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Vibration is often a problem causing poor quality of photon beams at

synchrotron radiation facilities, since beamlines are quite sensitive to vibrations.

Therefore, vibration analysis and control at synchrotron radiation facilities

is crucial. This paper presents investigations on mechanical vibrations at four

beamlines and endstations at the Canadian Light Source, i.e. the Canadian

Macromolecular Crystallography Facility 08ID-1 beamline, the Hard X-ray

MicroAnalysis 06ID-1 beamline, the Resonant Elastic and Inelastic Soft X-ray

Scattering 10ID-2 beamline, and the Scanning Transmission X-ray Microscope

endstation at the Spectromicroscopy 10ID-1 beamline. This study identifies

vibration sources and investigates the influence of mechanical vibrations on

beamline performance. The results show that vibrations caused by movable

mechanical equipment significantly affect the data acquired from beamlines.
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1. Introduction

In recent decades, synchrotron radiation has developed into

a valuable scientific tool for scientists around the world

(Terzano et al., 2010; Yates & Hallin, 2002; Michaelian et al.,

2008). At synchrotron radiation facilities, the vibration of the

electron and/or photon beam, especially in the vertical

direction, enlarges its size and changes its intensity. This

degrades the performance of the beamline. For instance, it is

reported that the amplitude of floor vibrations at KEK’s

accelerator test facility ATF2 project is approximately 50 mm,

which is even larger than the vertical beam spot size expected

at ATF2 (Masuzawa et al., 2006). In another report related to

synchrotron radiation lithography, the quality of micro-

structures fabricated by the lithography beamline is greatly

affected when the amplitude of the vibration is larger than a

quarter of the minimum feature size (Fukuda et al., 1996).

Many other factors that are responsible for vibrations at

synchrotron radiation facilities have been reported in the

literature, such as traffic (Wang et al., 2008a), human activities

(Masuzawa et al., 2006), strong wind and/or ocean waves

(Masuzawa et al., 2006), water pipes and moving mechanical

components. Thus, careful investigations of vibrations at

synchrotron radiation facilities are crucial, especially if the

photon beam size is within a few micrometers. It is believed

that the vibration issue should be addressed before any

sophisticated control system can be designed to improve the

stability of the photon beam (Tanaka et al., 2002).

Studies of vibrations have been conducted at synchrotron

radiation facilities worldwide. At the SPring-8 storage ring,

studies have shown that electron beam orbit fluctuations can

be caused by the cooling water (Matsui et al., 2003) and

magnet vibrations (Tsumaki & Kumagai, 2001). At the

Shanghai Synchrotron Radiation Facility, vibrations caused by

the floor, girders, vacuum chamber, magnet, quadrupoles and

traffic have been investigated (Wang et al., 2008a,b; Ouyang et

al., 2006; Yin et al., 2007). At the Taiwan Light Source, Liu et

al. (2007) identified vibration sources in the water and piping

systems and studied how vibrations were propagated through

the facility. At the National Laboratory for High Energy

Physics (KEK) Photon Factory, Huke (1987) studied the

correlation between the movement of the building and the

vibration of the beam orbit. At KEK’s Accelerator Test

Facility (ATF), Masuzawa et al. (2006) believed that floor

vibrations above 50 Hz are caused by human activities. Other

vibration studies at synchrotron radiation facilities were

reported by Nakazato et al. (2002), Doose & Sharma (2002),

Wang et al. (2002), Aleshaev et al. (2001), Preissner & Shu

(2006) and Wang et al. (2006).

To minimize vibration propagation, the facility floor at

the Canadian Light Source (CLS) was designed as follows

(Benmerrouche & Hodges, 2010). A reinforced concrete grade

beam of depth 600 mm forms the perimeter of the building

foundation. The grade beam is supported by drilled and cast-

in-place concrete piles at column locations. The experimental

hall has a 350 mm-thick reinforced concrete floor, supported
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on piles spaced at approximately 4 m in

each direction. The experimental hall

floor slab is supported on piles, with a

void between it and the underlying soil.

The floor of the main experimental hall

is divided into sections to reduce the

transmission of vibrations between

high-traffic areas and sensitive-beam-

line areas. The annular section of floor

under the booster ring area is separate

and mechanically isolated from the

storage ring and experimental area

floor, the building superstructure and

the service area inside the main storage

ring and the new mechanical basement.

The shielding over the storage ring rests

on the experimental area floor and its

own piles. The floor of the north-east

building addition is divided into two

sections. The foundations will be a

continuation of the isolated floor slab

to accommodate the beamline compo-

nents and hutches as well as a separate

slab supporting the laboratory and

office space.

Although the CLS floor was carefully

designed, we found that beamline

developments still necessitate carrying out vibration studies.

In this study we investigated vibrations in the experimental

and optics hutches at four beamlines and endstations at the

CLS: the Canadian Macromolecular Crystallography Facility

(CMCF) 08ID-1 beamline, the Hard X-ray MicroAnalysis

(HXMA) 06ID-1 beamline, the Resonant Elastic and Inelastic

Soft X-ray Scattering (REIXS) 10ID-2 beamline and the

Scanning Transmission X-ray Microscope (STXM) endstation

at the Spectromicroscopy (SM) 10ID-1 beamline. This work

identified key vibration sources and investigated the influence

of mechanical vibrations on beamline performance.

2. Identification of vibration sources

2.1. Instrumentation

The Canadian Light Source Vibration Data Acquisition

system was used to measure vibration in the CLS facility

(Fig. 1d) (Paulsen, 2006). It includes a Vector Signal Analyzer

(VSA) (Model: Hp Agilent 89410A; manufacturer: HP)

and accelerometers (Model: 393B31; manufacturer: PCB

PIEZOTRONICS). Accelerometers produce a voltage

proportional to the acceleration of their connected object. The

VSA converts the output voltage of the accelerometers into

a voltage power spectral density (Sv). Acceleration power

spectral density [Sa ; units: (m s�2)2 Hz�1] is obtained from Sv

by the following equation (Paulsen, 2006),

Sa ¼ Sv=a2; ð1Þ

where a is the sensitivity of the accelerometers. The displa-

cement power spectral density (PSD) (Sd ; units: mm2 Hz�1) is

calculated using Sa by the following equation (Paulsen, 2006),

Sd ¼
Sa � 1012

ð2�f Þ
4 : ð2Þ

The root-mean-square (RMS) displacement over a given

frequency band ( f1, f2) can be calculated using the following

equation (Paulsen, 2006),

Z ¼
Rf2

f1

Sdð f Þ df

" #1=2

: ð3Þ

The sensitivity of the accelerometer a = 1.02 V (m s�2)�1. The

frequency range of the measurement is 1 Hz to 300 Hz. The

frequency resolution of the accelerometer is better than

0.1 Hz. In this study we used two indexes for vibration

evaluation, i.e. the displacement PSD and the RMS displace-

ment. The displacement PSD shows the strength of the

displacement variation as a function of frequency. The RMS

displacement represents the amplitude of displacement

variations within a specific frequency range.

Accelerometers were mounted at various beamlines, as

shown in Fig. 1.

2.2. Vibration sources

2.2.1. Fan coil unit. The fan coil unit, as shown in Fig. 2(a),

is hung on the ceiling in the CMCF 08ID-1 experimental hutch

(SOE). The accelerometer is mounted on the blue steel base

which is rigidly fixed on the floor, as shown in Fig. 1(a). Fig. 3
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Figure 1
Set-up of accelerometers at various beamlines.



shows that the induced vibrations of the fan coil unit have

frequencies of 25.5 Hz (RMS displacement: 2.0 � 10�4 mm),

26.5 Hz (RMS displacement: 3.1 � 10�4 mm) and 53 Hz (RMS

displacement: 4.0 � 10�5 mm), which are the harmonics of

26.5 Hz. The information is listed in Table 1 for comparison

with other vibration sources.

2.2.2. Polycold compact coolers (PCC) and turbomolecular
pump (TMP). A rack containing two PCCs, shown in Fig. 2(b),

is placed beside the TMP on the floor in the CMCF 08ID-1

experimental hutch. The PCCs and TMP are treated as one

unit since they always work simultaneously. The accel-

erometer is mounted on the blue steel base, as shown in

Fig. 1(a). Fig. 4 shows that PCCs and TMP induced vibrations

with a frequency of 47.5 Hz (RMS displacement: 5.5 �

10�5 mm), 68 Hz (RMS displacement: 2.6 � 10�5 mm) and

76.5 Hz (RMS displacement: 1.3� 10�5 mm). This information

is also listed in Table 1. Table 1 shows that the fan coil unit

causes larger vibration (in terms of RMS displacement) than

the PCCs and TMP.

2.2.3. Vacuum pump. The Varian TriScroll pumps shown in

Fig. 2(c) are widely used as rough vacuum pumps on many
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Figure 2
Identified vibration sources.

Table 1
Detailed information of identified vibration sources.

Frequency
(Hz)

RMS
displacement
(mm) Equipment Beamlines/endstations

9.4 1.9 � 10�3

(z direction)
Detector cooling HXMA 06ID-1 Micro-

Probe endstation
12.2 1.5 � 10�3 Cryostat system SM 10ID-1 STXM
14.1 1.3 � 10�3 Cryostat system SM 10ID-1 STXM
14.6 6.4 � 10�3

(x direction)
Detector cooling HXMA 06ID-1 Micro-

Probe endstation
25.1 1.0 � 10�3

(x direction)
Detector cooling HXMA 06ID-1 Micro-

Probe endstation
25.5 2.0 � 10�4 Fan coil unit CMCF 08ID-1 SOE
26.5 3.1 � 10�4 Fan coil unit CMCF 08ID-1 SOE
27.2 2.9 � 10�4 Chiller HXMA 06ID-1 Optics

Hutch
28.5 1.3 � 10�3

(y direction)
Detector cooling HXMA 06ID-1 Micro-

Probe endstation
29.7 1.5 � 10�3 TriScroll pump CMCF 08ID-1 SOE
32.0 2.3 � 10�3

(z direction)
Detector cooling HXMA 06ID-1 Micro-

Probe endstation
47.5 5.5 � 10�5 PCCs and TMP CMCF 08ID-1 SOE
53 4.0 � 10�5 Fan coil unit CMCF 08ID-1 SOE
59.4 1.2 � 10�4 TriScroll pump CMCF 08ID-1 SOE
68.0 2.6 � 10�5 PCCs and TMP CMCF 08ID-1 SOE
76.5 1.3 � 10�5 PCCs and TMP CMCF 08ID-1 SOE
89.1 4.7 � 10�5 TriScroll pump CMCF 08ID-1 SOE
Broad

range:
20–80

– Cryostat system REIXS 10ID-2 endstation

Broad
range:
40–120

– Cryopump REIXS 10ID-2 endstation

Broad
range:
30–80

Details in
Table 3

Cryostat system SM 10ID-1 STXM

Figure 3
Floor vibrations when the fan coil unit is turned on/off.



beamlines at the CLS. Fig. 5 shows the displacement PSD of

the floor vibrations in the CMCF 08ID-1 SOE experimental

hutch when the Varian TriScroll pump is turned on (red line)

and off (blue line). Fig. 5 shows that the TriScroll pump

induced vibrations with a frequency of 29.7 Hz (RMS displa-

cement: 1.5 � 10�3 mm) and with harmonics of 59.4 Hz (RMS

displacement: 1.2 � 10�4 mm) and 89.1 Hz (RMS displace-

ment: 4.7� 10�5 mm). This information is also listed in Table 1.

Both Fig. 5 and Table 1 show that the Varian TriScroll pump

produces the most significant vibrations (in terms of RMS

displacement) on the CMCF 08ID-1 beamline [at the current

development phase (March 2010)].

Since the Varian TriScroll pumps are widely used at the CLS

and so far most of them are placed on the facility floor without

using any carefully designed damping devices, it is necessary to

investigate how far the facility floor needs to damp the pump-

induced vibrations. Fig. 6 shows the displacement PSD of the

floor vibrations when the Varian TriScroll pump is mounted at

different locations on the floor, i.e. 4 m, 8 m and 12 m away

from the accelerometer. The RMS displacements at different

locations are 1.6 � 10�3 mm (4 m away), 7.2 � 10�4 mm (8 m

away) and 1.7 � 10�4 mm (12 m away). Therefore, the facility

floor needs at least 12 m to dampen Varian TriScroll pump-

induced vibrations; in other words, any Varian TriScroll pumps

located within 12 m might contribute to vibrations.

2.2.4. Chiller. The chiller shown in Fig. 2(d) is used for a

water-cooling system and is approximately 3 m away from

the monochromator outside the optics hutch at the HXMA

06ID-1 beamline. The monochromator is shown in Fig. 1(c).

One accelerometer is mounted on top of the monochromator

chamber shown in Fig. 1(b) and the other one is mounted

on the floor under the monochromator platform shown in

Fig. 1(e). Fig. 7 shows that when the chiller is turned on and

the damping material is removed, both floor and mono-
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Figure 6
Distance effects on the Varian TriScroll pump-induced vibrations.

Figure 4
Floor vibrations when the PCCs and TMP are turned on/off.

Figure 5
Floor vibrations when the Varian TriScroll pump in the SOE is turned
on/off.

Figure 7
Vibration identification and isolation.



chromator vibrations at a frequency of 27.2 Hz dramatically

increase, compared with the vibrations when the chiller is

turned off. This means that when the chiller is in normal

operation it causes vibration with a frequency of 27.2 Hz

and the vibration propagates from the floor to the mono-

chromator. Fig. 7 also shows that, when the damping material

is used, the vibration of 27.2 Hz disappeared from the

monochromator and floor. This implies that the damping

material used can effectively isolate the chiller-induced

vibration.

2.2.5. Cryostat system. The cryostat compressor shown in

Fig. 2(e) is placed outside of the REIXS 10ID-2 experimental

hutch and is approximately 1.5 m away from the endstation

which is shown in Fig. 1( f). Fig. 1( f) also shows two accel-

erometers are mounted on the blue steel frame supporting the

endstation, in order to measure vibrations in the vertical

direction and horizontal direction simultaneously. The cryo-

stat system includes the cryostat compressor shown in Fig. 2(e)

and a cold head inside the endstation chamber (not visible in

the figure). The cold head and the cryostat compressor always

work simultaneously and thus they are considered as one unit

called the cryostat system here. Fig. 8 shows that the cryostat

system produces vibrations with a very broad frequency range

from approximately 20 Hz to 80 Hz and many of these

vibrations have fairly large displacement PSDs (over 10�6 mm2

Hz�1). Similar observations were found in the horizontal

direction, which are not shown in this paper.

The cryostat system does not as yet affect the REIXS 10ID-

2 beamline owing to the relatively large beam spot (200 mm �

200 mm). However, it has been found that its operation

significantly affects its neighbor SM 10ID-1 STXM endstation,

which will be discussed later in x3.

2.2.6. Cryopump. The Helix Cryo Torr 8F cryopump

compressor shown in Fig. 2( f) is located outside of the REIXS

10ID-2 experimental hutch and just beside the cryostat

compressor. Fig. 9 shows that the cryopump produces vibra-

tions with a very broad frequency range from approximately

40 Hz to 120 Hz, but most of these vibrations have relatively

small displacement PSDs (below 10�6 mm2 Hz�1). Similar

observations can be found from vibrations in the horizontal

direction, not shown in this paper. So far no evidence has been

found that the cryopump-induced vibrations cause problems

for operations of either the REIXS 10ID-2 beamline or the

STXM endstation.

2.2.7. Detector cooling system. The equipment as shown in

Fig. 2(g) is used for cooling the detector of the MicroProbe

endstation and it is approximately 0.5 m away from the

microprobe endstation in the HXMA 06ID-1 experimental

hutch. The microprobe endstation is very sensitive to vibra-

tions since a very small beam spot (3 mm � 5 mm) is required.

Thus, three-dimensional vibrations of the microprobe

endstation were investigated; in particular, the effects of the

detector cooling system on the endstation were studied. Since

the VSA has only two channels, two accelerometers are

mounted on the microprobe endstation in order to measure

two-dimensional vibrations simultaneously, e.g. in the y–z

direction as shown in Fig. 1(h). The accelerometers were then

re-arranged to measure vibrations in the x–z direction (not

shown in the figure).

Figs. 10, 11 and 12 show the displacement PSD of the

microprobe endstation in the x, y and z direction, respectively.

The RMS displacements and frequencies of vibrations with

displacement PSD over 10�6 mm2 Hz�1 are listed in Table 2.

From Table 2 it can be seen that, when the detector cooling

system is turned off, the total RMS displacements are

0.001 mm in the x direction, 0.0013 mm in the y direction and

0.0032 mm in the z direction. When the detector’s cooling

system is turned on, the total RMS displacements increase to

0.0130 mm in the x direction, 0.0054 mm in the y direction and

0.0109 mm in the z direction. This suggests that the operation

of the detector’s cooling system will significantly increase the

vibration of the microprobe endstation by 1200% in the x
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Figure 8
Cryostat system induced vibrations (in the vertical direction).

Figure 9
Cryopump-induced vibration (in the vertical direction).



direction, more than 300% in the y direc-

tion and approximately 240% in the z

direction.

3. Effects of vibrations on the
beamline

The cryostat system is a part of the REIXS

10ID-2 beamline but is very close

(approximately 1.5 m) to the STXM

endstation. The STXM endstation can

produce images with spatial resolutions as

fine as 30 nm. An example of an image

obtained from the STXM endstation, of

nitrogen-doped carbon nanotubes (N-

CNT), is given in Fig. 13(a). This image was

obtained when the cryostat system was not

in operation and the profile of the N-CNT can be clearly

observed. When the cryostat system was in full operation,

however, the image of the N-CNT becomes quite disturbed as

shown in Fig. 13(b). To investigate the effects of the cryostat-

system-induced vibration on the STXM endstation, the

accelerometer was mounted inside the endstation chamber to

measure vibrations in the y and z directions, as shown in

Fig. 1(g).

Figs. 14 and 15 show that the cryostat system produces

vibrations with a broad frequency range of around 30 Hz to

80 Hz, which is consistent with the data collected in the

REIXS 10ID-2 endstation (Fig. 8). Compared with the cryo-

stat-system-induced vibrations in the REIXS 10ID-2 endsta-

tion (Fig. 8), some vibrations with low frequency (<30 Hz)

caused by the cryostat system are almost completely damped

by the STXM endstation platform, but the high-frequency

vibrations (>30 Hz) are not significantly reduced, as shown in

Fig. 15.

Vibrations with displacement PSD over 10�6 mm2 Hz�1 are

listed in Table 3. From this table it can be seen that, when the

cryostat system is turned off, the total RMS displacements in

research papers

114 J. W. Li et al. � Mechanical vibrations for beamlines J. Synchrotron Rad. (2011). 18, 109–116

Table 2
Three-dimensional vibrations of the MicroProbe endstation.

Frequency
x direction RMS (mm) y direction RMS (mm) z direction RMS (mm)

(Hz) Turn on Turn off Turn on Turn off Turn on Turn off

9.4 – – – – 0.0019 –
14.6 0.0064 – 0.0030 – 0.0007 –
25.1 0.0010 – – – – –
28.1 – 0.0003 – 0.0006 – 0.0003
28.5 0.0011 0.0013 – – –
29.7 – – – – 0.0005 0.0005
32.0 0.0021 – – – 0.0023 –
42.4 0.0009 – – – – –
42.7 – – 0.0003 – – –
43.0 – – – – 0.0031 –
48.3 0.0005 0.0005 0.0005 0.0005 0.0022 0.0022
55.4 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
67.5 0.0008 – – – – –
70.0 – – 0.0001 – – –
Total RMS 0.0130 0.001 0.0054 0.0013 0.0109 0.0032

Figure 10
Vibration in the x-direction.

Figure 11
Vibrations in the y-direction.

Figure 12
Vibrations in the z-direction.



the y and z directions are 0.0214 mm and 0.0143 mm, respec-

tively. It can be seen from the table that when the cryostat

system is turned on the total RMS displacements in the y and z

directions increase to 0.0265 and 0.0253 mm, respectively. This

suggests that the operation of the cryostat system will increase

the vibration by almost 25% in the y direction and almost 80%

in the z direction, which is likely to be responsible for the poor

quality of the image shown in Fig. 13(b). To further confirm

this, another image was taken at the STXM endstation when

the vibration of the cryostat system was reduced by re-setting

its parameters and the resulting image is shown in Fig. 13(c). It

is clear that the quality of the image in Fig. 13(c) is in between

Figs. 13(a) and 13(b). Therefore, it can be concluded that the

cryostat system is one of the significant vibration sources

affecting the performance of the STXM endstation. It can

be further found from Table 3 that the vibrations with low

frequencies (e.g. 8.5 Hz and 10.0 Hz) contribute approxi-

mately 50% of vibrations in terms of the RMS displacement. If

the vibration sources with frequencies of 8.5 Hz and 10.0 Hz

can be identified and isolated, it is expected that the quality of

the images produced at the STXM endstation can be signifi-

cantly improved.
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Figure 13
STXM images of N-CNT at 401.0 eV. Scale bar: 500 nm.

Figure 14
Vibrations in the y-direction on the STXM when the cryostat system is
on/off.

Table 3
Two-dimensional vibrations of the STXM endstation.

y direction RMS (mm) z direction RMS (mm)

Frequency (Hz) Turn on Turn off Turn on Turn off

8.5 0.0147 0.0147 0.0032 0.0036
10.0 0.0033 0.0038 0.0028 0.0034
12.2 – – 0.0015 –
14.1 – – 0.0013 –
29.7 – – 0.0026 0.0025
32.2 – – 0.0015 –
38.3 0.0009 – – –
46.0 – – 0.0009 –
47.6 – – 0.0011 –
49.1 – – 0.0012 –
52.1 – – 0.0007 –
53.5 0.0027 – 0.0015 –
55.2 – – 0.0007 –
56.6 0.0020 – 0.0006 –
58.2 0.0029 0.0029 0.0048 0.0048
59.8 – – 0.0009 –
Total RMS 0.0265 0.0214 0.0253 0.0143

Figure 15
Vibrations in the z-direction on the STXM when the cryostat system is
on/off.



4. Conclusions

In this paper seven vibration sources are identified at four

beamlines/endstations at the CLS. The results demonstrate

that movable mechanical equipment in the optics hutch and

experimental hutch can cause vibrations significantly affecting

the performance of these beamlines/endstations. The infor-

mation provided in this paper is important for understanding

and controlling vibrations not only for beamlines at the CLS

but also for other synchrotron radiation facilities worldwide.

In the future the influence of mechanical vibrations on the

beamline will be investigated, and more vibration sources will

be identified; designs for vibration suspension mechanisms will

be developed at the CLS.
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