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MEASUREMENT OF SEXTUPOLAR RESONANCE DRIVING TERMSIN
RHIC

W. Fischer, BNL, F. Schmidt and R. Tas, CERN

Abstract a real machine the complex signal is constructed from two

Theory predicts that resonance driving terms can be d ick-ups with 90 _phase a_dvance. If the phage advance be-
een the two pick-ups is not exactly 9@ linear trans-

termined by harmonic analysis of BPM data recorded aft [ mation can be applied to the data from both pick-ups to

applying single kicks. In recent experiments at the CER . . X i
SPS this technique has been successfully applied to meoab—taln the correqundlng set of data witt? 90 phase ad
yance. Only one pick-up cannot be used to measure reso-

sure coupling and sextupolar resonance terms around nance driving terms unambiguously since the spectral lines
ring. A similar experiment has been carried out in RHIC 9 94 y P
{m,n) and (-m,-n) cannot be disentangled.

BNL, to prove the feasibility of this measurement in this The Hamiltonian and the generating function terms de-

more complex machine. Promising results of the experi-end on the longitudinal location where they are calculated
ment are presented, including a direct measurement of st%- 9 y :

tupolar resonances and a comparison to the model. 0 under;tand how they vary along the ring the valges qf a
Hamiltonian term at both sides of a source of non—linearity

INTRODUCTION are compared. Prior to this element the term/js,,, and

aafter itish?,,,,. The non-linearity contributes to the first

e ey s gt motn ot e e
9 quantitye 27 [G=Rvet=mrlp because the element

1 h .
by [1] . has moved to the end of the lattice. Therefore the relation
E(N) —ipa(N) = /2@,e"?mvaN+vzo) between the two Hamiltonian terms is expressed as
j+k—1 l+m
—2i  / :lm 2I 2 217 2 1 —i27[(J—k)ve —m)v
J;n]f]kl ( T) ( J) ( ) h?klm = h;khn+(6 2l —k)vat(l ) y}il)kjk’lm ’ (4)
s (13 HR)(@mva N4 )+ (m ) (2, N-taby )] the equivglent relation between the generating function
terms is given by
wherel, andI, are the horizontal and vertical actions,, Fhrim = Firim — Fjkim - (5)

andzy,,, are the horizontal and vertical initial phasesand

v, are the horizontal and vertical tunes including the amPhese relations state that the amplitude of these terms
plitude dependent detuning and the factgyg,, are the changes abruptly at the location of the sources. Their am-
generating function terms. These are related to the Hamplitudes remain constant along sections free of sources.

tonian termsh;j;,, by the following expression, This feature is very important since it allows the localisa-
tion of multipolar kicks. Applications of this feature in the
it — hjkim @) CERN SPS can be found in [2] and [3].
Jjkilm —

1 — e—2n[(—F)vat+(l-—mry] In a real machine the beam is not a single particle but
) ) a particle distribution and processes like the beam deco-
Note that the t,emfjklm drives the resonancg Ck - __herence change the Fourier spectrum of the turn—by—turn
m). The Hamiltonian terms are defined by the fOHOW'ngmotion. The effect of the decoherence due to amplitude

expansion of the non-linear Hamiltonian, detuning has been described in [2]. The relevant conclu-

itk Itm sion is that the spectral line (m,0) of a decohered signal is
H = Z hjkim (21:) = (21,) 2 reduced by a factor gin| compared to the single particle
Jhtm case. In particular, the two spectral lines (-2,0) and (2,0),

x e "Ik Wattbag)+(I=m)(Wy+vue)l - (3)  produced by sextupolar fields, from the decohered motion

are decreased by a factor of 2 compared to the single par-

wherey, andy), are the horizontal and vertical angle vari-ticle case. In order to compare the results from the experi-
ables. Egs. (1) and (2) suggest that a FFT of the turnment to single particle simulations the corresponding factor

by—turn complex signal can be used to measure the geg-applied to the experimental results.
erating function and the Hamiltonian terms. The spectral

line (1 -+ k,m — l) depends Only on the terlf}‘klm. DESCRIPTION OF THE RHIC MODEL

By line (m,n) we mean the spectral line with frequency

muy, + nvy. To illustrate these relations the third order The tracking program SixTrack [4] is used for the analy-
resonance is studied. The Hamiltonian and the generatisg. The RHIC tracking model is constructed from an ideal
function terms driving the third order resonance agg,, lattice, characterized by@&function of 10 m at all interac-
and f3gq0 respectively. The spectral line produced in thdion points. This configuration was used in the experiment.
horizontal motion by this resonance is therefore (-2,0). IMagnetic field errors are introduced in the arc dipoles and
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quadrupoles. At injection, these field errors dominate thgable 1: Machine and beam parameters for the experiment.

dynamic aperture. parameter unit value

For the dipoles, cold measurements at 660 A in 58 magqing Yellow
nets are used to determine the average and rms values f%‘becie AG+
the geometric field errors [5, 6]. The dipole current at in- rejativistic parametey 10.52
jection is 470 A. Normal and skew components are Measjons per bunchy, 109 0.1—0.7
sured up to 22-poles. The measured mean and rms valugsorm. emittance, 95%,, M ~ 10
are used to assign random errors in the lattice. Mean a“@unes(ux, vy) ) (28.223, 29.235)
rms values for the sextupole component, dominated by Perehromaticities(¢, , £,) ~ (=2, —2)

sistent currents, are determined in a separate measuremeRbyi. strengthx, L(MAD) m~2  from —0.09 to 0.09
and also used to assign random errors in the lattice.

For the quadrupoles, only geometric errors are consid- 1 —— o
ered. Mean and rms values are measured in 380 mag- 8 mm '
nets at 30 A and room temperature. A good correlation ©.0)
is found between warm and cold measurements in thesg 01
magnets [5, 6]. No additional persistent current error con=
tributions are included in the quadrupoles. £

Tunes and chromaticities are set to the values observe®
in the experiment. Closed orbit errors are disregarded. Ir'g (2.0)
the experiment one interaction region sextupole correctog
was changed to excite the third order resonance.

DESCRIPTION OF THE EXPERIMENT | H H
I, Lol AL i, 1

The measurement of resonance driving terms was car- 05 -04 -03 -02 01 0 01 02 03 04 05
. . . L . Frequency [tune units]
ried out in gold operation at injection. Relevant parameters

are displayed in Tab. 1. In all cases the transverse injecti¢fiy re 1: Fourier spectrum of the complex signal from
oscillations of a single bunch were observed turn-by-turtyick_ypsy05-bh10 andyo5-bh12 for the unchanged RHIC
The L]orlzontal ﬁscf'”‘";‘]t'o_” amplitude was Va'Phed by ‘?ITa_”gand for an oscillation amplitude of 8 mm. The label (m,n)
ing the strength of the injection septum. e oscillatio ;

amplitudes were increased in steps until most of the bearmeans that the frequency is equal to ;.

was lost in the injection process. 12 beam position morFig. 1. In this figure the tune line and the three sextupolar
itors (BPMs) in either plane recorded 1024 turns after thepectral lines are seen plus the spectral line (-1,0) which is
injection. due to quadrupolar and octupolar resonances.

Five sets of data were taken. In each set the horizontal To measure the spectral line (0,0) the closed orbit previ-
oscillation amplitude was varied. The first set was takeous to the excitation of the betatron motion is needed. Since
with the unchanged machine. For the other sets, the singtethis experiment the betatron motion was excited by in-
interaction region sextupole was powered to 0.09, 0.03,jecting with a certain transverse angle, the reference closed
0.03 and -0.09 m? respectively. This sextupole shouldorbit is not known. Therefore the line (0,0) cannot be mea-
drive first and third order resonances. sured. The spectral lines (-2,0) and (2,0), normalised to

The sextupole that was changed in the experiment is atlee tune line, are proportional to the oscillation amplitude
location with lattice functiongg,, 5,) = (143 m,50 m).  and to the resonance terihgyoo andhiq respectively, as
For comparison, the 72 focusing arc sextupoles are at Iderived from Eq. (1). For the different sets of data the nor-
cations (3;,8y) = (45 m,11 m) with a strength of malised amplitude of either spectral line is plotted versus
+0.18 m~2; 72 defocusing arc sextupole are at locationghe normalized betatron amplitude /\/5,. The betatron
(Bzy 3y) = (11 m,44 m) with a strength 0f-0.39 m=2.  amplitudes have been measured from the first turns of the
The arc sextupoles correct for the natural chromaticities &PM data. A beta function of 48 m has been assumed at
(€z,n,€y.n) = (=05, —57) and the persistent current chro-the BPMs to compute the single particle emittance, which

mpl

(-1.0)

(2,0

0.001 ¢ &

maticities(&, p,, &y b, ) = (—38,+36) [7]. is twice the action/,.. Only the data coming from two of
the pick-ups could be systematically used for all the dif-
EXPERIMENT VERSUS M ODEL ferent settings. In Fig. 2 the normalised amplitude of the

spectral line (-2,0) coming from these BPMs is plotted ver-
Sextupolar fields introduce three spectral lines in theus the oscillation amplitude for the five different settings
Fourier spectrum of the horizontal motion: (-2,0), (2,0) anaf the interaction region sextupole. The experimental val-
(0,0). The first one is related to the third order resonanages have been multiplied by the decoherence factor of two
and the other two are related to the first order resonande.compare to the curves predicted by the model. There is
An example of the Fourier spectrum obtained from the exa good agreement except for the case with09 m—2. To
perimental data and using ti8&)SSIX[8] code is shown in measure the first order resonance the previous procedure
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Figure 2: Measurement of the third order resonance. ThHégure 3: Measurement of the first order resonance. The
normalised amplitude of the spectral line (-2,0) is plothormalised amplitude of the spectral line (2,0) is plot-

ted versus horizontal betatron amplitude for five differented versus horizontal betatron amplitude for five different

strengths of the sextupole. Experimental results are mulstrengths of the sextupole. Experimental results are multi-
plied by the decoherence factor of 2 and predictions fromlied by the decoherence factor of 2 and predictions from
the model are shown. the model are shown.
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