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BUNCH LENGTHENING IN SOR
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Synchrotron radiation Laboratory:; University of Tokyo,
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Summary
Bunch lengthening in SOR, a 408 MeV
electron storage cing dedicated for

synchrotron radiation experiments, was found
to be induced by a longitudinal coupled bunch
instability. The bunch length which increases
as a 1/5.8 power of the beam current, can be
explained by the balance between the growth
of +the instability and Landau damping due to
the spread of synchrotron ~ frequency,
and by introducing a weak frequency
dependence of coupling impedance. In
connection with this phenomenon, slow
fluctuation of synchrotron radiation was
found to come from a detailed unbalance of
the equilibrium slectron distribution on the
longitudinal phase space. Touschek life time
of the expanded beam and Landau cavity to
suppress the instability are described.

Introduction

Bunch lengthening of stored beam current
has been observed in many electron storage
cings!™ In most cases +the bunch length
increases as one third power of the bean
current and accompanies cohersnt synchrotron
oscillations as well as bunch widening. This
phenomenon has been believed to be induced by
a single bunch effect and explained with
longitudinal instability of bunched bsam or
with stability criterion of coasting bean.
Bunch lengthening . observed in SOR shows
several characteristic features similar to or
different from those in other rings. In this
paper we give the experimental results of the
lengthening and related phenomena as well as
the analyses which give satisfactory
sxplanation of the results.

Bunch lenghtening

As shown in Fig.l the bunch length in

S0R increases as a 1/5.8 power of the bean
current above a threshold current. The
lengthening s observed in multi bunch

operation.
inter-bunch

operation but not in single bunch
is thought to be induced by
interaction. Several side bands of
synchrotron oscillation were observed around
gvery harmonics of revolution fregquency,
which indicate the presence of coherent modes
of synchrotron oscillation. Figure 2 compares
the observed side bands with those of bunch
shape mode arcund coupled modes expected fronm
the theory of longitudinal coupled bunch
instability. :

It is well known that bunch lengthening
due to longitudinal instability obexf
scaling law in regard to the parameter I/El}

,where | is the beam current, E 1is bean
energy and Vg is synchrotron oscillation
frequency divided by revolution frequency!

Experimental data of the bunch length in SOR
follow the scaling law as shown in Fig.3.

observations of
coherent modes

Together with the

slow fluctuation of the

“in time corresponding

described

later, we imagine that a
longitudinal coupled bunch instability
expands +the electron distribution on the
longitudinal phase space and a damping

mechanism (landau damping ) suppresses this
expansion to a balanced state resulting in’
the increase of the electron distribution on
the phase space. Usually in the longitudinal
instability theories the mode a = 0 is
thought to be stationary. But we imagine that
the increass of coherent modes m % @ and
continuous smearing of these modes by Landau
demping bring about the expansion of zero
node distribution.

With +the use of the growth rate of +the
coup led bunch instability?® and stability
criterion for, bunched beam derived from
Landau damping,’ the bunch length is found to
increase as one fifth power of the bean
current. Assuming the coupling impedance
< Zy 7/ p > = 40 L)L we can obtain a nice
fitting to experimental data as indicated
with solid lines in Fig.l. A better fitting
is obtained by introducing the following weak
frequncy dependence of the impedance

Zy/ p = 3.4 x 1076£052,
as shown with broken lines in the figure.
Observed half bunch length is 8.4~1.6 nsec

to the frequency range
8.27~~1.1 GHz with respect to the impedancse.

Bunch widening

Because of the expansion of the electron
distribution on the longitudinal phase space.
the energy spread of the beam is expected to
increase above the threshold current as
follows,

/5

Ce/ E=(Ces E gl 17 g s

where (Cfé/ E J)p is the energy spread below
the threshold. Then the following relation is
to be satisfied in the horizontal direction.

2 _=2
- G/ "
mm>=i§;—iie<1/xmﬂﬁ

7% 0e/s B OF

where Ox is the beanm size, Opx is that due to
betatron oscillation and is dispersion of
magnet. Experimental data fit very well +to
the above relation as shown in Fig.4.

Vertically we do not expect any increase
of the beam size so long as the coupling
coefficient of the betatron oscillations
in both directions is . independent of the
oscillation amplitude. Experimentally the
vertical size increases considerably above 48
nA (much above the threshold current).

Slow fluctuation

The intensity of the side bands or the
coherent modes of synchrotron oscillation
fluctuates slowly with +the frequency 1080
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A, 408 Yz depending on the bean current.
Recause of this fluctuation of the coherent

nodes. the inztability has Dbeen prcbably
+turbulant microwauve instability. The
+he bunched beam fluctuates
is observed that
increases, the

decreases. We

called
peak lntensity of
with the same freguencv. It
when the =ide band intensity
of the bunch

[PIEEN intensi1ty
think that the fluctuation of the ccherent
nodes  is due to the detailed unbalance of the

equi.libcium  electcen distribution determined
by +the balance of the growth and damping of
the 1n<+1011 ty. It that the
faster . growth rate. then the larger the
fluctuation freaquency. Figure 5 shows roughly
the following relation between the observed
fluctuation frequency ng and the growth rate
(S ST ’

is expected

o

fop = %/ =5

Touschek life time

Although the nstability reduces the
briah*ne of synchrotron radiaticn because
of +the bunch widering, it gives us a merit of
lengthenine of the beam life time determined
kv the Touschek e=ffe ect /¥ According to this
sff=ct the bheanm current decays as follows

Tiey = Ig/ ¢ Lo+ 5 /00
x [pexpl - /Ty by for ¢ {7 A s
w 1, is half life %ime. OSince the life
Lime 1 1anr=Elv proportinal to the electron
density within the bunch. the lengthening and
widening 1ncrease the life time. Figure 8
shows the obsreuved life tirme ( instantaneous
exp)nential decay time ) and the Touschek
life +imes calculated with the bean sizs
oliee I\Ed or expanded ( solid line ) or with
the bean size expected without instability
(broken lined. Qe sese 1n the figure that the
Touschek life time 1is increased much by the
instabi ity and longer fthan the observed one
by factor thrse.
Landau cavity
In spite of the merit of the instabilitv
that lenathens the life time of the beam. the

widening reduces the brightness of the
radiation. and the slow fluctuation of the
electron distributicon accompanies radiation
Flu tuation. which ace unfavorable to
~adiation users for precise msasurements. To
ovarcore- the:adefects‘ a Landau cavity was
construct to suppress the instability  and
is now in test operation. The cavity 13
excited with a sescond harmonics of the
scceleration frequency. With the cooperabxon
of  two cavities. the bunch length and the
frequency spread of synchrotron oscillation

sre  to ne increaszed while the bean width
remains small. Figure 7 is the axpected bunch
lanath . frequency spread and threshold
~urrent for n-th harmonics.
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Fig.! Current dependence of bunch length A
¢ FWHM ) divided by that As below the
threshold current. Theoretical current
dependence is shown with solid lines
for +the coupling impedance < 2,/ p 2> =
48 (). .and with Dbroken lines for the
impedance given in the text.
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