MOPPC029

Proceedings of IPAC2012, New Orleans, Louisiana, USA

OFF-MOMENTUM BETA-BEAT CORRECTION
IN THE RHIC PROTON RUN*

Y. Luo, M. Bai, W. Fischer, A. Marusic, K. Mernick, S. White
Brookhaven National Laboratory, Upton, NY USA

Abstract

In this article, we will review the techniques to measure
the off-momentum [-beat and the correction algorithms
with the chromatic arc sextupoles in RHIC. We will focus
on the measurement and correction of the off-momentum
[*-beat at the interaction points. The off-momentum S* is
measured with the quadrupole strength change and a high
resolution phase lock loop tune meter. The results of off-
momentum [* correction performed in a dedicated beam
experiment in the 2012 RHIC 250 GeV polarized proton
run are presented.

INTRODUCTION

Based on the perturbation approach, the relative first or-
der off-momentum [-beat is given by
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Here 3., are the betatron amplitude functions, ¢, , are
the betatron phase advances. § = dp/po is the relative
momentum deviation. K1 and K> are the strengths of the
quadrupoles and sextupoles. D, is the horizontal disper-
sion.
And the second order chromaticities are given by [1, 2]
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For RHIC, the second term in Eq. (2) is the dominant which

is related to the first order off-momentum S-beat.
According to Eq. (1) and (2), both the first off-

momentum [(-beat and the second order chromaticity are

determined by the half integer resonance driving terms

which are defined as
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Therefore, we can minimize the half integer resonance
driving terms to correct both the first order off-momentum
[-beat and the second order chromaticity.
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In this article we focus on first order off-momentum 3*-
beat correction with the chromatic sextupoles in the arcs.
In RHIC, the number of independent chromatic sextupole
power supplies were doubled from 12 to 24 in the summer
of 2007. In each sextant of RHIC, there are 4 independent
sextupole power supplies. Considering the phase advances
of each FODO cell is close to 90°, we split the focusing and
defocusing sextupoles into 2 sub-families in each sextant.
The sextupoles in each sextant are sorted as SF1, SD1, SF2,
SD2,.... There are 24 sub-families in total in each RHIC
ring.

In the following, we first present the correction algo-
rithm to the off-momentum S-beat. Then we carry out a nu-
merical simulation to verify the correction method with the
Blue ring lattice in the 2011 RHIC Au-Au ion rum. In the
end we present the experimental results of off-momentum
[*-beat measurement and correction in the Blue ring in the
2012 RHIC 250 GeV polarized proton run.

ALGORITHM AND SIMULATION

The off-momentum S-beat can be corrected based on
the optics model and its online measurement. If the lin-
ear optics model reflects the accelerator precisely, the off-
momentum [S-beat correction will be straight-forward by
simply dialing in the offline calculated correction strengths
into the machine. However, if there is a large discrepancy
in the linear optics between the offline model and the real
machine, we have to perform online off-momentum [3-beat
correction based on its actual measurement. Ref. [3] shows
that 15% on-momentum S-beat could cause 30% change in
the second order chromaticity. The on-momentum [-beat
comes from the quadrupole gradient errors.

No matter of offline or online correction, the correction
algorithms to the off-momentum S-beat are the same. For
example, with the popular singular value decomposition
method, we could calculate the correction strengths with
the linear response matrix between the off-momentum -
beat and the sextupole families,
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Here the left sides are the off-momentum S-beat changes
together with the linear chromaticity change. The right side
are the sextupole families. We can use the off-momentum
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Figure 1: Simulation: [} at IP6 versus dp/po with and
without correction.
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Figure 2: Simulation: df, /dd with and without correction.

[-beats at all the beam position monitors (BPMs) or
at some particular locations as the observables. Since
there are only 24 independent sextupole power supplies,
the maximum number of variables is 24. During off-
momentum [3-beat correction, we would like to keep the
linear chromaticities constant to maintain the beam life-
time.

Since we are more interested in the off-momentum 5*-
beat at the IPs, we use them as the constraints in the follow-
ing study. Similarly as in the second order chromaticirty
correction [1], to keep the linear chromaticity constant be-
fore and after correction, we pair the SF1 and SF2, SD1
and SD2 families in each arc together. For example, if we
increase the strengths of SF1 families, we also decrease the
strengths of SF2 families by the same amount. By doing
so, we have 12 horizontal and vertical d3*/dd constraints
at IPs and 12 sextupole sub-families.

In the following we perform numerical simulation to ver-
ify the above correction algorithm with the Blue ring lattice
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Figure 3: Simulation: horizontal tune versus dp/py with
and without correction.

for the 2011 Au-Au run. The working point of this lattice
is (31.23, 32.22). The 8* at IP6 and IP8 are 0.7 m. At
other non-colliding IPs, the 5*s are 5 m. The second order
chromaticities without correction are (-7500,2800).

Fig. 1 shows the off-momentum horizontal 3 at IP6
without and with correction. Fig. 2 shows the off-
momentum [3,-beat along the ring without and with cor-
rection. Fig. 3 shows the off-momentum horizontal tunes
without and with correction. The correction strengths are:
AK?2L for SFPI is 0.12 m~2, AK2L for SFMI is -0.12
m~2. From Fig. 2 and Fig. 3, after the off-momentum 3*-
beat correction, the global off-momentum S-beats and the
second order chromaticity are also reduced.

EXPERIMENTAL RESULTS

The key to the online off-momentum /3-beat correction is
to measure the off-momentum /3 functions. There are sev-
eral techniques available in RHIC to measure /3 functions.
We can use an AC dipole to excite the beam to generate a
coherent beam motion [4] or use a tune meter to kick the
beam to generate a de-coherent beam motion. Based on
the 1024 turns of turn-by-turn BPM data along the ring,
we can determine s at valid BPMs. The data processing
algorithms for the two methods are very similar.

To change the off-momentum fs, we shift the horizon-
tal beam position inside or outside of the beam pipe by
adjusting the RF frequency through a radial loop. For
the following experiment in the 2012 RHIC 250 GeV po-
larized proton run, a 1.0 mm radial shift corresponds to
|dp/po| = 0.93 x 10~3. We also measure the second order
chromaticity with the radial shifts.

We normally set the AC dipole driving tune 0.01 away
from the betatron tune. The driving tune of the AC dipole
should be out of the beam tune spectrum in order to keep
the beam losses low during the measurement. Therefore,
it is important to reduce the beam tune spread before ex-
citation by setting the linear chromaticity close to zero.
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Using the tune meter kicker also requirs low chromatici-
ties to obtain a longer coherent beam motion. However, in
the beam experiments we observed the linear chromaticity
change after radial shifts. To measure 3 functions, we had
to adjust linear chromaticities again which may affect the
off-momentum (3-beat’s measurement and correction.

When looking only at the off-momentum /3*-beat at the
IPs, we can measure the 8*s with the strength changes of
the first quadrupoles (Q1) next to the IPs. This method
does not need to adjust chromaticity at different radial
shifts. The tune changes are measured with a high reso-
Iution phase lock loop based tune meter whose absolute
resolution is normally better than 10~%. Fig. 3 show the
tune data during one measurement. At each IP, we change
the strengths of the two Q1 quadrupoles on both sides of the
IP. Each measurement gives both horizontal and vertical 5*
at the IP and takes about 2 minutes.
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Figure 4: Tune readings during 5* measurement with Q1
quadrupole strength change method.
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Figure 5: Measured 3 at IP6 versus dp/po without and
with correction.
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Figure 6: Measured horizontal fractional tune versus dp/p
without and with correction.

Limited by the tight beam time in the beam experi-
ment, we were only able to measure the horizontal off-
momentum S* at IP6 with the Q1 quadrupole strength
change method in the Blue ring in the 2012 RHIC 250 GeV
polarized proton run. The measured horizontal second or-
der chromaticity is 4600 without correction. With a mod-
erate correction, the horizontal second order chromaticity
is reduced to 3000. The correction strengths are: A(K2L)
for SFPI family is —0.09m ™2, A(K2L) for SFMI family
is 0.09m~2,

Fig. 5 shows the measured 3 at IP6 versus the relative
off-momentum deviation. Fig. 6 shows the measured off-
momentum tunes versus the relative off-momentum devia-
tion. The maximum radial shifts are 0.5 mm and 1.0 mm
during the off-momentum £* and tune measurements re-
spectively. From Figs. 4 and 5, both the horizontal off-
momentum 5* at IP6 and the horizontal second order chro-
maticity are reduced with the above correction strengths.

SUMMARY

In this article we reviewed the techniques to measure and
correct the off-momentum -beat in RHIC. We focused on
the measurement and correction of 3*-beat at the IPs, es-
pecially at the colliding IPs. With the Blue ring lattice
in the 2012 RHIC 250 GeV polarized proton run, we ob-
tained some preliminary experimental results of the off-
momentum (3*-beat measurement and correction at IP6.
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