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the symmetry of the ring lattice has to be improved. For
calibration of the optics model of ELSA the orbit response
matrix has been measured and fitted with help of the pro- ™
gram CALIF. The strengths of the two quadrupole families
and the relative scaling factors for the beam position moni-
tors and corrector magnets have been determined this way. Figure 1: Layout of the facility ELSA
The results of the fits and a comparison with measurements

of the optical functions of ELSA will be presented.
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For an appropriate correction a better knowledge of the op-
tics is necessary, because some of the depolarizing reso-
nances are suppressed due to the supersymmetry of the lat-
Since 1987 Bonn University operates thElectron tice. This symmetry is broken by gradient errors and by a
StretcherAccelerator ELSA [1] which is used to deliver anonzero orbit in the sextupole magnets.
nearly continuous electron beam to three fixed target exper-The calibration of the internal polarimeter of ELSA will
iments in the energy range between 0.5 GeV and 3.5 Gele done by using the self-polarization of the beam. The
The accelerator facility consists of two LINACs equippedappearence of reasonable polarization depends strongly on
with polarized and unpolarized electron guns, a rapid cythe control of the closed orbit in the quadrupoles. We will
cling booster synchrotron (50 Hz) and the main ring ELSAadopt the method of-modulation of single quadrupoles
(fig. 1). Using a third integer resonance the pulses injectd8] to center the beam in the quadrupoles and to find the off-
from the booster into ELSA are slowly extracted for a duraset between the center of the BPM and the magnetic center
tion of up to a minute and delivered to one of three externalf the nearby quadrupole. For the reconstruction of the po-
experiments. sition of the beam in the quadrupoles the exact knowledge
To some extend ELSA is used as a partially dedicateof the optics is mandatory.
light source. Currents of more than 250 mA can be stored
in ELSA at 1.6 GeV and lifetimes of up to 3 hours for
15 mA at 2.3 GeV have been achieved, which are merely 2 THEORY

vacuum limited. — .
The ELSA lattice was designed with a two-fold Syrn_The method of beam-based calibration of the optics model

metry and is composed of 16 FODO cells build up in twd!S€S the analysis of the measured orbit response n@itrix
arcs and two straight sections. Integrated into the arcs drd [4]- The elements of the response matrix
missing-magnet dispersion suppressors to provide vanish-
ing dispersion in the straight sections containing the in- C; = Az;
jection magnets, RF cavities and sextupoles used for the T A,
resonance extraction. Besides the two quadrupole fami-
lies there are four sextupoles for chromaticity correctiogre defined as the change of the beam posifion at the
per plane and four sextupoles to drive the third integer re§eam position monitor (BPM)due to a change of the kick
onance used for extraction. Ag; of the corrector magnet

One of the main goals in the future will be the accel- The theoretical response matiiX is expanded to first
eration of a polarized electron beam up to an energy afrder in the fit parameters (for instance the gradients of
3.5 GeV. In order to avoid the depolarization due to impersingle quadrupoles;) using an accelerator modeling pro-
fection and intrinsic resonances, correction methods (hagram. Each matrix elemef;; depends on the BPM gain
monic correction and tune jumping) have to be applied [6}x; and the corrector scale factgy. This results in the fol-
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lowing equation:
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sz‘Cij y; = Cij + Z T Sk . 2) measurement (BPM scale factors from CALIF) ——— ]
l

For the solution of this least-square problemithastobe 3
taken into account, that for each plane all BPM gain factorst.
x; can be increased when all corrector scaling facigrs o
are reduced at the same time and vice versa. In the com- | \
puter program CALIF [2], which we used for the analysis :
of the measured orbit response matflxtwo methods are /

implemented to deal with this degeneracy of the problem. ~ ° [~ | ‘ e ‘ T
The first one uses an alternating fitting of the BPM gains 0O 20 40 60 80 100 120 140 160
x; in combination with the focusing strengthks and the s-position [m]

corrector scalingg; in combination with thek;.
The other method is to solve the linear equation systefigure 2: Measurement of the horizontal dispersion func-
for the fit parameters and to remove the degeneracy of thien (the BPM data were scaled with the gain factors ob-
problem by using the singular value decomposition[3]. Iained from the CALIF fit) and prediction from the fitted
addition this fit considers, that a ki¢kd; of a corrector ata optics model
place with non-vanishing dispersidn, leads to an energy
change of
AE  Ab;D,
FE n OcCo

in a machine with momentum compaction facterand
circumference’y, which effects the measured data of all
BPMs.

3) 25 ; ; — .
CALIFfitfromRM ——

measurement ———
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3 MEASUREMENTS X
For the closed orbit correction of ELSA, 24 BPMs (both

planes), 16 horizontal and 17 vertical corrector magnets are
available. Therefore the orbit response ma@ihas48 x

(16 + 17) = 1584 matrix elements, which can be used for 0 : : : : : : :
fitting the optics model and the BPM and corrector scaling © 20 4 60 8 100 120 140 160
factors. s-position [m]

In order to reduce the number of fit parameters of thE' i . .
. i ; igure 3: Measurement of the horizontal beta function and
optics model all chromatic and extraction sextupoles were > . ~ . ' : .
. " . -~ prediction from the fitted optics model for the ELSA lattice

turned off. Otherwise additional focusing and defocusmg
fields emerging from the nonzero orbit in these nonlinear
elements would appear.

The measurement of the response matrix was done auto- 5

matically and took about one hour. The current change was CALIFILTomM —
equal for all corrector magnets and created closed orbitde- |
viations with peak amplitudes of several millimeters.
15 |

4 ANALYSIS £ \
The measured response matrix was then analyzed with the 10
help of the computer code CALIF. The set of the 48 BPM
gain factorse;, the 33 scaling factors of the corrector mag- 5|
netsy; and the two quadrupole strengthsof the main J
guadrupole families were chosen as fit parameters. 0 : ‘ ‘ : ‘ ‘ ‘ ‘

We used both methods implemented in CALIF to deal 0 20 40 60 8 100 120 140 160

with the degeneracy of the BPM/corrector scaling problem. S-position [m]

Both methods converged to nearly the same solution. T
corrector scale factorg; were fitted with an relative error
of ~ 1.4 % and the BPM gains; with ~ 2 %. For the

rms resolution of the BPMs we found values between 200

r?—“Tgure 4: Measurement of the vertical beta function and
prediction from the fitted optics model for the ELSA lattice
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and 300u:m, which are in good agreement to our previous We also tried to include the strengths of the 32 single
experiences with the BPM system. quadrupoles in the set of fit parameters. Unfortunately, this
At first we checked whether the fit reconstructed the rigHit failed and pairs of quadrupoles with strength deviations
scaling factors of the two different types of corrector magef nearly equal size but reversed signs showed up. The
nets in use at ELSA. In places with less space a shortprobable reason for this behaviour is the unequal distribu-
version of the corrector with about 70 % field strength hadion of the corrector magnets due to lack of space along the
been installed. CALIF successfully found all these correaircumference of ELSA, leading to quadrupole pairs with
tors and was also able to find the three magnets with intemo corrector in between.
changed polarity (a fact which was already known).
In order to decide if the fit converged to the right so- 5 CONCLUSIONS AND PLANS

lution, predictions from the optics model have to be com-

pared with independently measured data. One such valuevl\éth -t;:e an?lysrlls of the m((ajasurclad fres;;_onse f”éaLtgi i W:S
the tune of the machine, because in no place it entered i 8S§P,‘\aﬂ 10 dlt the two qual rl;po e aml_'r:es 0 I 6}” d
the analysis of the response matrix. We found that the tun e and corrector scale factors. The tunes calculate

agreed very well with the tunes computed from the mode rom the model fit closely to the measured values. Also the

The differences between the measured and the compu%‘&“cal functions are in good agreement with the measured
tune from the model werdQ, = 0.002 in the horizontal ata. We were able to determine the gain factors of the
« = 0.

andAQ. = —0.001 in the vertical plane. BPMsha?d found solme faulty hardv:lare. ber of
Other parameters, which can be checked, are the opticalInt € future we plan to increase the number of correctors

functions of the machine. The dispersion function can b allow also the measurement of smgle'quadrupole gradi-
calculated from the well known expression ent errors, which we were not able to fit so far. The old

BPM system will be substituted by a new one with a much
/RF 4 higher resolution, offering to fit also for other parameters
(4) like the s-positions or the tilts of the elements.

by measyring the displacement of the beAmdue to the 6 ACKNOWLEDGEMENTS
change in the RF frequendy;r.

In figure 2 the dispersion function predicted from the fit-The authors would like to thank Volker Ziemann from ‘The
ted optics model and the measured data are plotted. Thwedberg Laboratory’ (Uppsala University) for using the
measured data were rescaled with the BPM gain factors oprogram CALIF, his support with the program and interest-
tained from the fit. The measured data without this rescalrg discussions.
ing had deviations of several ten percent from the theoreti-
cal values. 7 REFERENCES

The Dbeta functions were measured bynodulation of [1] K.H.-Althoff et al.: ‘ELSA — One Year Experience with the

the 32 quadrupoles.. .For the purpose Of_ the precise mea- Bonn Electron Stretcher Accelerator’, Particle Accelerators
surement of the position of the BPMs with respect to the 57 (1990) 101.

magnetic centerofihe nearby quadrupoles we NSIaled 2 a1 3. Gorvet, . Lee, V. Ziemann: ‘A Fast Hodel Calbra
. . ' tion Procedure for Storage Rings’, SLAC-PUB-6111 and
ing strength of a single quadrupole of upAg /k = +1 % PAC 1993.

using an additional power supply. From the tune shif
and the effective magnetic field length; the mean beta
function

[3] W. Press, S. Teukolsky, W. Vetterling, B. Flannery: ‘Numer-
ical Recipes in C: The Art of Scientific Computing’, Cam-

_ 4nAQ bridge Univ. Press, 1996.

B= Ak log (5) [4] D. Robin, G. Portmann, H. Nishimura, J. Safranek: ‘Model

in the quadrupole can be calculated Calibration and Symmetry Restoration of the Advanced Light

The measured data and the prediction from the fitted op- Source’, EPAC 1996.
tics model for the beta functions are shown in figures $! P- Roisel: ‘A beam position measurement system using
and 4. As we fitted only the strength of the quadrupole quad’rupole magnets magnetic centra as the position refer-
families, it is not possible to model effects like the beating ence’, Nucl. Inst. and Meth., A343 (1994) 374.
of the beta functions evoked from gradient errors of singlé] C. Steier, D. Husmann: ‘Correction of Depolarizing Reso-
quadrupoles. nances in ELSA, these proceedings.
The fit of the measured response matrix predicted that
the quadrupole strengths have to be increasetdb%, for
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ing in one of the power supplies and a DAC scaling error.
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