OPERATION OF THE PHOTON FACTORY
WITH A HIGH BRILLIANCE OPTICS

M.Katoh, Y.Hori, S.Asaoka, K.Haga, T.Honda, M.lzawa, N.Kanaya, T.Kasuga, T.Katsura,
M.Kobayashi, Y.Kobayashi, H.Maezawa, A.Mishina, T.Mitsuhashi, T.Nogami, T.OKia&mi,
C.0.Pak, S.Sakanaka, Y.Sato, T.Shioya, M.Tadano, T.Takahashi, Y.Tarknidochiya,
T.Uchiyama and A.Ueda
Photon Factory, KEK(High Energiccelerator Research Organization)
1-1 Oho, Tsukuba, 305 Japan

Abstract The new optics isealized bydoubling the numbers of the
_ quadrupoles argkxtupoles in the normal cell sections. The
The Photon Factory storage ring was successfully rgmallest emittance which can be achieved is 27 nm-rad.

commissioned after 9 months shut down for aviain beam parameters of the old and new optics are
reconstruction work toward low emittance. The emittanceummarized in Table 1. The optical functions of these

could be reduced down to 29 nm-rad which is close to thgpticsareshown in Figure 1.

design goal. The users operation was started in this May A design report fothis program was published in ‘93[4].
with a moderately small emittance of 36 nm-rad, thaSOOn after, R&D’s on the accelerator cpoments were
assures a longer lifiene to keep average beam currentstarted Until the end of 96, developmats andfabrications

higher than 300 mA with injectiorevery 12hours. of all the componentserecompleted. The storage ring was
shut-down from Jan. to Sept. in ‘97 for the reconstruction

The Photon Factory storage ring leeenoperated since
1982. In 1987, the emittance waslucedrom 460nm-rad
to 130nm-rad byoptimizing thequadrupole fieldtrengths 7 [rrnaowe e Gesen

in the normal cells[1]. However, the emittance was stil 6 | ariBy)
larger byoneorder ofmagnitude than the typical value of the = ’ |
3rd generation light sources. In Japan, there are a f¢ =
proposals of third generatidight sources in VUVandsoft = %
X-rays[2]. However none has been approved yet. To me g -
strong demands for high brilliance, a low emittance optic g
wasdesigned angroposed fothe PhotorFactory[3].

Table 1: Beam Parameters

new new new
old 90deg  105deg  135deg R
© I 1

Circumference 187 m --- --- --- g s | \) ﬂ I I
Energy 25GeV - --- --- 5 E ° “
Emittance 130'm-rad 45 nm-rad 36 nm-rad 27 nm-rad 5 a3
EnergySpread 7.3x10%  7.3x10° =% 2
Mom. Comp. ¢) 0.016 0.0079 0.0061 0.0043 7 1
Betatron Tunes (8.44,3.30) (9.15,4.20) (9.85,4.20) (10.85,4.20) o LA L | L e WA
Chromatisity ~ (-135,-9.0) (-11.8,-11.7)(-12.5,-12.3)(-16.1,-13.5) s [m]
RF voltage 1.7 MV 1.5 MV --- ---
SynchrotronTune0.023 0.015 0.013 0.011

Bunch Length 1.52cm 1.14cm 1.00 cm 0.84cm

Figure 1:0Id (upperandnew (lower)pptics(105degree).
There are large changestie normal cell sections bugry
little in remaindeparts.
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2 COMMISSIONING 3 LOW EMITTANCE OPERATION

Commissioning wastarted orOct. 1st ‘97. Sincesers Studies on the low emittance optiesredone inparallel
operatiorhad been scheduledstart on Nov. 4th, wehould to the users operation, by utilizing the machine stunlg
have complete all the commissioning works within onessigned on every Monday.
month. To make them easier, we decided to start the In figure 2, the emittance is shown as a function of the
operation with an optics vesymilar to theoldopticswhich  horizontal phasadvance ofhe normal cells. Themittance
were familiar to us (even after the reconstruction, we cahas a minimum at 13#egree. Aracking studghowedhat,
operatehe machine with such an optics[4]). Trittance as the phase advance increases, the dynamic aperture gets
was 130hm-rad andhedynamic apertureasexpectedto be smaller[11]. Thus, wstarted théow emittance operation at
sufficiently large. 90 degree.

On the firsday, aftemdjusting the injection position and  During the first machine study, veeuldstore a beam at
angle by utilizing a single pass beam position monitor[690 degreeThen wencreasethe phasadvancetep by step.
we confirmed the beam circulation of about 100 turndVe havesucceededtstore a 400 mA forthe phaadvance
without RF. On theecond day, a beam could be stovél  between 90 degree and 125 degree so far. The design
RF on andvithoutsteerers excited. 10 ddgser, maximum emittance for 128egree is 3dm-rad. We tried tetore the
beam currenteached t00 mA. beam at around 135 degree, but vi#l sannot. The main

New vacuum chambers were not baked after theeason of this seems to be a small dynamic aperture. A
installation. The vacuum conditioning was done onlyfurther study will be done in future by utilizing a dynamic
through SRrradiation inthe highcurrentoperation. About aperture measurement system[12].
one month later, the average pressure normalized by beamIn Table 2, the results of the machine studies are
currentreached td.x10° [Torr/Al. summarized. From a beam size measurement[13], the

New damped RF cavities were cassfully horizontal emittance was estimated to ben@Bradfor the
commissioned7]. Any beam instability caused by thel25degreeoptics, that is very close to tdesignvalue, 30
higherordermodes othe cavities was natbservedor the
beam current asigh as 400 mA.

A new beam position monitor system[8] and a hew orbit

stabilization ~ system  were also  successfully 1000y — —
commissioned[9]. Thelosedorbitcan be measuredth an I
accuracy of Jum (rms) and with a sampling speed of 100 500{ -
Hz. By using thesdatathe orbitcan be stabilizedithin 10 4001 S
um with afeedback cycle of 10 Hz. 300|

The betatron tune shiftsaused bywvigglersarecorrected 200 /
by changing the near-by quadrupole strengths[10]. Tune 5 I Oleratticer[CeII]
shifts were measured for each devices and the correctio z
parameters were re-taken. End correction parameters wel & 0| i
also re-taken and the orbit movements were carefully 8 [
checked for all the magnetic gap values of each insertior § [
devices. After these works, users are allowed to change th W 50 b
magnetic gap values anytime duringia. 47 \ ] New Lattice [Ring]

After all these machine tunings, the users operation wa 30+ T :
re-started omMov. 4th with an emittance of 13on-rad. 20l S N

Table 2: Summary of the low emittanaperation New Lattice [Cell]

design goal achieved users run 1090 100 110 120 130 140 150 160 170

Emittance 2hm-rad 29 nm-rad* 36 nm-rad* Horizontal Phase Advance/Cell [deg.]
XY coupling < 2% ~1%* ~1%*
Maximum
BeamCurrent 400 mA 400 mA 400 mA Figure 2: Emittance curve for old and new lattice. The
BeamlLifetime natural emittance is shown as a function of horizgttate
(@300mA) 40 hr. ~12 hr. ~20 hr. advance of the normal cell. Upper curve is for old lattice.

The lower twaarefor new one. Lineindicated asCell’ are
Note; *) These values were obtained from a beam sizeurves for normal cells only. ‘Ring’ is for the whole ring
measurement. (including the contribution from other parts).
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nm-rad and isot sofarfrom the minimum emittance ofthe  After these works, users operation with low emittance
new lattice, 27 nm-rad. As for the vertical emittance, atarted on May 15. The operation has been very stable. A
measurement by using an interferometer[14] was carridgpical beanturrenthistory in aveek isshown in Figure 3.
out. The resulindicated a XYcoupling of about 1%. Injection is twice a day(9 a.m. and 9 p.m.). A run starts at

A high current accumulation was tested for 105 degreé00 mA and ends at around 250 mA. The average beam
optics (36 nm-rad). A 500 mA beam in multibunch modecurrentexceedsS00 mA.
and100 mA in single buncmode could be stored.

In the low emittance optics, the gas scattering and the 4 SUMMARY
Touschek effect have almost same beam loss rate even fortha photon Factory storage ring is successfully in
multibunchmodd4]. Touschek lifetimaneasured isingle operation with a low emittance optics. The smallest
bunch operation is consistent with XY coupling of 1%. g mittanceachieved so far is 29 nm-raghich is close to the

In multibunchopemtion, averticalinstability dueto ion design goal. The users operation wsted inMay with a
trapping was observed. This was successfully suppressgdderately small emittance of 36 nm-rad which gives a
with a ‘partial filling’ (successive 250 of 312 RF bucket onger lifetime. Beam injection is twice a day and average
filled and remainders are empty) and by excitinguptie  poameyrrent isabout 300 mA. Users operation at 500 mA

magnets. o will be tested in this June. 3 GeV operation with low
Photon spectra of undulator radiation was measured ategittance will be tried in this Autumn. Users runs with

beam line BLOZ both for old (130 nm-rad) and new opticgmajier emittance will be tried after the ring vacuum is
(36 nm-rad). Increases tife photon flux densitiesbserved sufficiently recovered.

for 1st, 3rd and 5th harmonics agreed well with the

calculation. The details of the measurement are described 5 ACKNOWLEDGMENTS
elsewhere[15]. ) )

After all these machine studies, we decided to start low 1n€ authors wish to give thanks to the stuff members of
emittance users operation at 36 nm-rad (105 degree phéE@ injector linac d|V|s!on of 'Fhe Acc_el_erator Laboratory at
advance; see Figure 2). This moderately small emittandEK and of the materials science divisions of the Photon
was chosen to keep average beam current higher than gpgctory for their collaborations during the commissioning

mA with injection twice a day. The tune correction 2ndthe machine studies.

parameters and the end correction parameters were re-taken
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