MEASUREMENT OF BREMSSTRAHLUNG
AT THE STORAGE RING

Y. Yamamoto and H. Iwasaki

Bremsstrahlung was measured as a function of stored beam current at the compact
storage ring at SR center'. Bremsstrahlung is emitted for collision of stored electrons and gas
on the beam orbit. The maximum energy of bremsstrahlung is 575 MeV to agree with the
energy of the stored electron beam. Normal y-ray survey meters (e.g. AROKA ICS-311) can’t
measure such high energy bremsstrahlung. We employed BGO (bismuth germanate)
scintillation spectrometer (CANBERRA) that could measure ~ 50 MeV X-ray.

Measurement system was constructed behind the beam extraction port BL-16 at the
atmosphere. Figure 1 shows the energy spectrum of bremsstrahlung for beam energy of 575
MeV and beam current of 200mA. Integral counts of bremsstrahlung with the energy of 3-30
MeV divided by the stored beam current were plotted with full squares as a function of the
beam current in figure 2.

Counts of bremsstrahlung (Yy,.,,) are given by

Ybrem = O.brem Ip s (1)
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Figure 1. Observed bremsstrahlung spectrum at the BL-16. Stored electron beam energy is 575 MeV and beam
current is 200maA.
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where Opem 1S bremsstrahlung cross sectionz, I 1s beam current and p is density of gas on the
beam orbit. Plotted points in fig. 2 give p depended on the beam current because the vertical
axis mean Y,.,/I . Assuming that p was given by equation (2), we tried to fit p(I).

p(l)=p, - 1+p, @

Where p,-1 is density of gas induced by synchrotron radiation and p, is gas density given by
base vacuum in chamber. The ratio p,/p, is 0.026 [1/mA] in best fit (line in fig. 2). Density of
gas at beam current of 300 mA in normal operation is 9 times as large as in no operation
vacuum.
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Figure 2. Integral counts of bremsstrahlung with the energy of 3-30 MeV divided by the stored beam current as a

function of the beam current.
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STATUS OF THE STORAGE RING

As a storage ring to be installed at Ritsumeikan University, the superconducting compact
storage ring AURORA designed and manufactured by Sumitomo Heavy Industries was
chosen, on which description was given elsewhere [1—3]. After some modification of the
original design, the ring was installed in April 1996 in the Biwako-Kusatsu campus and has
successfully been operated since then[4, 5].

Injector is a race-track-type microtron which provides an electron beam of 1mA at an
energy of 150MeV to the storage ring at a repetition rate of 10Hz. A 1/2 integer resonance
injection method is adopted [6]. The ring is composed of a superconducting weak-focusing
single-body magnet, in which the electron orbit is exactly circular with the radius of 0.5m.
Figure 1 shows the horizontal and vertical cross section of the ring. The energy of
accumulated electron beam is boosted up to 575MeV synchronously with an increase in the
field strength of the magnet. The ring is normally operated at energy of 575MeV with an
initial beam current of 300mA. It takes about 30s to inject an electron beam into the ring and
about 8 min to accelerate the electron beam up to 575MeV. The critical energy of the radiation
is 844¢V, higher than that of other rings of approximately the same beam energy. This is due
to the smaller radius of the electron orbit in the strong magnetic field, 3.8T. Table 1 lists the
parameters of the ring[7—9].

The total operation time of the ring in the fiscal year of 2004 is 1560 hours, of which
97% is user time, 1% time for machine study and 2% time for tune-up of the ring. Integrated
beam current (dose, i.e., accumulated beam current multiplied by operation hours) reaches 343
A -h (ampere-hours). Total user time in the fiscal year was 1510 hr. Some troubles occurred at
the injection system and the RF system.

Injection of an electron beam into the ring was made twice a day. Initial beam current
was about 300mA and it decreased to about 150mA at the end of each operation. Figure 2

shows the typical variation in the stored beam current in a day.
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Fig.1. Horizontal and vertical cross section of the storage ring.
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Fig.2. Typical variation in the accumulated electron beam current in a day.

Table 1. Parameters of the injector and storage ring

Injector
Energy 150 MeV
Repetition 10 Hz
Peak current 1 mA
Pulse width 2 s
Storage Ring
Energy ’ 575 MeV
Stored current (e) 300 mA
Circumference 3.14 m
Radius of curvature 0.5 m
Field strength 3.8 T
RF frequency 190.86 MH:z
Number of cavity 1
Harmonic number 2
Critical energy of radiation 844 eV
Beam size 1.3 mm(horizontal)
0.14 mm(vertical)
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