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Operation Time 4969.0 h

SR Experiment 4414.6 h 88.8%

Beam Development 444.0 h 8.9%

Failure 50.7 h 1.0%

Miscellaneous 59.7 h 1.2% 

3-1 Operation Summary

A scrap-and-build plan is being implemented in the 
northeast experimental hall of the PF-AR. In FY2008, 
two beamlines NE1 and NE3 were constructed accord-
ing to the plan. A part of NE5 was decommissioned, 
and this experimental activity will be resumed at NE7 in 
the next year. The source for NE1 is an undulator that 
was originally designed to supply elliptically polarized 
synchrotron radiation and was installed in 1989. This 
undulator operates exclusively in a multipole wiggler 
mode for hard X-ray applications at NE1. The source of 
NE3 is the world’s fi rst in-vacuum undulator that covers 
the energy range of 5-25 keV using the primary, third, 
and fifth harmonics. This undulator was developed in 
1990.

The pumping speed of the storage ring was continu-
ously reinforced for three years from 2006 to 2008. Dur-
ing a full-scale reconstruction of the vacuum system in 
2001, approximately 180 Ti sublimation pumps (TSPs) 
and 56 distributed ion pumps (DIPs) were installed in 
order to meet the vacuum specifi cations. However, the 
number of sputter ion pumps (SIPs) was insufficient, 
and many pumping ports remained unoccupied by SIP. 
Approximately 60 SIPs with a nominal pumping speed 
of 0.2 m3/s have been added mainly to the arc sections. 
Then, the number of SIPs was doubled, and the total 
pumping speed for the storage ring improved consider-
ably. Because of this improvement, it has become pos-
sible to maintain a suffi ciently long beam lifetime without 
the DIP, which is considered a potential source of dust 
trapping that causes a sudden decrease in the beam 
lifetime. It was confi rmed that the dust trappings could 
be reduced if all the DIPs were switched off during user 
operation.

With the achievement of a long beam lifetime and 
stable operation, the importance of the independent tun-
ing of the undulators has gained considerable attention 
at the PF-AR. We have achieved independent tuning 
for the undulator NE1 by following the tuning procedure 
already established at the PF ring. There are fi ve other 
undulators at the PF-AR; independent tuning for all the 
four will be performed one by one in FY2009.

As shown in Fig. 1, the total operation time was ap-
proximately 5000 h from FY2002 to FY2008 after the 
full-scale reconstruction in 2001. The operation statis-
tics are listed in Table 1. In FY2007, we needed some 
time to adjust the new bending-magnet power supply, 
and the failure rate was exceptionally high (5.0%). In 
FY2008, the beam development time became consider-
ably short, and the failure rate recovered to 1.0%, which 
is the best value obtained since 2002. The SR experi-
ment time was almost 90% of the total operation time. 
We believe that the movable masks protecting the RF 
cavities from the SR irradiation installed in 2007 were 
also responsible for the stabilization of the operation.

Table 1
Operation statistics in FY2008.
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Figure 1
Operation time as a function of fi scal year.
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3-2 Improvement of Beam Lifetime

In the past three years, the vacuum system was re-
inforced by installing 61 sputter ion pumps (SIPs). The 
reinforcement resulted in a 13% increase in the total 
effective pumping speed, and consequently, the beam 
lifetime became 12% longer than before [1]. In particu-
lar, the improvement allowed us to mitigate the long-
standing problem of a sudden decrease in the beam 
lifetime, which disturbs stable user experiments due to 
rapid current decay and burst of gamma rays, which 
are sometimes detected in the experimental area. The 
sudden decrease in the beam lifetime is attributed to 
the dust-trapping phenomenon, and the distributed ion 
pumps (DIPs) installed close to the beam orbit in all the 
56 bending magnets are considered to be the major 
sources of dust particles. The reinforcement provided 
an option of substituting the DIPs with SIPs. As a result 
of the DIP-OFF operation, the frequency of the unre-
coverable decreases in the beam lifetime was reduced 
from 1.8 to 1.0 times/week (from 74 times/6903 h to 
19 times/3058 h).

Successive investigation to seek other sources of 
dust was carried out by checking vacuum data for signs 
of dust generation. We found that some of the sudden 
decreases in the beam lifetime were accompanied by 
a transient increase in the vacuum pressure at some 
discharge-prone vacuum chambers, such as in-vacuum 
undulators and an RF feedback kicker with strip-line 
electrodes. The transient changes in the vacuum pres-
sure were supposedly caused by electric discharges 
due to wakefields from the beams. Therefore, we at-
tempted dust conditionings with 25% higher current 
than usual, prior to user operations. Although statistical 
data is still being accumulated, we have observed that 
the lifetime drop frequency reduced to 0.5 times/week 
(3 times/967 h) when a combination of the DIP-OFF op-
erations and the high current conditionings are adopted. 
The operational states before and after the cures are 
shown in Figs. 2 (a) and (b), respectively. The fi gures 
show that the stability of the routine operations has con-
siderably improved.
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3-3 I n d e p e n d e n t  Tu n i n g  fo r 
Insertion Devices 

Six insertion devices (IDs) have been stably oper-
ated until now. Recently, the gap control system for the 
IDs has been renewed with EPICS. Independent tuning 
for every ID has been performed without applying any 
corrections for the orbit fl uctuations since the beam siz-
es are relatively large and the infl uences are not serious 
in the case of the experiments. However, the effects of 
orbit fl uctuations on the change in the gap are apparent 
at several beamlines with the increase in the number of 
IDs. Therefore, we suggested corrections for the orbit 
fl uctuations on the change in the gap in order to realize 
independent tuning. 

First, the correction of the orbit fluctuations for ID-
NE#01 was carried out using steering magnets located 
at both ends of the ID. Steering magnets can generate 

Figure 2
Typical operational states for two weeks are shown. The red line denotes the stored beam current, and the blue line denotes the beam 
lifetime. The upper part (a) shows the operational states before the cures in October 2007, and the lower part (b) shows the states after the 
cures in February 2009.

an integral magnetic fi eld of up to 2000 gausscm when 
driven with a 12-bit DC power supply (HP6633B) in 
both the horizontal and the vertical directions. Since a 
permalloy was used as the core material of the magnet 
in order to reduce the remnant magnetic fi eld, reliable 
reproducibility was obtained for the orbit correction. The 
orbit fl uctuations were measured by using the BPM sys-
tem for both vertical and horizontal directions. Eighty-
three BPMs were used, and the relative accuracy of the 
fl uctuations was less than 20 µm. The acquisition time 
for changing the gap and reading the BPM data was ap-
proximately 5 min. 

Figures 3 (a) and (b) show the results of the orbit 
fluctuations as a function of the BPM number for gap 
differences between 30 mm (minimum) and 100 mm 
(maximum) with and without the corrections. The orbit 
fluctuations after the correction were reduced to less 
than 20 µm around the ring in both directions. The op-
eration with the independent tuning for ID-NE#01 was 
begun in April 2009 and will be accomplished step-by-
step for the other IDs.
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Figure 3
Orbit fl uctuations of the gap (between 30 mm and 100 mm) for ID-NE#01 as a function of the BPM number. Red diamonds and blue open 
circles represent the fl uctuations before and after corrections, respectively. The upper part (a) shows the vertical orbit fl uctuation, and the 
lower part (b) shows the horizontal orbit fl uctuation. 


