thmonsequently corrected.

measured horizontal dispersion without and with

correction for the fit gain errors. Much of the apparent * vithout BPM gains correction ~—
distortion in the measured dispersion in Fig. 5 was caused
by gain errors in the BPMs.
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Figure 3. The beta functions at 1.5 GeV with sextupole
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gradients is very good. The parameters fit by LOCO

were in good agreement with the measured results. The

presence of the sextupole magnets and/or insertion

devices generated beta beating. Further work to correct

the betatron distortion can be undertaken when individual

quadrupole power supplies are available. Using LOCO,
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