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I mplementation of Optics Correction on the Ramp in RHIC*

C. Liuf, A. Marusic, M. Minty, BNL, Upton, NY 11973, USA

Abstract RAMP OPTICSMEASUREMENT

In this report we describe and present experimental re- BY firing the ARTUS kicker every 2 or 4 seconds on the
sults from correction of the accelerator optics during ac@mp, TbT BPM data of free betatron oscillation can be
celeration and preparation for collisions at the Relativis "ecorded in both planes [2]. The timing of oscillations in
Heavy lon Collider (RHIC) at BNL. Past experiences withtWo planes are shifted by 510 turns to reduce coupling ef-
beam optics correction at RHIC have concentrated on mefgcts. Special care was taken to avoild interference batwee
surements and corrections at store beam energies. WhIIBT and average orbit data taking. Option of 1k, 2k and 4k
well-corrected store beam optics is desirable for maximiZUms TbT orbit are available. The option of 1k is chose for
ing beam and polarization lifetime, well-corrected beanil€ ramp optics measurement since usually the oscillation
optics during the ramp is also desirable for example to rdasts less than 500 turns du_e to decoherence. Examples of
duce the strength of depolarizing resonances. With optid®T BPM data are shown Fig. 1.
measurements on the ramp at every 2 or 4 seconds, correc-
tions were computed for several fixed points on the ram
using a well-tested weighted Singular Value Decompos . ..
tion algorithm. Successful implementation of correctior :
on the second part of the ramp (rotator ramp), together wit | “le ,
some observations on the first part of the ramp (the ener( : | e
ramp) will be presented. [

INTRODUCTION Figure 1. Turn by turn BPM positions in the horizontal

Analysis of depolarizing resonances on the ramp and d jeft) and the vertical (right) plane from ramp optics mea-

. . -Surement, residual coupling (right) appears in the vdrtica
namic aperture study are part of the ramp optics desi pling (right) app

. S ane where the horizontal oscillation starts
nowadays in RHIC [1]. Acceptable intrinsic resonanc%ﬂ

strength and dynamic aperture are ensured by design. WithA | . vsis. beta f . d oh
optics errors, both of the quantities are hard to predict. /> @n usua optics analysis, beta functions and phase

Most likely the machine performance in both aspects Wi@dvancc;s are Ide'Fermil:]eq for bgth pIgT)es rf]rom LbT fBPM
degrade to some extent with optics errors. Therefore, it &Iata' The analysis technique adopted by the author favors

desirable to correct the optics on the ramp for better polal"© Qata In the horizontal plane fqr better measurement res-
ization and intensity transmission efficiencies. olution [3]. Therefore, the data in the vertical plane was

) , i , shifted backwards by 500 turns (data after 500 turns being
Besides continuous efforts for improving ThT (turn-by-is . rded) before windowed FFT being applied, which also

turn) BPM data quality over the years [2], there are two A&z ,ces the impact of the residual coupling in the vertical
velopments in 2013 that make ramp optics correction fe lane after~500 turns.

sible. One of the developmen_t Is the preclisio.n opti_cs MEA" The beta beats and phase errors at 289 s into the ramp
suremen; basedl on AETUS t(r:Ckzé[z]. WT'th IS c:!tlcal forare shown in Figs. 2 and 3. The whole ramp takes 320
ramp optics analysis. Firing the Ipole Tor OplCS MeAg g ijar analysis results are available every 4 seconds in
surement is operational and robust at injection and sto ue ring, every 2 seconds for Yellow ring. The overall
energies [4]’. however, it h:.is not beef‘ demonstrated on t &nd of £he optics errors are similar for both rings. As
ramp. Exciting beam periodically with the ARTUS tuneyeam being accelarated, the optics error decreases to its

meter kicker has been done previously for the purpose Rﬁnmum in the middle of the ramp. Then the error goes up
ramp chromaticity control. However, no successful efforgs beta stars being squeezed

has been applied to extract accurate linear optics informa-

tion along the ramp. The other development is the suc-

cessful demonstration of global optics corrections based o RAMP OPTICS CORRECTION SCHEME

both the ARTUS kicker and the AC dipole [5, 6]. For the polarized proton program at RHIC in 2013, the

ramp has two parts. The first one, during which the en-

*The work was performed under Contract No. DE—ACOZ—980H10886ergy is ramped up and beta stars ar.e Sque_ezed’ is called

with the U.S. Department of Energy. energy ramp. The second ramp, during which the rotator
fcliul@bnl.gov magnet ramps up, is called rotator ramp. There are 32




test, correction on a rotator ramp with fewer bunches (12 by

289 s

e [— me—155%] 12) was attempted to study the effects. The test ramp was
the same as a physics ramp except for the fewer bunches.
0s| ] The optics for the rotator ramp is considered as smooth

regardless of the ramping of the rotators. Therefore, cor-
rection calculated for the full energy were applied to all

o | stepstones of the rotator ramp except the very first one. It
means the correction strength ramp up from the first to the
ol ] second stepstone.

Beta beat by amplitude scaling at BPMs

Beam loss of the test ramp and a physics ramp are shown
in Fig. 4. The rising of beam loss around 1300 s in the
O 00 000 I eordinates (my o 00 4000 Blue ring was due to other beam study. The oberservation

is that beam loss is slightly better for the test ramp during
e rotator ramp and after beam collision. IPM reported

Figure 2: Beta beats at 289 s into ramp in the horizont&!
plane from ramp optics measurement
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S coordinates (m) Figure 4: Comparison of beam loss between the test ramp
and a physics ramp for both rings
Figure 3: Phase errors at 289 s into ramp in the horizontal

plane from ramp optics measurement emittance for the test ramp and a physics ramp are shown in

Fig. 5. They are similar except for the large error bars due

fixed points (Stepstones) for the energy ramp Where ma&l feWer bUnCheS. CalCUlated beam emittance from beam
net strengths are controllable for the energy ramp. Magné@llision signals are as good as in a good physics store.
strengths are interpolated between the stepstones. Rotato

ramp has fewer stepstones since the optics is smoothier.

TbT orbits nearby stepstones are picked for optics ang '
ysis for the availability of optics models. Then correcgon i ‘
of the 72 trim quads are calculated based on the princip |: i
presented in [5]. Two scripts are designed for ramp optic el
correction. One of them goes through all the picked or " L
bits for analyzing optics in both planes. The second one
implements the corrections in RampEditor fpr all reIevanF:igure 5: IPM measured emittance in a physics ramp (left)
stepstone;. Due to the fact that the be.am. is not p_erfgc%d the test ramp (right) for both rings
centered in quadrupoles, the closed orbit will vary with im-
plementation of correction. Therefore, orbit feedback is
turned on to keep the orbit stable. Besides that, tune feed-Collision rate is expected to reach 1070 kHz at STAR by
back is on as well to avoid beam loss due to resonancessaling beam intensities, which4s15% increase of lumi-
Chromaticity changes due to optics corrections are prempsity.
dicted by the online modgl (thlCaIc), Wh',Ch is then man- The results of the test elimilate the concern of adverse
ually corrected before activation of corrections. effects of ramp optics correction. Later on, the correction

for rotator ramp was implemented operationally for physics
TEST ON ROTATOR RAMP program in the Yellow ring only due to other change in the

The conern regarding ramp optics correction implemerBlue ring. The rest of the program has been running with

tation is mostly on the beam loss and beam emittance. Aarrected optics without any complication.
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Figure 6: Beam collision signals in the test ramp for botlrigure 7: Current curves for selected magnets without
experiments ramp optics correction

.....

TEST ON ENERGY RAMP

Ramp optics correction for the energy ramp has bee
tested twice in 2013. We run a 12 by 12 ramp for ram
optics measurement first, then run script to select the TB
orbit files near the stepstones and calculate optics corrg
tions, run script to send correction strengths to RampEdit
and activate corrections. We were not able to ramp aga
for ramp optics measurement to verify the correction du
to time limitations. ==

The problem encountered in the first attempt is, each
time a set of strengths were sent to a stepstone in Rafbyyre 8: Current curves for selected magnets with ramp
pEditor, the online model recalculates all relevant magn%tptics correction
strengths for the whole ramp which is too time-consuming.

The solution is to send all correction strengths for a step-
stone once, not separately. The other way around is to fix ACKNOWLEDGEMENTS

magnet strengths (anchoring) for the relevant StepsStanes s q g thor would like to thank the RHIC operation crew

interpolation of magnet strengths will not occur after im'and the BPM team for their help during the beam study.

plementing correctons. The two ways are similar beca“%epecial thanks to V. Ranjbar, M. Bai, M. Blaskiewicz, W.
changing strengths for a stepstone would anchor it as Welis her and T. Roser for their support of the work.
The problem encountered in the second attempt is, anchor-

ing stepstones changes the current curves for magnets dra- REFERENCES
matically, which causes magnet exceeding limits. The se-
lected current curves before and after anchoring stepsto

are shown in Figs. 7, 8. The ongoing effort is to change the
RampManager code so that anchoring stepstones only fix

the magnet strengths, but does not change the derivatiygs M- Minty etal. Measurement of beam optical functions dur-
of the current curves. ing acceleration in RHIC. lithese proceedings.

] V. Ranjbar. Polarization transmission efficiency on ramp.
Presented in RHIC retreat 2013, Brookhaven National Lab,
Upton, NY, 2013.

[3] C. Liu et al. Precision tune, phase and beta function mea-
surement by frequency analysis in RHIC. mRnoceedings
SUMMARY of the International Particle Accelerator Conference, 2013.
IPAC 2013.

Precision analysis of the linear optics based on TbJa] M. Bai et al. Measuring beta function and phase advance in
BPM data by the ARTUS kicker opened out the possibil- RHIC with an AC dipole. IrParticle Accelerator Conference,
ity of ramp optics measurement at RHIC. Breakthrough of =~ 2003. PAC 2003. Proceedings of the, volume 4, pages 2204—
global optics correction added the critical piece for imple ~ 2206. IEEE, 2003.
menting ramp optics correction. Ramp optics correctiofs] C. Liu et al. Global optics correction in RHIC based on turn-
for the rotator ramp has been implemented operationally by-turn data from ARTUS tune meter. these proceedings.
at RHIC. Appreciable improvement of luminosity was 0b{g] x. Shen et al. AC dipole based optics measurement and cor-
served. Ramp optics correction for the energy ramp is in  rection at RHIC. Irthese proceedings.
progress.
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