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Abstract 
For the third or fourth generation synchrotron light 

sources, the brilliance of the x-ray beam is 2 to 3 orders 
higher than other generations, and in the meanwhile the 
beam emittance is at least one order smaller. To ensure the 
stability of the beam, the vibration caused beam motion is 
usually controlled to be within 10% of the RMS beam size. 
Thus the smaller beam emittance is, more restrict of the 
regulation plan to the vibration sources should be. Inside 
of the light source site, one major vibration source is the 
utility equipment such as water pump, compressors and so 
on. There are two controlling approaches for the vibration 
amplitude of those sources, one is damping, and another 
way is decay. However reasonable specification is the key 
of the controlling method. This work will present the de-
tailed establish process of the regulation plan for HEPS in 
China.  

INTRODUCTION 
Currently, the low emittance storage ring has considered 

being the future development direction of the photo 
sources. However, with the decreasing of the designed 
emittance of the ring, the problems caused by the ambient 
ground motion have been increasingly highlighted. Deli-
cate research has to be done during the design stage for the 
inducing beam instabilities caused by those sources. HEPS 
has a very challenging beam stability requirements with the 
transverse beam emittance specification of 0.1 nm.rad and 
designed natural emittance of ~0.03nm.rad while the effec-
tive vertical emittance of ~5pm.rad [1-2]. To ensure the sta-
bility of the beam on the experimental station, the vibration 
caused beam size increment has to be controlled being 
smaller than 10% of the RMS beam size. Thus, according 
to the current designed 34pm.rad lattice, the RMS beam 
position and angular motion has to be smaller than 1µm & 
0.2µrad, 0.3µm & 0.1µrad, transverse and longitudinal re-
spectively. [2] Special cares are mandatory in developing 
site vibration specifications, stable building design con-
cepts, and passive and active ways to minimize effects on 
the stability of the photon beam and critical accelerator and 
beamline components caused by ambient ground motion 
sources.  

To investigate the vibration influence to the beam, one 
has to identify the critical vibration sources, including the 
Egan frequencies and the amplitudes of the vibrations. 
There are two controlling approaches for the vibration am-
plitude of those ambient ground sources, one is damping, 

and another way is decay. The vibration amplitude attenu-
ate with distance as it propagates along the ground from the 
source to each element of the main ring with certain speed. 
The ambient ground motions caused by all sources transmit 
through the slab and girder-magnet assembling inducing 
orbit instability of the beam. Usually these two methods 
have to be combined together to realize the final specifica-
tions, and the damping level is determined, to some extent, 
by the decay ability of the HEPS ground. Once the critical 
vibration sources are identified and the decay of the vibra-
tion on HEPS ground is measured, the specification and 
regulation plan for the ambient ground motion of HEPS 
could be established.      

AMBIENT GROUND MOTION SOURCES 
The ambient ground motion includes ground motion of 

the HEPS site and other ambient motions caused by critical 
vibration sources around the HEPS ring including utilities 
(such as pump, compressor, air conditioner et. al), machine 
related vibrations sources (such as pulsed booster magnet, 
water flow et. al) and cultural noises which has day-night 
cycle (such as traffic and other human activities). The  
former one has been introduced in another paper [3], this 
paper will only focus on the latter one. 

2 Hz Booster 

 
Figure 1: The black line and dash line represent PSD spec-
trum (in x direction) measured at booster derivation part 
while booster on (real line) and off operation (dash line) 
respectively, the red line and dash line represent PSD spec-
trum on main ring ground while booster on (real line) and 
off operation (dash line) respectively. 

The HEPS booster will be operated on pulsed mode 
with repetition rate of 2Hz. As the AC dipole of the  _______________________ 
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CSNS/RCS operating at 25Hz sinusoidal alternating  
current caused severe vibration [4], we decided to do some 
measurement of the vibration caused by the 2Hz booster 
magnet in SSRF tunnel. We put one detector in the tunnel 
of SSRF booster derivation part and another one in the 
main ring tunnel close by the injection part (the closest po-
sition from the booster to the ring). The vibration data are 
collected while the booster on and off operation respec-
tively. Comparing the data, the vibration influence (in x di-
rection but no such influence in vertical direction) at 2Hz 
is clearly observed in the booster tunnel while booster mag-
net is on, but no such effect is observed on the main ring 
ground as shown in Figure 1. We learned that the booster 
ground is isolated from the main ring tunnel in SSRF. The 
same measures might need to be taken for HEPS.  

Besides the influence of 2Hz booster, we also noticed 
from the collecting data in the main ring tunnel that the fre-
quencies of culture noises are mainly under 15Hz, and 
noises with frequencies of 30 to 100Hz are mainly induced 
by the operated machine as shown in Figure 2. 

 
Figure 2: The comparing of vibration PSD spectrum in the 
SSRF main ring tunnel on & off operation. 

Air Conditioner & Compressor 

 
Figure 3: The constant temperature lab of IHEP. 

 
A problem emerged during the alignment in the constant 

temperature lab (as shown in Figure 3) of IHEP as the align-
ment line was oscillating during the measurement. The vibra-
tion sources are investigated to get troubleshooting. The lab 
are equipped with air conditioner with variable frequencies of 
50Hz / 45Hz / 42Hz /40Hz / 35Hz / 30Hz. Beside the air con-
ditioner, there are also a water pump for the magnet cooling 
and a compressor providing fluorine gas pressure for the 
alignment and magnet field measurements. We arranged a se-
ries of measurements using seismometers on the floor of the 
alignment lab with one equipment operating each time.  

 
Figure 4: The vibration PSD spectrum with variable fre-
quency air conditioner on and compressor on respectively in 
the constant temperature lab of IHEP. 

 
The vibration PSD spectrum of these equipment are 

shown in Figure 4 illustrating the Egan frequency of each 
vibration source. The vibration frequency of the compressor 
and air conditioner operating on 35Hz / 40Hz might coincided 
with the Egan frequency of the alignment line leading to the 
resonant oscillation. The real culprit is still under investigation. 

Water Pump 

 
Figure 5: The comparing of vibration PSD spectrum meas-
ured in the pump station and far away from the pump station 
(to approximate the pump off situation). 

A steam heat exchange station is planning to be built in 
HEPS site. The vibration influence was measured in an ex-
isting station to determine the necessary distance between 
the station in plan to the main ring or the at least damping 
level of the vibration equipment. As shown in Figure 5, the 
black and blue lines represent the PSD spectrum measured 
in the pump station by two seismometers simultaneously. 
The pink and orange lines represent the PSD spectrum 100 
meters away from the pump station to approximate the 
pump off case as they are operated 24 hours a day. From the 
figure, we can see that the resonant frequency of around 
~40Hz and ~80Hz are clearly observed and the RMS dis-
placement is around 300nm vertically integration over fre-
quency of 1-100Hz. According to the beam dynamics re-
sults, the allowed equipment vibration influence in the 
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main ring tunnel is 1nm, the damping level of the vibration 
pump could be determined according to the location of the 
station and the decay of the vibration on the HEPS ground. 
Besides, it is also necessary to avoid frequency overlap be-
tween machine related mechanical designs with the pump.   

WAVE VELOCITY AND DECAY FACTOR 

 
Figure 6: The seismometers used for the ground motion  
measurement of HEPS (left) and the measurement position on 
HEPS site (right). 

The beam orbit vibration is closely related to the wave 
velocity of the vibration. And the wave velocity is different 
for different geology conditions. We use three CMG seis-
mometers (as shown in Figure 6: left) equipped with GPS 
for the wave velocity measurement and five monitors for 
the decay factor measurement. The time accuracy of the 
seismometer with GPS is 10-9 s. The sampling rate could 
be 1000Hz, corresponding to 1000 collecting points within 
one second. Cooperating with CEEDI institute, we dug 
eleven holes to accommodate the monitors as shown in 
Figure 6 (right figure) and cover with plate on the top to 
avoid impacting of wind. The distance between the holes 
is 30 m. The five seismometers equipped with GPS are 
placed in the 2#, 3#, 4#, 6#, 8# pits. A truck loaded with 
~30t construction waste were arranged to go through in the 
vertical direction of the measurement line. When the truck 
going through, the vibration caused by the truck at 1# po-
sition decay along the measurement line because of long 
distance . 

Shifting the vibration data measured by the second de-
tector to derive the best overlap between the first detector 
and the second one. The best overlap gives the smallest ra-
tio. Take out the ratio valleys as shown in Figure 7 (above) 
caused by the periodically emergent vibrations because of 
the intrinsic resonant frequencies for truck crossing, the 
wave velocity could be deduced accordingly. Figure 7 (be-
low) shows the vibration PSD spectrum of truck crossing. 
There is a one-to-one correspondence between the labeled 
resonant peaks to the valley ratios as shown in the above 
figure. After analyzation, the wave velocity on HEPS site 
is deduced to be 268m/s for the vibration vertically. The 
velocity is close to the shear wave velocity (193m/s) meas-
ured for HEPS ground by the initial survey group [5].  

Shifting the data taken by 5 seismometers according to the 
wave velocity deduced above. Taking RMS displacement in-
tegration of the vibration data (when truck crossing) within  
1 second over frequency of 1Hz up to 100Hz. Plot the RMS 
displacement detected in 5 different positions as shown in 
Figure 8 (the black points), the decay factor (68.6) is  
obtained by the fitting curve of five data points.   

   

         
Figure 7: Vertical PSD spectrum of ground motion measured 
by five seismometers placed in 2#, 3#, 4#, 6#, 8# holes. 

 
Figure 8: RMS displacement vertically at 5 measurements  
positions on HEPS ground when truck crossing 1# position. 
 

CONCLUSION 
To control the vibration influence of the ambient ground 

motion, there are two approaches. One is damping, another 
one is decay. Usually a practical way is combining these 
two measures to meet the specifications of one particular 
project. In this paper, the critical ambient motion measure-
ment results have been introduced. The Egan frequencies 
and the amplitude of each vibration source have been ob-
tained. The wave velocity and the decay of the vibration on 
the HEPS ground have been measured and analyzed. Ac-
cording to the beam dynamics results, the allowed equip-
ment vibration influence in the main ring tunnel is 1nm, the 
damping specification of the vibration sources could be set 
according to the distance and the decay of the vibration on 
the HEPS ground. 

Mechanical Eng. Design of Synchrotron Radiation Equipment and Instrumentation MEDSI2018, Paris, France JACoW Publishing
ISBN: 978-3-95450-207-3 doi:10.18429/JACoW-MEDSI2018-TUPH41

TUPH41
138

Co
nt

en
tf

ro
m

th
is

w
or

k
m

ay
be

us
ed

un
de

rt
he

te
rm

so
ft

he
CC

BY
3.

0
lic

en
ce

(©
20

18
).

A
ny

di
str

ib
ut

io
n

of
th

is
w

or
k

m
us

tm
ai

nt
ai

n
at

tri
bu

tio
n

to
th

e
au

th
or

(s
),

tit
le

of
th

e
w

or
k,

pu
bl

ish
er

,a
nd

D
O

I.

Accelerators
Storage Rings



REFERENCES 
[1] Gang Xu et al., “Progress of Lattice Design and Physics  

Studies on the High Energy Photon Source”, presented at  
the 9th Int. Particle Accelerator Conf. (IPAC’18), Vancouver, 
Canada, Apr.-May 2018, paper TUPMF052, 
doi:10.18429/JACoW-IPAC2018-TUPMF052 

[2] Zhe Duan et al., “Estimation of the orbit feedback perfor-
mance for HEPS”, GM2017 Workshop, Beijing, Dec. 2017. 

[3] Fang Yan et al., Ambient Ground Motion Measurement and 
Analysis for HEPS”, presented at the 9th Int. Particle Accel-
erator Conf. (IPAC’18), Vancouver, Canada,  
Apr.-May 2018, paper MOPMF021, 
doi:10.18429/JACoW-IPAC2018-MOPMF021 

[4] Ren-Hong Liu et al., “Study of the dynamic characteristics  
of the AC dipole-girder system for CSNS/RCS”,  
Chinese Physics C, Vol. 38, No. 7 (2014) 077003. 

[5] Initial survey results of the geology condition for HEPS site, 
Oct. 2017. 

Mechanical Eng. Design of Synchrotron Radiation Equipment and Instrumentation MEDSI2018, Paris, France JACoW Publishing
ISBN: 978-3-95450-207-3 doi:10.18429/JACoW-MEDSI2018-TUPH41

Accelerators
Storage Rings

TUPH41
139

Co
nt

en
tf

ro
m

th
is

w
or

k
m

ay
be

us
ed

un
de

rt
he

te
rm

so
ft

he
CC

BY
3.

0
lic

en
ce

(©
20

18
).

A
ny

di
str

ib
ut

io
n

of
th

is
w

or
k

m
us

tm
ai

nt
ai

n
at

tri
bu

tio
n

to
th

e
au

th
or

(s
),

tit
le

of
th

e
w

or
k,

pu
bl

ish
er

,a
nd

D
O

I.


