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Abstract The bunchesare separated atrossing pointsother

The Cornell Electron-Positron Storage Ring (CESR) hg%an the !nteractlon region by verticahd horizontal
L . L o €lectrostatic separators. The separatorsised tomake a
a longitudinaldipole-coupled-buncimstability thatlimits

. . “pretzel” orbit to insure separatiorbetween bunch
the total amount o€urrentthat can be stored ithe ring. : . ) . .
o R : crossings at locations other than the interaction region.
As a result, it is one of the major limitatiofsr higher

o . Different distributions of bunches in the trains are
luminosity [1]. Thispaper reportghe results from a : . . o
observed to have different dipole-couplaahch instability
streak camera used tameasurethe dependence of the

bunch’s distribution oncurrent and accelerating RF thresholds.
voltage formultiple bunches INCESR, aswell as the 2 DATA ANALYSIS
effects of the longitudinal instability on thebunch

distribution. Measurements of the bunch’s longitudinaMeasurements of the CESR longitudinal bunch
distribution atCESR, with multiplebunches present in distribution were madevith a 500-femtosecondesolution

the ring, help give amnderstanding ofhe nature of the Hamamatsu streak camera. A descriptionthe&f camera

longitudinal instability. f\zr]dexperlmental set-up iglescribed indetail elesewhere

1 MULTIPLE BUNCH OPERATION AT To determinethe bunch length, the longitudinal

profiles of the beam distributioarefit to an asymmetric

CESR Gaussian function with a constant background given by
Multiple bunchesrefers to more than one bunch of _ H 10 (z-2) A=
electrons or positrons being present in CESR attione. 1(2)=1o+ IleXpé'_i [I+sgn(z -2)A)0, ] %

Multiple bunches in CESRre necessary to achiek@gh ) ,

luminosity. Underpresent high-energy physics colliding?ere I, is the pedestaland I, is the peak of the

beam conditions,there are nine nearly evenlyspaced asymmetric Gaussian. The tersgn(z-2z)A is the

bunch trains, with up to five bunches @achtrain, for a asymmetryfactor that parameterizeshe shape ofthis

total of 45 electron and 45 positron bunches (Figure 1). Gaussian. The mean rms widtb;,, and asymmetry
factor, A, fromeachexperimentare used texamine the

Train#1 Train#2 pulse-to-pulse fluctuations in the beam distributidach

Bunch#1 #2 #3 #4 #5 Bunch #1 distribution is fit to the mean rms widténd asymmetry
Y ¥ X X @ - factor andthe area andnean position of the distribution

< 28ns »< 2815 » can vary. The difference, (or residuals) betwtenfit and

< 280 or 294 ns > the data will show variations between an average

Figure 1. There arenine trains of bunches IBESR and dijstribution and individual data acquisitions.
eachtrain can have up tofive bunches presenffive
bunches per train are shown in this figur&achtrain is 3 STABLE BUNCH MEASURMENTS

separated by80 or 294 nandthe bunch spacing in the o )
train are in multiples of 14 ns. The electron bunchistribution, as a function ofurrent,

was measuredvith nine trains of two buncheser train.
The separatioetweenthe two bunches, in a train, was
42 ns. The wiggler magnetsere closedduring this
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measurement. The meandthe root mearerrorfor the m=-047+0.03, and in the high current -case,
bunch width and asymmetry factor, at each cursetiting, m=-0.39+0.03. The expectedvalue wasm= -0.50.

is plotted in Figures 2 (a) and (b). This is in good agreement with timeasuredralue in the
low current case. Aghe current increaseshe bunch

T LS00 A A A AN A length dependence on RKoltage decreasesmost likely
105l @ ] ® due to beam loading in the RF cavities.
- 10
3 4 -
E 10} { + 1 g -00s * 225 ; s ‘ ‘ T ‘ ‘ ‘
g + ; + 0, (mm) =m1*V, (MV)™ o (mm)=m1i+V,_ (MV)™)
§ 185 + E + 22+ Value| Error 21.5¢ [ Value _Error|]
5 £ € mi|  40.253]  19804| £ ml| 45513] 2.224
é 181 ? -0.14 + } §N21.5— @ m2| -039187| 002867| £ 21t m2 | -0.47309/ 0.028579|
2 2 21} 12205
% 175 B 5

B 205] 18 2
S N N (I 7 T R T S S R TR T 2 18 195
Bunch Current (mA) Bunch Current (mA) (EE 195] §
Figure 2. Theelectron(a) bunch length as a function of 27 12 %
currentwith 18 bunches in th€ESR ring,and the (b) 9 385
asymmetry factor as a function of current. B w5 6 5 7 45 b 55 6 65
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Several observations can be made from the results:Figure 4. The electron bunch length as a function of RF
betweenthe currents from 1 to 13 mA pebunch, the accelerating voltage, with 18 bunches in @SR Ring,
electron buncHength increases by6.0%. Thissteady ata current of (ap.0 mA per bunchand(b) 3.2 mA per
bunch lengthincrease isnot accompanied by ateady bunch.
increase in the Gaussian asymmetry factor. 2) The single o
electron bunchength at lowcurrent is expected to be ~ The bunch distribution wasmeasured for both
0,=17.30mm according tothe CESR model. The e!ectron&and positrons, as a function c:fL_Jrrent,durlng
measuredsingle bunch length at lowcurrent was Pigh-energycollisions. The bunch spacing was 42 ns.
o, =17.89+0.35mm, which is close to the multibunch Each strealcamerapicture of the bunch distribution was

- fit to an asymmetric Gaussian distributiandthe width
measurement dow current of 0, =18.10+£0.38mm [2]. g4 asymmetryfactor wereplotted as a function of the
3) With the bunch spacing of 42 hetweenbunches, the current in Figures 5 (a) and (b).

longitudinal instability was not present. The threshold for

the instability is ~240 mAfor this bunch spacing. A 2 § s -
single data acquisition of the longitudinal bunch 205k of L. J
distribution foreach oftwo different currentsettings is _ ! 5 AT TR S
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Figure 5. Theelectron (a) bunch lengthand (b)

asymmetry factor, as a function of curredtiring high-
— energycollisions in CESR. The fit to thedata islinear

3 andpoints out the slowdecrease inthe bunch length and
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Figure 3. Singlestreak camerapictures of theCESR
electron longitudinal bunchlistribution and residuals at
the currentsettings of:(a) 1.3 mA and(b) 12.5 mA per
bunch.
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The bunch length,for both the electrons and
positrons, decreases as a function of current. Atithe
of these measurements the tgtabk current during high-
energyphysics was 170 mAerbeam. The runsasted
about 70 minutes, or until the singbemam current was

The bunqh length waseasured as fnction of the 120 mA. ThenCESR was refiled. The asymmetry
RF acceleratingoltage.  The measuremenigere made factor, for both electronsand positrons, decrease as a

‘é‘”th helectronts atea;chtRl;mﬁage, Wh”te keepcljng tthe function of current. Overall the electroasd positrons
unch current constant. asurement wasade at a . pibit the same behavior in CESR.

high current,and low current, with nine trains of two
bunchesseparated by 48s. Themean bunch width and
root mean error is plotted at each RF voltage in Figures 4 4 UNSTABLE BUNCH MOTION
(a) through (b). The CESR longitudinal instability is alipole-coupled
Fitting the data to the equation g(\/r ): AV the bunch instability,and it is only observedwith multiple
bunches per train. The characteristics of the instability are
describecelsewherd3]. The threshold of thenstability
' depends upon the mode of operation. We observed that: 1)

electron bunch lengths’ dependencetioa RF accelerating
voltage was determined. Inthe low current case



at the instability threshold current, aignal at f, * f

appears in the beams spectra, whiclindicates a

predominately dipole structure in phase space. 2) As tgcillates violently.

signal amplitude,and the bunch distributionchanges
dramatically. Abovel95 mA the bunch distribution
Figures Ta) and (b) are bunch

current is increased, well above the threshold, the signaldgtributions above00 mA. There islittle evidence of

f. £2f, appears. 3) The thresholdurrent for the

the quadrupole mode in Figure 7 (b) and strong evidence in

instability is dependent on the bunch spacing in the trafidure 7 (a).

4) The instability degrades the CESR luminosity.

Measurements of the longitudin@hstability were
made atseveral differenbunch spacings. They dtlave
the same characteristicexcept for different instability
currentthresholds. The onpresented here iwith nine
trains of two bunches, with 14 ns spacibgtween
bunches. The instabilitythreshold with this bunch
spacing was approximately 110 mA. Jwgiove the
instability thresholdmeasurements of theectron bunch
distribution were taken with thstreak camerahoth with
the feedback on(no instability present)and with the
longitudinal feedbackoff (the inability is present). A
spectrumanalyzerwas used, in conjunctiorwith the
streak camera, to measuretbé longitudinal instabilities
presence.

The features othe longitudinal instability from the
measurement are the following: 1) The dipoiede is not
detectable bythe streakcamera(Figure 6). Thebunch
length and asymmetry factor, withand without the
instability presentare in agreemenfTable 1). 2) No
structure isdetected inthe residuals of each dthe data
acquisitions.
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Figure 6. TheCESR electron longitudinal bunch

distribution measured bythe streakcamerawhen (a) the
longitudinal instability is preserand(b) the longitudinal
instability is not present.

Stable Beam
RMS Width o,(mm)[ 18.78+0.13 18.73+0.09
Asymmety Factor -0.07 £0.01 —0.07 £0.01

Table 1. The measuredelectron bunchlength and
asymmetry factor for a stable and unstable beam in
CESR.

Exploring the instability behavior further, tloarrent
wasincreased andeveralinterestingfeaturesappeared: 1)
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Figure 7. (a)-(b) Th€ESR bunch distribution fit to the
mean stable bunch distribution when the beam is unstable
(fs and 2f,) with the current above200 mA. The

residuals are above the distributiofc) The bunch length
and 2fS signal amplitude as a function of current.

5 CONCLUSIONS

The measurements @ESR provided information about
multibunch operations, as well as thehavior of the
bunch, when thecoupled-bunchlongitudinal instability

Unstable Beah Was present iiCESR. The generalconclusions from the

measurementare that there is nodifference between the
positrons and electrons in CESR, in terms of longitudinal
dynamics. The coupled-bunch longitudinal instability is a
dipole mode instabilityand astrongfeedbacksystem has
allowed the instability to bedamped, and increased the
current thresholdf4d]. The presence othe longitudinal
instability wasnoticed inthe beam spectra. It was also
noted with the streak camerabut only when the
guadrupole mode was present.

there is a steady increase in the bunch length as a function These studies of the longitudindynamics inCESR
of current. Bunchlengtheningincreases dramatically, andhelped quantify some effects, such as: 1) the bunch length

the beam oscillates in size (signature of theadrupole
mode). 2) As theurrent increases, thfg+ 21, signal in

and asymmetry of the buncincreases as &unction of
current while colliding beams. 2) The bunch length

of current. The2f, signal is plotted in Figure {t) as a
function of current. There is a dramatigump in the

CESR. 3) The coupled bunch longitudinal instability is a
dipole instability, butwhen thecurrent is increased, it
incites the quadrupole instability, and the bunch



distribution changes drastically. Nonlinearites in the
potential well and the large amplitudemotion, in the
dipole mode, give rise to thguadrupolemode. With the
presentfeedbacksystem, thecoupledbunch instability is
eliminated at currents above threshold floe quadrupole
mode.

The streak camera has been invaluable dmgnostic
device for the measurement thle longitudinalparameters
of CESR.
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