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Abstract

Longitudnd behavior of single bunch dectron beam
with both signs of negative and positive momentum
compaction factors has been investigated on the UVSOR
storage ring. Significant dfferences in the bunch
lengthening and the incresse of the energy spread with the
beam current have been found between two operations.

1 INTRODUCTION

Study of the longitudnd single bunch dynamics of the
electron beam circulatingin a storagering is significant for
future development of a synchrotron light source and the
storage ring free dectron laser [1]. Paticulaly, the
longitudnd single bunch instability, which is one of the
beam characteristics on the circular accderators, does not
only spoil stability but dso increese the energy spread and
the bunch length of the beam [2].

The single bunch instability manly originate from
interaction between the el ectron bunch and theimpedance of
the environment such as sudden change of the vacuum
chamber cross section, belows, BPMs and etic. Baseon a
low Q resonator impedance modd, Fang €. d. recently
pointed out a possibility of which thethreshold current for
microwave instebility would be high and the bunch
lengthening would benot significant when astorageringis
operated with negative momentum compaction factor [3].

In this atide we report in our prdiminay
experimentaly results of the single bunch behaviors when
the storage ring is operated with negaive and positive
momentum compaction factors.

Tablel Basic parametersof the UV SOR storage ring for
negative o experiment.

Energy E =600 MeV
Circumference C=532m

Bending radius p=22m

Betatron tune n, = 3.16 (horizontal)

n, = 1.44 (vertica)
Momentum compaction factor a

o] =0.033
Harmonics h=16
RF frequency fre = 90.107 MHz
RF voltage Ve =46 kV
Energy soreed o = 0.23 MeV

Natural Emittance €o=230TTNnmred

90 1t nm rad (positive a)

20 T T T T T T
(a) a =+0.0355

Betatron and dispersion function (m)

Path Length (m)

Fig. 1 Cdculaed Twiss paameters for one unit cdl as
positive a (a) and negative a (b) operation.

2 DEVELOPMENT OF LATTICE FOR BOTH
POSITIVE AND NEGATIVE MOMENTUM
COMPACTION FACTOR

Table 1 shows basic parameters of the UVSOR storage
ring for the negative momentum compaction factor
expaiment. In the normd opeation for usas  of
synchrotron radaion (SR), a bit of positive dspersion
remans in straght sections to minimize the effective
emittance, and then the momentum compaction factor o is
estimated to be + 0.035. For the experiment with negative
o, we deveoped a new operding point, where a can be
turned smoothly from positive to negative without change
of the betatron tunes. This operating point has been dso
optimized to use of the hdicd opticd klystron with small
gap [4].

Calculated Twiss parametersof thelatticeat positive and
negaive o operaion ae shown in Fig. la and 1b,
respectively. At the positive a lattice, the dspersion
function is positivein the bendng magnet. On the other



hand, at the negative a lattice, the dispersionfunction aters
from negative to positive in the bend and alarge negative
d spersion function makes the integrd of the dspersion in
the arc negative.

3 MEASUREMENT OF BUNCH
LENGTHENING

A dud-sweepstreak camerais apowerful tool to observe
the dectron dstribution in the bunch andits varigion in a
cetan time range [5].  Since a slow-sweep axis can be
expanded up to 100 ms fromthe oneturn period, wecanonly
observe the collective longitudnd oscillation with the
synchrotron frequency of about 15 kHz (see Table 1) but also
Oetect instabilities of which the dectron dstribution is
slowly varied.

Current dependent bunch lengthening hasbeen measured
up to ~100 mA with the single-bunch mode for the almost
same absolute vdues of the positive and the negative
momentum compaction factors (o] =0.03). RMS bunch
lengths werededuced from spectra averaged over many turns
in the two-dmensiond duad-sweep images of SR from a
bendng magnet. Figure 2 shows vaiations of the bunch
length a awide rang of the single bunch current. For the
case of positive a, the bunch lengthens monotonously,
which is in agreement with our previous measurement.

Basicdly the bunch lengthening is dominaed by
potentid-wel distortion and microwave instability due to
the broad band impedance of the beam chamber. For the
case of the positive a, the bunch lengthening due to
potential-well distortion caused by the inductiveimpedance
is theoreticdly evduated by Laclare as a function of the
beam currents as
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where g, isthe bunch length at the current 1and gy, @, Vg
and R ae the naturd bunch length, the momentum
compaction factor, the synchrotrontune andthemeanradius
of the ring, respectivdy [6]. The dfective coupling
inductive impedance [Z/n] is here normdized to the
revolution frequency. A solidlineinFig. 2is afit with eqg.
(1) to the bunch lengths in the positive o operation be ow
50 mA, and the effective coupling impedance of 1.3Q was
obtained Although it is not dear, one can see a
discontinuity point around 60 mA.

The bunch lengthening with the negaiive a was
drasticdly changed As one can see, the bunch shortening
was observed up to ~15mA andthen the bunchlengthening
with the current.

Thebunch shortening can besimply explained assuming
the wake fidd generated by an inductive (L) impedance as
Vwake = -L(dl/dt). Since the synchronous phase of the

beem with the negaive a is the opposite side
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Fig. 2 Messured bunch lengths plotted as a function of the
beam current.

of the slope of the accelerating RF field, a combined field
with theRF field and wakefiled become steepif theotheris
gently-sloping.

4 MEASUREMENT OF ENERGY SPREAD

Radaion spectrum from the opticd klystron is very
sensitive to the beam energy spreed A modulation factor,
which indicates degreeof interferencebetween two radiation
from undulators separated by adispersivesection, definedas,
froa = (S, -8)/(s, +5), where s, and s are the maximum and
the minimum intensities of a jagged-structure spectrum,
respectively. Compléete inteference in both spaid and
frequency domains makes f,,s= 1. An actud modulation
factor may be separatedinto twoterms as f,,= f.of, where
f. and f, are the modulation factors originaed from the

emittance and the energy spread, respectively.  The
analytical formulaof f,is written as
O O
f, = expg8r°(N, + Nd)ZD&DZm
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where N, andN, arethe period number of oneundulator and
the interference order of the radiation.

We chose a resonant wave ength of 355 nm to messure
the modulation factor, and & the wavdength was 130.
Results of the measurement of theenergy spread areplotted
as afunction of the beam currentin Fig. 3. Absolutevaues
were normdized to cadculated one & the very low beam
current.  One can gpparently notice the threshold beam
current around 50 mA and 15 mA exits for the increase of
the energy spreed in the positive and negative a operation,
respectively, which correspond with the d scontinuity seen
in data of the bunch length measurement (Fig 2.) These
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Fig. 3 Beam current dependenceof the energy spread derived
from the modulaion factor of radaion spectra from the
optical klystron. Lines are guided by eyes.

points can be considered as onsets of the microwave
instability. As seen in thefigure the growth rate of the
microwave instability in the negative a operation is faster
than in the positive one, which may be interpreted by the
higher pesk current coming from the bunch shortening
effects due to the inductive impedance.

5 SUMMARY

The bunch length andthe energy spread weremeasured as
afunction of the beam current for the positive and negative
momentum compactionfactor. In thepositive a operation,
the bunch waslengthened monotonously with beam current.
However at the very high current the microwaveinstability
was occurred, whichis confirmed by the measurement of the
energy spread  The bunch shortening was observedin the
negative a operaion beow the threshold current for the
microwave instability. Once the microwaveinstability was
occurred, the energy spread grew rgpidy with the beam
current. The averaged bunch length with the negative a is
shorter than that with the positivea at thewide rangeof the
beam current. Nevertheless thenegativea operationhasno
avantage because of the lower threshold current of
microwave instability. As far as the UVSOR ring, the
suggestion of Fang €. d. is not redized Probably the
impedence modd of the low Q resonator employedin their
articleis not suitable for the UV SOR ring.
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