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Status of the TLS Accelerator

Introduction

As the first synchrotron light source of NSRRC to
serve public users beyond two decades, Taiwan Light
Source (TLS) is capable of storing an electron beam
up to 360 mA at energy 1.5 GeV. Being a third-gen-
eration light source, the electron storage ring of TLS
has circumference 120 m of six-fold symmetry with
6-m straight sections for injection, radio frequency
(RF) cavity and long insertion devices, respectively. A
significant maintenance effort is required to enable
this mature accelerator to function regularly at high
availability and excellent stability; as a result the TLS
accelerator still features top-up injection, supercon-
ductive RF-module operation, and various traditional
and superconducting insertion devices.

TLS machine parameters

Table 1 lists the major beam parameters of the TLS
storage ring. This accelerator has a compact circum-
ference and only four straight sections available for
long insertion devices; short superconducting (SC)
magnets are installed at small gaps to accommodate
the demands to provide more beamlines with high
brightness. An SC wavelength shifter is located be-
tween injection kickers K3 and K4 at the injection
section; one SC wiggler is situated downstream of the
superconducting radio frequency (SRF) module; three
in-achromat SC wigglers (IASW) squeeze between
the bending magnets at separate bending sections.
Accompanying the traditional insertion devices
(EPU56, U50, U90, and W200), nine insertion devices
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Fig. 1: Layout of TLS accelerator.

are amazingly equipped inside the compact storage
ring of TLS as Fig. 1 shows. Table 2 lists the main
parameters of these insertion devices.

Table 1: Beam parameters of TLS storage ring

Energy (GeV) 1.5
Number of buckets 200
Current (mA) 360
Bunch length (ps) 31
Horizontal emittance (nm rad) 22
Vertical emittance (pm rad) 88
Tunes (v,/v,) 7.302/4.17
Vertical (rms) orbit stability (um) 1.0
Coupling (%) 0.4
RF voltage (MV) 1.6
Lifetime (hour) 6

Statistics of TLS machine operation

From the beginning of the 200-mA top-up injection
operation in 2005 October, TLS gradually increased
the stored beam current to 360 mA in 2010 and
stayed there in the following years because of the
limitation of available RF power after installation of
the SRF module. We always aimed to improve the
performance of the facility as indicated by availabil-
ity, mean time between failures (MTBF) and beam
stability index. Availability is defined as the ratio of
delivered user time to the scheduled user time; MTBF
as the ratio of scheduled user time to number of
faults; the beam stability index is the time ratio of the
photon intensity variation shot to shot of the diag-
nostic beamline better than 0.1%. Together with the
scheduled user time and the operating mode, these
performance indicators for TLS operation from 2003
t0 2016 are listed in Table 3. Figure 2 shows the
related performance indicators from 2006, while the
accelerator operation was steady.

The operational perfor-
mance of TLS in 2016
is mostly better than
in 2015; on the basis

of scheduled user time
5526 h, the delivered
user beam time was

5427 h, to achieve avail-

ability 98.2%; the MTBF
and the beam stability
index increased to 100.5
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Table 2: Summary of TLS performance indicators

EPU56 SWLS SW60 IASWA IASWB IASWC
Type hybrid hybrid hybrid pure SC SC SC SC SC
A (mm) 200 50 90 56 N/A 60 61 61 61
Photon energy
Q%)
Bmax (Tesla) 1.8 0.64 1.245 0.67(0.45) 6 3.2 3.1 3.1 3.1
Installation 12/1994  03/1997 04/1999 09/1999 04/2002 01/2004 12/2005 06/2009 02/2010
Location sec. 5 sec. 3 sec. 6 sec. 2 sec. 1 sec. 4 arcsec.6 arcsec.2 arcsec. 4

800-15k  60-1.5k 5-500 80-1.4k 2k-38k 5k-20k 5k-20k 5k-23k 5k-20k

monthly beam stability index of
TLS; it was satisfactory all year. The

Table 3: Summary of TLS performance indicators

Scheduled MTBE Operating Beam scheduled user time, beam avail-
user time  Availability stability ability, beam stability index 0.1%,
(hour) (hour) mode Allly<0.1% and MTBF of each quarter in 2016
2003 5017 97.2% 3136 decay 86% are shown together in Fig. 3; the
2004 4235 97.5% 1323 decay 859% accelerator performance obviously
2005 4576 96.8% 817  decay/top-up 76% greatly improved since mid 2015
2006 5552 96.7% 40.8 top-up 81.3% and continued well in 2016.
2007 5219 98.1% 85.6 top-up 98.1%
2008 5726 97.9% 112.3 top-up 98.5% Replacement and improve-
2009 5402 97.9% 77.2 top-up 89.2% ment of main components
2010 5286 97.4% 81.3 top-up 82.1% _
2011 5818 95.9% 55.4 top-up 89.4% Linac: _
2012 5197 98.1% 148 top-up 914% elinac klys.tron filament was re-
2013 5178 99.5% 140 top-up 95.5% placed with a new power-supply
2014 5645 99.4% 182.1 top-up 94.1% component.
2015 5327 98.7% 84.6 top-up 87.7% Power supplies of magnets.
2016 5526 98.2% 100.5 top-up 97.5%

eThe circuit performance for noise
rejection of the TLS kicker was
improved.
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Z % = 180 for the septum magnet was
T 0% / \\ /// 160 implemented.
= 85% 140 5
§ 0% c/ N4 120 i Instruments and controls:
3 = ¢ A second power-amplifier loop
g B” /\ 100 E on the vertical transverse-feed-
E 70% / — / 8 = back system was upgrated to
g 65% 60 enhance the feedback power.
E oo / \\./ 0 *EPICS (experimental physics and
g industrial control system) control
A ss% = AL, <0.1% & Availability — MTBF | 2’ interfaces for the injection wave-

50% : : : ‘ : : 0 form display were updated.

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Lattice:
Fig. 2: Summary of beam stability index of 0.1%, availability and MTBF of TLS from 2006 eThe chromaticity of storage ring
t0 2016. L
was minimized.

h and 97.5%, respectively. Once an original component of old type aged Environmental monitor:
to show poor performance, it was upgraded to a new module as soon as eEthernet cameras inside the
practicable. For example, the power supplies of the quadrupole magnets shielding tunnel for remote
were all replaced with new ones, the same modules as used for TPS. The monitoring and recording were

beam performance then gradually improved. lllustrated in Table 4 is the installed.
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Table 4: Monthly beam stability index of TLS

Month <0.1% <0.2%

January 95.3% 99.9% July 97.0% 99.9%
February 98.0% 99.9% August 95.9% 99.8%
March 99.0% 99.9% September N/A N/A
April 99.5% 99.9% October 98.1% 99.8%
May 97.1% 100.0% November 97.5% 99.8%
June 97.0% 99.9% December 97.7% 99.8%
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Fig. 3: Quarterly beam performance of TLS for user time in 2015 and 2016.

Table 5: Summary of major trip events

Subsystem | Event | Beam trips
Others Partial beam loss without a clear reason 6
Others Sag of electric power 2
Others Earthquake 3

Power supply Power supply of sextuple magnet failure 3

Power supply Power supply of corrector magnet failure 8

Power supply Power supply of quadrupole magnet failure 3

Transport line power supply of dipole magnet fail,

Power supply Iowerpthan usepr beam dFe)?iri/ition.p ’ !
Magnet SC magnet fail 9
Injector Incorrect firing of kickers 5

Linac Aged klystron modulator power supply relay 1

RF system:

eBeam processing on the SRF module was applied by adjusting various
tuning angles with large beam currents after a scheduled shutdown pe-
riod, to increase the reliability of the RF system as a vacuum burst event
in a SRF module was eliminated.

Downtime and failure
analysis

In 2016, in total there were 55
beam trips with an average recov-
ery time 1.8 h for each trip event.
As Table 5 illustrates, 11 beam
trips were attributed to others,
including partial beam loss, sag of
electric power and earthquakes;

5 faults to power supplies of the
magnets, nine faults to SC mag-
nets and six failures of the injec-
tion system, including incorrect fir-
ing of kickers. A partial beam loss
during injection in top-up opera-
tion was still a major problem of
TLS, as before, as the RF protection
loop detected an abnormal power
change and then activated the
interlock to trip the RF system so
as consequently to kill the stored
beam. Many tiny fluctuations and
rapid abnormal behaviors of in-
jection-related units could cause a
partial beam loss; a diagnostic sys-
tem with a rapid transient record-
er was hence built to identify the
occasional event. Figure 4 shows
a partial beam-loss event with an
abnormal timing trigger wave-
form from a pulsed power supply
of the kicker. The main board of
the kicker controller was then
replaced as an attempt to solve
this trigger problem. The rapid
diagnostic system assisted greatly
to decrease the partial beam-loss
events, but unclear consequenc-
es still occurred. Further effort is
required to improve this system
and to examine the consequences
and reasons.

Table 5 shows clearly also that
some components of the subsys-
tems, such as power supply and
injection system, are approaching
their lifetimes. This occurrence
affects all subsystems of TLS after
construction nearly three decades
ago. As some components are
even unavailable any more, prepa-
ration work such as to modify the
interfaces in advance at scheduled
shut-down periods is critical to
upgrade the old components with
new modules before failure.
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The accumulated downtime of each subsystem is shown in Fig. 5, with 99.73 h in total. Together with the trip
events listed in Table 5, it is shown that some trip events resulted in a long downtime. For example, a single cryo-
genic event took about 6 h to effect a system recovery; this instance indicates the importance of great reliability
of these critical subsystems. (Reported by Chang-Hor Kuo)
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Fig. 4: An event of partial beam loss recorded with a rapid diagnostic system, in which an abnormal timing trigger for kicker waveform

was caught.
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Fig. 5: Downtime of each subsystem in 2016.



