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LINEAR AND CHROMATIC OPTICSMEASUREMENTSAT RHIC*
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Abstract limitation for the maximum allowablg-beat is typically
Measurements of chromatic beta-beating were carrieqij.e o the ava_llable mach_lne apgrture Whlch could be re-
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ref [1, 2]. Two dedicated experiments were performed Eﬂomenclature. The large error bars at specific locations are

RHIC with protons during Run 2009. The first at injection 50
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energy and optics and the other at 250 GeV and squeezed  , |
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LINEAR OPTICS Figure 1. Phase beating measured in the Blue (top) and

L . ., Yellow (bottom) rings at injection energy and 250 GeV.
Deviations of lattice quadrupole strengths from the ideal

lattice can generate/awave (3-beat) around the ring. The due to incorrect BPM synchronization offsets at the time
*This work was partially performed under the auspices of t8ed@E  of the measurements. The phase beating is rather large




in all measurements compared to measurements performed.- | 12 [ Biue. miecion +]

in past at RHIC [5]. Some quadrupolar errors are evident '

from the phase-beating pattern ing|R IR 1 at injection in

the Blue ring and IR & IR gat 250 GeV in the Yellow ring.

If this phase beat is reproducible for successive ramps, an  ©

optics correction can be either performed using all avail- _ >’ ‘

able quadrupole circuits or selective IR-by-IR [1]. 20| B'“e 20 GEV = ‘
RHIC operates close to the difference resonance to max- 12 iﬁ EI Qiiﬂ @ J¥ l

imize the available tune space. The global coupling is typ- 5 J;ﬁs ﬁfég % -F

ically corrected toAQ,in < 5 x 1073, It is important
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Some relevant coupling sources in RHIC include: tongiudinal Postton fkm]
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e IR Triplet and arc quadrupoles rollsk{f), skew Figure 2: Amplitude of the coupling difference resonance

quadrupole errors in the interaction region (IR} driving term (f1001) as a function of longitudinal position.
and experimental solenoids

* Sextupole feed-down to skew quadrupole field at thgre very good with the model. Some deviations are ob-
chr;)mzlitulnty (SjeXttL:?OIf?S zt:md at all the dipoles due Qerved in the vertical plane. The maximum chromatic beta-
vertical closed orbit offsets kzy) beat is measured to be5% for a momentum deviation of

— -3
The major sources of the coupling are expected from triplét* 1107
rolls where the3 functions are also the largest. Coupling is 10 ‘ ‘ ‘
deduced from a complex Fourier spectrum of the turn-by- 5|  BlueHorizontal

turn BPM data. The Fourier transform is constructed from \fWWJ V N"J il \X W Il
normalized particle positions and momenta using technigue L "\A R

of adjacent BPMs positions [4, 3]. The sum and difference ‘ ‘ ‘ ‘ ‘ ‘ ‘
resonance driving terms (RDT'S)001 and f1g10 are de- ig o 05 1 15 2 25 3 35
duced from the secondary spectral lines [4, 6]. Theseterms & _|  sue verica
are functions of the uncoupled lattice parameters at the lo-
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wherekl is the I*" integrated skew quadrupole strength! Figure 3: Phase beating measured in the Horizontal and
, are the Twiss functions at the location of e skew vertical planes in the Blue ring at injection energy and op-

quadrupoIeAgb are the phase advances between the OHCS
servation pomtsand thel’" skew quadrupole an@,. , are
the horizontal and vertical tunes. Fig. 2 shows the amplj- At collision optics (0.7m at IRg), there is already a dif-

tude of the coupling RDTs for the RHIC lattice at injectionférénce in the model chromatic optics in Blue and Yellow
(Blue ring only) and 250 GeV optics. ring as seen in Fig. 4. The measured chromatic beta-beat

is in good agreement with the model with some deviation
between the two low-beta IRs. The maximum chromatic
CHROMATIC OPTICS beta-beat at collision optics is approximate{#0%. Some
Knowledge of chromatic optics and deviations from thémprovement in model chromatic beta-beat with adjusting
model is useful with decreasing* as the IR regions arc phase advances and existing sextupole circuits could be
could pose an aperture limitation. The linear chromatibeneficial from aperture considerations at collision aptic
B-function, - d?, can be computed from a linear fit 6f The average orbits as a function of momentum offsets
functions with respect to energy. The normalization wittare automatically available from acquired data. Therefore
on-momentunp-function provides a BPM calibration in- dispersion information is also available. To avoid BPM
dependent observable. calibration errors, the normalized dispersidn,(\/3.) is
A momentum offset scan with simultaneous turn-by-turtlypically measured. Fig. 5 shows the normalized dispersion
BPM trajectories synchronized with kicks to measure chrder injection and collision optics. The measured normal-
matic optics of RHIC was also carried out. The agreeized dispersion is required to have a simultaneous optics
ment of chromatig-functions at injection in the Blue ring and dispersion correction.



80

S Blue Horizontal (2‘50 Gev)‘ g 05
5 40 f Z o4t v
8 s e Al e & . | [+
§ ol d i ; A WM <o d
b, os's, Al > el [y
E 4wl o o2/ vj‘ AR
S g Measurement r- AR ‘T‘ ‘ [ \ - |
) o 0t I | \ | |4
0 0.5 1 1.5 2 2.5 3 3.5 =3 | | t/ \
60 : ‘ ‘ ‘ : ‘ ‘ 204 i I lj 7| ;oL
= Blue Vertical (250 GeV; :
g [ 4t ﬁ[; e Y g o2y Blue Ring, Injection Measurgﬂnolgﬁ: |
2 il Z 03 . . . . . 1 !
a 0p \H | \’ [+ Ww@*‘“@%ﬂw o 05 1 15 2 25 3 35 4
E a0 "1“ ' T O R . TR o TR, 1
g 0 0.5 1 1.5 2 25 3 35 4
’60 Longltudlnal Position [km]
0.4 T
W\IW”H“ ”\\“"m““I\\MIVN”N il ”H“ H\i\lﬂﬂhm"m\“ i ”\\i\l“m\\"m\“ ”\H“H\H\“\ﬁﬂhl\h”H“ HHH"H\ “\I\\I“\\IWHN ”H“ A ] — 03 L
o5 1 15 2 25 3 35 % o2 };W%Hii R %1% I@ﬁﬁ? k’}liilﬁ\; ﬁgﬂﬁ
Longitudinal Position [km] ; 01 | I 5 i I
80 T T T T \ i1 .t 15 |
g Yellow Horizontal (250 GeV) I, 0 {é{ g ﬂi& il Model
2 oA LAY »m id e s
E 4o ICNITO H | 04 . : ;
= YT Model & 03 3 3
G 80 ‘ ‘ __Measurement o " oon | “‘}jlléii - El! i‘}%%‘ ?551{;5] {flli &ﬁg}éﬁiﬁ Hi‘;f”i
0 05 1 1.5 2 25 3 35 VN RS R T B T A A d{
< ‘ ‘ Y X i ‘f ;\,
&, Yélow Vertical (250 GeV) = i # i i ¥ Model
= 30 LA 0 -01 Blue Ring, 250 GeV
3, E%Nﬁ/; /?/ (@/Aﬁ'}i/ ‘?\a’fgﬁ\' EYL Wis 2 w \ ‘ ‘ ‘
A [ vy n 3 0 0.5 1 1.5 2 2.5 3 3.5
§ a0l LA I O o T YRR
5 o L o o5 1 15 2 25 3 35

Longitudinal Position [km]

0 3 3.5

WIHIWH\!!'MHWHH!W\WI'I\!IWH!!'MH!WH\!!'NI\'I!I'I'IIN\W‘NHWNH\!!'!NI\'I'I'I'IINWMN‘m\NWH\\!I\'MINIWMN‘MHWM*H\'\\ITIHI!M\N‘M\!!'HH\!'NI\'I!I

0 0.5 1 15 2 25 3 35 . . . . .
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blue only) and at 250 GeV (bottom) as a function of longi-
Figure 4: Phase beating measured in the Blue (top) andyina) position.

Yellow (bottom) rings at 250 GeV and collision optics.
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All data analysis is typically pre-conditioned to elimi- 3
nate faulty BPMs. Robust numerical techniques have been
developed and bench marked with data for identification
of faulty BPM data [7]. An additional cut based on mea+igure 6: Statistics of BPMs failure in data sets acquired at
sured tune at each BPM is also incorporated to ensure datgection energy and 250 GeV.
sanity. The data acquired for the two experiments were an-
alyzed for the tune sanity check and fig. 6 shows the BPM
failure rate as a function of the longitudinal position. The ACKNOWLEDGMENTS
tune sanity cut was set at 2.50 of average tune. Asin _ We would like to acknowledge the help of RHIC opera-
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ried during Run 2009 in RHIC and results from these ext?] R-Calaga, R.Tomas, A. Franchi. PRSTAED34001 (2005).
periments were presented. The on-momentum optics shéfy R- Calaga and R. Tomas, Phys. Rev. ST Accel. Bedms
larger than usual phase beating both at injection and col- 042801 (2004).
lision optics than past measurements. The dispersion and
the first chromatic beta-beating measurements show good
agreement with the model. Improvements in the model
chromatic optics at collision optics could prove beneficial
to gain available apertures.
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