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Abstract 
Experimental Muon Source (EMuS) is a muon source to 

be built at China Spallation Neutron Source (CSNS).  The 
EMuS baseline design adopts a stand-alone target sitting in 
capture superconducting solenoids, and the muon beam is 
extracted in the forward direction. In the same time the 
spent protons are also extracted from the target station and 
guided to an external beam dump. Because there is an angle 
of 15 degrees between the axis of solenoids and the proton 
direction, the protons will be deviated by the solenoids 
field. A pair of correction magnets in front of the solenoids 
is used to align the incoming proton beam to the target and 
also guide the spent protons to the beam dump. As the 
target station is design to work at different field level, this 
increases the complexity of the proton beam transport.   

Figure 1: General layout of the High Energy 
Proton Application Area. 

INTRODUCTION 
Muon spin rotation/relaxation/resonance (μSR) is a very 

useful technique, complementary to NMR and neutron 
scattering techniques [1]. China Spallation Neutron Source 
(CSNS) is a newly completed multidisciplinary research 
facility, located in Dongguan, Guangdong [2]. The proton 
energy is 1.6 GeV, and the design beam power is 100 kW 
in Phase I, and will be upgraded to 500 kW in Phase II [3]. 
To take full advantage of the powerful proton beam, CSNS 
plans to add a muon source in Phase II [4]. The so-called 

Experimental Muon Source (EMuS) is located in a 
dedicated high energy proton application area, together 
with different proton beam endstations, as showed in 
Figure 1. And it shares 5% of the total proton beam power, 
with a repetition rate of 2.5 Hz. The EMuS baseline design 
adopts a stand-alone conical target of about 250 mm in 
length sitting in a capture superconducting solenoids, and 
the muon beam is extracted in the forward direction. With 
this target design and a proton beam power of 25 kW, the 
surface muon intensity can achieve about 5105 /s at each 
of the three SR spectrometers with a polarization of about 
74%. And the decay muon intensity for 45 and 150 MeV/c 
can achieve 4105 /s and 5.9106 /s respectively, with 
polarization of 81% and 82% 

PROTONS DEFLECTED BY THE 
SOLENOID FIELDS AND PROTON BEAM 

STEERING DESIGN 
Influence of Solenoid Fields to the Proton Beam 

The protons impacting on the muon target located in the 
solenoids. And there is an angle of 15 degrees between the 
axis of solenoids and the proton direction in horizontal 
plane, in order to separate the outgoing spent protons from 
the muon beam and also enhance the surface muon capture. 
The layout of the target station is showed in Figure 2. 

Figure 2: Layout of target station. 

With the above layout, both the incoming and spent 
protons will be deflected by the solenoid fields. The motion 
of the protons can be decomposed into two parts, one is 
parallel and the other is perpendicular to the field line as 
showed in Figure 3. The motion of parallel part will not be 
influenced by the magnet field, but the perpendicular one 
will move around the field line. So the protons will make 
precessional motion around the field line in the solenoids. 
When the protons leave the solenoids, they will have 
vertical motion, which will make them deviating from their 
original direction. And the motion in horizontal direction 
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will be affected too. So when the protons go to the beam 
dump 6 m away from the target centre, their position will 
have different deviations with different strength of the 
solenoids. 

Figure 3: The protons motion decomposition in 
the solenoid field. 

Two working modes are designed for the EMuS main 
target station. One is the surface muon mode with the main 
solenoid field of 1 T. The other one is the decay muon mode 
with the main solenoid field of 5 T. Another case to be 
considered is that the proton beam goes through the target 
station directly when the solenoid field is turned off during 
the commissioning. Considering all of the situations above, 
there will be three different beam spots at the beam dump 
as showed in Figure 4. 

Figure 4: Three possible beam spots at beam dump. 

Proton Beam Steering Design for EMuS  
The different deviations of proton beam cause 

uncertainty of beam spot positions at the beam dump, 
which will make the beam dump design more complicated. 
Measures should be taken to reduce the deviation of proton 
beam and the number of beam spots at the beam dump. A 
steering scheme was designed, which uses a pair of steering 
dipole magnets in front of the solenoids to steer the 
incoming protons with a proper angle, which can 
compensate the deflection by the solenoid fields partially. 
The layout of the proton beam steering scheme by two 
dipoles is showed in Figure 5. One is horizontal bending 
magnet, and the other one is vertical bending magnet. For 
a given field pattern, the alignment of the incoming protons 
with the target is guaranteed and the beam spot positions at 
the beam dump can also be optimized both in the horizontal 
and the vertical directions.  

Figure 5: Proton beam steering layout for EMuS. 

The relationship between the steering angles and the 
deviation of beam spots at the beam dump is showed in 
Figure 6. For the surface muon mode, the beam spot 
deviation can be adjusted to zero by a steering angle of 0.05 
degrees in the horizontal 1.75 degrees in the vertical. Zero 
position at the beam dump is related to the case of solenoid 
fields turned off. In the decay muon mode, although the 
beam spot deviation cannot be adjusted to zero, but it can 
be reduced significantly. What’s more, there are just left 
two spots at the beam dump, which will be helpful in the 
beam dump design. The two dump holes are showed in 
Figure 7. 

Figure 6: The relationship between steering angles 
and beam spot deviation.  

Figure 7: The two beam spots at the beam dump 
with proton beam steering scheme. 
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SPENT PROTONS EXTRACTION FROM 
THE TARGET STATION 

Figure 8: Layout of solenoids structure and 
proton extraction space. 

The structure of the capture solenoids is showed in 
Figure 8. On the right it is a matching solenoid between 
the target station and the muon transport line, whose 
shape is like a cone that helps to provide space for the 
spent protons extraction. The extraction channels for 
different modes go through the inner shielding of the 
capture solenoids and the outer shielding of the matching 
solenoid, as showed in Figure 9. At the so-called 
extraction plane marked in Figure 8, the radius of the 
inner circle is 370 mm, and the outer one is 580 mm. 

Figure 9: Extraction channels of the spent protons at the 
extraction plane. 

CONCLUSION 
This paper presents the design for the proton beam 

steering at the EMuS. In order to solve the problem of 
protons deflected by the magnet fields of the capture 
solenoids, a pair of steering magnets in front of the 
solenoids is used to align the incoming proton beam to the 
target and guide the spent protons to the beam dump. Based 
on this scheme, the angle deflected by the solenoids field 
can be compensated partially with proper steering angles. 
The beam spot deviations at the beam dump for different 

working modes or solenoid fields can be minimized to be 
consistent to different steering schemes, there are two 
extraction holes in the inner shielding of the target station 
for the spent protons extracting from the target station. 
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