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Abstract 

Laser treatment has a significant influence on suppress-
ing the secondary electron emission (SEE) in electron stor-
age rings. A new synchrotron radiation light source, the He-
fei Advanced Light Source(HALS), is under consideration 
and it has a strict requirement to suppress the SEE. In this 
paper, we used a laser with the wavelength of 355nm to 
process with copper sample. After the laser treatment, the 
secondary electron yield (SEY) reduces from 2.05 to 0.86. 
We also used the scanning electron microscope (SEM) to 
analysis the surface of the sample after the laser treatment. 
This paper reports the experiment set up and preliminary 
results.

INTRODUCTION
In the next generation synchrotron light sources, the 

electron cloud (E-cloud) is a factor limiting the beam en-
ergy, intensity and lifetime of the electron beam in the stor-
age ring. It has been studied in many synchrotron facilities. 
Many mothed have been studied and applied in the accel-
erators such as coating with low SEY material (TiN, a-C, 
NEG), and modifying geometry on the surface [1]. As a 
new method to suppress the E-cloud, laser treatment 
method has a lot of advantages. It is easy to implement, 
with low cost and high stability [2]. 

The diffraction-limited storage ring, HALS, is a base on 
the National Synchrotron Radiation Laboratory(NSRL). It 
has higher requirements in beam intensity and vacuum sys-
tem. Reducing the secondary electron yield (SEY) of the 
vacuum tube is essential. The method of laser treatment on 
the accelerator vacuum chamber has been researched since 
2014 [3], which has been applied on the High Luminosity 
upgrade of the LHC collider (HL-LHC) in CERN [4]. To 
make use of the advantages of laser treatment method on 
reducing the SEY, this paper reports a preliminary study of 
this method with a laser treatment instrument on the copper 
material. The experiment result shows this method can ef-
fectively reduce the SEY of the copper material.

EXPERIMENT INSTRUMENTS
In this paper, an ultraviolet (UV) laser with =355nm is

used, which has a repetition frequency in the range 
20~200kHz,  and an avenge power of 3W. An optical path 
system is designed to fulfil the requirement of a much 
smaller laser spot. After the parallel beam emits from the 
laser instrument, it passes through a 10 expander lens

firstly, and then focused by  lens with the focus spot being 

10μm. The sample is fixed on a three dimensional high-
precision mobile platform. In order to make the surface of 
sample consistent with the focus spot, the z axis of the plat-
form is moved, and the x, y axes are used to control the 
scanning speed and interval. The copper sample is used, 
with a size of 1515mm and a thickness of 0.5mm.

Laser Instrument
A Nd:YVO4 laser instrument is used to generate the la-

ser pulses. The output power has a good stability, which is 
smaller than3%RMS, and �21.2. The laser instrument is

shown in Fig. 1. 

Figure 1: Schematic of the laser instrument. 

Focus System

Figure 2: Schematic of the focus system. 

The focus system in Fig.2 is consisted of a 10 expander

lens and a special laser  focusing lens. In order to obtain a 
much smaller spot at the focus, the divergence angle is re-
duced by using the 10 expander.   The laser focusing lens

is specifically designed for the laser instrument in this work.

Three-dimensional Scanning System

Figure 3: Schematic of the three dimensional high-preci-

sion mobile platform. The left figure shows the adjustment 
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of x, y axes and the right one shows the adjustment of z 

axis. 

A three–dimensional scanning system shown in Fig. 3 is 
used to set the sample, which can be adjusted along three 
mutually perpendicular directions. The z axis is used to ad-
just the distance between the sample and the laser instru-
ment to make the focusing spot consistent with the sample 
surface. The x and y axes are used to adjust the scanning 
speed and interval.

Laser Treatment System

Figure 4: Schematic of the assembled system. 

The laser instrument shown in Fig. 4 is placed vertically, 
making it easy to operate for adjusting the focusing spot. 
An aluminum alloy foothold is used to guarantee the sys-
tem stability.

Other Auxiliary Devices

Figure 5: The left figure shows the controller of the plat-

form, and right one shows the cooling device. 

In order to keep the internal temperature of the laser con-
stant, a suitable water cooling device shown in Fig. 5 is 
equipped. This not only ensures the operation stability, but 
also prolongs the service lifetime of the equipment.

EXPERIMENT RESULT AND DISCUS-
SION

Figure 6: The copper sample before and after the laser 

treatment. 

To test the effect of the laser treatment system on sup-
pressing the secondary electron emission effect, a series of 
experiments is carried out using copper samples. Before 
the laser treatment, the copper is first washed with alcohol 
and ultrasonic cleaning machine. The copper sample is 
dealing with the laser treatment system. In the experiment, 
the focusing system is fine-tuned so that the laser pulse is 
well focused on the sample. After laser treatment, the sur-
face of the sample has no metallic luster on the surface, 
which is shown in Fig. 6. SEM and SEY are carried out to 
further test the property of the copper sample after laser 
treatment.

SEM of Sample

Figure 7: The SEM test result at different magnification 

with a 40μm scanning interval.

The SEM test is carried out to evaluate the surface prop-
erty of the copper sample. The result is shown in Fig. 7, 
with magnification of 200, 500, 1000 and 2000 times, re-
spectively. From the figure it can be seen that a ditch of 
about is 45μm-wide is formed after the laser treatment. 
These ditches are periodically arranged with consistent 
width. The SEM result shows that the laser treatment can 
effectively modify the surface of the copper sample. The 
ditch structure can reduce the secondary electron emission, 
as shown in the following part.
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SEY of Sample
To test the performance of the laser-treated copper sam-

ple on suppressing the secondary electron emission, exist-
ing measuring device in our laboratory is used to measure 
the SEY of the modified copper sample. The SEY of the 
copper sample before and after the laser treatment is meas-
ured as a comparison, and the result is plotted in Fig. 8. 
From the figure it can be seen that the SEY of the copper 
sample is obviously reduced after the laser treatment. It can 
also be seen that the maximum SEY (����  ) is at about 
350eV electron energy before the laser treatment, which  is 
2.04. After the laser treatment,  ���� becomes 0.86. This 
result shows the laser treatment method can effectively re-
duce the SEY of the copper sample.

Figure 8: The SEY curves of copper before and after laser 

treatment. 

The above experiment results show that the surface of 
the copper sample turns black after laser treatment, with no 
metallic luster. This may come from copper oxidize under 
high energy laser pulse. Periodic ditch structures are also 
generated after laser treatment. The primary electrons hit 
on the surface, and generate secondary electrons. Most of 
these secondary electrons are captured by the ditch struc-
tures. In these ditch structures, the electrons trip between 
the slopes, and become easier to be captured by the ditch 
structure as the slope increases. This process can effec-
tively reduce the SEY of the copper sample. These experi-
ments show the laser treatment method is effective in re-
ducing secondary electron emission and can be applied in 
the new light source HALS. 

CONCLUSION
This paper introduces the study of laser treatment 

method in reducing the secondary electron emission. The 
laser treatment system is set up and a series of experiment 
is carried out using copper as an example to test this system. 
The SEM and SEY test results show that periodic ditch 
structures are generated in the surface of the sample, and 
the SEY is obviously reduced. It is inferred that the ditch 
structure is one of the key factors that can reduce the SEY.  

The results show that the laser treatment method can effec-
tively reduce SEY, which can meet the demands of the ma-
terial of the vacuum system in the new light source HALS. 
Further work will be carried out to increase the perfor-
mance of the laser treatment method and explore its effect 
on other kinds of materials, l.

ACKNOWLEDGMENT
This work is supported by National Natural Science 

Foundation of China (NNSFC) (Grant No. 11475166 and 
11575214). The authors would also like to thank the engi-
neers of the National Synchrotron Radiation Laboratory 
who helped prepare the experiments. 

REFERENCES
[1] L. Wang, T. Raubenheimer, G. J. N. I. Stupakov, S. “Sup-

pression of secondary emission in a magnetic field using tri-

angular and rectangular surfaces”, in Methods in Physics

Research Section A: Accelerators, Detectors, and A. Equip-

ment, vol. 571, no. 3, pp. 588-598, 2007. 

[2] J. Wang, T. Sian, R. Valizadeh, Y. Wang, and S. J. I. T. o. 

N. S. Wang, “The effect of air exposure on SEY and surface

com-position of laser treated copper applied in accelera-

tors”, in IEEE Transactions on Nuclear Science, vol. 65, no.

9, pp. 2620-2627, 2018. 

[3] R. Valizadeh, O. B. Malyshev, S. Wang, S. A. Zolotovskaya, 

W. Allan Gillespie, and A. J. A. P. L. Abdolvand, “Low sec-

ondary electron yield engineered surface for electron cloud 

mitigation”, in Applied Physics Letters, vol. 105, no. 23, p.

231605, 2014. 

[4] R. Salemme et al., “First beam test of Laser Engineered Sur-

face Struc-tures (LESS) at cryogenic temperature in CERN 

SPS accelerator”, in Journal of Physics: Conference Series,

vol. 1067, no. 8, p. 082017, 2019. 

Th
is

is
a

pr
ep

ri
nt

—
th

e
fin

al
ve

rs
io

n
is

pu
bl

ish
ed

w
ith

IO
P

10th Int. Partile Accelerator Conf. IPAC2019, Melbourne, Australia JACoW Publishing
ISBN: 978-3-95450-208-0 doi:10.18429/JACoW-IPAC2019-TUPMP029

MC7: Accelerator Technology
T14 Vacuum Technology

TUPMP029
1305

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

19
).

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


