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AAcccceelleerraattoorr  FFaacciilliittyy  

CCoommmmiissssiioonniinngg  ooff  tthhee  SSuuppeerrccoonndduuccttiinngg  
RRFF  ssyysstteemm  

To alleviate the beam instabilities due to the 
higher order modes (HOMs) of the normal con-
duct-ing RF (NRF) cavities and to upgrade the maxi-
mum beam current to more than 500 mA, NSRRC 
launched a large-scale innovation project in 1997 to 
replace the NRF with a superconducting RF (SRF) 
cavity of the CESR type, which was manufactured 
by ACCEL. Since the start-up of the SRF project, 
tremendous efforts have been made to ensure the 
success of a quick installation and commissioning 
with beam. On-site tests with high power were per-
formed in August 2004 and the SRF module had 
been installed in the ring starting from the beginning 
of October. Figure 1 shows a photo of the SRF in 
the TLS ring.  

We started to test the SRF system with beam 
on December 16 and first beam was stored 
imme-diately without any trouble. After a period of 
beam scratch for vacuum cleaning, accumulation of 
the beam current reached up to 200 mA on December 
22. Significant reduction of the instabilities proved 
the success of the project (see Fig. 2 and 3). 

Storage ring operation was resumed in Feb-
ruary 2005 after a three-month shutdown period for 
the replacement of the injection kickers and other 
installation work. We upgraded our klystron to al-
low a 100 kW maximum power such that there is no 
limitation to get more than 350 mA. The recorded 
maximum beam current had reached more than 400 
mA on July 6 2005. Due to transverse instabilities, 
which are ascribed to the beam-ion instabilities, and 
owing to the regulation of radiation safety as well, 
the operation current has been limited at 280 mA. 
By employing a transverse feedback system and by  

 
Fig. 1: 500 MHz SRF module operated at NSRRC 

increasing chromaticities, we were able to cope with 
the transverse instabilities and as a result the stabil-
ity of the photon beam could reach a level that had 
never been achieved before. We expect to increase 

 
Fig. 2: Beam spectrum before and after the replacement 
of SRF. A uniform fill at 200 mA was stored. 

 
Fig. 3: The longitudinal bunch motion measured by a 
streak camera. The total beam current is 200 mA and the 
fill pattern is uniform. The measured rms bunch length is 
22 ps. The revolution period of TLS storage ring is 400 ns. 



 

 119

MACHINE STATUS 

 
Fig. 4: Statistics of the beam down-time and beam 
trip-rate. 

the beam current gradually up to, say, 350 mA by 
the end of year 2005 for users’ mode operation by 
upgrading the feedback systems to cope with the 
instabilities, by reducing the radiation level, and by 
reinforcing the temperature control of the vacuum 
chambers. 

Efforts have been taken in the past few years to 
reduce the beam trip rate due to the RF system.  
Figure 4 displays the statistics of the machine and RF 
monthly downtime and RF monthly trip rate from 
year 2000 to 2005. As shown in the figure, the trip rate 
was less than two per month. After replacing the NRF 
with SRF, trip rate has been kept less than one per 
week and the goal is less than one per month.  

PPrrooggrreessss  ooff  TToopp--uupp  IInnjjeeccttiioonn  SSttuuddyy    
A series of machine studies of top-up injec-

tion were carried out starting from the first quarter 
of 2004.  Gating signals were prepared for each 
beamline to serve as interruption index and nor- 
malization event during data acquisition. Top-up 
injection tests with users’ experiments were conducted 
during the second quarter of 2004.  Most of the 
beamlines could tolerate the transit effect during the  

injection, which perturbed the beam quality in dura-
tion of several milliseconds for every 100 ms injec-
tion interval.  It took 5 to 10 injection cycles to 
reach the targeted current.    

A major renovation was performed in the first 
quarter of 2005 to enhance the cooling capacity of 
the kicker located downstream of superconducting 
wavelength shifter (SWLS). This improvement be-
came necessary because the thermal loading can 
damage the kicker when the machine is operating at 
350 mA in the near future. A project to construct 
new ceramic chambers with larger horizontal di-
mension was completed. Aluminium drift chambers 
for the quadrupole magnets and an injection cham-
ber with beryllium window were built. (see Fig. 5)  
The cross section of the new chambers changed 
from an elliptical shape of 38 mm × 80 mm to a 
racetrack shape of 20 mm × 120 mm. The width of 
the new chamber is enlarged from 80 mm to 120 
mm to avoid the synchrotron light shinning from the 
SWLS on the K4 ceramic chamber. The height of 
the new chamber is reduced from 38mm to 20 mm.    

The pressure at SWLS was relatively high 
(~ 8 nTorr at 200mA) due to high photon-stimulated 
desorption, ineffective degassing treatment due to 
the structure of the SWLS, as well as the reduced 
space for the pumps. Figure 6 shows that the pressure 
rise at R1IG2 (upstream of the SWLS) vs. the ac-
cumulated beam dose decreased with a slope of -0.5. 
The result showed a slower beam cleaning behav-
iour at the SWLS beam duct, rather than a faster one 
with a slope of -1 for the R1IG3. A plan to install 
new chambers coated with non-evaporable getter 
(NEG) material to enhance the effectiveness of the 
pumping is ongoing. 

In order to support the top-up injection mode, 
the upgrade of the kicker and septum power supplies 
at the booster synchrotron is currently under way. 

Beam injection efficiency is crucial in order 
to reduce the radiation level while the beamline 
front-end shutter is open. We also examined the 
transmission efficiency in the beam transport line  

 
Fig. 5: A layout of the injection section with new kickers and vacuum chambers. 
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Fig. 6: Pressure rise at the locations of R1IG2 and R1IG3 
as a function of accumulated beam dose. 

(BTS) using a variety of diagnostic elements. Booster 
emittance and extraction parameters as well as 
calculated beam profiles were compared with the 
measured values. 

To reduce orbit jitter during injection, the 
waveform of the four kickers needs to be well 
matched. The pulse width was first adjusted to the 
designed value of 2 µs, by adjusting the capacitors 
and inductors in the power supply circuits. Figure 7 
shows the waveforms of the excitation current and 
the magnetic field of a kicker magnet. Fine adjustments 
were performed by varying the gap between ferrites. 
The excitation currents were measured by two 
DCCTs with opposite polarities. Software filters 
were also used to smooth the pulse shape of the 
signals. The maximum mismatch of the waveform 
(FWHM) of the four kickers was ~ 7 ns after ad-
justment. Orbit oscillations during injection were 
also measured using turn-by-turn BPM and gated 
ICCD. 

 

IInnssttaabbiilliittyy  FFeeeeddbbaacckk  ssyysstteemmss    

((aa))  TTrraannssvveerrssee  ffeeeeddbbaacckk  ssyysstteemm  
As mentioned in the previous section, after 

successful commissioning of the SRF system in 
December 2004, the beam spectrum was much 
cleaner in comparison with that of NRF. However, 
residual transverse and longitudinal instabilities still 
existed. These instabilities were investigated carefully 
in early 2005. Efforts were made to trace the origin 
of those instabilities and to find possible cures. A 
standby analogy type transverse feedback system 
was resumed. This system was used in 1996-1998 

 
Fig. 7: Waveforms of the excitation current and the 
magnetic field of a kicker magnet. 

for the suppression of the transverse instabilities 
during the ring operation energy at 1.3 GeV. Due to 
the change of the working lattice and the relocation 
of the transverse kicker, the system needed to be 
adjusted. With the help of this feedback system, the 
beam stability could be essentially improved, indicated 
by the change in photon flux (∆Io/Io) and beam size 
fluctuation from the SR monitors.  The stability 
could be better than 0.03% when this system was on. 
Figure 8 shows the beam spectrum with system off 
and on. The suppression of the horizontal and verti-
cal betatron sidebands is clearly shown.  

((bb))  LLoonnggiittuuddiinnaall  ffeeeeddbbaacckk  ssyysstteemm  
Although there were no harmful longitudinal 

instabilities observed up to 300 mA, we did observe 
the longitudinal beam modes in the beam spectrum 
as shown in Fig. 9. The sources of the instabilities 
were investigated. A longitudinal feedback system is 
planned for the suppression of the instabilities at 
high current operation and a longitudinal kicker 
adapted from the Swiss Light Source (SLS) design 
is chosen. The longitudinal impedance of the new 
kicker cavity was examined by using the parallel rf 
simulation code GdfidL, as well as measured in the 
lab.  

The longitudinal coupled bunch instability 
due to HOMs of the longitudinal kicker was ana-
lyzed. A total beam current of 400 mA and a uni-
form fill pattern were assumed in the theoretical 
analysis. According to theoretical estimates, the 
HOMs of the longitudinal kicker would not cause 
longitudinal coupled bunch instabilities at 400 mA. 
A new longitudinal feedback kicker will be im-
ple-mented and characterized.  

The electronics for the longitudinal feedback 
system is currently at the test stage and will be 
ready in due time. 
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Fig. 8: Beam spectrum with transverse feedback off and on. 

 
Fig. 9: Longitudinal beam instabilities with the SRF as a 
function of beam current. The threshold current is 
higher by an order compared with the NRF. 

IInnsseerrttiioonn  DDeevviicceess  
There are 6 insertion devices in the TLS ring, 

namely W20, U5, EPU, U9, SWLS, and SW6. Besides  

these IDs, we are constructing a superconducting 
wiggler, named IASW, which will be located in one 
of the arc sections. The design of the IASW is simi-
lar to that of the SW6, but with a shorter total length 
of 0.95 m. A cold return system for helium gas will 
be adopted for the IASW. The magnet gap is main-
tained at 19 mm to accommodate the vertical beam 
aperture of 11mm and the thickness of the alumin-
ium beam duct. The new chambers contain an ex-
truded aluminium beam duct (100 K) inside the 
IASW, a short straight chamber S5, and a BM2 
bending magnet chamber.  

A five-pole prototype with NbTi su-
per-conducting wire of 0.64mm diameter has been 
constructed and tested. Maximum field strength of 
3.1 T was obtained at an excitation current of 260 A. 
A full-sized 16-pole magnet has been fabricated and 
trained in the vertical test dewar. Fig. 10 depicts the 
measured magnetic field and the second integral 
field distribution. 
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Fig. 10: Measured magnetic field quality of the IASW insertion device. 
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CCoonnttrrooll  ooff  mmeecchhaanniicc  ssttaabbiilliittyy,,  eelleeccttrriicciittyy  
nnooiissee  aanndd  tteemmppeerraattuurree  fflluuccttuuaattiioonn  iinn  tthhee  
rriinngg  ttuunnnneell  

((aa))  MMeecchhaanniiccaall  ssttaabbiilliittyy  
A new alignment network has been estab-

lished by linking the centres of both the storage ring 
and the booster synchrotron. The positioning error 
of the elements in the booster synchrotron area is 
reduced from about 1~2 mm to 0.3 mm.  

Figure 11 shows the results of the ground set-
tlement in the past few years. It is observed that an 
abnormal settlement occurred in EX-4, where the 
cryogenic platform and the RF test equipments are 
located. More than ten tons of lead shielding and the 
cryogenics equipments were installed at this area. 
The beamlines nearby were affected and needed 
realignment. However, the settlement at the other 
parts of the storage ring was stable.  

A major peak at 29 Hz in the vibration spec-
trum of the electron beam position monitors (EBPM) 
was observed originating from the chilling-system 
pump for cooling water. The 29 Hz signal was widely 
propagated and it still existed even after stopping 
the water flow by valves. Propagating along the 
pipes is speculated as the major transfer routes. 
Stainless steel pipes, which link the main water sys-
tem to the distributed vacuum chambers, were then 
replaced by rubber pipes. Results showed that vi-
brations on the magnets and EBPM were reduced 
effectively.  

((bb))  EElleeccttrriiccaall  SSttaabbiilliittyy  
During the beam injection process, a lot of 

electromagnetic noise was generated particularly in 
the injection area. A monitoring system with 16  

channels is used to measure the stray grounding 
currents from the kickers, septum and in the 
grounding bus. Electromagnetic field (EMF) probes 
were also installed in the R1 section assisting to find 
the energy flow pattern of the stray electrical energy. A 
micro-ohmmeter was used for checking the contact 
reliability at the joints of the circuit. It was observed 
that most of the interferences were induced by stray 
ground current. A strategy of enhancing conduction 
for the stray currents to return to the power supply 
loop or to the earth was followed. To isolate the 
stray current to flow through the sensitive elements 
were also performed in parallel. The curing methods 
seem effective and some noise-generating devices 
and transfer routes have been identified, but not yet 
completed.  

((cc))  TTeemmppeerraattuurree  ssttaabbiilliittyy  
Local air temperature variation in the storage 

ring tunnel was currently controlled within ±0.1 oC. 
However, the temperature difference could be as 
high as 2 oC between two different locations. A three 
dimensional model of the storage ring tunnel has 
been set up. The air flow pattern and temperature 
distribution inside the storage ring have been simu-
lated by using a computational fluid dynamic (CFD) 
software, FLUENT. Magnets and cables are treated 
as heat sources. The positions and sizes of air sup-
ply outlets and exhausts are also included in the 
simulation according to the real case. The tem-
perature data and the flow rates at different locations 
around the storage ring tunnel are measured and set as 
boundary conditions. The k-ε turbulence model was 
applied to simulate the flow field. The result of the 
temperature distribution along the storage ring tun-
nel is shown in Fig. 12.  
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Fig. 11: Ground settlement of the reference points at the storage ring and experimental floor. 
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Fig. 12: Simulated temperature distribution along the storage ring tunnel. 

 

 

 

 (a) 

(b) (c)

 

Fig. 13: The helium distribution system, (a) switch valve box, (b) helium keep cold and nitrogen gas vent at the far end 
and (c) control valves and flexible lines for SWLS. 

A test experiment has been conducted to 
minimize the size of the buffer tank used for high 
precision DIW temperature control (in the range of 
0.01 oC or lower). A compact tube-shaped thermal 
water buffer tank with 19 inlets and one outlet was 
designed to enhance the water mixing and to minimize 
its dimension. A prototype of the compact mixing 
buffer tank has been fabricated and tested. The re-
sults showed that a temperature variation of 5 oC at 
the inlets can be decreased to 0.8 oC at the outlet. 
The ratio is similar to that of a big buffer tank of 2.2 
m3, which depressed the temperature fluctuation of 
±0.1 oC at the inlet to ±0.015 oC at the outlet. 

CCrryyooggeenniiccss  SSyysstteemm  
There are two cryogenic plants at NSRRC. 

The first cryogenic plant MCP1 is dedicated for the 
cooling of the SRF cavities and the second MCP2 
will be dedicated for superconducting magnets. The 
MCP1 is already in normal operation but not yet 

MCP2. In order to supply liquid helium to the SRF 
cavity and the existing superconducting magnets, 
the MCP1 was connected to the SW6 in February 
2004 and also to the SRF cavity in December 2004. 
During the period from November 2004 to February 
2005, a switch valve box and a LN2-shielded helium 
transfer line with a length of 100 meters along the 
tunnel roof for supplying liquid helium up to five 
superconducting magnets (Fig. 13) had been 
succe-ssfully installed and commissioned. The 
superconducting magnets SW6, IASW, and SWLS 
are using this new transfer line for liquid helium 
supply from MCP1. The construction and 
installation of MCP2 is ongoing and will be 
completed in the year 2006. 

 
CONTACT E-MAIL 
cckuo@nsrrc.org.tw 
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