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summary 

The present paper describes the Tohoku University 
150 MeV pulse stretcher and the results of the test 
operation. The ring stores a pulsed electron beam 
from the electron linac and converts it into a contin- 
uous one. The test operation has proved that it works 
successfully. Broadening of the extracted beam in the 
vertical direction due to a coupling resonance was ob- 
served in the early operation. This problem was re- 
solved by readjustment of the tune. And an extracted 
beam of 1 uA has been obtained with a duty factor of 
80 %. The energy spread of the extracted beam was 
measured to be 0.2 %. 

Introduction 

The low duty factor (0.1 %) of the Tohoku Univer- 
sity Electron Linac makes coincidence experiments dif- 
ficult. The 150 MeV pulse stretcher has been con- 
structed in order to supply a continuous beam for such 
experiments. It is used also to research the technical 
problems of a pulse stretcher, because a linac-and- 
pulse-stretcher system has been proposed for the next 
accelerator of Tohoku University. The system is con- 
sidered to be a promising solution to realizing a high 
duty electron beam. The principle of the pulse 
stretcher is well known since the ALIS project,at 
Sac1ay.l However no pulse stretcher had actually been 
constructed. Thus it was thought to be necessary to 
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confirm the feasibility of the pulse stretcher for the 
accelerator supplying the continuous beam. The con- 
struction of the ring was started early in 1979 and 
was completed at the end of 1981. Since then, it has 
been examined from various aspects, as well as supply-, 
ing a continuous beam for the test operation of the 
tagged photon facility. 

Description of System 

The stretcher is operated without RF acceleration 
and the beam is extracted from the ring by monochro- 
matic extraction; the beam is injected with an energy 
width equal to the energy loss due to synchrotron ra- 
diation during the time between two successive injec- 
tions. The lowest energy of the injected beam corre- 
sponds to the third integer resonance (v' =4/3). Elec- 
trons, losing their energy by synchrotrog radiation 
down to the energy of the resonance, are extracted 
consecutively. 

The stretcher was installed near the existing 
magnetic spectrometer for electron scattering, as 
shown in Fig, 1. The ring consists of eight bending 
magnets, with uniform field, whose bending angle is 
45" and bending radius is 0.8 m. Edge focussing has 
been used with edge angles of 11.215', because there 
is no space for quadrupole magnets between two adja- 
cent bending magnets. The circumference of the rinq 
is 15.472 m. A pulsed beam is bent from the present 
beam line to the ring by two bending magnets MV,MlO 
and is injected into the ring through two septum mag- 
nets (SMI,SM). During the time of injection, the 
equilibrium orbit is brought near the SM by two kicker 
magnets (KM~,KM~) and the off-energy function near the 
SM is made zero by a pulsed quadrupole magnet (PQ). 

Fig.1 Layout of the 150 MeV pulse stretcher. 
M; bending magnet SM,SMI; septum magnet for injection GV; gate valve 
Q,FQ; quadrupole magnet ME,SME; septum maqnet for extraction IP; spatter ion pump 
PQ; pulsed quadrupole magnet SE: septum electrode TNP; turbo molecular pump 
HM; hexapole maqnet BM; beam profile monitor STC; stearino coil 
KM; kicker magnet SR; synchrotron light monitor c; collimator 
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It also changes the betatron frequency down to v =1.2 
in order to give enough time for multi-turn injeztion. 
The quadrupole magnet FQ is used for a slight adjust- 
ment of the tune. The third integer resonance is in- 
duced by the hexapole magnet HMD. The strength of the 
magnet controlls the chromatic factor appropriate for 
making a resonant oscillation only for electrons with 
the extraction energy. The hexapole field ?istorts 
the injection orbit and makes a part of the injected 
beam hit the SM. To avoid this effect, another pulsed 
hexapole magnet HMP is set close to the HMD to cancel 
its hexapole field during the injection period. Elec- 
trons with an energy of about -1 % oscillate resonant- 
ly with the increasing oscillation amplitude, and fi- 
nally enter into the gap of the septum electrode SE. 
After about a half revolution through three septum 
magnets (MEl, ME.?, SME), the electrons leave the ring. 

Operating Experience 

Most of the test operations were made with an 
electron beam of 130 MeV from the linac. The energy 
width of the injected beam was adjusted to be 1.5 % 
and the pulse duration to be 20 nsec, whose length 
corresponds to 2/5 of the circumference of the ring. 

Beam Broadening due to Coupling Resonance 

Figure 2(A) shows the profile of the extracted 
beam first observed on a fluorescence plate (BM5) at 
the point immediately before the MEl. The beam broad- 
ening vertically was observed, and the efficiency of 
extraction was only around 10 %. The origin of the 
broadening was investigated and attributed to a third 
order coupling resonance (v -2’Jy=-1). 

x 

As shown in Fig. 3, the tune of the extracted 
point is on the resonance line. When the tune of the 
ring is close to the line, the vertical oscillation 
is coupled with the horizontal motion. In the case of 
our ring, the oscillation amplitude in the horizontal 

Fig. 2 Beam profiles of the extracted beam. 
(AI Beam broadening observed in the early 

operation, 
(B) Beam profile after improvement by chang- 
ing the tune. 

direction is much larger than that in the vertical di- 
rection. The coupling resonance transfers the energy 
of the motion from the horizontal direction to the 
vertical direction, and makes the vertical oscillation 
increase. The operation point should be moved far from 
the line in order to remove the broadening. It is dif- 
ficult to do this by only two quadrupole magnet, PQ 
and FQ. Therefore the field clamps of the eight bend- 
ing magnets were taken off, for the purpose of changing 
the working point. The consequent tune is also shown 
in Fig. 3. Figure 2(B) shows the beam profile after 
the reconstruction, which is a strong beam concentrated 
on a small area. The adjustment has improved the ef- 
ficiency of the extraction up to 50-60 % and the ex- 
tracted beam current reached to 1 bA at the operation 
of 300 pps when the beam with a pulse duration of 150 
nsec was injected. 

“v I 

1 

\I I / -~-L--~--- - 
‘. -. 

,‘\ I \ I ,I 
-j 

1.1 
‘. / 

f-. I\] ,,/I o inJ. 1 f&)0/, 

k ____ y~LL~r.---~- l stored J 

- 1st order res 

--- 2nd order res. 

-- - - 3rd order res. 

1.0 1.2 T3 11 
Uc=T vx 

Fig. 3 Resonance lines and tunes in operation. 

Duty Factor 

The duty factor of the extracted beam was measured 
by using a plastic scintillation counter. The upper 
signal in fig. 4 shows the intensity of the extracted 
beam, which is the signal of the scintillation counter 
smoothed by an amplifier with a time constant of 30 JJ 
sec. A duty factor of 0.7-0.8 was obtained at the op- 
eration of 300 pps. The lower signal shows the inten- 
sity of the synchrotron light emitted at the bending 
magnet M2 by electrons moving in the ring, which was 
measured by using a photocell. The synchrotron light 
increases rapidly at injection and decreases constantly 
up to the successive injection. It means a smoothed 
extraction of the electrons. 

1 msecfdiv. 
Fig. 4 Upper; extracted beam observed 
with a plastic scintillation counter, 
Lower; synchrotron light from bending 
magnet M2. 
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;!icro-structures 

Micro-structures in the extracted beam were meas- 
ured by using tagged photon equipment and a time-to- 
amplitude-converter (TAC). The signal from one plastic 
scintillation counter started the TAC and the signal 
from another one stopped it. The time resolution of 
this system is estimated to be a few nano-seconds. If 
there are micro-structures in the extracted beam, the 
spectra from the TAC should have structures corre- 
sponding to them. First,the time spectrum was measured 
when a short pulse beam @20 nsec) was injected into 
the ring. Fig. 5(A) shows the output of the TAC whose 
gate was opened from 100 usec to 600 ~sec after the 
injection. A lot of structure can be seen in the 
spectrum, and the patern repeats at a period of 150 
nsec. This period is equal to the time an electron takes 

to make three turns around the ring. This is a feature 
of the extraction due to the third integer resonance. 
In short, every 150 nsec structures derive from same 
bunches. Fig. 5(B) is the spectrum when the gate of 
the TAC was opened from 600 usec to 1100 usec. In this 
spectrum, the large structures ir; FiT. 5(A) disappear 
and a lot of small peaks appear on the increasing con- 
tinuous part. The micro-structures in Fig. 5(A) and 
the transformatioc of the structures from Fig. 5(A) to 
Fig. 5(B) can be explained by taking account of the 
dilatation factor and the chromatic factor of the ring. 
on the other hand, when the long pulsed beam (z 150nsec) 
was injected into the ring, no apparent peaks were ob- 
served in the spectrum even from 100 Esec to 600 Usec. 
(Fig. S(C)) These results imply that the micro- 
structures in the extracted beam scarcely disturb co- 
incidence experiments. 

Energy spectra 

The energy spectra of the extracted beams were 
measured by means of the measurement of elasticelectron 
scattering with a ma netic spectrometer at 30". 
of "zr (49.97 mg/cmq thick) was used for the tarteEDil 
Figure 6(A) is the energy spectrum of the injected beam, 
which is centered at 130 MeV with an energy width of 
1.5%. An example of the spectra of the extracted beam 
is shown in Fig. 6(B). The energy of the extracted 
beam is located at -0.8%, which is nearly equal to the 
lowest energy of the injected beam. Its energy width 
is estimated to be 0.1%. It is remarkable that no 
electrons were counted in the higher energy region be- 
yond the peak. A slight tail in the lower energy part 
is attributed to the radiation loss of electrons in the 
target. Figure 7 shows an example of the time de- 
pendence of the energy of the extracted beam. In most 
case, spectra have an energy spread of 0.1 - 0.2% and 
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Fig. 7 
Time dependence of 
the energy spectrum 
of the extracted beam. 
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Fig. 6 (A) i energy s_oectrum 
of the injected beam, 
(B) i an example of the energy 
spectrum of the extracted 
beam. 

ali energy shift of about 0.2% is observed. These quali- 
ties satisfy the demands of experiments sufficiently. 

Low energy electrons intermixed In the beam dis- 
turb tagged photon experiments. Such componer.ts in- 
crease the background as spurious electrons. The 
measurement of the background showed that the spuriocs 
electrons did not exceed 3% - 8% of the tagged electrons 
over the measured electron energy region (0.2 Eo - 0.8 
Eo) when a lo-' radiation length Au was used for a 
bremsstrahlung target. 
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Fig. 5 Micro-structures in the extracted beam. Sharp peaks in (Bl and (C) come from background, 
(Al injection: short("u20 nsec) pulse, (B) injection; short( ~20 nsec) pulse, (C! injection: lonq(Ql50 nsec) 
measurement: 100-600 usec after the measurement; 600-1100 usec after the pulse, 
injection. injection. measurement: 100-600 ~isec after 

the injection. 


