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Summary 

Bunch lengthening in SOR, a 400 MeV 
electron storage ring dedicated for 
synchrotron radiation experiments, was found 
to be induced by a longitudinal coupled bunch 
instability. The bunch length which increases 
as a l/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 coup1 ins impedance. In 
connection with this phenomenon, slow 
fluctuation of synchrotron radiation was 
found to come from a detailed unbalance of 
the equilibrium electron 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 :eFn observed in many electron storage 
rings.+ In most cases the bunch length 
increases as one third power of the beam 
current and accompanies coherent 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 beam or 
with stability criterion of coasting beam. 
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 result5 of the 
lengthening and celated phenom'ena as well as 
the analyses which give 
explanation of the results.= 

satisfactory 

Bunch lenghtening 

As shown in Fig.1 the bunch length in 
SOR increases as a l/5.8 power of the beam 
current above a threshold current. The 
lengthening observed in multi 
operation but Aot in single bunch 

bunch 
operation, 

is thought to be induced by inter-bunch 
)I interaction. Several side bands of 

synchrotron oscillation were observed around 
every harmonics of revolution frequency9 
which indicate the presence of coherent modes 
of synchrotron oscillation. Figure 2 compare5 
the observed side bands with those of bunch 
shape mode around coupled modes expected from 
the theory of longitudinal coup led bunch 
instability. 

It is well known that bunch lengthening 
due to longitudinal instability obeys 
scaling law in regard to the parameter I/EM" 
*where I is the beam current, E is beam 
energy and Vs is synchrotron oscillation 
frequency divided by revolution f requenb? 
Experimental data of the bunch length in SOR 
follow the scaling law as shown in Fig.3. 

Together with the observations of 
slow fluctuation of the coherent modes 

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 
sxpans ion to a balanced state result ins in 
the increase of the electron distribution on 
the phase space. Usually in the longitudinal 
instability theories the mode m q 0 
thought to be stationary. But we imagine thi: 
the increase of coherent modes m $ 0 and 
continuous smearing of these modes by Landau 
damping bring about the expansion of zero 
mode distribution. 

With the use of the growth rate of the 
coupled bunch instabilityg and stability 
criterion for? bunched beam derived from 
Landau damping, the bunch length is found to 
increase as one fifth power of the beam 
current. Assum ins the coupling 
< Z// / p>=40.-R. 

impedance 
we can obtain a nice 

fitting to experimental data as indicated 
with solid lines in Fig.1. A better fitting 
is obtained by introducing the following weak 
frequncy dependence of the impedance 

z/y / p = 3.4 x 10-6f@-. 

as shown with broken lines in the figure. 
Observed half bunch length is 0.4~1.6 nsec 
in time corresponding to the frequency range 
0.27~1.1 GHz with respect to the impedance. 

Bunch widenj~ 

Because of the expansion of 
distribution on the longitudinal 
the energy spread of the beam is 
increase above the thresh0 Id 
follow5, 

the electron 
phase space* 
expected to 

current as 

a, E q ( a/ E j. ( I / 

where (a/ E )o is the energy - spread below 
the threshold. Then the following relation 1s 
to be satisfied in the horizontal direct ion. 

F(6) = z/s 
’ 

where 6~ is the beam size, 5~5 is that due to 
betatron 
magnet. 

oscillation and 7 1s dispersion of 
Experimental data fit very well to 

the above relation a; 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 40 
mA (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 100 
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,-\l 4 Q 0 :!I 7 depending on the beam (current. 
~,e;ralJse of k!ilF f l.~ctuation of the coherent 
7111dHC.. the ll~ptab~!lt~ has been prcbably 
,-ril !e i t J 1‘ b ,i 1 a n t m ~c~ow.~~IE: instabilitY. The 
peak lntren-lt:d of the bunched beam fluctuates 
wit11 ';llP :5me f requencv. It 15 observed that 
wt,e,-, the ,lde hand intensity increases. the 
,3 f ,:< :i mtens l?V of the bunch decreases. We 
th :nk that the fluctuation of the coherent 
ncllde, i-; :dL;e to the detailed unbalance of the 
e q u 1 : 1 !-\ r i u m electron distribution determined 
bv the i:a!al~ce 0 f t!7e qrowth an d dampins of 
the 1nstJbll:tY. it 1s expected that the 
f a s +. c i Z!lC qrowth rate 1 then the larger the 
fluct,JJticlT frequency. FI~~uP~ 5 shows roughly 
tllc f~~llow:ng relation between the sbserr>ed 
f lucti,at;i,>n frequency 5iF and the GJrowth rate 
",LL 1 

TjF =z 'my,' 25. 

Touscha!< life time 

A 1 t ho uq h tte instability reduces the 
hr 1 q!1 '- 1,ess of synchrstrox radiation because 
of the burch wider in<), it gives us 3 merit of 
1 e I-, q t 1~ e ;, : n i: (of the beam life time determined 
!: v t-hs Touschek effect.'" According to this 
13 f I- .z. I t; t 11 e l? ie a m c u I‘ r e n t Srcays as follows 

I t 1 = I (J ,I' i 1 + L ,/ T& j 
21 i e;: p ( - t /Ty2 1, for t << .(./i . -1 

where T!; :s half life time. Since the life 
c ..irr 1E 1 n s.1 e r 5 e l v I3 r 0 j3 C, r y &inal to the electron 
dens:t-i crl i t h i n the b u r c h * the lengthening and 
Id 1 il e n I n '7 increase the life time 
shot,:: the ohsre-,ed life time ( ,,,t~%:0u" - 
13 x p !? n e n t , a ! de-341 time ) and the Touschei 
life times calculated with the beam size 
J1 cell t:ed or expanded ( solid line ) or w ltrlh 
1- i; c k, e d :,, 5 1 z e ax p e c t e d without instability 
! I? ,- 0 I< en 1 1 ,F ) 53~ see in the figure that the 
To us chek life time is increased much by the 
;nztabllltv and longer than the observed one 
t,y f lictor- t!~rtae. 

L ,311 d d u c a L‘ i t v ;-- ~-. ..--.-- 

I,-, -plf-e cf the merit of the instability 
that le,,qthizns the life time of the beam- the 
w ; d el-, 1 nq reduces the br iqhtness of the 
r-adl?tlon. anj the slow fluctuation of the 
e ! (5 c t r 0 n d lstl-lbdtlon accompanies r ad i at i on 
f lu~c~l~atlon. which are unfavorable to 
,-,3,!lat l,2n users for precise measurements. TO 
o~P~~-:o,vF~. these (defects 3 a Landau ca$:itv was 
(3 ii 1, F 1- r ii '2 t e <! t cl 5 up j> I- e c s tile li15tab 11 1tv and 
1s now 1 17 teyt operation. The tax; 1ty 1s 
exc1taLl with a second harmon 1135 of the 
3cce Ler.st 10~7 frequency. With the cooperation 
5 t ! wo c a 'J i t i es 1 the bunch length and t I1 e 
frequency spread of synchrotron oscillation 
4 in t7 t 0 5 e increased wblle the beam width 
remal:): k.~all. Figure 7 is the expected bunch 
13.llIit;i,. i I- e q u e n c v L-: 12 c e a d and thresno Id 
c u I- r e.1 t f or n - t h ha r m on i *z s . 
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F1g.l Current dependence of bunch length A 
i FWHM ) divided by that A:: below the 
tlirasho!d current. Theoretical current 
dependence is shown with solid lines 
f 0 i‘ the couplinq impedance < 2,~ ,i P > = 

40 s- .and with broken lines for the 
impedance q iven in the text. 

(b) 

coupled mode 

m=321 1123 
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% 
bunch shape mode 

Fiq.3 Fourier spectrum Of bunched beam 
current, i a j: the spectrum in the frequency 
range 0k 1.2 GHz, ( b ): The spectrum srp;;i 
reva lut ion f reqilency 1 representing the 
bands of synchrotron frequency 110 kHz,, ( c ) 
: tlie spectrum expected f DL‘ longitudinal 
coupled bunch instability. 
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Flq.4 Current dependence of bunch widening. 
< a ): horizontal widen lnq function F i xx ) 
( 1 ( 17;"- T-,$ ! / JL? G/ 5 )% j 1s expected -;o 
L'SI‘Y a3 F i ?A ) I ( 1 ,' I,& )L.-F above the 
th r e shcs 1 2 cur r e n t . wh~cl: is shown with solid 
1 Ine 1: b >: vertical widening (given by the 
s:ual!e of FWHM and by cohplinq coefficlentlc. 
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Fiq.7 Exjzected frequency spread ~RI/ZtS; of 
synchrotron oscillation frequency* bunch 
1enot.h AWL ( FWHM ) and threshold current I,+!! 

as a function of harmonic number n of RF 
frequency with the condition that the main 
c a v i t v 1.3 0 1 t a 12 e 1s n times hisher than that of 
the Ldlld?L cav 1ty. 
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Fig.5 Current depandense of slow fluctuazlon 
fre~~uel?cY f$F and the srnwth rate cys sf '; h E 
lnstabi!i:y which dependstihe beam current as 
,cxlJ -i ( I / Itl%)O.+. U& 


