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Abstract beam intensity increased and exceeds a threshold current

The longitudinal beam instability of the 1.3 GeV TLSanother beam instability microwave instability will occur.

storage ring at SRRC was investigated by using a HAM In this instability the bunch lengthening &ccompanied

MATSU C5680 streak camera. The single bunch length with an energy spread. The lengthening of the bunch will

(?ﬂsecrease the beam intensity and decrease the interaction
a function of beam current was measured and a longitudi Y

. 2"~ and stabilize the beam. The stabilized bunch length can
nal broad band impedance was deduced. The Iong|tud|rbaﬁ measured and an effective broad band impedance could

beam motions in the case of single bunch, two bunches a | : i
a few bunches were studied. A HAMAMATSU PLP-OZESIQdCidii?ed[G]' The microwave bunch lengthening for long
y :

pico second pulse laser had been used to calibrate the stre 3v1/3
camera and the results are presented. o1 (§40 1) 2)

and for short bunch is:
1 INTRODUCTION

The SRRC is a 1.3 GeV electron light source built at
Taiwan. The design of SRRC had been presented in tNéereé = 55 is the scaling parameter. | is the beam
previous IEEE PAC conference[1,2]. A HAMAMATSU intensity,a: the momentum compaction facte, the syn-
C5680 streak camera had been set up at SRRC[3] for talrotron tune and E the energy. A threshold current could
machine study. Two kinds of plug-in: fast single sweee obtained by using coasting beam assumption, assuming
unit and synchroscan unit had been used to study the be#ine bunch length is much longer than the wave length of the
instability at SRRC. By using the fast single sweep unitmpedance. In this model the threshold current is given by:
the single shot bunch length can be measured. The single o B
bunch length as a function of beam current was measured. I = 2ma”() (U_E)S (4)
From the theory of bunch lengthening an effective longi- vs | Z/n| " E
tudinal broad band impedance was derived. By using the

synchroscan unit the beam motion in the longitudinal dil "€ Single bunchlength measurements had been performed

rection could be observed. Several cases of a few buncts>RRC by using the streak camera. The single shot bunch

longitudinal beam instability had been observed. The mulfi"a3¢€ C_OU|d be ca_pt_ured and the image profile data C,OUId
bunch filling pattern for users could also be visualized. be obtained. By fitting the profile data of the strgak Im-

age the bunch length of the beam could be obtained. In
figure 1 we shows the bunch length measurement versus
2 BUNCH LENGTH MEASUREMENT beam current at several different operating RF gapvoltage.

When beam circulates in the ring it will interact with theBecause the bunch length was short compare to the beam

environment. The beam environment interaction will theRiP€ & short bunch scaling law eq.(3) was applied to fit the
influence the beam in return. This beam environment ifUrve. The fitting result shows the broad band impedance
teraction is called the collective effect[4]. The longitudinaPf SRRC s about0.904 and the exponent a in the eq(3) is

Hamiltonian under the influence of this effect will become@P0ut 1.11. Itshows the exponential dependence on current
of bunch lengthening is near the long bunch behavior. The
2 (.d?Tz ne

=0 L n 7 Viy (+)d+ (1) threshold current of the bunch is about 5.8, 5.2 and 4 mA
) 2 BTy W for RF gapvoltage 400kV, 500 kV and 700 kV respectively.

. _ _ _ Which implies the effective impedance is around 08t
WhereViy (1) is the wake potential. This potential at low 1 050. It is consistent with the fitting result.

beam current will distort the accelerating potential pro-

vided by the RF cavity and when beam arrived the RF ié LONGITUDINAL BEAM INSTABILITY

will see different slope of accelerating voltage and shows

different bunch length. The bunch length will lengthen The longitudinal coupled bunch motion can be observed
above transition if the vacuum component is inductive anldy using the streak camera with the synchroscan unit. A
shorten if the component is capacitive[5]. This is the po500 MHz signal (corresponding to the RF frequency) from
tential well distortion of the single bunch beam. Wherthe master clock through a 1/4 frequency divider is used
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60 ———— pled bunch mode was not fixed as the experiment contin-

ﬁzgggg ° ued. The phase relation of the side bunches had changed to

50 - RF=700KV © I 1 none of the above four modes. A possible explanation was

fitting curve - the filling pattern was not exactly the case of four symmet-

a0 L i ric bunches. There were other mode occurred. The beam
motion observed on the streak camera was the supposition

of all modes. It was consistent with the spectrum mea-

30 - o+ % i surement in figure 4, where the spectrum was not exactly
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Figure 1: The single bunch length measurement at different
RF gap voltage

to trig the vertical sinusoidal sweep voltage of the syn-
chroscan unit. The period of each sweep is 8 ns and the
time difference of two next bunches is 2 ns. Thus in each
sweep it includes four bunches. But because it will show
only the range of approximately linear sweeping voltage
on the screen, there are only two bunches with 4 ns delay
shown on the screen in each sweep. Applying 2 ns delay to
the trigger signal the other two bunches can be brought to
the screen.

The modes of a few bunches had been studied. As de-
scribed in the previous paper[3] the single bunch and two
bunches with different spacing had been studied. No ob-
vious beam oscillation were observed that time. We pro-

ceeded the study for four symmetric bunches, again if thegure 2: The longitudinal coupled bunch motion of four

single bunch purity was fine then there would be no obvisymmetric bunches (upper) with side bunches(lower).
ous beam oscillation observed on the streak camera. But

When the Slngle bunch purlty was not good A Sma” bunch four symmetric bunches 0 node four symmetric bunches pi/2 node

H . . 600 fj rstasecond thirdofourthd 600 It rstasecond thirdofourthd
next to the main bunch appeared then it would induce the .ol ™~ g " g | 100 I S~ PN~
couple bunch oscillation. The coupled bunch oscillationin  *°[ 200

0 0

such situation is shown on the figure 2. Where the upper -z ’aVaVa 2 EMEMHOICK]

figure shows the motion of four symmetric main bunches " '7 1 ol
and the lower figure for the side bunches. The full horizon-
tal time scale is 10@s. The vertical scale is 1.4 ns. The os-

cillation amplitude of the main bunch is 150 ps and for side o0 500
bunch is 200 ps. The oscillation frequency of the bunches 4o 400

200 200

is around 20.3 kHz which is the frequency of the first syn- , ~; .
chrotron side band. The simulation of four symmetric cou-  -200 m -200 W
pled bunch modes on the streak camera is shown in figure oo | ] ool )
3. Those figures represent the coupled bunch modes of ze-
roth,#/2, = and3= /2 mode respectively. Comparing with
the simulation we can see the oscillation mode shows figure 3: The simulated coupled bunch motion of four
figure 2 is of the coupled bunch moag2 mode or37/2  symmetric bunch on streak camera

mode. At meantime a HP 4396A spectrum analyzer was

used to measure the spectrum of the first synchrotron side-The filling pattern of storage ring could also be visual-
band up to 200 revolution frequency. The result is showized by using the synchroscan unit of the streak camera.
on figure 4. In figure 4 a repetition of four revolution isOne of the user-run filling pattern is shown in figure 5. In
shown which is the characteristics of the four symmetrithe figure the two bunch in the same vertical streak is four
bunch pattern. The maximum amplitude occurred at evens depart and in the horizontal the two neighboring bunches
fourth revolution which corresponded to the coupled buncis 8 ns apart. The full horizontal scale of the figure is 500
mode of37/2 mode. A thing worthy noting was the cou- ns and the full filling pattern of SRRC is 400 ns. The two
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100 as shown in figure 6. From this we are sure the intensity of
o the beam will not effect the bunch length measurement un-
g 1 less the beam intensity is so high that it saturates the 16
< bit data storage. When saturation happens the bunch length
: emsured inensiy mcreased as the MP gain numper
ERY ”HW‘“‘ H“h\h\h‘” ““W W “ W HJ“H‘W‘ Iaa measured intensity increased as the MCP gain number in-
g IV ‘ ‘ ‘ M creased is quite consistence with the data of the characteris-
2 tics of MCP gain provided by the HAMAMATSU company
017 25 40 65 8‘0 150 12‘0 1)10 1},0 1§0 200 except there is an offest. The possible reason of this offest
multiplier of revolution frequency is consulting with the company. The pulse intensity versus
Figure 4: The spectrum of first synchrotron sideband dhe MCP gain number was shown in figure 7.
. . . Cal i bration of streak canera
four symmetric bunches with small side bunch 40 ‘ ‘ ‘ : ‘
% 35F :
Z 30t g
figures shoes all the bunches exists in the ring and their = 251 i
coupled bunch instability. The maximum oscillation am- 5 22 T ]
plitude of the bunches is around 200 ps. The individual g oL 4
bunch also shows the effect of bunch lengthening or bunch 2 s} g
contraction. It will be a good observation tool for the in- O 26 28 30 32 a4 36 38 a0
jection pattern and the longitudinal feedback system under MCP gain number
construction at SRRC. Figure 6: The pulse length of PLP-02 measured at different

MCP gain number of streak camera.
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Figure 7: The intensity of PLP-02 measured at different
MCP gain number of streak camera.
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