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SWISS LIGHT SOURCE m™

Bt Orbit Control & Feed-back Systems SEESE

SR - Lattice Errors - Overview I

without multipoles A. Streun

with multipoles

multipole errors

dipole quadrupole

[v)
0.01% 0.04%

0.006% 0.03%

0.007%

dynamic acceptance [mm mrad]

-0.008%

Speci ed alignment tolerances (RMS, Gaussian with cut @2
Girders 300 m (100 rad),Girder joints 100 m (girder to girder)

Magnets on girders30 m (25 rad) (with respect to magnetic center)
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Orbit Control & Feed-back Systems

SR - Lattice Errors - “Bare Orbit” I

T T
0.050 mm displacement
0.030 mm displacement --------

»s measurement

Right/Top: Horizontal Orbitxgms = 1.8 mm
Right/Bottom: Vertical Orbityrms = 0.7 mm

200 seeds)
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Left: Consistent with quadrupole displacements of B@RMS (simulation for
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Orbit Control & Feed-back Systems

SR - Lattice Errors - Sources of Vertical Emittance | '

80 ————— —— -
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20 emittance Couphng t selxtupolet_sli tilt, corr -
i sextupoles, no tilt, no corr - 7 :
sextupoles, no tilt, corr betatron Coupllng
ol MO sextupoles no sextupoles, tilt, no corr measurement
N no sextupoles, tilt, corr -~
4 no sextupoles, no tilt -
© 50 F k. ]
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= 0.002
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c ; .
10 r with standard ‘ : | x -
misalignments T Egg Cee v, *N‘i@
0 R . N Syl N I ST A A BT L T
0.0001 0.001 0.01

emittance ratio k
Betatron coupling: dQ=0.007 (in commissiong year 2001)
— Emittance coupling in absence of spurious vertical digpar®.2% (Guignard)

Left: Emittance coupling after betatron coupling correctwith initially 6 skew quadrupoles 0:1%
(simulation for 200 seeds)
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SR - Lattice Errors - Sources of Vertical Dispersion'
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Left: Dispersion waves from quadrupoles and correctorsitiphase if

BPM-quadrupole errors are smal 0 m RMS) ( Beam-Based Alignment)
after correction to quad centers using “hard correctiot”"®D weighting

factors used).

Right: Main contribution to dispersion frosextupolethrough betatron coupling
(simulation for 200 seeds) ! Contributions from quads andemors cancel !
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Orbit Control & Feed-back Systems

\ SR - Lattice Errors - Sources of Vertical Emittance Il '

2.0 pm-rad

\ quantum fluctuation limit: 0.12 pm-rad

/ Simulation for the KEK ATF

M. Ross et al.
Apm-rad
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Orbit Control & Feed-back Systems

\ SR - Lattice Errors - Sources of Vertical Emittance llI .

O

TermK + S x related to
local chromaticity (O for
corrected local ).

Term Gy O for well (to
centers of quadrupoles) cor-
rectedyc.

TermKsq x Is small since
the quadrupole roll errors
are small.

Local ONLY O if yc
IS corrected in quadrupoles
and sextupoles simultane-

\ OUSIy I J
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-

‘ SR - Lattice Errors - Sextupole Beam-Based Alignment '

Courtesy:
S.L. Kramer,

NSLS-II
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SR - Lattice Errors - Sextupole Beam-Based Alignment III

sextupole
under test

; measurement error
~6 um

1
0 Center of sextupole ===== @ ...............

Beam Based Alignment at the KEK ATF, M. Ross et al. Rea;jing of adjacent BPM [um]

0

At KEK ATF skew quadrupole trimsi{ =0.01 m 1) on the sextupoles were used (sextupole center =
skew quad center). The kick induced by the offset of the bewstind skew quad is determined from the
difference orbit using the machine model. This tis donedewreral closed orbit bump amplitudes at
the location of the sextupole under teat.the SLS 30 (soon 36) out of 120 sextupoles are equipped
with auxiliary skew quadrupole&(=0.03 m 1) for betatron coupling and dispersion correction.
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Orbit Control & Feed-back Systems

\ SR - Lattice Calibration - Beta Functions.

177 Quadrupoles with Individual PS st beat 45 g —— ]
1 ' ' ' ' |

N
[¢)]

Gradient Correction:

E 20

Procedure: s
S 10

1. Measure|<_| i > fori1=1..177 5

_ 1
= 7 (s) k (s)ds W
Precision: 1.5/1.0% ? ?

R T T
A measurement o _
model

2. FitErrorskjto< ;> (SVD) L S S é__m_e_a_sgr_e?gn.t._@g..é _______
3. Correck ; > with - k; b | ; - |
4. Measure< ; > again

o
T

w
o

N
o

average betay [m]
=
[8)]

Results: LA
— Horizontal Beat: 4% ol [
— Vertical Beat: 3% 0 50 10 150 200 250
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Orbit Control & Feed-back Systems

\ SR - Lattice Calibration - Beta Function Measurement I.

Hysteresis Correction based on tune
measurement before and after the quad
variation. Allows to restore the original
average beta function in the quad.

-> important in order to minimize optics

distortions during the measurement !
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Orbit Control & Feed-back Systems

SR - Lattice Calibration - Beta Function

Correction

- measure average beta functions in quadrupoles
- Invert 177 x 354 Matrix using SVD
- plug the measured average beta functions into

the "inverted" matrix

- calculate quadrupole variations dk_i which fit model

best to the measured average beta functions (cut
weighting factors since quadrupoles are not the only
the only source of beta variations !)

- apply the -dk_1| to the machine in order to correct the

20-as0
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Orbit Control & Feed-back Systems
SR - Lattice Calibration - Beta Function Measurement Il '

\ Courtesy: M. Aiba, CERN

First measurements at the SLS
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Orbit Control & Feed-back Systems

\ SR - Lattice Calibration - Beta Function Correction || '

-— From Model or Measured Doing it the LOCO way

/ ;\ Linear Optics from Closed Orbits

J. Safranek, SSRL

Note:
No Dipole

Errors
can be

handled !

\\

- measure the Orbit Response Matrix

- invert 177 x 21316 Matrix using SVD

- plug ORP into the "inverted" Matrix

- calculate quadrupole variations dk_i
which fit the model best to the Orbit
Response Matrix (cut weight. facs)

- iterate within model for large errors

- apply -dk_i to the machine in order
to correct the beta beat.
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‘ SR - Mulipole Correctors I

Michael Bogem
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-

1x1073

7th harmonic of UZ4 at 8 mm gap

SR - Lattice Calibration - Energy, Momentum Compaction Factor I
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7th Harmonic ofU24 at 8 mm gap:

— ¢=0910 3

— Beam Energ\e = 2.44 GeV

Resonant Spin Depolarizationgpin = 5.45,Peq
— Beam Energye =2.4361 510 ° GeV
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f=f = ((dE=E)+ »(dE=E)? (measur& @ differentf and perform parabolic t)

91 % with p =30 min
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Orbit Control & Feed-back Systems

‘ SR - Dispersion Correction.

- measure difference orbits for various dp/p
- determine vertical dispersion knowing dp/p

- invert Skew Quad - Dispersion Response Matrix

- feed measured dispersion into it to determine
Dispersive Skew Quads values for correction

- Get a Model Prediction

- Apply correction and remeasure

& Cockcroft Institute Lecture Courses 30/3/09

0015 ' " Measurement before correction (rms:0.0(|)48) — - " Model predi(I:tion (rms=0.0(|323) -
Measurement error (mean=0.0009) ——— Measurement after correction (rms=0.0023) ———
Measurement error (mean=0.0009) ———
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Orbit Control & Feed-back Systems
SR - Betatron Coupling Correction | I

-4— From Model or Measured ' ' o |

)/ # \ . weighting factors

Alternative: just fit skew terms
no cutoff |

5 10 15 20
index i

weighting factor wi

o N & O ®
)

- measure the Orbit Response Matrix
- invert 24 x 21316 Matrix using SVD
- plug ORP into the "inverted" Matrix
- calculate quadrupole variations dk_i
which fit the model best to the Orbit
Response Matrix
- iterate within model for large errors
- apply -dk_i to the machine in order
to correct the betatron coupling. /
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SR - Betatron Coupling Correction Il I

0.0006

T T 1 I T ' ' I ion’
,-300mrad : - P couping correction
\ soomm Coupling correction forcouplng correct
0.0004 \
] S ANE N i i N
g 0.0002 ¢ / \* : g
- o ||¥l R e Ak
g -0.0002 ? ) / 1 % A
g | Y i & 50
skew quadrupole \\ ‘
-0.0004 ‘ : >
\ v .
4-Bump %?4\ Coupling PolLux
00008 150 152 154 156 158 160 162 0 50 100 150 200 250

ring position [m] ring position [m]

Left: Layout of the vertical asymmetrical “polarization” bumpnsisting of four successive dipole
correctors ihagentaars) for the dipole (thickluebar) beamline PolLux. Dedicated skew quadrupole
(redbars) are used to locally compensate for the betatron cayupiduced by the sextupoles:¢

bars) within the bump!( coupling feed-forward).

Right: Twist of the electron beam ellipse as a function of the lamdjital SLS storage ring position for
a-300 rad steering for the PolLux beamline beforggenline) and after edline) betatron coupling
correction. The arrow denotes the location of the 4-bumpHerPolLux beamline.

The 4-bump is implemented as a reference change of 2 BPMswiité framework of the Fast Orbit

S

Feedback with a feed-forward table for the skew quadrup@lets Hz switching frequency). J
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SR - Emittance (Sigma) Coupling Monitor.
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Orbit Control & Feed-back Systems

SR - Sigma and Emittancﬂ

Before Coupling

Correction
/ ey = 15.9 pm.rad

After Coupling
Correction ey = 6.2 pm.rad

Does the minimization of the beam sizg @ one dipole imply the minimization of the emittange?
Yes, at least for a small number of skew quadrupoles (six skeads, simulation for 100 seeds) left
plot !

Is it equivalent to minimize the beam sizg instead of the emittancg ?
Yes, it nearly ( is (six skew quads, simulation for 100 seédsjght plot !

J
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