PERFORMANCE OF THE SRRC STORAGE RING AND
WIGGLER COMMISSIONING

C.C. Kuo, K.T. Hsu, G.H. Luo, W.K. Lau, Ch. Wang, H.P. Chang,
L.H. Chang, M.H. Wang, J.C. Lee, C.S. Hsue, W.T. WengC. Liu'

Synchrotron Radiation Research Center
No 1. R&D Rd VI, Hsinchu Science-Based Industrial Park, Hsinchu, Taiwan, R.O.C.

Abstract reduce the ion-related effects. Before we installed a new wiggler
vacuum chamber, the base pressure was around 0.4 nTorr and
A 1.3 GeV synchrotron radiation storage ring at SRRC hdgnamic pressure was about 1-2 nTorr at 200 mA. The Coulomb
been operated for more than a year since October 1993. Statfietime was over 20 hours and the lifetime of the stable beam was
from April 1994, the machine has been open to the user comrabeut 6 hours at 200 mA, which was dominated by the Touschek
nity. In February 1995, We installed awiggler magnet of 1.8 tesaattering.
25-poleinthe ring and successfully commissioned. The machine The typical measured horizontal beam size at bending port
was scheduled for the users’ runs from the middle of April thigas about 200-25@m at 200 mA. The increase from the de-
year. We describe the performance of the machine without wijgn value 15Q:m was due to the longitudinal coupled bunch
gler magnet system and then report the wiggler effects on thstabilities.[3] Some actions to get rid of such instabilities have
beam dynamics of the storage ring, e.g., tune shift, beta-beatlegn planned, e.g., temperature control of the rf cavities to shift
orbit change, nonlinear dynamics effect, etc. Some measuhe-higher order mode frequencies or implementing longitudinal
ments are compared with the model prediction and agreemdsninping system. In the vertical plan, we observed an emittance
between them was fairly good. Possible actions to minimize wigpupling about 5%, which was mainly due to spurious vertical
gler effects have been taken, such as orbit correction as a funatiispersion.
wiggler gap change. The machine improvement projects, suchUp to now, the single bunch operation mode was only for
as longitudinal and transverse damping systems as well as ari@thine studies. A bunch current up to 30 mA could be accu-
stability feedback system are under construction and will bermulated in a few minutes and bunch purity could be better than
use soon. 10-3 with bunch purification process.[4]
We observed severe transverse beam instability, in particular
|. INTRODUCTION in the vertical plane. At least up to present, this instability was
o attributed to the beam-ion interaction. To cure this instability,
Hsi::r?ul.'?ai(\?vzz Sé”;g:gﬁ:g; rﬁgéagfgrgﬁ?;nsczu;ciclﬁf ifd Yveral methods were tried, e.g., increase of ring chromaticity,
’ ’ am shaking, ion shaking, filling pattern control, cleaning elec-

(?S\?S(sje(;lsr?grmr:\irriqﬁinlgoen;’r \[’;h |2C]hT2?r?ctr):ssneciﬁgrart\i?oﬁjglt X%Ies, and transverse damping system. In practice, only the way
year.lL, P ) increasing the chromaticity or by implementing a transverse

in the hard x-ray region of the synchrotron radiation spectru dmping system demonstrated its effectiveness and feasibility for

awiggler magnet system was installed and commissioned NHE routine operation. We usually run the machine with higher

beginning of this year. With such an insertion device, X'r?}fasitive chromaticity. In the near future, we will use transverse

users would obtain more photon flux at the higher photon enecﬁ%’mping system to cope with such instabilities. [5]
region. :

At . t the machine has been scheduled fiv We were able to correctthe beam closed orbitdownto 0.2 mm
USers request, the machine nas been schedule quﬁl in both planes.[6] The on-going study to get precise BPM

per week, 24 hours per day from November 1994. The Y3 guadrupole center position together with the improvement

beam time is increased to 10 shifts per week. Before installathr{he BPM precision will enable us to obtain more accurate and
of the wiggler, the machine was refilled every 8-hour interval? duced closed orbit

200 mA. Typical beam lifetime at 200 mA stored current was The orbit oscillations around 10-18m in both planes were

hours. We report the machine performance and then result frggt]ected both with electron BPM and photon BPM. A slow vari-
wiggler commissioning. y

ation of orbit in about 90 sec was correlated with the water
II. MACHINE PERFORMANCE temperature change. An orbit feedback system to reduce or-
bit fluctuation seen by the synchrotron radiation users is under
We usually run machine in the multibunch operation modest .[7]
for user beam time with initial stored beam current 200 mA,
which is the design value. Typical filling rate was about 5-10 ll. WIGGLER COMMISSIONING

Als. Al in th h trai [
MA/S ong empty gap in the bunch train was introduced to The structure of the wiggler is a hybrid planar type of which
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effective pole number is 25. The peak field strength is more than 20 T

1.8 Tesla at the minimum wiggler gap 22 mm. The overall mag- 18 vt S
net length is about 3.04 m and located 80 m downstream of the 16 1 | A
injection point. The wiggler system was manufactured by STI
Optronics in Seattle USA. The magnetic field properties were
corrected and carefully measured to meet the specifications.

It took about one month in installing the wiggler system,
changing and baking the vacuum chamber as well as adding
some diagnostics and correction elements. In the end of Febru-
ary, we succeeded in closing the wiggler gap without any beam
lossin the firsttry of the beam test. The poor vacuum and smaller 0 20 0 60 80 100 120
physical aperture of the newly installed wiggler chamber result Peth Length (m)
in less efficient injection rate and poor beam lifetime. Further _
optimization of the injection process to reduce the beam losg#gure 2: Measured and model calculated vertical betatron func-
the wiggler chamber is under way so as to prevent possible d&i#f2 With wiggler gap closed to 23.2 mm. The wiggler center is
age of the magnet material with mass radiation bombardmé80 m from the injection point.

As a result, during the injection the wiggler gap is still open. :
The vacuum cleaning with synchrotron radiation is necessary to 06 motlet catculated -
improve the beam lifetime. meastred ¢

The planar wiggler wittkx = 0 acts like an extra vertical g 04 / /g@\ /T %\ fg Jé

focusing elementand no effectin the horizontal plane. Therefore g (5 %

the vertical optics is distorted and vertical tune shall be shifted, 3 L \ / % l / % j \ <\>
whereas the horizontal optics shall be the same as that without& 0

wiggler field. We measured the tunes as a function gap and 2 l \/ J?J M \j l? 71 T / u

Vertical Beta (m)
=
o
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compared with the model prediction. No change inthe horizontal 02 @ V¥ \j y
tune is observed while the vertical tune shiftis in fairly agreement 04 wiggler

with the model calculation as shownin Fig. 1. The working point

was set at (7.236, 4.088) when wiggler was open. The change 2 Path Lg?gth (m) 10 120

of the working point is still away from the systematic resonance

lines up to fifth order. Figure 3: The measured and model calculated beta-beat between
no wiggler and with wiggler gap 23.2 mm.

0.045 T
0.040 ; model Crglﬁgg ﬁ
0035 i The dynamic aperture, either in the horizontal or vertical
% 0,030 % plane, is measured and compared between open and close gap.
£ oos % The lifetime of the ring was measured at different scraper setting,
= X which located at upstream long straight section. The physical
8 0020 X half aperture of the wiggler chamber is 40 mn8.5 mm. There
g 0015 \ was a slight shrinkage of the dynamic aperture in both planes
0.010 O when the wiggler gap was closed as shown in Fig. 4 and 5. The
0.005 L increase of the sextupole strength to damp the transverse beam
0.000 —== — oscillation causes larger reduction of dynamic aperture by 1 mm
0 50 100 150 200 250 . .
Gap (mm) or so in Fig. 6.

The integrated field strength was corrected by the end correc-

Figure 1: The measured and observed vertical tune shift (s as a function wiggler gap in order to reduce the orbit change
wiggler gap. locally and globally. However, we observed a significant change
in the vertical orbit which increased when gap became smaller

o ) and the error source was traced to be at wiggler position. We

The betatron function in each quadrupole location was Mea-etaplished a follow gap end corrector setting table and the

sured with the trim coil in the quadrupole magnet. The measuggf;; change has been reduced to some extent as shown in Fig.
vertical optics and beta-beat at wiggler gap 23.2 mm are shoyn

in Fig. 2 and 3. Excellent agreement between measured ver-

tical beta-beat and model calculated values are found. In the IV. ACKNOWLEDGEMENT
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Figure 4: Horizontal dynamic aperture measurement with wig- %0 SD=107.8A, SF=103A < —
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SF=91.8 A. The chromaticities are near zero. _ SD=147.8A, SF2103A > o .
E 2 e T R
14 2 é;,[ar
5 15
12 = I U R R
o 8 - 10 T
o A
10 B
\q_; 8 +”+ +oE + 4 + T
E ° 0
e 6 + 0 2 4 6 8 0 12 14
- nowiggler < Vertical Aperture (mm)
4 + \/igglmnpmgap, +.
> gog B9 9.8 iggler closegap ©
2 bt B Figure 6: Vertical dynamic aperture measurement at different
od Y = defocusing sextupole setting (SF=103 A) with wiggler gap fully
0 2 4 6 8 10 12 14 16 18 open. The increase of lifetime with smaller sextupole setting is
Vertical Aperture (mm) due to increase of Touschek lifetime of the unstable beam.
Figure 5: Vertical dynamic aperture measurement with wiggler
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A. In addition, a measurement without wiggler is also shown. 0.40 %
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