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• A start-to-end model of the FNAL 400 MeV Linac has been built using 
TRACEWIN and TOUTATIS 

• TRACEWIN and TOUTATIS are codes from CEA/Saclay, France 
• Where does the model start ? : from the Ion Source Exit 
• Where does the model ends ?: 6.145 meters downsteam Q17 (see below)   
 

Start-to-end Model with TRACEWIN 

We stop about 6.145 meters after Q17 
(close to stripping foil)  



Start-to-end Model with TRACEWIN: How was the model built ? 

• LEBT (35 keV): from TRACE2D input file (CY Tan, D. Bollinger) 
• RFQ (750 keV) : from PARMTEQM input file (CY Tan) 
• MEBT +DTL (117 MeV) + CCL (400 MeV) : from PARMILA input file (H.J. Kim) 
• Transfer Line : from MAD (F. Garcia)  

 
• Field on axis were used (see below) 

LEBT Solenoid  

MEBT Buncher 



BUNCHER + VERNIER  
(from Superfish) 

BUNCHER + VERNIER FIELD ON AXIS 



FREQ 201.24 
 
 
DRIFT 1e-005 50 0 
SPACE_CHARGE_COMP 0.5 
 
 
DRIFT 172.09 50 0 
FIELD_MAP 10 457.2 0 120 0.38 0 0 0 SOL-PIP 
DRIFT 385.73 50 0 
FIELD_MAP 10 457.2 0 120 0.41 0 0 0 SOL-PIP 
DRIFT 29.4 50 0 
 
 
SPACE_CHARGE_COMP 0.5 
 
 
DRIFT 1e-005 50 0 
DRIFT 1e-005 50 0 
DRIFT 1e-005 50 0 
 
 
;end 
 
 
RFQ_GAP_RMS_FFS 8.5098 5.5087 
RFQ_CELL 79200 5.001 0 1 25.72 -90 3 3.751 1 0 0 0 0 
RFQ_CELL 79200 5.001 0 1 6.43 -90 4 3.751 -2.23445 0 0 0 0 
lattice 2 
RFQ_CELL 79200 4.981 0.000511145 1.0016 6.43 -90 -2 3.735 -12.6197 0 0 0 0 
RFQ_CELL 79200 4.944 0.00139094 1.0043 6.43 -86.5707 2 3.708 -21.7853 0 0 0 0 

Start-to-end Model with TRACEWIN (LEBT + Start of RFQ part) 

File Map 

Model starts about  398.19 mm from the middle of SOL01 



UPSTREAM SOLENOID:        445.4 Amps -> 3790.4 Gauss 
DOWNSTREAM SOLENOID: 481.2 Amps  4095 Gauss 

Solenoids of LEBT 

BIG ! 



Beam TWISS at Ion Source 

• 0.17 mm-mrad transverse emittance 
• 60 mA 
• 100 k 
• 4D Ellipse – Uniform Distribution 

Beam TWISS  
(from probes2RFQ.t2d back propagation) 



Beam Output Ion Source (from TRACEWIN) 



• What is the degree of space-charge neutralization in the LEBT ? 
 

• Is the beam properly matched at the RFQ entrance ? 
 

   (MATCHES **SYMMETRIC** TWISS AT RFQ ENTRANCE : 1.5 and 0.051 mm/mrad) 

Beam Output Ion Source : Important Questions for the Model  



Is the beam symmetric at the RFQ entrance (Paper from HB2012, China) 

• Is the beam symmetric at the  
     RFQ entrance ? 
 
 No ! from HB2012 paper 



How important is the beam matching at the RFQ entrance ? 



Zero Space Charge in LEBT (k=1 in TRACEWIN) 
Beam is divergent at the RFQ input. ~60% losses at the RFQ exit. 



Zero Space Charge in LEBT (k=1 in TRACEWIN) 
Beam distribution at the RFQ input. 



Full Space Charge in LEBT (k=0 in TRACEWIN) 
Beam is convergent at the RFQ entrance. Losses in LEBT + RFQ. ~40 % losses 



Full Space Charge in LEBT (k=0 in TRACEWIN) 
Beam is distribution at the RFQ entrance.  



Half Space Charge in LEBT (k=0.5 in TRACEWIN) 
Beam is convergent at the RFQ entrance. Losses in RFQ. ~20 % losses 



Half Space Charge in LEBT (k=0.5 in TRACEWIN) 
Beam distribution at the RFQ entrance. 



Losses up to the DTL exit. Large losses between DTL#4 and DTL#5. 

MEBT Quads: 300.8 / 248.6 / 271.6 / 169.8 Amps 
                         28.08 / 23.21 / 25.36 / 15.85 T/m 

From Velev Gueorgui 



BIG ! 

Losses up to the DTL exit. Large losses between DTL#4 and DTL#5. 
First Quad of DTL#5 is big compared to other quads.  
Why? Probably to break an asymmetry (my guess !) 



Losses up to the DTL exit. Large losses between DTL#4 and DTL#5. 
First Quad of DTL#5 is big compared to other quads.  
Why? Probably to break an asymmetry (my guess !) 

• What does this mean ? My guess is that the beam enters DTL#01 not symmetric  
and Q5 brings the symmetry back in DTL#05 

• What if Q4 of MEBT goes to -30 T/m i.o -15.85 T/m? 



LEBT with half space charge (k=0.5) and q4=-30 T/m (i.o -15 T/m) 
Losses up to the end of the DTL (Much Better !) 



LEBT with half space charge (k=0.5) and q4=-30 T/m (i.o -15 T/m) 
Losses up to the end of the Transfer Line  



LEBT with half space charge (k=0.5) and q4=-30 T/m (i.o -15 T/m) 
Emittance along the linac + transfer line 



LEBT with half space charge (k=0.5) and q4=-30 T/m (i.o -15 T/m) 
Energy along the linac + transfer line 



LEBT with half space charge (k=0.5) and q4=-30 T/m (i.o -15 T/m) 
Envelopes along the linac + transfer line 



Conclusion 

• A start-to-end simulation model is now available in TRACEWIN for the FNAL 
400 MeV Linac 
 

• From IS exit to the upstream of the Stripping Foil of the Booster 
 

• Reasonable  beam losses from the IS to the stripping foil  
     (~60 mA at start and ~30 mA at the end) 
 
• Two assumptions were taken  
 1/ k=0.5 (half neutralization in the LEBT) 
 2/ beam not symmetric at the entrance of the DTL#01 
 


