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Abstract 

A bunch compressor with four dipole magnets has 
been installed in the ISIR-Osaka single bunch 
eLectron linear accelerator. In order to ynvestlgate 
the comprcsslon effects, a real time bunch shape 
neasurement system with the time resolution of 
2.4 ps has been developed. The single bunch with a 
full length of 40 ps 1s compressed into 12 ps, 
whereas the bunch width of 16 ps in FWHM is 
compressed into 9.5 ps. The maxlmum compressIon 
rate is estimated to be about 30 % for the single 
bunch with the charge of 10 - LO nC. 

Introduction 

The performance of a linear collider 1s stricrly 
llmited by the deleterious effects of the longitudinal 
a n d the transverse wake fields generated 1-9r 
high-current bunches in the linear accelerators. 
‘She longltudlnal wake fields affect the energy 
spread of the bunch, whereas the transverse wake 
fields increase the beam emittance. These two wake 
fields depend on the longitudinal charge 
dlstributlon of the bunch. The lower energy spread 
1s required to focus the beam at the interaction 
potnt. The longer bunch length results in less 
energy spread than the shorter bunch length, since 
the longitudinal wake potential decreases with the 
increase of bunch lengths. On the other hand, 
shorter bunch lengths are preferable to reduce 
emlttance growth due to the transverse wake fields, 
since a large transverse emittance leads directly to 
large beam diameter at the interaction point and 
glvec rise to reductlcn of the luminosity. 

If the charge distribution of the bunch can be 
controlled, the optimum ballance of two deteterlous 
effects ~111 be obtaIned. A bunch compressor is one 

z; :;z y$, $?L?j to control the charge distributton 
c . In order to investigate the effect 

of bunch compression, the real time bunch shape 
measurement system with time resolution less than 
picosecond should be developed. 

Single Bunch Electron Linear Accelerator 

acce;;;atcj;y~-osaka 
single bunch electron linear 

produces a high-current single bunch 

by means of the subharmonic prebuncher (SllPB) 
system. The linear accelerator consists of a 120 keV 
elfcrron gun, three SHPBs, a prebuncher, a 
buncher, a 3 m long accelerating waveguide, a 
bunch compressor and a transport system. The 
accelerating wavegulde is driven by a 20 MW 
L.-band klystron, and both the prebuncher and the 
buncher are driven by a 5 MW L-band klystron. 

The subharmonic prebuncher system consists of a 
12th SHPH followed by a 180 cm drift tube, a 12th 
StIPB followed by a 120 cm drift tube and a 6rh 
%ttPB with a 80 cm drift tube. These three StiPBs 
a re coaxial single-gap cavities independently 
connected with the rf-amplifiers. The rf-phases and 
the rf-powers can be independently controlled to 

obtain the optimum subharmonlc bunching. The 
subharmonic prebunchers and the drift tubes are 
confined by the Helmholtz coils. The axial magnetic 
fields are tapered from 150 Gauss at the entrance to 
540 Gauss at the output in order To keep the beam 
at Brillouln flow condltlon as the charge density 
Increases due to subharmonic bunching. 

The single bunch of 16 - 20 ps bunch length, 
with the maxlmum charge of 67 nC, with the energy 
spread of 0.7 - 2.5 % over the range of 
21 - 34 MeV, and the repetition rate from a single 
shot to 720 pps can be accelerated. The normal 
operating energy and the energy spread depend on 
the single bunch charge, since the energy spread is 
determined both by the accelerating field and by 
the longitudinal wake potential. The single bunch 
of 67 nC, 16 - 20 ps with a long tall, 24 - 28 MeV, 
2.5 73 energy spread IS obtalnec!. However, the 
single bunch of 25 - 45 nC In charge are used for 
the experiments in r-outlnc work, since the minimum 
energy spread of 0.7 % IS cbtalned at 33 nC. ‘I‘he 
beam emlttance cf 7r mm-mR is observed for the 
Single bunch of 10 nC, 16 ps, 24 - 34 MeV, 1 % lr. 
energy spread. 

Bunch Compressor 

As shown in fig. 1, the bunch compressor 
consists of four dipole magnets which produce an 
achromatic bump in the bunchC;;;;Y91y s;chi as an 
energy compressor system high 
energy electrons take a shorter path through the 
compressor than the low energy electrons. By 
placing The single bunch at the optimum 
phase-angle where the energy spectrum 1s 

minlmlzed, the tail of the bunch will be higher in 
energy than the bunch head. The bunch tail w~l! 
catch up the bunch head through the compressor, 

Bunch Compressor 

Linac 1 Beam 
CUrrent 
Monitor 

Cerenkov 
Light 

, ,a, ystrea’ ‘aT&:rror 

Delay L I 

Unit Trigger 

Figure 1. The real time bunch shape measurement 
System. 
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and then the bunch length will be shortend at the 
exit of the compressor. With magnetic strength 
htgher than the optimum value, the bunch tail will 
pass by the bunch head, and then the bunch length 
will be prolonged. 

Bunch Shape Measurement System 

In order to investigate the compression effects, 
the bunch shape should be measured with the time 
resolution of the order of ps in real time. On such 
a short-time scale, the optical detection is more 
effective than the electric detection. By using 
streak cameras, the fine structure pulses of the 
mode-locked lasers can be measured with the time 
resolution of picosecond or sub-picosecond. 

The real time bunch shape measurement system 
consists of Cerenkov radtators, cone-type mirrors, 
streak cameras, and a data processtng system. The 
bunch shape can be observed on the video terminal 
in real-time at the repetitton rate of 1.1 pps. The 
ttme resolution of the system is estimated to be 
2.4 ps. 

Cerenkov Radiators 

The Cerenkov light generated by a relativistic 
electrons passing through a medtum can be applied 
to the observation of the bunch shape. The 
Cerenkov light IS generated with the angle 

BC 
=cos-li 1 /n(hIp 1 , 

where n( h ) 1s the refractive index in the medium 
and P is the electron velocity normalized to the 
ltght velocity In vacuum. 

T h e medium suitable for Cerenkov radiators 
should be transparent even in the radtatton 
enviroment. The following two mediums are utilized 
for Cerenkov radiators: gases and synthetic vitreous 
silica . 

When the Cerenkov light is utiltzed to observe 
the bunch shape with the time resolution of ps, the 
following specifications should be taken in 
consideration : 

1) The spectrum of the Cerenkov light consists 
not of the monochromatic wavelength but of the 
contl.nuous wavelength. Figure 2 shows the typical 
spectrum of the Cerenkov light generated in the atr 
by 30 Me\/ electron beam. The spectrum is observed 
by a multi-channel optical analyser with the 
sensltivlty in wavelengths between 300 nm and 
1000 nm. The cutoff wavelength 1s determined by the 

absorbers, such as a radiator, VUV lenses and an 
optical guide. Selection of the narrow band in 
wavelength enable to measurement the bunch shape 
with the picosecond time resolution, stnce the ttme 
delay due to the dispersive medium such as the 
radiators and the lenses. 

2) The Cerenkov light is not a point source but 
a line source wtth the Cerenkov angle. The opttcal 
guide system should be designed to reduce the 
transtt time spread due to the difference of the 
light path in the system. 

Synthetic Vitreous Silica Cerenkov Radiators 

The synthetic vitreous 
opt lcal homogenctty , free fr?~l?~ubb~es 

ilpectrosil-A) has 
, transmission 

III the range between 180 nm to 1200 nm. and the 
least amount of tmpurlties. Even In the :rradiatlot; 
1,~ be,im electrons, the productlons of color centers 
i% negllglhlc. As the refractive 1 ndex ~5 I .L7 al 
sol: nm , the Ccrcnkov angle IS esttmated to he 47.1’ 
III rhe ene r,T:j range from 2 hleV to ultra- 
relativistic. 

100 691 80s leol 
4 1 

Figure 2. The spectrum of the Cerenkov radiation 
generated in the air by 30 MeV single bunch. With 
an interference filter of 430 nm in wavelength, the 
time resolution is reduced to 2.4 ps. 

The streak camera (C1370-01) Hamamatsu 
Photonicsj consists of vuv lenses and Pll 
photocathode. The sensitlvtty region in wavelength 
is 185 - 850 nm. As the refractive index of the VUV 
lenses is 1.551 at 200 nm and 1.452 at 850 nm, the 
time delay between two photons with different 
wavelengths is evaluated to be 2.1 ps/cm in the 
VUV lenses. The time resolution increases to several 
plcoseconds by using silica-radiators and the lenses 
installed between the Cerekov radiator and the 
streak camera. in order to avoid the transit time 
spread, the narrow band in wavelength should be 
utilized, but the number of photons guided to the 
streak camera decreases. Therefore, the proper 
focusing at the slit of the streak camera is 
required to Increase the S/N ratio. 

Two types of Cerenkov radiators by ustng the 
synthetic vttreous silica are designed to minimize 
the transit time spread in the radiators. The 
geometrical diagram of the Cerenkov radiators are 
shown in fig. 3. The Cerenkov light generated on 
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Figure 3. Two types of the synthetic vitreous zilica 
Cerenkov radiators. The Cerenkov angle is 47.1 . 
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Figure 4. The gas Cerenkov radiator. The Cerenkov 
angle is 0.93”. 
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the axis of the radiators is converted to the 
parallel light beam inside the radiators. The 
radiators are settled at the exit of the beam 
window of the straight line. 

Gas Cerenkov Radiators 

In order to accelerate the single bunch without 
satellite bunches, the f’lne structure pulses from a 
Cerenkov radiator filled with X 
observed at the control1 desk 5’ ga;heis C~~e%~~ 
radiator is a cell in the shape of alphabet L, and 
it can be Inserted into the beam transport tube. 
The Cerenkov light extracted into the air from the 
cell-window 1s converted to the quasi-parallel beam 
by a convex lenses. It 1s guided to the streak 
camera (Hamamatsu Photonics, C-979 and C-1098) 
with the time resolution of 10 ps. This system is 
not suitable to observe the effect of the bunch 
compression. 

As the refractive index of air is 1.00027311 at 
1 atm and 20°C, the electrons with the energy 
higher than 21.4 MeV radiate the Cerenkov light at 
the beam window. The Cerenkov angle silghtly 
depends on the energv and It is estimated to be 
0.69” at 25 MeV, 0.9,’ at 30 MeV, and 1.05O at 
35 MeV. In the ultra-relativlstlc region, the 
Cercnkov angle 1s saturated at 1.34” 

The diameter of the Cerenkov light generated in 
air Is estl ma ted to be 3.2 cm at the distance of 
1 m. I‘he reflected Cerenkov light by the plane 
mirror 1s the optical hollow beam with the 3.2 cm 
of thickness and increasing diameter with the rate 
of 32 cm/l0 m. The VUV convex lenses are required 
to converge the hollow light beam. As the Cerenkov 
Light IS a line source along the beam axis, the 
focus point at the streak camera depends on the 
source pcsltlon from the convex lenses. Therefore, 3 
cone-type mirror 1s designed to convert the 
Cerenkov ilght to the parallel light beam. ‘The 
mirror IS made of Alum~n,.~m with the surface angle 
of o.4i”. The roughness of the surface 1s estimated 
to be about 50 nm which 1s l/8 of the interest 
wavelength. 

Optical Guide System 

The parallel light converted from the Cerenkov 
light 1s gu!ccd by the )>lane Terrors to the srreak 
camera .I-, the control1 room. ‘Ihe light is focused at 
the sllr of the srrpak camera. In order to avoid the 
trdnsit time spread, an interference rllter which 
transfers 38 b of photons in the wavelcnath between 
42.5 - 4.35 nm IS InstalLed in Iron of the slit of the 
$treak camera. Tb.e high cut filter 1s also installed 
tc cutoff tne higher mode of the .cterferrnce filter. 
I’ h c Sill width c! the streak camera 1s ddlustcd to 
tic 4 pm so as te obtain the time resolution of 
2 [IS. 

‘Ihe size cf iccuss~ng spot is 1 - 2 mm for the 
g d 5 cerenkov ratlla tars an tl “, mm for th? slllcd 
Cerclnkov rctdidtors. ‘I’hert>fcTre the total numi)er cf 
p h c t on s t hraugh the slit fcr thr S!as Cerenkov 
rati1ators 1s larger thhn the silica rddliltors. ‘The 
gas Ccrrnkcv is preferable to measure the bun<h 
shanr with one shot operdr~on. 

Streak Camera System 

‘rile s T r t’ ci k inlciqe cn the fluorc:ccnt screen of 
the str-cdk camera 1’; I’. ctured by b (71 r camera, and 
the v1tieo Sl,<rldl is t;-drisfercd to d data processing 
svstem 1 H a m a m E t 5 1.1 i:hotonix, c-1 0981 . The strrak 
camera 1s triggered by a signal detected tram ~1 
bcarn c:lrrcnt m n n i t 0 r at t hc exit 0: the linrar 
dcccleratcr. ‘l’hc Jltrrr iI1 thp streak I rr, d g c 15 
observed to be <lhoIlt 10 ps, whack is Caused by (1 

LntCl-nll I Jl-tcr cf the trigger c-1rcu.t of the streak 

Tlrn.3 (L-J 

IFlgurr 5. The shape of t11c single bunch with ,; 
without the bunch compressor. ‘l’he single bunch-. :s 
accelerated St the phase angle 0.2L2 radian. did 
the magnetic strengttl of the ccrr.pressor is O.% kG. 

camera. As rhe decay o: the Sl’l cdrnera I? about 
2 . 6 5 ) the superlmposec! streak images Increase the 
t Lme resolutlcn dt the hlghrr repetltlnr. rale than 
1.5 l’ps. In order to avcid the internal jltlrr- of the 
streak camera, the one snot operntlon :s preferable. 
‘Therefore, the beam lIlJ‘?CtlOrl i‘rcm !ti? sun 1s 

operated at 1 .I pps so as to obtain the cne shot 
streak rmagc, whllc the r-f power 1s s,~ppl:ecl to the 
linear accclrratorwlth the rr;letl:ion rate of IO pps 
to obtain the stable operaticon. 

Compression Effects 

Figure 5 shahs thr ohserve<: bc,nch shay)e\ with 
or wIthout the bunch compressor. Ihe sIngit 1,unct-i 
charge 15 20 nC and ‘lccclerating phase 15 0.242 
radian ahrdtl of thr crest. I7e i‘~,qilrr ih.>ws that 
the sln~le hunch of Ih ps in FW:iM i.= c~~mprcsscd to 

9.5 ps. T h e maxir7llm ccmprt’ss1on r-a tt’ of Sll ; I 
w IdIt is <ll,CUi ,iO “I /qr the sInale bunch tiith the 
charge In 10 - 40 ni.“ 
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