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Introduction of CSNS

Beam power record of 160kWLayout of CSNS

➢ Linac of CSNS mainly consists of RFQ, MEBT, Alvarez-DTL and HEBT, provides H- beam with an 

energy up to 80MeV;

➢ The designed beam energy out of linac was reached in January 2018, and the designed beam 

power 100kW was reached in February ;

➢ In March 2024, a new round of power increase was completed, which reached 160kW;
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Upgrade of Linac(CSNS-II)

 Main task involved in CSNS-II linac upgrade:

✓ optimization of front-end, increase the beam 

intensity;

✓ enhance the output energy by employing 

superconducting resonators;

 Design strategy of linac: high gradient, high intensity,  

low emittance, low energy spread, high stability;

Project Phase CSNS CSNS-II

Power on target [kW] 100 500

Average beam current [uA] 62.5 312.5

Pulse repetition rate [Hz] 25 25

Linac energy [MeV] 80 300

Peak current [mA] 15 50

Structure Alvarez-DTL DTL+SC

IS RFQ MEBT DTL
Double-Spoke 

Resonators
Elliptical 

Resonators
LRBT RCS

50keV           3MeV                             80MeV                       165MeV                300MeV

β=0.5 324MHz β=0.62 648MHz

CSNS-II will be the first user open facility which adopts 

superconducting linac as a RCS injector 
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Upgrade of MEBT

Layout of existing MEBT at CSNS

 Existing MEBT achieves stable operation at 160kW, with beam passing rate close to 100%.

 Beam energy at MEBT is 3MeV, which introduce severe space charge effect. With 50mA peak current, the 

emittance growth caused by space charge effect can be more conspicuous with existing MEBT.

◼ The new MEBT needs a number of collimators to remove halo particles and limit the max envelope, 

minimize the uncontrollable beam loss.

◼ At present, only LEBT can realize the beam-chopping function, and it is necessary to consider retaining the 

fast beam-chopping capability in MEBT.

◼ The collision of h- particles with the gas in the LEBT will generate protons, and it is necessary to consider 

adding a proton removal capability in the MEBT.

Proton beam signals detected 

at the MEBT
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 3.6m length, 14 quadrupoles, 4 bunchers, 2 fast chopper.

 Having defects with large emittance growth, using a collimator to 

scrape the beam halo particles.

 Optimization of the time structure using fast Chopper in MEBT.

 The LEBT is relatively short and the proton yield is extremely low.

➢ Spallation Neutron Source (SNS)
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Without collimator With collimator

MEBT in other linac

LEBT Chopper

MEBT Chopper

S.M. Cousineau.Space charge and high intensity beam issues in the design and comissioning of the SNS accelerator[J]. 

NIMA, 2006,561(2):297-304.



 The linear injector was upgraded to increase the linear 

exit energy from 190 MeV to 400 MeV and the beam 

intensity to 50 mA;

 There are proton beam yielded in LEBT, and can be 

accelerated through the whole linac;

➢ J-PARC
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RFD-Chopper Central orbits separation of H- and proton beam Transverse profile of H- and proton beam

MEBT in other linac

Hiroyuki Sako.Suppression of Beam Loss at the First Arc Section in the J-PARC Linac[J].IEEE TRANSACTIONS ON NUCLEAR SCIENCE,2010,57(5).
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 The LINAC4 MEBT completed its commissioning in 2013, with 70mA peak current, there are 11 

quadrupoles, 3 bunchers.

 There are two long quadrupoles integrated fast-chopper, which can realize beam chop with 2ns rise time, 

significantly decreasing the beam loss during PS ring injection.

 However, its main acceleration sections are all room-temperature accelerators, reducing the requirement 

for beam loss control;

➢ CERN-LINAC4

LINAC4 Chopper

MEBT in other linac

T. Kroyer.The CERN SPL Chopper Structure: A Status 

Report[R].Geneva, Switzerland:CERN,2006.
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➢ Proton Improvement Plan-II (PIP-II)

 With a length of approximately 10m, it is currently the most 

versatile, longest and complexly designed MEBT in the world;

 Single bunch selection can be achieved with fast Chopper;

 However, its peak current intensity is low at 5mA;

Chopped beam time structure

Fast Chopper

MEBT in other linac

Valeri Lebedev.The PIP-II Reference Design  Report[R].USA:Fermi National Accelerator Laboratory,2015.
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➢ European Spallation Source (ESS)

MEBT in other linac

I. Bustinduy.Medium Energy Beam Transport Design Update for ESS, HB2012,Beijing, China,2012:MOP235.

 Successful completion of MEBT commissioning in 2021 with 

60 mA beam current.

 Collimators were used to reduce the beam loss.

 A fast Chopper is set up to perform beam chop on both ends 

of the macro pulse to avoid losses during injection into ring of 

ESSνSB project.
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Energy

（MeV/u）
Length

（m）
RF

（MHz）
Chopper Collimator

Current

（mA）
Quad&Buncher

Structure 

Followed
Status

CSNS 3 3 324 × × 15 10 2 DTL Operation

CSNS-II 3 ~3 324 - - 50 - - DTL Proposed

SNS 2.5 3.6 402.5 √ √ 52 14 4 DTL Operation

J-Parc 3 3.5 324 √ √ 28.7 8 2 DTL Operation

Linac4 3 3.8 352.2 √ × 70 11 3 DTL Operation

PIP-II 2.1 10 162.5 √ √ 5 25 3 HWR Operation

ESS 3 3.6 352.2 √ √ 50 10 3 DTL Operation

ISIS 3 5.5 324 √ × 60 8 3 DTL Commissioning

IFMIF 5 2.2 175 × √ 125 5 2 HWR Commissioning

SARAF 1.28 5 176 × × 5 8 3 HWR Commissioning

FRIB 0.5 5 80.5 × × 0.3 4 2 QWR Operation

Parameters summary of MEBT in other linac

MEBT in other linac
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R&D progress

➢ CSNS-II MEBT upgrade content

Peak current increased and 

space charge effect is 

enhanced.

Optimized lattice combined with 

additional collimators.

Add fast chopper to optimize the 

time structure, which can also be 

backed up with LEBT chopper.

Protons are transported via 

MEBT to DTL and 

superconducting resonators.

Adding bump and removing 

accompanying protons within MEBT. CSNS-II MEBT

➢ Beam parameters at MEBT inlet and outlet

MEBT inlet

Norm. rms emittance @X/Y 0.208 π.mm.mrad

Norm. rms emittance @Z 0.338 π.mm.mrad

Energy 3.0237585MeV

Peak current 50mA

MEBT outlet

αx/αy/αz -3.4182/2.1979/0.2306

βx/βy/βz (mm/π.mrad) 0.4901/0.2934/0.3970

Emittance growth ＜20%



16

Linac4 SNS J-PARC ESS

V 600V ±2.5kV 1.6MV/m ±2kV

Energy 3MeV 2.5MeV 3MeV 3.6MeV

G 20mm 18mm NA 20mm

L 2*40cm 2*35cm 17.2cm 50cm

• Through reasonable lattice design, if a quadrupole lens Q was 

set after chopper, the angle of divergence α1 can be increased to 

α2 by using the bipolar field. Beam performance at different voltages

Chopper System

• Determining the space requirements of the Chopper system 

first is the basis of the dynamics design.

• The system generally consists of a high-voltage plate and a 

downstream beam dump.

• Key parameters: plate voltage V, plate gap width G, plate 

length L, and deflection angle α.
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Parameters of Chopper system

Voltage ±2000V Total Length 1.1m

Energy 3.02MeV α1 ~15mrad

Gap 20mm α2 ~30mrad

Length 470mm

Layout of chopper system

Plate
Dump

• Utilizes a quadrupole to assist in deflecting the beam while reducing the 

difficulty of matching beams in transverse.

• The beam is deflected in the -X direction and the voltage is currently set 

to ±2000V.

• The beam envelope and plate gap are designed with sufficient margin to 

prevent beam loss on the plate.

• The total length of the Chopper section is 1.1 m, which allows all beam 

loss on the dump surface; X-Y phase space variation

Chopper System
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➢ Multiphysics analysis

TraceWin
Parameters of each element

in the simulation results

CST Particle studio
Modeling, field solving, particle 

track simulation, solving for power 

distribution in dump 

CST Multiphysics
Power distribution import,

building a cooling system,

steady state thermodynamic

solution

• The particle tracking and dump thermal analysis of chopper system have been carried out by employing CST Particle 

studio module and CST Multiphysics Solvers module respectively.

• Simulation content: magnetic field, electric field, particle tracking, power distribution;

plate
Q

Dump

• Temperature variation on dump

Chopper System

cutview of cooling 

water channel

Heat distribution due 

to particle bombard
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➢ Multiphysics analysis
Items Parameter 

Chop ratio 50%

Beam power 1895W（100%）

Material copper

Waterway section shape Circle 

Radius 3mm

Water flow 0.15kg/s

Reynolds number 37500

heat transfer coefficient 20000 W/m2/℃

50° 80°

• To avoid excessive temperature rise caused by beam chopped, the angle 

can be increased to disperse power deposition, reduce the maximum power 

density, and thus reduce temperature rise.

• The selected angle is 80°, and the temperature rise is about 213℃.

Chopper System

Maximum temperature 

rise is about 213K
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• Chopper Matching Section: 3 Quadrupoles, 1 Buncher.

• Chopper  Section: Plates、Dump and 1 Quadrupole for 

amplifying the angle of divergence.

• DTL Matching Section: 4 Quadrupoles, 1 Buncher.

• The horizontal Twiss is basically matched with the target

parameters, but the longitudinal TWISS has a large gap

with the target.

Chopper 

Matching Section
Chopper  Section DTL Matching Section

MEBT 3*RMS envelope

α β (mm/π.mrad)
ε growth 

X Y Z X Y Z

Aim -3.4182 2.1979 0.2306 0.4901 0.2934 0.3970 <20%

Present -3.7058 2.3656 0.0642 0.5126 0.3174 0.4595 <12%

Difference 8.4% 7.6% -72% 4.6% 8.2% 15.7%

Beamline
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• In order to control the emittance growth due to the

enhanced beam current, several sets of collimators will

be set up for beam halo scraping based on the MEBT

dynamics design.

• According to the variation of envelope, and the trend of beam halo parameter, the outer layer of halo particles is chosen to be 

scraped at the larger transverse beam envelope.

Variation of halo parameter along MEBT

Collimators

Variation of 99% emittance along MEBT Variation of phase advance along MEBT
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 X    Y• it is better to place collimators as close as possible to the MEBT 

inlet to scrape the beam halo particles in time;

• Two sets of collimators were set up in the X and Y directions, and 

their positions are shown in the right figure;

• The apertures of the collimators were scanned to determine their 

effect on the emittance growth, beam halo parameters as well as 

beam loss;

15mm collimator aperture selected 99% emittance 

growth

Norm. RMS

emittance growth
halo parameter beam 

loss
X Y X Y X Y

without 23.9% 29.1% 10.3% 12.6% 1.03 0.91 0%

with 6.7% 16% 6.7% 6.8% 0.72 0.8 3%/56W

• Comparison of emittance growth and beam halo parameters 

of the MEBT with/without collimators

Collimators
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X:19.7%  Y:22.2%  Z:3.1%

• Thanks to the collimators, the halo parameter over the linac is 

suppressed and the MEBT emittance growth is significantly reduced;

Norm. RMS emittance over the linac

collimators
99% emittance growth Norm. rms emittance growth

MEBT DTL SC MEBT DTL SC

without 26.57% 16.97% 29.98% 11.45% 5.19% 8.53%

with 11.36% 15.74% 28.81% 6.80% 5.05% 8.55%

emittance growth of each section

Comparison of transverse beam halo 

parameters without/with collimators

End-to-end simulation

3*RMS envelope over the linac



The collision of 

H- particles 

with the gas will 

generate proton;
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H-

H+

• Bump orbit are created using MEBT correctors to 

separate the H- particles from protons;

• the removal of protons with the help of a collimator;

• The H- particles are corrected by four correctors 

before the DTL entrance and injected into the DTL;

• The simulation shows that the effect of bump on the 

H- transportation is negligible;

The transverse envelope of proton in MEBT and DTL

Transmission can be more than 90%!

Removal of protons with the help of 3# collimator

Orbital correction of H- particles using 5/6/7/8 correctors

Corrector Strength 

3# 0.028T

5# -0.056T

6# 0.023T

7# 0.077T

8# -0.041T

IS RFQ MEBT DTL SC

Proton is bunched and accelerated in RFQ 

and DTL has RF phase shifted by 180° with 

respect to the phase of H-;

After the frequency jump, 

protons located in the 

deceleration phase and 

will be lost.

H- and proton separation

➢ Simulation of H- and proton separation 
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H- and proton separation

No. C1Y C2Y

1 0.01996T -0.0019T

2 0.01996T 0.0047T

3 0.01996T 0.0089T

C1

BPM1

C2

BPM2

C3

BPM3

C4

BPM4 BPM5
C5

BPM6

C6
BPM7

WS1 WS2 WS3 WS4

WS2

 proton separation experiments were carried out 

at the MEBT unit at the existing CSNS.

 C1Y, C2Y were chosen to create the bump and 

C3Y\C4Y\C5Y\C6Y for the orbit correction, so 

that WS2 will have the maximum deviation.

 Three sets of magnetic field strengths are set 

for C1Y and C2Y in the experiment.

WS2

➢ Experiments of H- and proton 

separation in CSNS-I 
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 In agreement with the simulated results, 

the proton signal was observed at WS2, 

and the movement of the proton center 

with the change of magnetic field was the 

same as the simulated results.

Amplifying the 

proton signal by 

a factor of 1,000

Compared with 

simulation 

results

No. C1Y C2Y LEBT(mA) MEBT(mA) LRBT(mA) H- (Ex) H- (Si) H+ (Ex) H+ (Si)

0 0 0 - - - -1mm -0.15mm -1mm -0.15mm

1 0.01996 -0.0019 34.34/12.94 13.14/13.13 12.44/6.15 5mm 8.1mm -2mm -1.05mm

2 0.01996 0.0047 34.41/12.88 13.12/13.00 11.3/3.82 7mm 10.15mm -5mm -4.35mm

3 0.01996 0.0089 34.35/12.84 13.13/12.86 11.63/4.56 6mm 9.35mm -3.5mm -3.15mm

H- and proton separation
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 According to the demand of power upgrade of CSNS-II project, the existing MEBT is analyzed, the 

upgrading scheme is proposed, and the dynamic design is carried out in detail.

 The dynamics design of Chopper system has been carried out, which overcomes the difficulty of 

transverse matching within long drift section, and achieves deflection function in limited space with 

good matching.

 The results show that with the addition of the collimators, the beam loss and halo parameters of the 

whole linac are effectively controlled, and the normalized RMS emittance growth is less than 25% in 

each direction.

 A preliminary study on MEBT proton removal has been carried out, and experiments on proton 

separation based on existing MEBT have been performed, and the results are in agreement with the 

simulation results.

Summary 



Thanks for your attention
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