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Abstract initial conversion factors were extracted from the magnetic
Already in the early commissioning stages of the BESSY ﬁ|eld measurements taken prior to the installation of the
.hardware. Orbit response measurements have been given
booster synchrotron and the 1.7 GeV electron storage ring o .
togh priority in the control software. The measurement it-

for synchrotron radiation, orbit response measurements elf can be started via 'mouse clicks’ from the orbit-control
corrector magnet variations have been performed to veri o
rogram and takef)min in the synchrotron and abo2t

the functioning of the hardware and the properties of th : . s .

. . s : In the storage ring. The extraction of the sensitivity matri-
linear lattices. The extracted sensitivity matrices were use . L 7

ces from the measured data is accessible in a similar way.

to detect malfunctioning BPMs, to adjust the calibrationl_ : : : ’
. he experimentally determined matrices can be used di-
factors of the quadrupole and steerer power supplies and

the BPM gains. They were used for orbit correction anaectly in the correction features. After fitting, the corrected

tune adjustment. The paper summarizes the essential fifge verston factors can be fed into the model via (prelimi-

ings for the booster synchrotron as well as for the storagneary) files or via ORACLE.
ring.

3 SYNCHROTRON SPECIFICS

1 INTRODUCTION Orbit response measurements have been performed at
The BESSY Il complex consists of a 50 MeV racetrac qany gtorage rings [5]. Compared to a storage ring V\_/here
he noise level of the BPM system can reach the micron

microtron, a 1.7 GeV booster synchrotron and a 1.7 Ge )

. ; L .“level, the accuracy of the BPM system in a booster syn-
electron storage ring. While the commissioning of the Nz, t llv is reduced:
jection system started in summer 1997, the commissionir?g rotron usuafly 1s requced.
of the storage ring will continue throughout autumn 1998.

The booster synchrotron consists of a 16 fold missing
magnet FODO-structure [1]. Electrons are injected at 50
MeV and accelerated in a 10 Hz cycle up to 1.7 GeV (1.9
GeV are feasible). The 32 Beam Position Monitors (BPM) .
measure up to 256 orbits during one cycle. In each plane
there are 7 steering magnets (ST-H, ST-V) and 8 steer-
ing coils inside the sextupoles (SX-H, SX-V). The steering
concept was layed out for orbit correction at low energy.

The storage ring lattice is a double bend structure with
alternating high and low beta sections. There are 58 hori-
zontal and 64 vertical correctors, included in the sextupole
magnets, 32 horizontal coils in the dipoles and 112 beam
position monitors (BPM). [2].

e the changing energy usually causes orbit changes,
at the BESSY Il synchrotroddy = +1.5mm and
Ax = +10mm, with the maximum changes occur-
ing between 50 and 40W eV [6]
the measuring time for each orbit is reduced to
6.4usec x 32BPMs compromising between the
amount of data taken during one cycle and the accu-
racy of each measurement. Thus a relative accuracy
of +£0.3mm, and an energy variation of up Ta/eV
can be associated with each orbit
¢ the low energy steering concept confines the measure-
ment to the first couple of turns, where in addition to
the above mentioned jitters of the microtron and the
injection process are still visible especially in the hor-
izontal plane
2 RELATED FEATURES IN THE BESSY
CONTROL SYSTEM Typical noise levels of the BPM, i.e. rms deviation of

) . successive orbit measurements, were ar@utm in the
The Bessy Il control system offers online modelling of allhgrizontal and).16mm in the vertical plane. At higher

the linear parameters of the two transfer lines, the boostgpergy, the rms noise is strongly reduced (up in the
synchrotron and the storage ring. The modelling is baseghyizontal plane).

on the GOEMON C++ library [3]. Sensitivity matrices are
calculated by GOEMON and are available for the orbit cor-
rection. For the modelling, the actual settings of the mag- 4 MEASUREMENT AND FITTING

nets are read directly from the power supplies. The geomet- PROCEDURE

rical data of the lattice and the conversion factors (curre@;y measuring the orbit as a function of different corrector

to field) are taken from the ORACLE database [4]. Thggitings, one can determine the gradient of the orbit change
*Funded by the Bundesministeriumurf'Bildung, Wissenschaft at €ach BPM{ for every C(_)r_r?Ctor- Eollowing the GOE'

Forschung und Technologie and by the Land Berlin MON convention, two sensitivity matrices for the horizon-
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tal and the vertical plane are extracted. Their analysis dbeen fitted, in an iterative proceedure with either the in-
rectly yields information on malfunctioning hardware andlividual conversion factors of the steering magnets or the
the asymmetry in the ring. In a second step correspondi®PM gains. Table 2 displays the results for the K-values of
matrices are set up by the computer model, and by varyinige QF and QD families and the conversion factors of the
guadrupole fields, steering strength and BPM gains in theteering coils in the sextupole (SX) and the separate steer-
model, the theoretical matrices are fitted to the measuréty magnets (ST). In the fit, the conversion factors depend
ones, thus yielding information about the linear optics imn the energy, i.e. the measuring time, so they where scaled
the ring. The underlying theory of the measurement anaccordingly. The last two lines show the rms deviation be-

fitting procedure can be found in [7] and [8]. tween the measured and the fitted matrices, i.e. the quality
of the fit.

4.1 HARDWARE IMPLICATIONS

First orbit resonse measurements in the booster where Table 1: Global fit parameters

taken in July 1997 in DC mode a@0MeV and where

mainly used to verify the functionallity of the BPM sys- 3408 | 21.4.98 | 31.5.98 | A%

tem. Exchanged labeling of two BPM cabels was detectedgr 1/m? | 1.7598 | 1.7587 | 1.7585 | 0.07
as well as wrong cabeling in the orientation of two furtherl QD 1/m? | -1.3744 | -1.3735 | -1.3704 | 0.27
BPMs. No hints for major optics deviations could be found| Qx 45528 | 45513 | 4.5497 | 0.003
In a perfectly symmetric ring steering coils located at ident Qz 3.3117 | 3.3092 | 3.2962 | 0.234
tical optical locations have identical effects on the orbit| SXH = Tm/A | 0.992e-4| 0.992e-4 | 0.992e-4| -
The deviation between corresponding rows of the sensitiy-SXV ~ 7m/A | 0.528e-4| 0.565e-4 | 0.525e-4 0.57
ity matrix yields insight in the symmetry of the machine.| SIH ~ Im/A | 2.306e-4) 2.301e-4 | 2.369e-4) 1.84
g ' . . STV  Tm/A | 1.902e-4| (1.587e-4)| 2.025e-4| 3.13
Figure 1 shows the difference orbits for the 8 vertical steer- ., mm/A | 283 339 206 i
ing coils included in the sextupoles. Except for clearly det sy mm/A 153 331 1.47 3
tectable bad measurements the beat is of the order of a few

percent, as expected from field and alignment errors.

The quadrupole fields could be determined to better than
30.0 0.3%. The conversion factors of the steering coils in the
200 | ] sextupoles show similar consistancy, while the deviation
' ' for the separate correctors is much larger. The reduced
quality of the fit from April 21st correlates in the vertical
plane with an increased rms BPM noise during the mea-
surement 0f0.29mm compared ta).16mm in the other
measurements, due to low intensity.
= o s s The fit of individual quadrupole fields showed that their
no. BPM effect on the matrices was smaller than the insecurity of the

Figure 1: The effects of equivalent correctors differ byneasurement. Table 2 shows the rms deviation between
a few percents only. Bad measurements are clearly déie correctors of the same type and the BPM gain. The

mm/A

—10.0 ¢

—20.0 ¢

—30.0
o

beam. be attributed to the reduced quality of the data.
Table 2: rms deviation within families and BPM gain
4.2 FITTING OF THE BOOSTER OPTICS SX-H | SX-V | STH I STV | BPM

Further orbit resonse measurements where performed in 72% | 24% | 6.1% | 2.5% | 11.6%

spring 1998. They were separated by shut down periods

of the whole complex. The settings of the main power sup-

plies were practically indentical. Up t#0 orbits where

taken for each of usually 3 corrector settings differing by5  PRELIMINARY RESULTS FROM THE

typically 0.1A4. All ~ 120 readings have been used to fit STORAGE RING

the effect of a corrector at each BPM, with an average un-

certainty of around.7mm /A for average orbit deviations The first two commisioning blocks for the storage ring took

of 18mm /A in both planes. The mean absolute deviatioplace in April and May/June 1998. The first beam has been

between the matrix elements of different measurementsssored with the 5 sextupole families set to their design val-

around3mm/A. ues. The uncorrected orbit reached deviations of more than
In a first step the K-value of the two quadrupole familieslO mm in both planes. The sensitivity matrices where dom-

and the conversion factors of the four steerer types haugated by the orbit offsets in the sextupoles, and difficult to
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fit. They were primarily used to commission the BPM sys-
tem, where no severe errors where found, except for two in-
terchanged cabels and wrong polarity for all steering coils e ‘ ‘ I
in the dipoles. ol . b / N
During the second commissioning block beam could be gy bwh 14 &1L
stored with the sextupoles turned off. Due to the limited ac- 25 L5 |4 || 4 T, I
cumulation orbit response measurements where taken dur- [ it ‘
ing continuous injection. The derived sensitivity matrices L [ 1
showed good agreement with the model in the horizontal I :
plane and an integer difference in tune in the vertical plane, e LT 1w 17 &l
which was confirmed by single turn measurements. The 1o o ]
sensitivity matrices have been fitted successfully, and the ° I
conversion factors for the defocussing quadrupole families s ‘ ‘ I, ‘ ‘
Q2 and Q3 located close to the dipoles turned out to be e 00 0 o e 0 o0
2 — 3% lower than originally thought. The remaining fam-
ilies where confirmed on the 1 percent level. This effedtigure 3: Measured and theortical difference orbits with a
has not yet been f|na||y ana|yzed, but could probab|y remalfunctioning BPM no. 99 and Iarger deviations around
sult from shielding effects. Using the improved conversiofhe injection
factors, the machine was set to the design tunes, and or-

bit corrections were performed using the model sensitivit . i
X : o stablished facilities, but corresponds well to the momen-
matrices and an singular value decomposition proceedure. : .
ary level of understanding of the machine. Hardware er-

The successively reduced rms orbit during 4 consecutive o : L
. ) . . LS rors could be eliminated, possible sources of deviations
corrections in the vertical plane is shown in figure 2.

where found quickly and the model could be brought to
useful agreement with the measurements practically from
the very beginning.
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