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The 10 Hz global orbit feedback (GOFB), for damping| =
the trajectory perturbation~10 Hz) due to the vibrations
of the triplet quadrupoles, is operational. The correctio|
algorithm uses transfer functions between the beam poy| «
tion monitors and correctors obtained from the online og
tics model and a correction algorithm based on singuly .
value decomposition (SVD). Recently the calibration of th( =
transfer functions was measured using beam position me
surements acquired while modulating dedicated correcto
In this report, the feedback results with model matrix an
measured matrix are compared.
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In RHIC, 10 Hz horizontal beam perturbations in both
rings are suspected to be caused by vibrations of the final

focusing quadrupoles (triplets) [1, 2]. The 10 Hz GOFBrigure 1: Beam positions recorded at IR BPMs at 1 kHz

system [3], consists of 36 BPMs, corresponding to 2 peate before and after 10 Hz feedback was engaged
triplet in each of the 12 triplet locations and two in each

of the 6 arcs, and 1 dipole corrector at each triplet loce
tion for a total of 12 correctors, has been operational sinc
Run-11. The feedback worked at injection and store fora
physics runs so far. This system reduces the 10 Hz osc
lation amplitude at IR BPMs by a factor of more than 2
both at injection and store. The damping effect from 10 H
feedback is shown in Fig. 1 for 100 GeV proton at store il « °
Run-12.
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ORM MEASUREMENT

Direct measurement of the transfer functions eliminates

possible errors in the BPM and corrector calibrations or i&igure 2: Beam positions recorded at one IR BPMs dur-

the optical model. Orbit response matrix (ORM) measurqhg the process of exciting 4 correctors, the top plot is the
ments were performed in both accelerators during the

librati ts. Th : dri %?iginal beam position oscillations, the bottom plot is the
calibration measurements. The correctors were driven sg: . 4 beam position oscillations

quentially at 12 Hz while the BPM values were recorded at
a sampling rate of 1 kHz.

ORM FROM MEASUREMENT

Three different methods for generating the response ma-
An example of BPM data during the excitation of correctrix from the experimental data were evaluated [4]. All
tors is shown in Fig. 2. The oscillation amplitude of beamnethods aim to extract the sloge /d¢ due to the applied
positions is proportional to the oscillation amplitude of ¢ excitation while minimizing contributions due to other
rector strength and the response of that BPM to the corrgpurces of perturbation to the beam trajectory such as from
sponding corrector. The corresponding corrector angkes ahe triplet vibrations.

shown in Fig. 3, showing the envelope of the applied 12 Hz The first and standard method for calculating the re-

Measurement data

excitations. sponse matrix? is to create correlation plots between the
“The work was performed under Contract No. DE-AC02-98CH108s&T MS and correctors, perform linear fitting, extract slopes
with the U.S. Department of Energy. which correspond to the elements of the orbit response ma-

tcliul@bnl.gov trix. The other two equivalent methods require determi-



COMPARISON OF ORM

For comparison, the relative differences between mea-
sured ORM and model ORM are shown in Fig. 4 and 5.
The fact that most of the relative difference is negative in-
dicate that the real response of most BPMs to correctors in
both rings are less than what is predicted by the model.
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Figure 3: Modulation of corrector strength during the mea D% G 00 150 2z 0 0
Surement Index of matrix element

Relative difference of response function in blue

nation of the amplitudes of the beam displacement at tHe9ure 4: Relative difference of measured ORM and model
applied excitation frequency. The ratio of this amplitude t ©RM in blue ring for store condition

corrector strength amplitude gives the matrix elements. Ex
tracting the beam response was evaluated in both the time
and frequency domains using curve fitting and fast Fourie 0.4
transforms (FFT) respectively. The sign of each matrix el
ement can be derived by inspection of the relative phas
between BPMs and correctors by comparing the phases
BPMs and correctors at the applied excitation frequenc
derived from the FFT.

The sign convention in the yellow ring of the new dipole i {
correctors was found to not be consistent with that of rec & | | ‘ '
ular correctors, which caused some confusion in the ee [
lier days. The dipole sign convention at RHIC is: positive
deflection for positive BPM reading; e.g. outward or up de S 100 150 20 %0
flection for both beams, which has the consequence thatt... e of mati stemert
orientation of the fields of the dipoles were opposite in the

blue and yellow ring. Once identified this was subsequen-. ) L
tially corrected. rhgure 5: Relative difference of measured ORM and model

RM in yellow ring for stor ndition
Results from these methods are consistent with relat|voe yetlo g for store conditio

differences on the level of 2%. In the following, we only
present one set of ORM measurement for comparison. APPL ICATION OF MEASURED ORM

ORM FROM MODEL Inversion of thg ORM using SYD algorithm was moti-
vated largely by limitation of available corrector stremgt
The closed orbit at an arbitrary positierwith a kick #  Studies [6] showed keeping 6 of 12 eigenvalues for SVD
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from a corrector at positiosy is [5] matrices achieved the best feedback performance while
maintaining corrector current within limit{ 12 A).

y(s) = G(s,50) * 0(s0) (1) The so called 10 Hz oscillation are actually oscillations

with frequencies distributed around 10 Hz. To see the effect

where of ORM calibration, we compared the integrated intensity
of the beam spectrum around 10 Hz for two cases: feed-

G(s.50) — B(s)B(s0) cos(mQ—|6(s)— d(s0)]) (@) back with model matrix and with measured matrix. The
200 = odin (r-Q) 50 comparison of peak intensity is equally effective and show-

ing similar results as in Fig. 6 and 7.
Based on Eq. 2, the model ORM is calculated with Twiss Consistent improvement of beam spectrum was seen on
parameters extracted from online model, OptiCalc. most BPMs in blue ring, however, the result in yellow ring
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Figure 6: Comparison of the integrated 10 Hz intensitél_,
with model ORM and measured ORM in blue ring at stor
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igure 8: Integrated 10 Hz intensity along blue ring be-

ing normalized by square ¢f-functions at corresponding
BPMs
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Figure 7. Comparison of the integrated 10 Hz intensity
with model ORM and measured ORM in yellow ring at
store [4]

is still puzzling. The intensity at IR6 and 8 are higher
because of the largei-functions of the BPMs due tg*  [5]
squeeze.

If normalized by square root gf-function, only IR4 in-  [6]
tensity is higher than the others as shown in Fig. 8. We
believe this to be related to the fact that liquid Helium feed
line is located in that region.

SUMMARY

ORM data were taken in RHIC for both blue and yel-
low rings for 10 Hz feedback system. The measured and
model matrices were compared which revealed measured
responses are systematically lower than model prediction
on the level of 20% to 30%. The calibrations have been
implemented during physics stores. Appreciable improve-
ments were observed in the blue ring without side effects
(impact on beam loss, luminosity...).
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