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Abstract derground. There are four SR beamlines from inser-
lggon devices (three in-vacuum-type undulators [6], one
aeilliptically-polarized multipole wiggler [7]) and the other

beam current and the lifetime were largely improved. Th Wwo from bending magnets. New north-west experimen-

injection energy was raised from 2.5GeV to 3.0GeV, th al hall, wo beam I|nes(NWT2, NW12) and a new tapered

maximum beam current of 65mA was achieved. With émdulatorwere constructed in the upgrade project.

new global orbit feedback system, orbit drifts were largely

improved. OPERATION AND PERFORMANCE OF
PF-AR

The upgrade project of the pulse X-ray source PF-A
was successfully completed by the end of 2001. The initi

INTRODUCTION
o The PF-AR has been operated at beam energies of 6.5
The AR that was originally constructed as a booster of,q 5 0GeV, where the 5.0GeV operation is arranged for
the TRISTAN electron-positron collider has been parasitimegical applications. The ring always stores a single-
cally used as an X-ray source [1-2]. It was converted int§,,nch beam of about 55mA, providing unique pulse X-

a ring dedicated to pulse X-ray research and renamed Pfys for researches such as the time-resolved X-ray experi-
AR(Photon Factory Advanced Ring for pulse X-rays) after

completion of the TRISTAN project, however, its perfor-
mance as a light source was not satisfactory: low reliabil- North

North-West Experimental hall

time due to insufficient vacuum system performance, defi-
ciency of closed-orbit controllability caused by the unreli-
able beam position monitor(BPM) system, etc. In order to
improve these problems, the PF-AR upgrading project[3]
was started in 1999. Old vacuum ducts made of Al al-
loy were exchanged for ones made of OFHC copper with
improved BPM electrodes and the pumping system was
largely reinforced. The power supplies for the steering
magnets were all changed and the control system were
completely renewed. New beamlines and in-vacuum type
insertion devices were installed. The upgrading project
were completed in the end of 2001, and commissioning of
the upgraded ring was successfully done in the beginning
of January, 2002 [4-5]. After fine tuning of the machine,
users' operation started in April. The typical lifetime of 15
hrs at the energy of 6.5GeV and the beam current of 50mA
in a single bunch was achieved, and the closed orbit con-
trollability was largely improved.

The present layout of the PF-AR is shown in Fig. 1.
Both the ring and the experimental halls are housed un-

Notrh-East
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* E-mail addres : tsukasa.miyajima@kek.jp Figure 1: Layout of the PF-AR after the upgrade project.
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Table 1: Principal parameters of the PF-AR under the Feb. 25, 2003

present optics. Beam Curent (mA)—— 2000
Parameter Value 70 Lifetime (min) - 4
Beam energy 5.0-6.5GeV I 60 ; - 1500
Injection energy 3.0GeV (2.5GeV) :E 50 | ; ’g
Circumference 377.26m E . B
Harmonic number 640 o i £
Horizontal betatron tune 10.15 § 30 3
Vertical betatron tune 10.21 ® 20 500
rf frequency 508.58 MHz 10
Emittance (at 6.5GeV) 294nmrad o o
Initial stored current 55mA (single bunch) 00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00

Time

. ‘ ‘ ‘ ] Figure 3: Typical one-day operation of the PF-AR after the

Jan. 8, 2002 - Feb. 28, 2003
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Figure 2: Optical functions in the PF-AR under 90-degree

optics. " P,./1(6.5GeV)
| 1 ! ! —6
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ments. High beam energy and full-time single-bunch oper- Integrated Current (A - h)

ation characterizes the PF-AR. The principal parameters of

the ring are given in Table. 1 Figure 4: History of the vacuum conditioning after the up-

The PF'AR is made up of normal F,ODO'Ce,"S’ four IO”_ rade project, wheré andr are the beam current and the
straight sections and eight short straight sections. The ri am lifetime, respectively.

is operated at 90-degreeptics for user operation, the
emittance is 294nmad and the dynamic aperture is suf-

ficiently large. Fig. 2 shows the optical functions of the L .
PE-AR 90-degree optics. current and the beam lifetime, respectively. The vdlue

have increased gradually with the integrated beam current.

Beam Lifetime

Before the PF-AR upgrade project, the beam lifetime3.0GeV Injection
was rather short; about 3 hours at a beam current of 40mA, . L
to maintain an average current, injections more than ten Before the upgrade project, the injection energy was
times a day were necessary. After the upgrade project, te2GeV. However, beam instabilities that limited the max-
beam lifetime became longer (about 15 hours at a bealfpum stored beam current at about 47mA, were observed
current of 50mA) and injections are reduced to 3 times §uring the injection [8]. In order to improve the situation,

day. Fig. 3 shows the typical beam current and beam lifdD€ injection energy was raised from 2.5GeV to 3.0GeV. As
time in one-day. aresult of the 3.0GeV injection, a higher beam current over

The history of the vacuum conditioning after the upgrad@5MA was achieved, however, instabilities still have been
project are shown in Fig. 4, whedeandr are the beam appeared during injection. Since 3.0GeV injection started
from October, 2002 for user operation, the typical initial

1phase advance per hormal FODO cell. stored current is about 55mA.
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without Orbit Feedback without Orbit Feedback
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Figure 5: Horizontal orbit fluctuation with and without Figure 6: Vertical orbit fluctuation with and without global
global orbit feedback. The fluctuation is reduced tauh6 orbit feedback. The fluctuation is reduced tqué8from
from 85.um for orbit feedback. 29um for orbit feedback.

Orbit Sabilization current of 50mA) and injections are reduced to 3 times a
day. As a result of the 3.0GeV injection, a higher beam

A slow orbit drift is observed in proportion to decreaseCErrem over 60mA was achieved without beam instabili-

in the beam current in the user operation mode. Thetypica s. With the new global orbit feedback system, the orbit

'tﬂ't'al f:o:ﬁ% currrent IS dat\:\(/)nu: S?f(r)]:r?Aaii mnent|on<redtia20\r/1 ift is suppressed. In order to reduce the beam emittance,
€ current gecreases down to one operation Shit, survey operating points free from beam instabili-

of 8 hours. Thermal deformation of the magnet poles an es at the low emittance optics. We will also study beam

the vaculum cr}at?berf).?zn?trgtetﬁ thﬁ rc_epro;julcmg COE’ a%l bility for user operation. For example, sudden decrease
f.m.s values of the orpit dritt in the horizontal and vertical,e e 5, lifetime, stabilization of temperature in the ring

lanes are and 63:m, respectively.

P To supprzfsnthis ort?iLt drift, vF\)/e haveyimproved the globaﬁunnel and so on.

orbit feedback system and make COD correction every

20sec. With the new global orbit feedback system, ther.m.s ACKNOWLEDGMENTS

value of the horizontal and vertical orbit drift are reduced The PF-AR is Operated under a collaboration between

to 16um and 29:m, respectively. 3D plots of the horizontal the Accelerator Laboratory and the Institute of Material

and vertical orbit drift with and without glObaI orbit feed- Structure Science in KEK. We wish to acknow|edge many
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Low Emittance Optics

The PF-AR is currently operated at an emittance of REFERENCES
294nmrad under 90-degrees optics in user operation. FQ1] Photon Factory Activity Report 1999, KEK.
the present lattice the emittance can be reduced to 1@3 Photon Factory Activity Report 2000, KEK.
nmrad using 140-degree optics. In order to reduce the i
emittance for user operation, studies of low emittance op2! Design Report on Advanced Ring for Pulse X-rays (PF-
tics have been started April, 2003. After adjusting the AR)", KEK Report 97-2 (1997) [in Japanese].
machine parameters, electrons could be stored at the I¢f} Photon Factory Activity Report 2001, KEK.
emittance optics. However the beam current was limited §8] T. Miyajima, Photon Factory News, Vol.20, No.1, 2002, p.17
30mA. It seems that the current limit is caused by the beam [in Japanese].
instabilities that was observed in 2.5GeV injection. We Wi|t6] S. Yamamotcet al., ReV. Sci. Istrum63, 400 (1992).
survey operating points free from beam instabilities and tr

. S. Y. toet al., Phys. Rev. Lett62, 2672 (1989).
to tune the acceleration to 6.5GeV. %] amamo ys. Rev.Le ( )

[8] T. Fujitaetal., inthese proceedings.
SUMMARY

The PF-AR upgrade project was successfully completed.
The beam lifetime became longer (about 15 hours at a beam
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