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ABSTRACT 

Variation of longitudinal beam profile is observed during 
acceleration in TRISTAN Main Ring (MR) using a streak cam
era. These are found that acceleration moves the beam center 
forword, that it shortens the bunch length, and that it relaxes 
skewness of bunch shape. The potential well distortion theory 
explains the phenomena. 

1. Introduction 

It is predicted by theory and verified by experiments that 
the potential well distortion due to the interaction of space 
charge with inductive surroundings lengthens the beam bunch. 11'21 

The theory further tells that the potential well distortion dis
torts the longitudinal Gaussian distribution. In this work the 
longitudinal beam distribution is measured as a function of 
beam energy by a streak camera. Bunch center, bunch length 
and bunch skewness are experimentally calculated as measures 
of the distribution. They are compared with the calculation 
based on the potential well distortion model. 
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2. Longitudinal Profile Measurement 

All data are taken on July 1987 at runs for physics exper
iments where two electrons bunches collide with two positron 
bunches. The data presented here are derived from synchrotron 
radiation of electron bunches. The TRISTAN MR has 20 
klystrons, each feeds its rf into 4 cavity structures. So the 
number of rf .structures is 80. Two bunches of electrons with 
energy of 7.4GeV are injected to the ring where two bunches 
of positrons, each has intensity of approximately 2.5mA, al
ready exist. The bunches are then accelerated upto 26GeV. 
The beam intensity at the beginning of the acceleration is ap
proximately 9mA in total of four bunches, two electrons' and 
two positrons'. The beam loss during the acceleration is not 
serious. The intensity of the wiggler magnet is kept constant 
till the beam energy reaches 11.6GeV, and it is then decreased 
linearly to zero at 18.8Ge V. The rf voltage is changed so as to 
keep the synchrotron tune approximately constant during the 
acceleration. 

The streak camera used for the longitudinal profile mea
surement is Hamamatsu C1587 with M1955 synchro-scan unit 
and M2887 dual timebase unit. The shutter of the camera is 
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Fig. 1 Examples of streak pictures. Full scales are horizontally IO~sec 
and vertically 568psec. (a) one bunch case. (b) two bunches case 
with different intensities. (c) two bunches case with instability. 
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triggered by a clock synchronous with the revolution. Once 

triggered, photoelectrons are vertically deflected in the camera 

by sine wave whose frequency is 1/4 of that of the cavities. 

Besides the usual pair of vertical deflectors, it has another pair 

which scans the streak image horizontally. We can thus ob

serve the streak image of each revolution, or the image of each 

bunch of each revolution. Time resolution of the streak camera 

is 6psec in the present operation. Fig. 1 shows examples of 

streak pictures: Fig. 1 (a) is for the case where only one elec

tron bunch exists in the ring, while (b) is for the case where 

two electron bunches with different intensities exist. Note that 

the one with more current is longer, and its position leads the 

other. Fig. 1 (c) is for the case an instability is ocurring. 

A streak picture is digitized into 256 by 256 elements. In

tensity of each element is digitized into Sbits. Each picture con

tains 10 (single bunch case) or 20 (two bunches case) traces. 

Data of each trace is horizontally integrated to give one di

mensional longitudinal distribution Yi· Following quantities 

are then calculated; 

x = (1/n) L y;x;, 

u2 = m2 = (1/n) L y;(x;- x) 2 , 

ma = (1/n) L y;(x;- x)3 , 

I 2/3 s=ma m 2 , 

(2.1) 

where n = E Yi· The quantity x characterizes the bunch po

sition. The quantity u is nothing but the bunch length. The 

last quantity s is called skewness in statistics, which we use 

· here as a measure of distortion of the Gaussian distribution. 

It has no dimension, and is zero when the distribution is per

fectly symmetric. Statistical errors of the experimental data 

are calculated from traces on a single streak picture. 

3. Potential Well Distortion 

The longitudinal current distribution is given by 

00 

I,.(t) = K exp(- 2~2 - ~ J s(r)I,.(t- r)dr), (3.1) 

0 

where I,.(t) = I(t)flp and Ip is the peak current of the un

perturbed Gaussian bunch. The constant K is chosen so as to 

conserve the total charge; 

+oo J I,.(t)dt = -./2iu. (3.2) 

-oo 

The natural bunch length u depends both rf operation and 

wiggler operation, which will be shown later together with the 

experimental results. Finally, G = al f(!Jv; E(21r) 5/ 2) is the 

scaling parameter of the strength of the potential well distor

tion, where fo denotes the revolution frequency. 

The function s(r) is the integrated wake function. It gives 

the response at time r to a unit current step at r, which is cal

culated with the optical resonator model for each rf cavity: t•l 

1 11 R · 
s(r) = 2 L(Q),. sin(w,.r) 

n=l 

"' 
+ c,IJ 1 r~(1 + 4x)exp(2x)erfc(v'2X) _ fi-J dx 

0 

• 
_ 20 J (u+1)sinxu2 du 

811 u(u2+2u+2)2' 
0 

(3.3) 

where x = w,11r,u2 = v,v = wfw,11 and s = v'fi = ywfw811 • 

The first term gives the truncated wake. The calculation of 

R/Q is found elsewhere. 141 We set n =59 in this calculation. 

The second and third terms complement the missing part due 

to the truncation. The quantities c.IJ and Wsv, which are called 

Sessler-Vainstein constant and Sessler-Vainstein frequency, are 

650ohm and 7.715GHz, respectively. Fig. 2 shows the inte

grated wake function, or the step response function, used in 

the present calculation. 
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Fig. 2 The wake function (a) and its integration (b) used for 

the calculation. 
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Fig. 3 Calculated longitudinal profiles at various beam energy. 

The energy ranges from 8GeV (rightest curve) to 26GeV 

(leftest) in l GeV step. 
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4. Results and Discussions 

Fig. 3 gives calculated longitudinal profiles at various beam 
energy. The profile is not very symmetric at lower energy re
gion, which approaches Gaussian as the energy rises. It is 
sharpest at the energy where the loss parameter gets max
mum, which is a measure of the total energy lost to cavities 
expressed in volt per unit charge, Exerimentally, the beam gets 
unstable in this energy region, as shown in Fig.l(c), where it 
is impossible to obtain the parameters of eq.(2.1). 

Fig. 4 compares the experimental results with calculation. 
The dash curve in Fig.4(a) shows the position decided solely 
by the synchronous rf phase, or the position of the bunch with 
null intensity. The bunch position shifts toward a crest of rf 
field due to higher order mode losses at the finite bunch cur
rent. The experimental data show twice as a large shift as the 
calculation. In Fig.4(b), the calculation tells that the bunch 
length gets short as the wiggler is weakened, and it recovers 
at higher beam energy. It agrees qualitatively with the exper
iment. The experimental profile skews more strongly than the 
calculated at lower energy in Fig.4(c). 

The calculation of the wake function s(r) takes into account 
only the longitudinal normal mode of a cavity. The wake field 
of the vacuum chamber is not included. It is however known 
that the longitudinal impedance of the vacuum chamber in
creases a higher order mode loss, if the bunches are short. 1' 1 In 
other words, bunch shift and profile distortion would get larger 
with the vacuum chamber wakefield. It must be even possible 
to derive the vacuum chamber wakefield from the difference 
between the calculation and the experiment. The present re
sult suggests that the loss parameter of vacuum chambers is 
comparable with that of rf cavities in the region of 30psec or 
lcm bunch length. 
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Fig. 4 Bunch position (a), length (b) skewness (c) and loss pa
rameter (d) as a function of beam energy. The dashed 
curve in (a) shows the position corresponding to the syn
chronous rf phase. The dashed curve in (b) shows the 
natural bunch length. The pairs of experimental data cor
respond to the pairs of electron bunches. 


