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𝑃𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑇𝑦𝑝𝑒    ∶  𝐷ା        𝐵𝑒𝑎𝑚 𝐶𝑢𝑟𝑟𝑒𝑛𝑡   ∶ 125𝑚𝐴 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑇𝑦𝑝𝑒 ∶ 𝐶𝑊         

𝑃𝑒𝑟𝑣𝑒𝑎𝑛𝑐𝑒 𝐾 = 𝐼𝐼଴ · 2𝛽ଷ𝛾ଷ · 1 − 𝛾ଶ𝑓௘    𝑓௘: 𝑛𝑒𝑢𝑡𝑟𝑎𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟
|  HB 2018  |

IFMIF/EVEDA, 2018, What is IFMIF, [http://www.ifmif.org/?page_id=6], Accessed May 24, 2018

Phu Anh Phi Nghiem et al, The IFMIF – EVEDA challenges in beam dynamics and their treatment (2011)
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TRACEWIN & WARPTRACEWIN & WARP
< TRACEWIN > 

http://irfu.cea.fr/dacm/en/logiciels/index.php http://warp.lbl.gov/home

Full PIC Second order momentum / Macroparticle

Developer: Researchers of CEA Developer: D.Grote, J.L.Vay, 
A.Friedman, S.Lund

< WARP > 
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SCC(Space Charge Compensation)SCC(Space Charge Compensation)

Nicolas, Chauvin. Space-Charge effect.(2014):12

Neutralization time:  𝜏௡ =  ଵ௡೒ఙ೔௩್
Atomic Processes

1. Ionization by beam 𝐷ା + 𝐾𝑟 →  𝐷ା +  𝐾𝑟ା +  𝑒ି
2. Ionization by electron𝑒ି + 𝐾𝑟 →  𝑒ି +  𝐾𝑟ା +  𝑒ି
3. Recombination 𝐾𝑟ା +  𝑒ି  → 𝐾𝑟
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Schematic of LEBT & ParameterSchematic of LEBT & Parameter

Nicolas, Chauvin et al. Final Design of the IFMIF-EVEDA Low Energy Beam Transport Line. PAC (2009): 1-2

Beam Parameter Initial Value

Particle Type 𝐷ା
Beam Current 125mA

Initial Energy 100k𝑒𝑉
Emittance 0.064 𝜋. 𝑚𝑚. 𝑚𝑟𝑎𝑑

Twiss Parameter 𝛼 = 0.8, 𝛽 = 2.0

Schematic of IFMIF LEBT
Lattice parameter Value

Beam Pipe Radius 80mm

Cone Radius 35mm,12mm

B-field of Solenoid Sol1:0.37T 
Sol2:0.47T

Initial Beam Parameter
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Without SCCWithout SCC
TRACEWIN WARP 

At exit 𝜀௡,௥௠௦ ௫ = 0.2796𝜋. 𝑚𝑚. 𝑚𝑟𝑎𝑑𝜀௡,௥௠௦ ௬ = 0.2794𝜋. 𝑚𝑚. 𝑚𝑟𝑎𝑑 At exit 𝜀௡,௥௠௦ ௫ = 0.3697 𝜋. 𝑚𝑚. 𝑚𝑟𝑎𝑑𝜀௡,௥௠௦ ௬ = 0.3778𝜋. 𝑚𝑚. 𝑚𝑟𝑎𝑑
Target value: 𝜀௡,௥௠௦ = 0.233𝜋. 𝑚𝑚. 𝑚𝑟𝑎𝑑

𝑅𝑚𝑠 𝑋 𝑅𝑚𝑠 𝑋
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Without SCCWithout SCC
TRACEWIN 

WARP 

𝑋 − 𝑋′ 𝑌 − 𝑌′ 𝑋 − 𝑌

𝑋 − 𝑋′ 𝑌 − 𝑌′ 𝑋 − 𝑌
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With SCCWith SCC
TRACEWIN WARP 

Target value: 𝜀௡,௥௠௦ = 0.233𝜋. 𝑚𝑚. 𝑚𝑟𝑎𝑑
At exit 𝜀௡,௥௠௦ ௫ = 0.1228𝜋. 𝑚𝑚. 𝑚𝑟𝑎𝑑𝜀௡,௥௠௦ ௬ = 0.1189𝜋. 𝑚𝑚. 𝑚𝑟𝑎𝑑 At exit 𝜀௡,௥௠௦ ௫ = 0.1763𝜋. 𝑚𝑚. 𝑚𝑟𝑎𝑑𝜀௡,௥௠௦ ௬ = 0.1957𝜋. 𝑚𝑚. 𝑚𝑟𝑎𝑑

𝑅𝑚𝑠 𝑋 𝑅𝑚𝑠 𝑋
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With SCCWith SCC
TRACEWIN 

WARP 

𝑋 − 𝑋′ 𝑌 − 𝑌′ 𝑋 − 𝑌

𝑋 − 𝑋′ 𝑌 − 𝑌′ 𝑋 − 𝑌
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Result ComparisonResult Comparison

With SCC 

𝜀௡,௥௠௦ ௫ = 0.2796𝜋. 𝑚𝑚. 𝑚𝑟𝑎𝑑𝜀௡,௥௠௦ ௬ = 0.2794𝜋. 𝑚𝑚. 𝑚𝑟𝑎𝑑 𝜀௡,௥௠௦ ௫ = 0.3697 𝜋. 𝑚𝑚. 𝑚𝑟𝑎𝑑𝜀௡,௥௠௦ ௬ = 0.3778𝜋. 𝑚𝑚. 𝑚𝑟𝑎𝑑

𝜀௡,௥௠௦ ௫ = 0.1228𝜋. 𝑚𝑚. 𝑚𝑟𝑎𝑑𝜀௡,௥௠௦ ௬ = 0.1189𝜋. 𝑚𝑚. 𝑚𝑟𝑎𝑑 𝜀௡,௥௠௦ ௫ = 0.1763𝜋. 𝑚𝑚. 𝑚𝑟𝑎𝑑𝜀௡,௥௠௦ ௬ = 0.1957𝜋. 𝑚𝑚. 𝑚𝑟𝑎𝑑

Without SCC

Target value: 𝜀௡,௥௠௦ = 0.233𝜋. 𝑚𝑚. 𝑚𝑟𝑎𝑑
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Instability Issue Instability Issue 

 2𝜇𝑠
 4𝜇𝑠
 6𝜇𝑠

Two stream instability: 𝐹 𝑘, 𝜔 =  ఠ೛೐మఠమ + ఠ೛೔మ(ఠି௞௩బ)మ  (𝑢𝑛𝑠𝑡𝑎𝑏𝑙𝑒 𝑤ℎ𝑒𝑛 𝐹 𝑘, 𝜔 > 1)𝑋 − 𝑌 𝑋 − 𝑋′ 𝑌 − 𝑌′



• Introduction 

• Low Energy Beam Transport (LEBT)  

• Medium Energy Beam Transport (MEBT)

• Summary & Future plan

|  HB 2018  |2018-06-21 14

ContentsContents



|  HB 2018  |2018-06-21 15

Schematic of MEBT & ParameterSchematic of MEBT & Parameter

Beam Parameter Initial Value

Particle Type 𝐷ା
Beam Peak Current 125mA

Initial Energy 4.98M𝑒𝑉
Longitudinal Emittance 0.3 π. 𝑚𝑚. 𝑚𝑟𝑎𝑑

Twiss Parameter 𝛼௫ = −1.95, 𝛽௫ = 0.37𝛼௬ = 1.5, 𝛽௬ = 0.355

Schematic of IFMIF MEBT

Lattice Parameter Value

Gradient of 
Quadrupole

Quad1,2,3:25T/m
Quad4: 20.5T/m
Quad5: 20T/m

Buncher Frequency 175MHz

Maximum 𝐸଴𝐿𝑇 350kV

Initial Beam Parameter

I. Podadera et al. The Medium Energy Beam Transport Line(MEBT) of IFMIF/EVEDA Lipac. IPAC (2011): 1-2  
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Simulation ResultSimulation Result

TRACEWIN 

WARP 
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Simulation ResultSimulation Result

TRACEWIN WARP 

tail

head

tail

head
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Peak Current IssuePeak Current Issue

125mA 375mA

625mA 875mA

Longitudinal space charge: 𝐹௭ = − ௤మ௚ସగఌబఊమ ௗఒௗ௭   ( 𝛾: 𝑘𝑖𝑛𝑒𝑚𝑎𝑡𝑖𝑐 𝑓𝑎𝑐𝑡𝑜𝑟, 𝑔: 1 + ln ௕௔  )
Left: TRACEWIN, Right: WARP

tail

head

tail

head

tail

head

tail

head

tail

head

tail

head

tail

head

tail

head
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Future Plan & SummaryFuture Plan & Summary

• SCC (Space – Charge – Compensation)  is essential for achieving required 
emittance. 

• Instability in LEBT, WARP simulation for MEBT will be optimized.

• RFQ,HWR(SRF) simulation can’t be done in warp simulation. Therefore 
RFQ,HWR(SRF) simulation will be done by TRACEWIN, IMPACT – Z. 
Results from those two simulation codes will be cross checked.



Thank you!

Seok Ho Moon, Moses Chung
2018. 06. 21 Thursday

Intense Beam and Accelerator Laboratory
Ulsan National Institute of Science and Technology
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