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The PLS2-GeV electron linac ahe Pohang Accelerator
Laboratory (PAL) has been constructed as a full energy injector to
the storage ring of the Pohahight Source(PLS) project. The Il. GENERAL DESCRIPTION

150-mlong linac uses 11 klystrons 8-MW maximum output The nominal beam energy of the PLS linac is 2-GeV with the
power driven by 200-MW modulators. There are 42 const%@aﬁng frequency &,856 MHz. There are 4BLAC-type
gradient acceleration sections and 6 quadrupole triplets. f.e|eating columns and 11 klystrons including those for the
December 10, 1993, veempleted the linac installation with they einjector. Total length of the linac is 150-m long with an extra
beam analyzing station and the beansport line to the beamjength of 15 m before the switching magnet. Therefore, the
dump of 30-m long. We complettte machine commissioning byequired accelerating gradient of the main linac is at Eas
June 30, 1994. Since September 1, 1994, it provides 2-GeV b&gijfn. when we consider one or two Klystrons as standby; it
to the PLS storage rinfpr its qommissioning, which is a|S°requires an accelerating gradient 17.8 and 19.8 MV/m,
completed by December 2994 with 300-mA stored current. Iyegpectively. Irorder to achieve this accelerating gradient, we
this paper, we presetite operational experience of tReS 2- adopted high-power Klystrons 80-MW and SLED-type pulse
GeV linac. compressors. In addition, we required the RF pulse length at least
4 us for a higher energy gain factor from SLE&vities. Major

l. INTRODUCTION parameters for the PLS linac are summarized in Table 1.

The Pohang Accelerator Laboratory (PAL) has recently
completed the2-GeV synchrotron radiation source named the
Pohang Light Source (PLS). The PLS veéirve as a low- | B€am Energy
emittance light sourder various research such as basic sciencé\ccelerating Gradient
applied science, and industrial and medical applications. ThefeHsergy Spread

Table 1: Major parameters of PLS 2-GeV Linac
2 GeV

15.5 MV/m (min.)
+/- 0.3% or less

a 2-GeV linear accelerator agull energy injector to the storage pachine Length 150 m

ring. This linac is consisted of eleven klystrons and modulat rm: Frequency 2 856 MHz
and ten SLAC-type pulse compressors on the ground floor and-42—— :
accelerating columns, six quadrupole triplets, and varigu3€Petition Rate 60 Hz (max.)

>2A/1,2, 0r40ns
75 tnm-rad at 2-GeV

components in the tunnel which is placed 6-m below the grourktgun
level. Emittance (theory)

Installation work started on July 1, 1992 has been completqustron Output Power 80 MW max.
by December 1@,993. This includes the first section of the be "o. of Klystrons 11(=1+10)
transport line (BTL) to the beam dumps and the beam analy'.in'\\]q .
station #3 (BAS3) in order to meastihe beam energy and the NO- Of Pulse Compressors 10
other physical parameters. No. of Accelerating Columns 422+40)

The commissioning started on January 7, 1994. On March Ro. of Quadrupole Triplets 6
1994, weachieved thel.5-GeV beamwithout using SLEDS. | No. of Support/Girder 22

Exactly two month later, the 2-GeV beam was obtained, and it
declared that th@-GeV linaccommissioning was successfull

completed [1]. . - ) .
During the summer maintenance period, the remaining BTL The linac building has three levels; the tunnel in 6-m below the

work was completed. From September 1, 1994, the beam injec‘i’f&‘l’nd floor for accelerating columns and other components, the

to the storage ring (SR) was started. tf firstday, the beam ground floor for the klystron gallery, angbperfloor for utilities

arrived in front of the Lambertson septum magnet in the stor%%umng aII’-COI’]dItIOﬂIn.g. and air handiing units. Th_e ar
fing. During the commissioning peritat thestorage ring, the temperature and the humidity of the klystron galley are maintained

linac provides about 600 mA of beams continuously. At presgﬂ{h'n the range of 23 - 25 C and 55% or less throughout the year,

we are operating th2-GeV linac 24 hours day from Monday res;ra]ectlvgly.thD;erg Itthe m%chme opterat_lont,_ thgre tls no air ;
morning to Friday morning with two shift teams per day. exchange in the tunnel to avoid any contamination due to ozone o

radioactive dust in the klystron gallery. There3im thick
concrete shielding between the tunnel ceiling and the klystron
gallery. Therare three beam switch yards at 100-MeV, 1-GeV,
and 2-GeV location®or thebeam extraction to other facilities.
Currently, two locations at 100-MeV and 2-GeV are operational.

VB2am Exit 100 MeV, 1 GeV, 2 GeV

* Work supported by Pohang Iron & Steel Co. and
Ministry of Science and Technology, Korea.



SR Current & Maximum Injection Efficiency
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Fig. 1: Beam current and the injection efficiency during the period of October - December, 1994.

changed the trigger®r the e-gun, the modulators, and other
Main and auxiliary cooling statiorsse also annexed in themicrowave related equipment from self-generated signals to signals
linac building. Both stations supply cooling water of temperatgichronized with the RF system of the storage ring. Since the SR
controlled at 45+/- 022 @nd non-controlled at 32 +/2 1 C. Thénjection system is operated at 10 Hz, we reduce the e-gun trigger
auxiliary station had been usfm thepreinjectorinitially and is to the same repetition rate. However, we keep the modulator
now serving the test laboratory. The linac substation contaipgration at 30 Hz in order to have stable operations. Currently,
various transformers of total 8-MVAwith three different the e-gun and the driving RF source such as the solid state

groundings. amplifier are operated at 10 Hz while all modulators are operated
at 30 Hz.
I1l. NORMAL OPERATION Before the beam injection to the storage ring, the BTL
commissioning took place on September 1, 1994. We sent the 2-
A. First Period: August 1994 GeV beam successfully to the SR injection point within 2 hours.

After successful commissioning of the linac completed by tH@M the following day, we supplied 1.4-GeV beams to the storage
end of June1994, wehad an annual preventive maintenan&gg for the storage ring commissioning. The reason to reduce_the
period. We had intensive maintenance work for the main cooRfgM €neray to 1.4 GeV was that the injection kicker could provide
system. We also improved the preinjector cooling and vacu@ull @perture kick at that energy. For 2-GeV beam injection, the
systems which had been constructed for training our staff in 1§89/a€ ring uses correctors imbedded at nearby bending magnets
We removed all the vacuum manifold system and install@dObta'n_ an extra-kick. The first circulation of the beam at the
distributed pumping system the same as regular sections. OtheSHRG9€ 1ing was made &eptember 8, 1994nd the beam was
module hadxperienced vacuum vents for visual inspections, &jgredfor the first time orSeptember 13, 1994The history of
the other hand, we opened the beam tunnel so that the staff dJifig OPerations are summarized in Fig. 1 dur@gober -

complete the remaining installation work for the BTL to the storaggcember peod. It shows clearly that the beam current from the

ring. When we resumed the RF conditioning, it had taken abiifc increased as we achieved experiences for the linac operation.
: stored beam and the injectfficiencywere also increased

two weeks to recover the stable operation condition One notes-[ll?&t_
it was a special case, because the vacuum system of the preinfi@gjically. The beam energy was changed from 1.4 GeV to 2 GeV

was replaced completely. Through the machine operationOhOctober 24, 1994During the brief shutdown period in the
August 17 and 18, we were ableotatain beams of 2.23 GeV withP€ginning ofNovemberfor thestorage ring maintenance, we
a total RF power dB00MW. The accelerating efficiency with aCPerated the linac to achieve maximpwssible beanenergy
given RF power is improved due mainly to the fine adjustment/@ich was 2.34 GeV on November1894. [t isstill the best

the RF phase by the computer control. During this period, the lifEr9Y We have obtained. There was another brief shutdown due
was operated with self-generated trigger signals of 30 Hz.  © the completion ceremony which held on December 7, 1994. The

commissioning was resumed from December 11, and we achieved
the maximum stored beatoirrent 0of300 mA onDecember 24,
1994. Onthe samalay, wedeclared the completion of the SR
Just before the commissioning of the storage ring started,cé¢missioning.

B. Second Period: September to December, 1995



C: Third Period: January to April, 1995 help for them to construct the compact ring.

ring were also perforrr_1ed. During th.'s period, we replaced th%oeﬁstruction cost. Through the PLS project, we have established
gun pulser system which could provide 2 ns pulse only. The new

pulser system can provide 1, 2, or 40 ns pulsed beams. AbOL?t &%chnologyoasefor particle accelerators and traingdung

: ; scientists and engineers in Korea. Wenagstly benefitedrom
0, m -
tﬁeogttgge;eﬁgon ?ﬁall:mef)ngjzrr]e;n d M;rrfheV%lejTr;nd:(;'\;irteﬁetﬁgxghanges of personnel and information with other established
1€ storag 9. ary ' laboratories througimstitutional collaborations. We expect to use

division members as machine operators. .

. ) . ur experiences for advanced accelerator R&D programs and for

Normal operation for the linac started from April 1, 1995. At .
. new projects.

present, we operate the linac 24 hours a day from Monday morning

to Friday morning. A team of two-member serves a operation shift
and there are two shift teams per day. VI. ACKNOWLEDGMENTS

Up to now, we have no significant failures in the linaC  The authors thank technical staff of the PAL Linac Division for
operations. The operation hodcs eleven klystronare OVer thejr hard work, and to POSCO and MOST for their commitment
120,00thours as shown in Flg. 2. Astbe end of April 1995, the 5 endorsement the PLS project. Most of all, we would like to
cumulative beam operation time for the linac is about 1,100 hoyggjicated this achievement to late Dr. Hogil Kim, who envisioned

the PLS Linac and had been waiting for the completion and normal
V. FUTURE PLAN AND SUMMARY operations with great eagerness.

The PLS project is the first attempt in Korea for constructing
a major acceleratdacility. Inaddition, the 2-GeV injector linac VIl. REFERENCE

is the third largest electron linac in the world. The prime missig . Namkung, "PLS 2-GeV Lit," Proc. of 1994 International
for providing beams to the storage ring requires a few minutes for | jnac Conference, Tsukuba, Japan, August 1994, pp14-18.
each injection, and ultimatelywll happen once or twice in a daypp] | Ko et. al., "Conceptual Design of PAL Stretcher Ring," these
Therefore, we planned to use electron beams of various energies (Qqceedings.

promote other branches of basic and applied sciences. [3]. K. Kim et. al., "TheDesign of a 1.2 Ge'BynchrotrorLight

First, we propose tadd a "pulse stretcher" ring for nuclear = goyrce for X-ray Lithography at Samsung Heavy Industries,”
physics experiments in the other side of the storage ring wherehege proceedings.

there is enough spae&eadyprepared [2].Secondly, there is a
plan to build a compact storage rifgr commercial use by
Samsung Heavindustries [3]. The PAL will help to design an
injector linac and a compact ring, and our experiences will be great
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Fig. 2: Cumulative operation times for eleven klystrons.



