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Global Optics Correction in RHIC Based on Turn-by-Turn Data from ARTUS
Tune Meter*
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Abstract TbT data analysis technigues, whether it is a time do-
Deviation of the optical functions from the model mayMain, frequency domain or any statistical method, should
result in reduced dynamic aperture, luminosity and beatf principle deliver similar measurement res_o_lut|ons pro-
polarization all of which are of particular interest in the-p Vided they are employed to their best capacities. The au-
larized proton program at RHIC. Peak to peak beta beaf3or adopted a frequency domain method which produces
as large as +/- 80% have been observed. In Run-13, wé-2 dég phase measurement resolution [4] at RHIC.
demonstrated that the optical functions can be corrected!n addition to measurements at BPM locations, beta
globally by two different approaches, either beta beat deinctions at various critical dewces_ can be interpolated
phase error correction. The optics measurement, corrd@sed on the measured beta functions at nearby BPMs.
tion algorithm and beta beat and phase error measuremehitést, One calculates the transfer matrices between the de-

before and after correction will be presented. vice and the upstream and downstream BPMs based on
model optical functions. Then two equations can be es-
INTRODUCTION tablished which relate the unknown beta and alpha at the

R . . device and the measured betas at the two BPMs.
RHIC (Relativistic Heavy lon Collider) has been running Vi !

. : 2
with large beta beat over the years for both heavy ion and { B1 = R2,Bo — 2Ry Risarg + R? 1+ad

polarized proton programs. The impact on dynamic aper- ) ) ffafo Q)
ture and beam polarization from optics error are expected, B2 = 1180 — 2ririaao + iy o

however hard to quantify. The optics errors manifest them- )

selves as beta beats (relative error of beta functions)s or a Here S, 52 are the measured beta functions at BPM 1
phase advance errors, and as the integral, the tune erré8d 2. & andr are the transfer matrices from the device
Usually, the luminosity decreases because of enlagjed {© BPM 1 and 2 respectively, anday are the unknown
from the presence of beta beat. Therefore, luminosity is e WisS parameters at the device.

pected to benefit from optics correction even though many

other parameters contribute as well. Model optical func- CORRECTION SCHEME

tions are usually used in correction in accelerators, like 0 G|opal beta beat correction has been implemented on
bit, tune and chromaticity corrections [1] since caliwati yarious accelerators successfully [5]. However, global
of optical functions is non-trivial. The errorsin optics®b  phase error correction has been proposed but not demon-
ously set a limitation on the best performance of the corregyrated successfully [6]. The basics of the two cor-
tions. In addition, many critial diagnostics rely on modelections being applied in RHIC are similar. Suppose
optics as well. For instance, IPM (lonization Profile MON-(¢, ¢, ..., en) is the optics error (beta beat or phase er-
itor) uses model beta functions to calculate the beam em'por) being measured\/ is the response of optics errors to
tance. The accuracy of all these diagnostics are expecte drupole strength variationd in form of a matrix. The

be improved with the measurement of optical functions angyrrection can be obtained by solving the following equa-
correction. The above facts justify the need of a robust fagpns:

turn-around optics measurement and correction scheme.
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In RHIC, two types of TbT (turn-by-turn) BPM data can : : : - : * : @
be acquired for optics measurement. One is the betatron |\, M1 Mys - My, k.,

oscillation driven by the AC dipole [2]; the other is the
free betatron oscillation initiated by the ARTUS kicker [3]The optics error on the left side are from both planes, on
(tune meter). The oscillation caused by the AC dipole isvhich proper weights can be applied based on the scale
adiabatical and renders high signal to noise ratio. The AR the errors. The correction knobs in RHIC are the 72
TUS kicker affects only one bunch, so it is more robust iguadrupoles with trim power supplies which all reside in
practice. All measurments and corrections in this paper atke interaction regions [7].
based on TbT BPM data acquired using the ARTUS kicker. The response matrix for beta beat correction can be
*The work was performed under Contract No. DE—ACOZ—QSCH10886c_a|CU|ated elt.her by an optics prer?'m (MAD-X) S|mula-
with the U.S. Department of Energy. tion or analytically based on the online model (OptiCalc)
T cliul@bnl.gov optical functions. The analytical formula are presented




in Eq. 3. Betas in Eq. 3 are for the quadrupoles. Th
guadrupole integrated strength is assumed.
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The results from both calculations were compared fc
RHIC at both the injection and store energies. Because
the fact that gamma-t quads are implemented in OptiCa
but not in the MAD-X model, the response matrices dif-
fer considerably from each other at injection energy. A
full energy, the two results agree very well with each other
since the contribution of gamma-t quads decreases with eRigure 2: The measured and model phase advance in the
ergy. horizontal plane after phase correction (in units 0§.2

The response matrix for the phase error correction was
only simulated with MAD-X. Therefore, the error in the
phase response matrix is expected to be non-negligible d
to the missing gamma-t quads at injection. At full energy
the impact of gamma-t quads on the phase response n
trix should be minimal just like for the beta beat respons
matrix.
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OPTICSCORRECTION

Due to time limitations and the known error in the model
a phase error correction was only attempted briefly at ir
jection energy. With one iteration of corrections, the ghas
errors before and after correction at injection are shown in
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Figs. 1, 2, 3and 4. Figure 3: The measured and model phase advance in the
vertical plane before phase correction (in units 0j.2
correction has been demonstrated successfully in RHIC at
0s e injection energy, however, not to its full capacity.

The beta functions at IPs (Interaction Points) are inter-
polated from the measurements before and after beta beat
correction. The results are shown in Table 1 and 2. The
numbers in parenthesis are the design values fofthe

SUMMARY

0" S00 1000 1500 2000~ 7500 3000 3500 4000 Both global optics correction schemes (beta beat and
phase error correction) have been demonstrated success-
ély at RHIC based on ARTUS TbT BPM data. The beta
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Figure 1: The measured and model phase advance in t
horizontal plane before phase correction (in unitsf.2
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The corresponding rms beta beat was reduced fro
17.3% to 9.3% in the vertical plane, from 7.8% to 5.2%
in the horizontal plane with the phase error correction.

Beta beat corrections were demonstrated in both rings
full energy. The beta beat before and after correction in tt
Blue ring are shown in Figs. 5 and 6. The applied integrate
trim strengths for all 72 quads are shown in Fig. 7.

The phase measurement and correction has certain ¢
vantages over the beta beat correction. First, the pha
measurement is model independent; secondly, the phe._ _
measurement is mostly immune to BPM calibration errors;
and lastly, the phase correction will not introduce addiFigure 4: The measured and model phase advance in the
tional tune changes which have to be corrected. Phase er¥ftical plane after phase correction (in units @) 2
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Table 1: g* at IPs in the Blue ring before and after beta
beat correction

B. (IP6) B, (IP8) B, (IP6) 5, (IP8)
Before  0.74 0.63 0.82 0.73
After  0.66(0.64) 0.63(0.61) 0.69(0.63) 0.73(0.64)

Table 2:5* at IPs in the Yellow ring before and after beta
beat correction

B. (IP6) B, (IP8) 3, (IP6) B, (IP8)
Before 0.6 0.79 0.62 0.75
After  0.63(0.66) 0.66(0.6) 0.68(0.67) 0.70(0.68)

beat correction has since then been implemented opera-
tionally at store. The benefit on luminosity was observed

Figure 5: Beta beat in horizontal plane before (blue) anf8]. The correction of3* was verified by measurements

after correction (red).
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Figure 6: Beta beat in vertical plane before (blue) and aft%

correction (red).
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Figure 7: Applied integrated correction strength in theeBlu 8

after correction. Even though the phase response matrix
has certain errors due to the missing gamma-t quads in
the MAD-X model, phase error correction was demon-
strated successfully at injection energy. Further stugies
planned for the future. The result of a phase error correc-
tion is expected to be no worse than the beta beat correc-
tion.
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