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Abstract

The Iranian Light Source Facility (ILSF) is a 3 GeV
synchrotron radiation facility, which is in the design
stage. Inevitable errors like imperfection of magnetic field
and misalignment of magnets will introduce various de-
structive effects on the performance of the machine. The
E possibility of correcting the errors should be thoroughly
Z examined before settling the design. In this paper, the
E correction process of beta beating and coupling with LO-
‘6 CO is described. The rms beta beating in horizontal and
= vertical planes after correction are reduced to 1% and 2%
respectively. The average coupling ratio of lattice for 100
random error distribution is corrected to 0.2%.

aintain attribution to the author(s), title of the work, publisher, and D

INTRODUCTION

The ILSF storage ring design is based on attaining an
ultralow emittance electron beam ring containing suffi-
cient number of straight sections.[1] Horizontal beam
emittance of the bare lattice is brought down to 270 pm
rad. The final emittance of the lattice is dependent on the
number and type of Insertion devices (ID). For all ID
straight sections filled with 17 typical IDs, horizontal
emittance will be reduced to about 160 pm rad. The high
> gradient quadrupoles and sextupoles are needed for opti-
mizing linear and non-linear optics of the lattice. There-
fore, inevitable errors like imperfections of magnetic field
and misalignment of magnets will introduce various de-
structive effects on the performance of the machine. Be-
cause of the inevitable errors such as fabrication errors,
calibration errors, or errors of the power supplies, the
strength and higher-order multipoles of magnets in the
final machine will be different from the design magnets.
g In addition, alignment of the magnets will not be identical
£ with the ideal design alignment. These errors cause addi-
B tional kicks, field gradients and sextupole strengths along
3 the lattice. To evaluate the effects of errors on the real
2 machine, the alignment errors and field errors are added
E to all the magnets.[2] Maximum absolute value of random
% alignment and filed errors are presented on Table 1. The
errors are generated with a Gaussian distribution truncat-
ed at*lo.
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Table 1: Misalignment and Field Errors

Misalignment AX [pm]  AY [pm] AO
error [urad]
Element to Girder 30 30 200
Girder to Girder 100 100 200
Field errors AB/B AK/K AS/S
Relative error 104 103 103

There are eight horizontal and eight vertical steering
correctors and two skew quadrupoles for coupling correc-
tion in each super-period of lattice. The position of BPMs
and correctors are shown in Fig. 1.

Figure 1:Position of BPMs and correctors.

CLOSED ORBIT CORRECTION

Correction of the orbit distortions generated from the
residual misalignments and magnetic field errors is one of
the most fundamental processes used for beam control in
accelerators. There are 8 BPMs [4], 8 horizontal correc-
tors and § vertical correctors in each achromat of ILSF
storage ring lattice for this purpose. The algorithm of
orbit correction is based on singular value decomposition
(SVD) method. Regarding to the sensitivity of the lattice
and amount of the used errors on simulation, normally
there is no closed orbit in the first tracking. Therefore, the
correction process starts with pre-correction or trajectory
correction. The maximum COD for 100 random error
distribution before correction is 2.5 [mm] and 2 [mm] in
horizontal and vertical plane respectively. Maximum
closed orbit distortion in both horizontal and vertical
direction after correction reduced to 80 and 110 microme-
ters respectively.
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BETA BEATING CORRECTION

After correcting the closed orbit distortion, for ensuring
the designed performances, the linear optics of the lattice
must be restored. Error on quadrupole components of
magnets (random and systematic errors) besides horizon-
tal orbit offset in sextupoles are the main sources of tune
shift and beat beating around lattice. Nowadays, LOCO
(Linear Optics from Closed Orbits)[3] is a well-tested and
reliable algorithm to measure and restore the linear optics
of lattice. This method measures the orbit response matrix
and optionally the dispersion function of the machine.
The data are then fitted to a lattice model by adjusting
parameters such as quadrupole and skew quadrupole
strengths in the model, BPM gains and rolls, corrector
gains and rolls of the measurement system. The resulting
lattice model is equivalent to the real machine lattice as
seen by the BPMs. According to the fitting result, one can
correct the machine lattice to the design lattice by chang-
ing the quadrupole and skew quadrupole strengths. In this
study, the Matlab-based LOCO code has been used .

Maximum beta beating after closed orbit correction for
100 random error distribution is about %40 in horizontal
direction and %25 in vertical direction and maximum
horizontal dispersion error is about 22 [mm]. The beta
beating before and after LOCO correction presented in
Figs. 2 and 3.
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Figure 3: Vertical beta beating.

The average beta beating is corrected from 40% (peak-to-
peak) to 1% in horizontal plane and from 25% to 2% in
vertical plane. The maximum and average beta beating for
100 seeds through the lattice in shown in Figs. 4 and 5.

MC2: Photon Sources and Electron Accelerators

A04 Circular Accelerators

IPAC2019, Melbourne, Australia

JACoW Publishing
doi:10.18429/JACoW-IPAC2019-MOPTS040
_|Average Beta Beating (rms) 3

il

50 200 250 300 350 400 450 500
Figure 4: Maximum and average horizontal beta beating.
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Figure 5: Maximum and average vertical beta beating.
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The greatest relative strength change in fitting quadru-
poles is related to the Q2 family which is the only defo-
cusing quadrupole family in the ring with 1.63% varia-
tion.

COUPLING CORRECTION

The vertical emittance determines the vertical beam
size. The vertical beam size directly affects brightness and
beam lifetime. The main sources of vertical beam size are
betatron coupling and vertical dispersion. The main
sources of emittance coupling are betatron coupling and
vertical dispersion. The dominant cause of residual verti-
cal dispersion and betatron coupling are magnet align-
ment errors such as tilting the dipoles and quadrupoles
and vertical orbit offsets in sextupoles. Coupling errors
lead to transfer of horizontal betatron motion and disper-
sion into the vertical plane and it corresponds to the off-
diagonal part of the orbit response matrix. The response
in the vertical BPMs to the horizontal correctors and vice
versa.

The betatron coupling and vertical dispersion are cor-
rected by skew quadrupoles, which are considered as a
component of sextupole magnets in ILSF storage ring.
The coupling correction compensate the off-diagonal
parts of the response matrix. The strength of skew quad-
rupoles are calculated by LOCO. The effect of changing
the skew quadrupoles strengths on horizontal dispersion
and beta functions is negligible; therefore, the coupling
correction is done independently after closed orbit correc-
tion and linear optic correction.

The coupling parts of the response matrix before and
after correction is shown in Fig. 6.
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Before Coupling Correction

After Coupling Correction

2
v-8PM D H-Corroctor

Figure 6: Off-diagonal part of response matrix before and
after coupling correction.

The vertical dispersion and betatron coupling are correct-
ed simultaneously with LOCO. Figure 7 shows the verti-
cal correction before and after coupling correction for one
seed. The rms vertical dispersion over the entire ring after
correction reduced from 2.6 [mm] to 0.15 [mm].
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Figure 7: Vertical dispersion before and after coupling
correction.
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o The measurement of the vertical emittance of the stored

; beam is the most preferable method to know the coupling.
A The coupling ratio is defined as below:

K= (1)

The coupling ratio before and after coupling correction
o for 100 seeds is presented in Figure 8. The average and
S maximum values of coupling ratio after correction are
3 0.20% and 0.56% respectively.
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= Figure 8: Coupling ratio before and after coupling correc-
g tion for 100 random seeds.
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CONCLUSION

The effect of errors on ILSF storage ring lattice has
been studied. The closed orbit correction is accomplished
by using SVD method. In this process, 160 BPMs and
160 H-V correctors has been used in the whole ring. The
COD correction reduced the maximum deviation from 2.5
[mm] to 80 [um] in horizontal plane and from 2 [mm] to
110 [um] in vertical plane. Linear optics correction of the
closed orbit corrected lattices has been carried out by
using of 160 fitting quadrupoles with individual power
supplies in LOCO. The average beta beating is corrected
down to 1% and 2% (peak-to-peak) in horizontal and
vertical planes respectively. The last correction process is
coupling correction. The coupling correction is accom-
plished by using of 120 skew quadrupoles in LOCO. The
average coupling ratio is reduced down to 0.20%.

The obtained results show the error correction scheme
of ILSF could correct the realistic errors during the com-
missioning and operation of the machine to an acceptable
level.

REFERENCES

[1] E. Ahmadi et al., Designing an ultra-low emittance lattices
for Iranian Light Source Facility storage ring, in Proceed-
ings of IPAC2016, Busan, Korea (2016), pp 2858-2860.

[2] M.G. Minty, F. Zimmermann., Measurement and Control of
Charged Particle Beams, Springer-Verlag Berlin Heidelberg
New York 2003.

[3] J. Safranek, G. Portmann, A. Terebilo, and C. Steier,
SSRL/SLAC and LBNL, MATLAB-Based LOCO, Technical
Report, 2002.

[4] M. Shafiee et al., Performance evaluation of ILSF BPM
data acquisition system, Measurement, (2016), MEAS-D-
16-00395.

MC2: Photon Sources and Electron Accelerators

A04 Circular Accelerators



