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Abstract at low frequencies was reduced by an additional factor of 3 when

. . . the new system was implemented. The bandwidth is defined as
We describe recentimprovements in both the short and Iong-tetlhme frequency where gain curve crosses 0 db. The gain curves

orbit stability at the NSLS X-Ray Ring. The short-term stablht)éh]ow that the bandwidth has been increased from 70 Hz to 200

has been improve_d by increasing the gain and the bandV\_/idtq_P so the beam noise in this frequency range is reduced. The
the global harmonic feedback systems. The long-term horlzont%ése response (shown by solid line in the lower plot) has been

orbit drift over the_ course Of afill has been redu_ce_d by Ir'CIUd”{r)ﬁodified so that the 45 degree phase margin extends to 200 Hz
the rf-frequency in the orbit feedback. Work is in progress tto meet the stability requirement for the feedback system
further reduce orbit drift by compensating for thermally induced ’

mechanical motions of the beam position monitors (BPMs).
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[. INTRODUCTION == IRy {’:‘ RN
At the NSLS storage rings, the harmonic based analog global P

feedback system has provided excellent orbit stability [1]. For eza y

most users, the level of this beam stability (short and long-term) ~ =-°

has been satisfactory, however, further stabilization is desirable. ""===

During the Fall of 1994, the gain and bandwidth of the global “=°

feedback systems were increased resulting in significantly re- _-:ee|

duced short-term orbit fluctuations. The long-term drift in the

horizontal orbit has been reduced by up to a factor of 3.6 by vary-

ing the rf frequency to eliminate orbit drift proportional to thd-igure. 1. Gain and phase response of the old global feedback

dispersion. compared to the improved high-gain, broad-bandwidth global
With the improvements in the global feedback and the additid@edback.

of the rf frequency feedback, the present limit in orbit stability

is the accuracy of the BPMs. The primary limitation in reading

the horizontal orbit is the motion of the vacuum chamber at the I

BPMs due to synchrotron radiation heating. In this paper we ™™ | { J. | OLD SYSTEM

describe work to characterize this vacuum chamber motion so - =~ E Wlb I o

that we can compensate for it in the orbit feedbacks. The vac- == e M A L WS

uum chamber moves very little in the vertical plane, so the orbit

stability vertically is limited by the variation in BPM processing e e N N

electronics with stored current. The present BPM electronicsare  *"=| o TTe T

stable to about 10 to 20m over the range of operating currents "™ _ NEWSYSTEM

(110 to 250 mA). New BPM electronics with dynamic stability — ~™" _ ) N o .

better than 5:m have been developed recently [2], and we plan .5 Stogmmmatdidio Wiy on V0 voind oty 4

to implement these soon for further stabilization of the vertical

orbit. Figure. 2. A spectral analysis of a sixth spatial harmonic of the
Concurrently, we are developing a new digital orbit feedbasfertical orbit. The new global feedback system shows improved

system to achieve even better performance [3]. reduction in orbit fluctuations up to 200 Hz.
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Il. IMPROVED GLOBAL FEEDBACK Figure 2 shows the frequency spectrums for a 6th spatial orbit
harmonic in vertical plane. The top trace shows the beam mo-

By increasing t_he gain and bandwidth of the servo loops f%n harmonic when old feedback was in operation; the bottom

overall open-loop-gain and phase responses. Figure 1 Sh%auency peaks from 1 to 120 Hz have been reduced. The im-

the gain and phase responses for both the old and new Sysﬁﬂilement factor at 3 frequencies are listed in table 1.

The gain response for the new system (drawn with the solid line)

shows againincrease of 9db (factor of 3), as comparedtotheold ||| RE FREQUENCY FEEDBACK [4]
system (drawn with a dotted line). This indicates that the noise _ ) )
The improved gain and bandwidth of the global feedback sys-

*Work performed under the auspices of the U.S. Department of Energy ~ tem primarily reduced orbit motion on time scales less than one



Table 1. Improvement seen at different frequencies in orbit noiserpe ., feedback is already running routinely on the NSLS
reduction with the new increased-bandwidth global feedbackyyy Ring. It has run on several fills on the X-Ray Ring, and we

Frequency]  Approximate plan to put it into regular operations soon.
Improvement factor,
30 Hz P 3 IV. BPM MOTION MEASUREMENTS [4,5]
60 Hz 2 As the vacuum chamber heats and expands from synchrotron
120 Hz 15 radiation, the beam position monitors (BPMs) also move [6]. In

each superperiod of the X-Ray Ring, a rigid vacuum chamber

support near Q4 (see figure 4) fixes the chamber position in all

second. We have also made recent progress toward reducing b€ dimensions. The chamber is free to expand longitudinally
etween Q4 and the bellows, which are located at the end of the

drift on time scales of hours. We noticed that during many fills, . oh s | b he th
much of the horizontal orbit drift had ashapesimilartotheX—Ra{ _sert|o_n stra|g tsect_|on. Several supports_ _et\_/veent e three-
ensional fixed point and the bellows minimize transverse

Ring dispersion. For example, the solid line in figure 3 has the ", | ical : hil ittina the lonaitudinal
largest orbit distortions in the eight dispersion straight sectior@.rlzonta and vertical motion while permitting the longitudina

This means that we can eliminate this orbit distortion by varyirfgPansion. Despite these supports, the large forces associated
the rf frequency. We have tested a program that changes th |Itp the vacuum chamb_er expansion lead to _S|gn|f|ca.nt mon_n
frequency every five seconds to remove any dispersion-like orBitthe_ vi':lcuu_m chambelrl in the trﬁmsvgrs? hor!zontal direction in
shift. The change in rf frequencys f,¢ is calculated as follows: CeMain locations as well as small vertical motions.
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wherex is the measured orbik g is the orbit where the syn-

chrotron radiation users want the beam to stay, @ﬁdis the
measured change in orbit with rf frequency (measured with tl

: . B D D B
other global and local orbit feedbacks running). The measur F Q0 Q 1 00 Q f
orbit, x, is actually the average of 1280 orbits measured over fi L 123 P ' p 321 |
seconds. Each five seconds, only 1/5th of the calculated cha |f) E (L) |f)
in f¢+ isimplemented. With all this averaging, the implemente W E E W
change in the rf frequency for each 5 second step is rarely lar S S

than one bit which is 0.1 Hz and gives about Q1 change in

orbit at the beamline source points. Therefore no appreciabie

noise is added to the orbit while the long-term drift proportion@igure. 4. This is a schematic of the layout of one of the 8
to the dispersion is eliminated. Figure 3 shows the results sxiperperiods in the X-Ray Ring. The quadrupole, dipole, and
testing thef;; feedback during a studies shift. The rms drift iBPM locations are shown.

horizontal orbit was reduced by a factor of 3.6.

Gauges installed at several BPMs measured the transverse
movement of the vacuum chamber. Figure 5 shows the largest
measured motion, which was transverse horizontal motion at
BPM 5 in the sixth superperiod. The most motion is at BPM 5
in each superperiod, because it is just downstream of the dipole
magnet (figure 4) where synchrotron radiation heating is largest.
A large chamber movement (about 3@ in figure 5) occurs
as the ring energy is ramped to 2.584 GeV, when the synchrotron
radiation begins heating the chamber. The vacuum chamber is
cooled by temperature regulated water, but even with the inlet
water temperature held fixed, the outlet water temperature heats
1.8 degrees C from the synchrotron radiation. After the initial
large motion which lasts about 10 minutes, there is a slow driftin
the chamber position as the synchrotron radiation load decreases
due to stored current decay.

Table 2 shows the size of the initial horizontal motion (the
first 5 to 10 minutes of the fill) and the subsequent drift in the
Figure. 3. Drift in horizontal orbit over several hours at the 4ggcuum chamber over the succeeding hours of the fill for the
BPMs with and without rf frequency feedback. The rf frequenggpms measured so far. The limit on the long-term horizontal
feedback reduced the rms orbit drift by nearly a factor of fowrbit stability of the X-Ray Ring is set by this vacuum chamber
during this fill. motion, since the orhit motions associated with the feedback

0.20 |- >—without rf frequency feedback (rms=79um) —
o——with rf frequency feedback (rms=22p,msL

x(mm)

0.05




. . horizontal movement of the vacuum chamber at the beam posi-
N tion monitors. Further reduction in the vertical orbit drift will be

achieved when we implement recently developed BPM process-

ing electronics, which have improved dynamic range with stored

300 -

250 |-
- current.
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Figure. 5. This shows the horizontal motion of the vacuum References
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two BPMs with the largest measured horizontal motion. Both
had initial vertical motions of less than 20m. Subsequent
vertical motion over the succeeding hours of the fill was even
less, and the motion at BPMs where the vacuum chamber sees
less synchrotron radiation is expected to be smaller still. At this
time, stabilization of the vertical orbit is limited more by the
variation of BPM electronics with stored current than by BPM

motion.

Table 2. The initial motion is the horizontal movement of the
BPM in the first 5 to 10 minutes of the fill. The subsequent
motion is the movement in the following several hours of the fill.

Initial | Subsequen
Motion Motion
20 um <10pum
Opum Oum

60 um 50 um
90 um 60 um
300um 70 um
240um 85um
40 um

BPM | Superperiod
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V. CONCLUSION

We have reduced short-term orbit fluctuations by as much as a
factor of 3 by increasing the gain and bandwidth of the global har-
monic feedback system. We have reduced long-term horizontal
orbit drift by as much as a factor of 3.6 by using the rf frequency
in the orbit feedback. We are pursuing the possibility of further
reducing the horizontal orbit drift by compensating for measured



