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Abstract

In low emittance electron storage rings, such as high brilliant light sources, electron-electron scattering, or Touschek
scattering has a dominant influence on the beam lifetime. The transverse momentum of betatron oscillation of the
stored electron is transferred to the longitudinal direction, which leads to the particle loss due to the limited momentum
acceptance (MA). The electron scattered at the non-zero dispersion starts to oscillate with a large amplitude proportional
to the momentum deviation and the dispersion, then it is lost by colliding with the transverse aperture. The storage
ring conventionally has a dispersion in horizontal direction, the Touschek scattered electron begins to oscillate with a
large amplitude in this direction. Then, the horizontal motion is transferred to the vertical direction due to the betatron
coupling, so that the beam loss by the vertical aperture limit may occur. There are many in-vacuum insertion device (ID)
with a narrow gap in the SPring-8 storage ring, so the demagnetization of the magnet of the ID’s by the exposure of the
scattered electrons is feared. To protect the ID’s from the hit by the Touschek scattered electrons, the beam scraper (BS)
is introduced. The effect of the beam scraper is investigated by the tracking simulation of the scattered particles. It is
found that the growth rate of the vertical amplitude to reach aperture limit is sometimes faster than 1 or 2 turn, and that it
is difficult to protect in-vacuum ID’s from Touschek scattered electrons by the BS with practical gap. It is also discussed
the addition of BS’s to remove the remaining loss at ID.
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Figure 1: Betatron function.
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Figure 2: Dispersion function.
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Table 1: Parameters of the SPring-8 Storage Ring
Beam energy 8.0 GeV
Circumference 1436 m
Stored Current 100 mA
Natural emittance 2.4 nm-rad
Coupling ratio 0.2 %
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Table 2: Betatron Function at Aperture Limits in Vertical
Direction

Min. Gap By Norm. Gap
Normal IVU 6 mm 6.1 m 2.4m'/?
Normal OVU 15 mm Sm 6.7 m'/?
Long IVU (ID19) 12mm 258 m 2.4 m'/?
Long OVU (ID07) 1I5Smm 27.1m 2.9m'/?
Triple IVU (ID43) 5.8 mm 5m 2.6 m'/?
Beam scraper 2 mm 53m 0.9 m'/?
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Table 3: Parameters at Scattering Points

scattering point Ne Bz o5
Normal Cell SS  0.153m 322m 135%
Normal Cell Arc  0.242m 353m 13.0%
LSS-D Up-arc 0288 m 23.0m 15.6%
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Figure 3: Simulated loss pattern.
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Figure 4: Touschek loss vs. BS gap.
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Figure 5: Simulated 6-Turn distribution of Touschek loss
on ID19.
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Figure 6: Total Touschek loss vs. BS gap.
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Figure 7: Touschek loss vs. momentum deviation.
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Figure 8: Individual Touschek loss vs. BS gap.
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Figure 9: Simulated 4-Turn distribution of Touschek loss
on ID19.
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Figure 10: Trajectory in 1st turn of scattered particle at

C36 SS with momentum deviation 5.4 %.
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Figure 11: Trajectory in 1st turn and the 2nd of scattered
particle at C36 Arc with momentum deviation 4.6 %.
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Figure 12: Touschek loss vs. BS2 gap with BS gap 5 mm.
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Figure 13: Individual Touschek loss vs. BS gap.
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Figure 14: Touschek loss vs. BS2 gap with BS gap 5 mm.
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Figure 15: Vertical trajectory in Ist turn and the 2nd of
scattered particle at C12 Arc (SS) with momentum devia-
tion 4.6 % (5.4 %).
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