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Overview of Accelerator Operation  

The Taiwan Light Source (TLS) is a 1.5-GeV third-

generation light source at the National Synchrotron 

R a d i at i o n  R e s e a rc h  Ce nte r  ( N S R R C )  i n  H s i n c h u, 

Taiwan, regularly operated since its opening in 1993. 

After completion of several major machine upgrades 

continuously in last decade, the Taiwan Light Source 

is now routinely operated at 300 mA, in top-up mode, 

powered by a superconducting RF cavity since 2005.  This 

light source now delivers annually to its users more than 

5000 h of highly reliable and stable beam time, with an 

uptime about 98 % and a mean time between failures 

greater than 100 h in 2008. 

Concurrently, a seven-year construction project for a 

new 3-GeV light source – the Taiwan Photon Source (TPS) – 

is in progress since 2007.  In a stepwise manner, part of the 

originally available operational manpower and budget for 

the 1.5-GeV TLS is transitionally, in an increasing weighting 

with the time passing away, reallocated for the machine 

construction of the 3-GeV light source.  In addition, the 

routinely operated 1.5-GeV TLS has inevitably become a 

test bench for the 3-GeV machine, whenever any state-of-

the-art electronic subsystem is planned or proposed for 

implementation in the 3-GeV light source.  Both factors 

challenge the machine performance of the TLS.  A further 

improvement of the machine performance for ultimate 

system reliability and availability of the TLS relies on 

the currently available resources, but energy saving and 

manpower efficiency for the accelerator operation will be 

pursued.

The major tasks to proceed continuously in coming 

years for the TLS are as follows: installing two more 

superconducting wigglers – IASW-R2 in 2009 and IASW-R4 

in 2010 – to fulfill the urgent needs of light-source users 

for hard X-ray beam time, optimizing the integrated 

performance of the global orbit-feedback system using 
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newly implemented systems of digital electronics for the 

e-bpms and a new generation of corrector power supplies, 

replacing the crowbar-type high-voltage modulator for the 

booster of the Linac with a newly delivered solid-state one, 

and connecting the 200-m coaxial-type cryogenic flexible 

lines to operating cryo-plants of TLS for the SRF test area of 

the TPS project. 

The annual operational performance of TLS in 2008 is 

reviewed in what follows. 

Machine Availability and Down-time Analysis 

The Taiwan Light Source delivered 5726 hr of 

scheduled user beam time with up-time 97.9 %*  in 2008, 

as shown in Table 1.   The accumulated machine down-time 

in 2008 was 118 hr, 70 hr due to unscheduled beam aborts 

and 48 hr due to requirements of beam adjustments.  The 

detailed statistics of various unscheduled beam aborts and 

beam adjustments are given in Tables 2 and 3, respectively.

Table 2:   Detailed statistics of unscheduled beam aborts.

          Number of beam trip      Accumlated downtime

Sag/Falling of AC line voltages 5 (9.8%) 21.08 h (31.8%)

SRF RF transmitter 5 (9.8%) 4.0 h (6.0%)

 EMI (false arcing) 6 (11.8%) 3.08 h (4.7%)

 AC power station 1 (2.0%) 1.85 h (2.8%)

 Mechanical vibrations 2 (3.9%) 1.17 h (1.8%)

 Insulation vacuum 3 (5.9%) 2.08 h (3.1%)

 unknown 5 (9.8%) 2.83 h (4.3%)

Power suppler  7 (13.7%) 12.88 h (19.4%)

Vacuum/front end 1 (2.0%) 0.98 h (1.5%)

feedback systems (GFB, TFB, ebpm) 4 (7.8%) 5.17 h (7.8%)

Unknown partial beam Ioss 8 (15.7%) 7.60 h (11.5%)

Kicker  3 (5.9%) 1.85 h (2.8%)

Others (simulated earthquake) 1 (2.0%) 1.67 h (2.5%)

  Total of 51 trips  (100%) Total of 70 h  (100%)

Table 1:  Operational performance of Taiwan Light Source

                                                     User Time   
  I0 Stability

 YEAR /TLS  Scheduled Annual 
Up-time

 MTBF        Opertion Mode 
 (ΔI0 / I0 < 1%)

  User Time [hr]  [hr]

 2002 4785 95.8% 154.4 Decay Mode 47%

 2003 2017 97.2% 313.6 Decay Mode 86%

 2004 4235 97.5% 69.4 Decay Mode 85%

 2005 4576 96.8% 83.2 SRF/Top-up Mode (3/2) 76%

 2006 5552 96.7% 40.8 SRF/Top-up Mode 81.3% (98.1% of ΔI0 / I0 < 2%)

 2007 5219 98.1% 85.6 SRF/Top-up Mode 39.9% (98.0% of ΔI0 / I0 < 2%)

 2008 5726 97.9% 112.3 SRF/Top-up Mode 95.7% (98.0% of ΔI0 / I0 < 2%) 

* Machine shutdown during a typhoon that struck Hsinchu is excluded from downtime in our statistics.
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In total, 51 occasions of unscheduled beam aborts 

occurred in 2008 during scheduled user beam time, 

corresponding to 1.22 % of the scheduled annual user 

time.  Among them, about one third of the accumulated 

down-time resulted from an unexpected drop or sag of 

AC line voltages provided by the electric power company, 

as shown in Table 2.  The impact of such a drop or sag 

of AC line voltages depends strongly on both the level 

of voltage decrease and the duration, as shown in Fig. 1, 

according to the operational record in the past two years.  

The electron beam may survive or be partially lost with up 

to 10 % of drop or sag of the AC line voltages.  After a drop 

or sag of the AC line voltages up to of a few tens of per 

cent but less than 40%, the machine can recover in about 

two hours.  The RF system, the superconducting insertion 

devices, and some power supplies of the booster magnets 

need to recover.  Recovering the superconducting wave-

length shifter (SWLS) from quench takes more than one 

hour for cooling because of usage of the cryo-cooler, and 

is the bottleneck of the machine recovery.  Since the end 

of 2008, the power supplies of superconducting magnets 

are all equipped with uninterruptable power systems 

(UPS).  Hopefully, the machine down-time from problems 

of this kind will be decreased to one hour and even to 

30 minutes if a skillful operator is on duty.  A drop or sag 

of AC line voltages more than 40 % results mostly from 

improper maintenance of the electric power system of 

some heavy industries located nearby, or damage to the 

transmission line of electrical power by thunderstorm or 

typhoon, causing faults of the helium compressors of the 

cryo-plants, resulting in a major period (up to 8 h or more) 

for machine recovery including restarting the cold box 

from cold (by an interlock of temperature too low at the 

bearing of the warm turbine) and to refill liquid helium 

into the consequently warmed superconducting devices.  

As it contributes to major factors of machine down- 

time whenever it happens, one electric-power backup 

equipment with a DC Bank (DC UPS) with a capacity of a 

few hundred kW is being evaluated for installation in 2009.

Fig. 1:  Impacts of drop or sag of AC line voltages on 
machine operation, according to operational 
records in 2007 and 2008.

Table 3:   Detailed statistics of unscheduled beam adjustments

     Number of beam adjustment  Accumulated downtime

IASW-RS  19 (35.8%) 9.05 h (16.8%)

Transverse feedback  9 (17.0%) 6.87 h (12.8%)

Vacuum system  2 (3.8%) 9.22 h (17.1%)

Orbit Related GFB, ebpm, corrector ps 6 (11.3%) 10.62 h (19.7%)

 BL01, BL23 9 (17.0%) 6.38 h (11.9%)

Instrumentation/ILC/U9 5 (9.4%) 2.38 h (4.4%)

Power supply  3 (5.7%) 3.52 h (6.5%)

Others (w/ tuning duration less then 15 min each time) -  5.75 h (10.7%)

  Total of 53 (100%) Total of 48 h (100%)
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In  tota l , 53  occas ions  of  unscheduled beam 

adjustments resulted in an interruption of machine 

operation more than 15 min during the scheduled user 

beam time in 2008.  The unscheduled beam adjustments 

contributed to 0.84 % of the scheduled annual user time 

in 2008, as shown in Table 3.  Among them, one third of 

the beam adjustments were requested for recovery of 

the superconducting wiggler, IASW-R6, from unknown 

quenching.  A fault of this superconducting wiggler, 

IASW-R6, is considered as machine down-time from 

unscheduled beam adjustment according to our definition, 

because it does not cause a beam abort.  The last fault 

reason was finally identified as being a malfunction of its 

power supply (via a spontaneous self-reset) with the aid 

of a newly implemented, dedicated diagnostic system for 

a beam abort.  The signals from photon beam-position 

monitors are being implemented into various diagnostic 

systems for beam aborts.  The mechanism of a system 

fault can hopefully be clarified easily from the symptoms 

obtained from its first few trip events.  This condition relies 

strongly on how advanced the diagnostic systems become. 

Status of SRF Operation 

The storage ring of TLS is powered with a 500-MHz 

SRF module of CESR-III design since the end of 2004. 

In total, 22 events of a trip of the RF plant with the SRF 

module occurred during the scheduled user beam time 

in 2008; explicitly, 43 % of the beam trips are RF-related. 

As shown in Fig. 2, the mean time between failures of 

the RF system with the SRF module at TLS was more 

than 238 h in 2008, worse than the value 305 h in 2007, 

because of several trips of the RF transmitter (malfunction 

of some HV relay). 

Among them, five (5) events resulted from the so-

called low-level RF-system instability (from a rapid and 

large drift of the tuning angle on a time scale about 50 – 

200 ms) and six (6) events from a false alarm of window 

arcing.  The SRF operation at TLS has suffered from system 

faults of these two kinds since the beginning of machine 

operation with SRF modules.  After intensive efforts to 

understand the possible sources of mechanical vibrations 

(microphonics) of the SRF cavity and their impact on the 

SRF operation, and thanks to continuous SRF trips by the 

low-level RF system unstable one day in 2009 January, 

the SRF trips by the low-level RF system instability are 

now plausibly explained as a consequence of operating 

the tuner of the SRF module at its neutral force position. 

This condition occurs after eventual continuous orbit 

compensation through tuning the RF frequency in one 

direction over months because of the seasonal variation 

of ambient temperature.  A false alarm of window 

arcing is expected to be completely avoided in 2009 

after implementing interlocks taking into account the 

thresholds not only in the intensity but also in the duration 

of the arcing flash.

Merits of Top-up Injection 

Since 2005 October the Taiwan Light Source has been 

routinely operated in the top-up mode.  The injection 

efficiency (from the transport line to the storage ring) has 

been continuously improved by experimental fine tuning. 

The injection efficiency is now better than 80 % routinely, 

as shown in Fig. 3a.  The average cumulative radiation 

dose measured with dosimeters mounted on the outer 

shielding walls of six straight sections of the storage ring 

Fig. 2:  Mean time between failures of the RF plant 
using an SRF module at TLS.  SRF operation 
with system reliability compatible with RF 
operation with a room- temperature cavity is 
not unattainable.
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in the experimental hall of TLS was expected to be further 

decreased but increased from 1.5 mSv/year on average 

in 2007 to 2.1 mSv/year on average in 2008, as shown 

in Fig. 3b.  An extra radiation dose accumulated during 

machine recovery at the end of machine shutdowns 

in July and October in 2008.  Here, one year is counted 

with 365 measured days.  Meanwhile, the regulation of 

radiation safety of NSRRC counts 2000 working hours 

per year and the acceptable uplimit is 2mSv/2000h.  The 

current constancy of top-up operation has in general a 

variation below 1 % in 2008, as shown in Fig. 3c, except for 

the months just after the machine shutdowns in July and 

October.  A further improvement of the injection efficiency 

and of the current constancy of top-up injection requires 

considerable efforts to improve the system reproducibility 

of the booster of the TLS.

Stability of the Photon Beam

The stability of the photon beam is crucial for the 

quality of user experiments at TLS.  A temporary blow-

up of the vertical beam size or an anonymous drift of the 

electron-beam orbit degrades the stability of the photon 

beam.  The photon diagnostic port at the Dragon beam line 

using a pinhole of diameter 50 μm at a distance 8.4 m from 

the source point serves as a standard measure of stability 

of the photon beam at TLS, called I0 stability, at NSRRC.  The 

Fig. 3a:  Monthly average injection efficiency of top-up 
operation at TLS from 2006 to 2008.

Fig. 3b: The average cumulative radiation dose 
measured on the outer shielding walls of the 
storage ring in the experimental hall of TLS 
from 2006 to 2008.

Fig. 3c:  Monthly average current constancy of the top-
up operation at TLS from 2006 to 2008.

I0 intensity is continuously measured at a 2-Hz sampling 

rate during the off-injection interval.  The corresponding 

I0 fluctuation in rms is obtained for every off-injection 

intervals during top-up operation.

The measured I0 fluctuations divide the instability 

of the photon beam into two distinct types: base-line I0 

fluctuations and spontaneous I0 spikes.  More than 95 % 

of beam time has fluctuations of synchrotron light less 

than 0.1% in 2008, as shown in Fig. 4a.  This condition 

corresponds to an equivalent drift of the vertical orbit 
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Fig. 4a:  Stability of the photon beam measured at the 
Dragon beam line of TLS: More than 95 % of 
beam time had fluctuations of synchrotron 
light less than 0.1 % in 2008.  This condition 
corresponds to an equivalent drift of vertical 
orbit in 0.7 μm at that beam line.

Fig. 4b:  Stability of the photon beam measured at the 
Dragon beam line of TLS: The occurrence of I0 
spikes (with I0 fluctuations larger than 1 % in 
rms per off-injection interval) per user shift (8 
h of user beam time) is less than once in most 
months of 2008 except those months just 
after machine shutdown for maintenance.

0.7 μm at that beam line.  In comparison with the I0 

stability during 2007, a considerable decrease of the base-

line I0 fluctuations has been achieved.  The number of I0 

spikes per user shift (8 h of user beam time) is less than 

once in most months of 2008 except those months (mainly 

in February, July, and October) after machine shutdown for 

maintenance, as shown in Fig. 4b.

One of the last upgrade projects for TLS is to 

implement state-of-the-art digital electronics systems 

for the electron beam-position monitors with new-

generation corrector power supplies, to improve the orbit 

stability by extending the operational bandwidth of orbit 

correction up to 50 Hz or more with new technology.  The 

hardware has been successfully implemented into the 

TLS.  A significant improvement of the orbit stability and 

robustness against rapid dynamic tuning of the magnetic 

gap or phase of an insertion device is expected to 

become available.  Figure 5 shows the vertical ‘tilt angles’ 

in unit μrad observed at the beam lines of TLS. These ‘tilt 

angles’ are obtained from the relative movement of the 

vertical orbit measured from the e-bpms upstream and 

downstream of the source points of the beam lines. The 

requirement of orbit stability for the new machine TPS 

is clearly much stricter than for TLS because of its tiny 

emittance.

Impacts of Machine Maintenance

Long-term reliable operation of a light source requires 

thorough maintenance repeatedly on a regular basis, but 

machine performance might temporarily degrade after 

machine maintenance.  During the machine shutdowns 

in July (07/07~07/16) and October (10/06~10/29) of 

2008, some accidental malfunctions of sub-systems have 

been experienced but not recognized immediately.  The 

machine was required to be re-commissioned to restore 

the ‘first’ electron beam at TLS again during the machine 

shutdown in July, through a considerable amount of orbit 

distortion from a high magnetic-field wiggler.  The top-

up injection caused serious partial beam loss during the 

machine shutdown in October, through malfunction of an 

isolation board of the dipole power supply of the storage 

ring. As shown in Fig. 3 and 4, time to recover the original 

injection efficiency and beam quality was necessary after 

the machine maintenances in July and October.  The TLS, a 
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small machine with circumference 120 m, is now equipped 

with 7 (seven) insertion devices including one elliptically 

polarizing undulator, and operated in the top-up mode.  Its 

optimal operating conditions exist but are a result of long-

term careful tuning within an extremely tight acceptable 

margin of operating parameters. 

Energy Saving 

To cope with the future increasing cost and huge 

consumption of power of the Taiwan Photon Source 

(TPS), the Utility Group launched a task force dedicated 

to energy saving since 2006.  The energy-saving schemes 

include optimization of the chiller operation, and 

improvements to the air-conditioning system, the power 

factor and the lighting system. The main pipes of chilled 

water of two Utility Buildings were integrated.  A new 

cooling tower and a new chiller were installed to improve 

the cooling performance in 2008.  The total electric power 

consumption was decreased about 2,592 MWh.  This 

value corresponds to 90 % of the annual operational 

consumption of electric power by the booster of TLS.  

The growth rates of annual electric power consumption 

from 2005 to 2008 were 17.8 %, 2.7 %, 1.3 % and -6.7 %, 

respectively.  Detailed numbers appear in Fig. 6.

The accelerator groups also put considerable effort 

into energy saving.  Taking functional advantage of the 

Fig. 5:  Vertical 'tilt angle' in unit μrad observed at the 
beam lines of TLS.  The 'tilt angles' are obtained 
from the relative movement of the vertical 
orbit measured from the e-bpms upstream 
and downstream of the source points of the 
beam lines.
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Fig. 6:  Annual consumption of electric power by 
NSRRC from 2004 to 2008. A considerable 
energy saving has been achieved in 2008 by 
improving the operational efficiency of various 
utilities supporting the operation of TLS.

top-up operation at TLS, the booster RF and booster dipole 

power supply do not need to be operated in CW mode, but 

might be switched on only during the injection interval 

with sufficient tolerance for thermal stability.  The booster 

RF system is now routinely operated in an energy-saving 

mode, resulting in an equivalent energy saving 18 % of 

the electric power consumption for booster operation. 

Because the dipole power supply takes 60 % of the electric 

power consumption for booster operation, operating the 

booster power supply in an energy-saving mode is even 

more relevant; this aspect is under study. ◆

Contact E-mail

rfwang@nsrrc.org.tw
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