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Abstract. A new method for on-line phasgpace measurementgth kicker excitation at
COSY was developed. Ttposition data were measureging the analog output of twmeam
position monitors (BPMshand directly monitored on aligital storage oscilloscope with an
external clock (bunch-synchronosampling). Nonlineabehavior of the proton beam was
visible as well as were resonance islands. Typical measurements are presented.

INTRODUCTION

COSY is a coolesynchrotron and storageng, deliveringprotons(unpolarized or
polarized) withmomenta betwee800 MeV/c and 3300GeV/c for experiments in
medium-energyphysics. Itcontains twocooling systems to shrinkhe beamphase
space. Anrelectron-cooling system reaches up tmmeamentum of600 MeV/c and is
complemented by a stochastic cooling systkat coversthe upper range froni500 to
3300MeV/c. Beam extraction is accomplished by the conventim&dnantextraction
mechanism as well as with the stochastic extractiethod. Protobeams are routinely
delivered to three internal and three external experimental areas (1).pgapbkisspecial
emphasis is given tthe measuring technique of theansverse phase space. The
knowledge ofthe phase space netire electrostatic septum is esserfibl optimization
of the resonant extraction process and very useful for beam dynamics experiments.

EXPERIMENTAL SETUP

The experimental procedursarts withexciting the beam particles to collective
transverse (in oucase only horizontal) oscillations with betatron frequency by a fast
diagnostic kicker magnet in the COSMg. The beambunch is short-timedeflected
(0.75us — 2us width, riseandfall time < 1us) and the resultingunch oscillations are
measured usinghe beam position monitors (BPMs). The kicker excitation is



synchronized witithe COSY rfsignal and can be adjusted time by programmable
delay, sothat a single deflection of thetotal bunch can be performedbunch
synchronous excitation). The amplified and filtered sumdifierence signals from the
BPM electrodes are digitized bjash ADCs (20 MHz clock rate), stored in FIFO
memories(4K or 64K width),and transferred téles. Depending on th&IFO width,
data of about 200 or 3200 successive twanrs bestored. Up to nowthe phase space
was calculatedfrom the raw data oftwo BPMs andMAD calculationsfor TWISS
parametersd,5,)) (2). Now a newmethodhasbeendevelopedThe positiondata are
measured usinghe analog output aofivo BPMs anddirectly monitored on aligital
storage oscilloscop&he sum signal of a BPM is used dietect gpassing bunch. The
signal is differentiated and fed into a PLL-circuitie differentiatedsum signal has a
zero crossing at each bunch peak, nearly independent btitioh-shape antthe bunch
frequency.The phase loop trackihe zerocrossingpoint and generates a cleaitter-
free clockpulse in phase witthe bunch peakFig. 1). The output signatontrols the
sampling of the oscilloscope inpugtages (external samplingclock). Two BPM
difference signalsare displayed orine in the xy-display mode.The time offlight
between the two BPMs is compensated by an electrical delay. The display represents the
position of one BPMersusthe other (except the calibration). To get flilease space
diagram (angles,' versus positiorn,), thetransfermatrix between thevo BPMs must
be known.Another representationsesthe normalized momentump, = o X, +BX,'
versus positiorx, (canonical coordinates,,p,). If the phase advance betwette two
BPMs isequal torv2, the following expression fothe normalized momentum, is

found:
= /—ﬁl X, 1
pl ﬁz 2 ( )

that means monitoring, versusx, is similar top, versusx, except the factorg/B3,)">.
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FIGURE 1. Bunch-synchronous tracking generator.

EXPERIMENTAL RESULTS

A problemfor suchmeasurements is the “damping” of the oscillations due to the
finite betatron frequencgpread ofthe particles. Typically, about00 oscillations are
seen in our case. Tavercome thigproblem,the measurementsere performed with a



cooled beam. Figure 2 shows the on-line horizontal “phase space” plot (difference signal
BPM,,, versus difference signal BEM near a third-order resonance for falifferent

kick strengthg(deflection angles) with an electron-cooledam (approximately & 0°
circulating stored protons, momentum 1.675 GeV/c). Under these conditionsthamore
400000scillations could b@bserved The momentum deviatioAp/p is about 21073

before and M0™ after cooling the beam. A sextupole (nonlinear) magrietid is used

to excite the third integer resonance (in this case the horizontal tune a@purit$/3).
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FIGURE 2. Horizontal “phase space” plots of an electron-cooled beam at four different kick strengths
in kV (deflectionangles)displayed online with a digital storage oscilloscope y-display mode.
Vertical direction: analoglifferencesignal of BPM,,, horizontal direction: analodifferencesignal of
BPM,,,.

The effect of the nonlinearity makes the tune increase with increasing kick amplitude, so
there is one amplitudéor which the tune is exacthyi1/3. Furthermorethere is a
frequency entrainment effect causing all nearby amplitudes to lockegatdly the same



tune. This accounts for the existence of so-called resonance i€Bndlghen thebeam
is kicked with a small amplitudé¢he particles are not kickaghontheresonance. At a
certainamplitude, the “lock-on” is visible andlandsare formedseeFig. 2). During
thefirst 100 turns,the motion is damped before the particles are trapped irslHred.
The particles jump to another islandeatchturn and return tdhe starting islandfter
threerevolutions.The bunch withinthe islandperforms acircular motionaround the
center of thasland, the so-called stable fixepoint. After about 37turns, the bunch
returns to its original position in the island.

CONCLUSIONS

The studies of beam centroid motion aftelectively perturbing thebeam by dast
kicker yield important information about the lattiCEhis procedure is also useful in
nonlinear beam dynamics studies. Due to the non-negligible beam size, the interpretation
of the experimental results is difficult, especially if theam center is displaced close to
the separatrix. Some dhe particles are stableere, someare instable.The degree to
which the beam centroid motion accuratepresentgshe motion of a singlearticle
depends onhe emittance of the beam; the smaller the emittance ddeidu,the more
accurate isits representation of singlparticle motion. Furtherlimitations are the
decoherence of the betatron motion and crossing of nonlinear resonances.

The shown method is extremely useful in determiningtridnesverse phase space on
line without analyzing the digitized FIFO memory of the beam position monitors.
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