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Abstract

The Photon Factory storage ring was successfully
commissioned with a new high brilliance optics. The
messured emittance was 29 nm-rad, which is dose to the
god, 27 nm-rad The beam current of 400 mA could be
stored with this emittance. Thebeam lifetime is limited by
both residud gas scattering and Touschek scatering. The
users operdion with the new optics will be statedin this

May.

1 INTRODUCTION

The Photon Factory storage ring, a 2.5 GeV synchrotron
light source, has been operated since 1982. As a result of
many devdopments and improvements during these 16
years, the average beam current reached to 300 mA with a
very long lifetime of 60 hourg[1]. In 1987, the emittance
was reduced from 460 nm-radto 130 nm-rad2]. However,
this valuewasstill larger by oneorder of magnitudethanthe
typicd vaue of the 3rd generation light sources. In Japan,
two universities have proposed constructions of third
generdion light sources in VUV and soft X-rayg[3].
However both of these projectsare still not yet approved so
far. To meet strong demands for high brilliance VUV and
soft X-ray radaion, a new low emittance optics was
designed and proposed for the Photon Factory[4].

Thenew opticsis redized by doubling the numbersof the
quadrupoles and sextupolesin the normal cell sections. The
emittance can be reduced down to as smdl as 27 nm-rad
This resultsin 10times brighter synchrotron light fromthe
existing undulators. Man beam parameters of the old and
new opticsaresummarizedin Table 1. Theoptical functions
of those optics are shown in Figure 1.

A design report for this program was published in
1993[5]. Soon éfter, the R&D’s on the accderator
components were stated Until the end of 1996,
devel opments and fabrications of dl the components were
completed The storage ring had been shut-down from Jan.
to Sept. in *97. All thereconstruction workswerecompleted
during these 9 months. The details of the reconstruction
works were described el sewhere[6].

In this paper, the commissioning status is described.

Table 1. Beam Parameters

old low-¢£(135deg)
Circumference[m] 187 -
Energy[GeV] 25
Emittancelnm-rad] 130 27
Energy Spread 7.3x10* 7.3x10*
Mom. Comp. (a) 0.016 0.0043
Betatron Tunes (8.44,3.30) (10.85,4.20)
Chromatisity (-13.5,-9.0) (-16.1,-13.3)
RF voltagefMV] 17 -
Synchrotron Tunes 0.023 0.011
Bunch Length[cm] 1.52 0.84
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Figure 1. Old (upper) and new (lower) optics



2 COMMISSIONING; FIRST STAGE

The commissioning of the reconstructed machine was
statedin Oct. ‘97. Since we should have started the users
operation as soon as possible we decided to stat the
commissioning and dso the users operation with the old
optics which were famili&e to us. Even dte the
reconstruction, we can operate the machine with the old
opticg5].

On thefirst day, after adjustingtheinjection position ad
angle by utilizing a single pass beam position monitor[7],
we confirmed the beam circulation of aout 100 turns
without RF. Onthe second day, abeam could bestoredwith
RF on. 10 dayslater, the maximum beam current reachedto
500 mA.

The new vacuum chambers were not baked &fter the
instdlaion. The vacuum condtioning was performed only
through SR irradation in the high current operation. The
result was satisfactory as shown in Figure 2. About one
month later, the average pressure normadized by beam
current reached to 1x10° [Torr/A].

7:00am. Oct.3 - 9:00am. Dec.24

1000 ) 10°®
.
e
100 e | 10
‘ wls
P Users Run
%% . |
—_ = |
£ 10 5;__,;':..-' 107 §
: gl =
< 20 -
— o g
8 1 ‘e ; L10% =S
x 2 | —~
il e >
2t —
0.1
0.01 1010
0.1 1 10 100 1000

Integrated Current [A* hr]

Figure 2. Theresult of vacuum conditioning. Theblack
circles are the lifetime multiplied by the beam current. The
white sguares are the average pressure normdized by the
beam current. Thehorizontal axis istheintegrated current as
ameasure of time. The datafrom Oct. 1 to the end of 1997
are shown. Thestart of the usersoperationisindicatedin the
figure.

The new demped RF cavities were successfully
commissioned8]. No beam instabilities caused by the
higher order modes of the cavities was not observed for the
beam current as high as 400 mA.

A new beam position monitor system anda new orbit
stabilization  system were  dso successfully
commissioned[9]. We can measure the closed orbit with an
accuracy of 1 pum (rms) anda sampling speed of 100 Hz. By
using these deta, the orbit can be stabilized within 10 pm
with afeedback cycle of 10 Hz.

After all these machinetunings, the user’s operationwas
started on Nov. 4 with theold optics. The beaminjectionis
twice aday (9a.m. and9 p.m.). Themaximum beam current
is 400 mA.

3 COMMISSIONING; SECOND STAGE

The study on thelow emittance opticswasstartedin paralel
to the users operation, by utilizing the machine study time
assigned on every Monday.

In figure 3, the emittance is shown as afunction of the
horizontal phase advance of the normal cells. Theemittance
has aminimum at 135 degree. A tracking study showedthat,
as the phaseadvanceis increasing, the dynamic aperture gets
smaller[10]. Thus, westartedthe |ow emittance operation at
90 degree. Then weincreased the phase advancestep by step
as shown in Figure 4.

We could store a 400 mA for the phase advancebetween
90 degreeand 125 degreeso far. Thedesign emittancefor 125
degree opticsis 30 nm-rad. Wetriedto store thebeamat 135
degree, but westill cannot. Themain reason of this seemsto
be asmall dynamicaperture. A further study will bedonein
near future by utilizing a dynamic gperture messurement
system[11].

In Table2, theresults of the low emittance operation are
summarized From a beam size messurement[12], the
horizonta emittance was estimated to be 29 nm-rad for the
125 degree optics, that is very close to the design value, 30
nm-rad andis not so far fromthe minimum emittanceof the
new latice 27 nm-rad As for the verticd emittance, a
prdiminary measurement by using an interferometer was
carried out. Theresult suggestsaXY coupling of about 1%.

The beam lifetime was somewhat shorter than expected.
In the low emittance optics, the gas scattering and the
Touschek effect have amost same beam loss rate]5]. Since
thering vacuum is still not recovered completdy, the gas
scattering lifetime is shorter than expected & present. By
continuing the operation, this will be gradually improved.
Touschek lifetime, which was estimated from the observed
lifetime in single bunch opeation, is dso shorter than
expected This is most likdy because of the smdler X-Y
coupling than 2% that we had assumed in the designreport
[5].

An undulator spectrumwas measured at a beam line both
for old and new optics. Themeasuredintensity changeagreed
well with the calculation[13].
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Figure 3. Beam emittance as afunction of the horizontal
phase advance of the normd cdl. The solidline is for the
case of normd cdls only. The dsshed lineis for the whole
ring.

90deg 105deg 125deg 135deg

Vertical Tune
A
n

k=] 9.5 10 10.5 fu B

Horizontal Tune

Figure 4.TuneDiagram. Wecouldstore 400 mA beamat
the shaded areawith dots. We could storea few mA beam at
the shaded area with lines, without the sextupoles but still
cannot inject with the sextupoles on.

Table 2. Summary of the low emittance operation

designgoa achieved
Emittance 27 nm-rad 29 nm-rad*
XY coupling < 2% ~1%*
Max. Beam Current 400 mA 400 mA
Beam Lifetime 40 hr ~12 hr (29 nm-rad)
(@300mA) ~20 hr (37 nm-rad)

Note * These vaues were obtained from a prdiminary
measurement for the 125 degree optics.

4 SUMMARY

The Photon Factory storage ring was successfully
commissioned after the reconstruction work for high
brilliance. The machine operation was started with the old
optics first. All the machine tunings including thevacuum
condtionings was compl eted within one month. The users
operation was started on schedule with the old optics.

The low emittance optics was dso successfully
commissioned. Thesmallest emittanceachievedso faris29
nm-rad, whichis closeto the designgoal, 27 nm-rad. A 400
mA beam could be storedwith this emittance. Thelifetime
is somewhat shorter than expected, probably because of the
smal XY coupling and of the ring vacuum tha is not
completely recovered & present. Users operation with low
emittance optics will be started in May ‘98.
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