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Near real-time response matrix calibration for 10 Hz GOFB∗
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Abstract

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 correction
algorithm uses transfer functions between the beam posi-
tion monitors and correctors obtained from the online op-
tics model and a correction algorithm based on singular
value decomposition (SVD). Recently the calibration of the
transfer functions was measured using beam position mea-
surements acquired while modulating dedicated correctors.
In this report, the feedback results with model matrix and
measured matrix are compared.

INTRODUCTION

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 GOFB
system [3], consists of 36 BPMs, corresponding to 2 per
triplet in each of the 12 triplet locations and two in each
of the 6 arcs, and 1 dipole corrector at each triplet loca-
tion for a total of 12 correctors, has been operational since
Run-11. The feedback worked at injection and store for all
physics runs so far. This system reduces the 10 Hz oscil-
lation amplitude at IR BPMs by a factor of more than 3
both at injection and store. The damping effect from 10 Hz
feedback is shown in Fig. 1 for 100 GeV proton at store in
Run-12.

ORM MEASUREMENT

Direct measurement of the transfer functions eliminates
possible errors in the BPM and corrector calibrations or in
the optical model. Orbit response matrix (ORM) measure-
ments were performed in both accelerators during these
calibration measurements. The correctors were driven se-
quentially at 12 Hz while the BPM values were recorded at
a sampling rate of 1 kHz.

Measurement data

An example of BPM data during the excitation of correc-
tors is shown in Fig. 2. The oscillation amplitude of beam
positions is proportional to the oscillation amplitude of cor-
rector strength and the response of that BPM to the corre-
sponding corrector. The corresponding corrector angles are
shown in Fig. 3, showing the envelope of the applied 12 Hz
excitations.
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Figure 1: Beam positions recorded at IR BPMs at 1 kHz
rate before and after 10 Hz feedback was engaged

Figure 2: Beam positions recorded at one IR BPMs dur-
ing the process of exciting 4 correctors, the top plot is the
original beam position oscillations, the bottom plot is the
centered beam position oscillations

ORM FROM MEASUREMENT

Three different methods for generating the response ma-
trix from the experimental data were evaluated [4]. All
methods aim to extract the slopedx/dθ due to the applied
excitation while minimizing contributions due to other
sources of perturbation to the beam trajectory such as from
the triplet vibrations.

The first and standard method for calculating the re-
sponse matrixR is to create correlation plots between the
BPMs and correctors, perform linear fitting, extract slopes
which correspond to the elements of the orbit response ma-
trix. The other two equivalent methods require determi-



Figure 3: Modulation of corrector strength during the mea-
surement

nation of the amplitudes of the beam displacement at the
applied excitation frequency. The ratio of this amplitude to
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 Fourier
transforms (FFT) respectively. The sign of each matrix el-
ement can be derived by inspection of the relative phases
between BPMs and correctors by comparing the phases at
BPMs and correctors at the applied excitation frequency
derived from the FFT.

The sign convention in the yellow ring of the new dipole
correctors was found to not be consistent with that of reg-
ular correctors, which caused some confusion in the ear-
lier days. The dipole sign convention at RHIC is: positive
deflection for positive BPM reading; e.g. outward or up de-
flection for both beams, which has the consequence that the
orientation of the fields of the dipoles were opposite in the
blue and yellow ring. Once identified this was subsequen-
tially corrected.

Results from these methods are consistent with relative
differences on the level of 2%. In the following, we only
present one set of ORM measurement for comparison.

ORM FROM MODEL

The closed orbit at an arbitrary positions with a kick θ
from a corrector at positions0 is [5]

y(s) = G(s, s0) ∗ θ(s0) (1)

where

G(s, s0) =

√

β(s)β(s0)

2 sin (π ·Q)
·cos(π ·Q−|φ(s)−φ(s0)|) (2)

Based on Eq. 2, the model ORM is calculated with Twiss
parameters extracted from online model, OptiCalc.

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.

Figure 4: Relative difference of measured ORM and model
ORM in blue ring for store condition

Figure 5: Relative difference of measured ORM and model
ORM in yellow ring for store condition

APPLICATION OF MEASURED ORM
Inversion of the ORM using SVD algorithm was moti-

vated largely by limitation of available corrector strength.
Studies [6] showed keeping 6 of 12 eigenvalues for SVD
matrices achieved the best feedback performance while
maintaining corrector current within limit(± 12 A).

The so called 10 Hz oscillation are actually oscillations
with frequencies distributed around 10 Hz. To see the effect
of ORM calibration, we compared the integrated intensity
of the beam spectrum around 10 Hz for two cases: feed-
back with model matrix and with measured matrix. The
comparison of peak intensity is equally effective and show-
ing similar results as in Fig. 6 and 7.

Consistent improvement of beam spectrum was seen on
most BPMs in blue ring, however, the result in yellow ring



Figure 6: Comparison of the integrated 10 Hz intensity
with model ORM and measured ORM in blue ring at store

Figure 7: Comparison of the integrated 10 Hz intensity
with model ORM and measured ORM in yellow ring at
store

is still puzzling. The intensity at IR6 and 8 are higher
because of the largerβ-functions of the BPMs due toβ∗

squeeze.
If normalized by square root ofβ-function, only IR4 in-

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...).

0 5 10 15 20 25
0

20

40

60

80

100

120

140

Index of BPMs

N
or

m
al

iz
ed

 1
0H

z 
pe

ak
 in

te
ns

ity
 in

 b
lu

e(
a.

u.
)

 

 

with model matrix
with measured matrix

Figure 8: Integrated 10 Hz intensity along blue ring be-
ing normalized by square ofβ-functions at corresponding
BPMs

REFERENCES
[1] C. Montag, R. Bonati, JM Brennan, J. Butler, P. Cameron,

G. Ganetis, P. He, W. Hirzel, LX Jia, P. Koello, et al. Ob-
servation of helium flow induced beam orbit oscillations at
rhic. Nuclear Instruments and Methods in Physics Research
Section A: Accelerators, Spectrometers, Detectors and Asso-
ciated Equipment, 564(1):26–31, 2006.

[2] R. Bonati, G. Corbin, J. Cozzolino, A. Jain, G. McIntyre,
M. Minty, C. Montag, J. Muratore, C. Schultheiss, S. Seberg,
et al. Recent triplet vibration studies in rhic. InInternational
Particle Accelerator Conference, 2010.

[3] R. Michnoff, L. Arnold, L. Carboni, P. Cerniglia, A. Curcio,
L. DeSanto, C. Folz, C. Ho, L. Hoff, R. Hulsart, et al. Rhic 10
hz global orbit feedback system.Proc. of PAC11, New York,
2011.

[4] C. Liu and M. Minty. Orbit response matrix measurements
for 10hz global orbit feedback in rhic. Technical Report
C-A/AP/407, Brookhaven National Laboratory (BNL) Rel-
ativistic Heavy Ion Collider, 2010.

[5] S.Y. Lee. Accelerator physics. World Scientific Pub Co Inc,
2004.

[6] C. Liu, R. Hulsart, W. MacKay, A. Marusic, K. Mernick,
R. Michnoff, and M. Minty. Near real-time orm measure-
ments and svd matrix generation for 10 hz global orbit feed-
back in rhic. InProc. PAC, 2011.


	78843
	BNL-96749-2012-CP
	Near real-time response matrix calibration
	for 10 Hz GOFB
	Collider-Accelerator Department
	Brookhaven National Laboratory



	chuyu2.pdf

