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Subjects of vacuum in the electron storage rings are reviewed. In the space, ion and dust trapping
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are mentioned, and on the surface of the vacuum duct, photodesorption are explained. Physical
understanding of the beam cleaning process is discussed as an evacuation process in the vacuum
chamber under photon irradiation. Evacuation problems are also discussed in both systems of
antechamber and cold bore. Beam impedance of vacuum components is described, and pressure
distribution of the electron storage ring is explained with the pumping system of the ring.
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Fig.1 Partial pressures which give 24 hours of beam
lifetime in PF electron storage ring. The
abscissa indicates atomic number Z and the
ordinate shows partial pressures [Pa].
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Fig.2 Stored beam current, beam lifetime and average pressures through 24
hours operation of PF. Beam current [mA] decreased smoothly in the left
half of the figure, whereas in the right half abrupt decrements were
occurred and beam lifetime [min] felt down to almost zero from several
thousand minutes. Pressures were measured by 50 BA-type vacuum
gauges and averaged. They were changed smoothly and any pressure
bursts were not observed which cause the very short beam lifetime.
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Fig.3 Averaged pressures of PF in the operation
during several years. The ordinate indicates
logarithmic pressures normalized by stored
beam current [Torr/mA], and the abscissa
shows logarithm of the integrated beam
current [Ahr]. The latest values of the normal-
ized pressure reaches =5 X 10" Torr/mA.
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Fig.4 Schematic view of the model of photode-
sorption in the chamber. Synchrotron radiation
SR which comes in through an inlet aperture,
SR irradiates directly at the region (1), and
some patts of SR are reflected and irradiate the
other inner wall designated as the region (2).
Some of gas molecules desorbed from the two
regions can re-absorb on the chamber wall,
and the rest of desorbed gas molecules is
reflected and exhausted through the inlet
aperture to the outside of the system.
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Preparation of all test chambers
Sample Material Surface treatment
Si SUS3lé Electrolytic-abrasive polishin,
52 SUS3l6 Glass beads blast = .
$3 SUS3I6 Electrolytic polishing and

450°C = 48 h prebaking

54 ABD63 Electrolytic-abrasive polishing
55 Ab0G Extrusion
56 OFC C-l Electrolytic-abrasive polishing
87 OFC C-1 Machining

Fig.5 Expermental photodesorption yields of aluminum alloy (Al), stainless
steel [SUS) and oxygen free high conductivity copper (Cu), They are
plotted against the integrated beam current [mAhr] which corresponds to
integrated photon dose [photon/slit]. Materials and surface preparations
are shown in the Table. All samples are ducts which have same
geometrical conditions and SR irradiates on the side wall of the ducts in

normal incidence.
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Fig.6 Cross sectional views of vacuum duct. Vacuum duct in the bending
magnet section (B-duct) of PF (top-left) and B-duct of X-ray ring of NSLS
of BNL (top-right). These are traditional type and have the beam space
and the pumping space.
Antechamber in the sextupole magnet section of ALS of LBL (bottom).
This is a new-fashioned vacuum duct of the electron storage ring.
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Table 1  List of Loss Parameters of Ring Components

v bunch length
i i ' 26.7ps 45.2ps 78.3ps
gate valve (std) 1.296 0.689 0.300
tapered tube 2 0.130 0.122 0.037
bellows (Q-type) 98 23.699 5876 1.148
ICF flange (G3) 39 2.262 1.482 0.780
ICF flange (G1) 20 0.700 0.440 0.220
RF cavity 4 1.612 1.100 0.679

(G1 and G3 show that the flange gap is lmm and 3mm, respectively.)
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Fig.7 Photon incidence, effective pumping speed and
pressure along the ring vacuum duct in the
normal cell of PF. In the figure, the ring
components are shown schematically, and
beam runs from right to left. Top view shows
the intensity of photon incidence, which is
strong in the bending magnet section and falls
down to zero at the window to the beam
channel. The middle shows effective pumping
speed, which includes pumping speed of the
pump and conductance of the vaccum duct.
Bottom shows local pressures normalized by
beam current and photodesorption yield.
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Table2  Pumps and Pumping Speeds (designed values)
: pumping speed (€ /s)
ol Y [ nominal (N designed (eHfective)
Roughing Pump
Rotary pump 6 220 (€ / min)
Turbomolecular pump 6 270
Main Pump (Ha) (CO)
Distributed ion pump 28 < 119
Sputter ion pump 50 128 76 34
Ti sublimation pump 50 - 618 360
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