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Background 
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K. Long, IDS-Arlington, 8-Dec-2011 
....... So, need to evaluate options: 

Accelerator: 
Consider strategies to deliver: 
5´1019; 1´1020; 5´1020; 1´1021 

Detector: 
Evaluate feasibility of surface 
detector: 

VLENF, g-2 Muon Collection 
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Conversation with Striganov 
Some Work from 2000 



Motivation 
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· Unique Physics Opportunity 
· Facility based on established technologies 
· Affordable Price Tag 
· No need for extensive R&D for Initial Stage 
· Upgradable Facility to High Energies and High Intensities 
· Can be seen as Extension of VLENF(nuSTORM)  
     (As VLENF is Extension of Present Programs)  
· Stepping Stone toward Muon Collider 



What are Differences 
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This Concept 
NF as proposed in IDS 



What is Proposed-Whole Facility 
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· ProjectX is based on 162.5MHz  or lower bunch structure, pulsed , 10Hz, or CW, 
4MW Linac in Stage 4 

· Accumulation Ring, 8 GeV, up to ~4*1014 protons per pulse.  
· Lithium Lens based collection system, collecting pions/muons of  1.+/-0.15 GeV or 

higher, ~ 3*10-3 pi/proton 
· 325MHz based, SC pulsed 10Hz Linac and Buncher  
· Decay Ring, 10 GeV Muons, ~1020 mu/year 
For 4MW, 3.12*1015 p/sec*3*10-3 pi/p*3.15*107  sec/year= 2.95*1020  pi/year  

 
 



Components/Parameters 
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Protons 

Linac, H- Beam, 650MHz SC RF 
Beam Power=4MW, CW Average_I=0.5mA 
~600ns on,  ~60ns off, or 10Hz, 16ms  
Ekin=8GeV, Bunch Structure=162MHz 

Proton Accumulation Ring 

RingLength~200m, h=110, of 162MHz, 0.4MW 
stored per pulse, 100 bunches, ~4*1012 protons per 
bunch, bunch length ~ 1ns, emittance 50mm-mrad, 
SC tune~0.005 
LongLimit  ~ 0.1MW per bunch 

Pions/Muons 

Target & Collection & Matching,  
at 1 GeV, energy spread of +/-0.15GeV. 
Collecting E_un95%=300mm-mrad, L=3.5m, 
Yield~5x10-3 pi+/proton 

Target: Be or Hg, Li Lens, 15cm long, 3 cm radius, 
10 Hz, Peak Current ~ 600kA, Focal length ~ 
20cm. Quad doublet, Q1 g=4.1T/m, l_q1=0.35m, 
Q2 g=9T/m l_q2=0.7m 

Linac/Pi Decay Chanel from 1.0 to 1.2 GeV, SC, 
pulsed, 325MHz 

~20 FODO cells, ~8m, two 3-cell cavities beta=1, 
~17MV/m, Cavity bore radius 0.2m 
L_quad=0.35m, g ~3T/m, Synch Phase~0 degree, 
Bunching mode  

Linac/Mu from 1.2 to 10 GeV, SC, pulsed, 
325MHz 

~100 FODO cells, ~8m, two 3-cell cavities beta=1 
, ~17MV/m, Cavity bore radius 0.2m 
L_quad=0.35m, g from 3T/m, rumped 

Decay Ring, Racetrack  Conventional, with 200m long straits 
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Linac Parameters 
•Pulsed 10 Hz 
•162.5MHz bunch structure 
• Chopping at 2 MeV 
• Ekin=8 + /-0.005 GeV  
•Emit_n95%~ 1mm-mrad,  

Accumulation/Timing- Linac/Ring 

  



Target and Pion Collection 
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 30.000 mm   X     300.000 mrad                                                                                                                                                                                                                                             

 10.000 Deg   X    9000.00 keV                                                                                                                                                                                                                                              

 40.000 mm   X     500.000 mrad                                                                                                                                                  

 20.000 Deg   X    9000.00 keV                                                                                                                                                   
NP2=   13                                                                                                                                                

 200.00 mm (Horiz)      30.0 Deg (Long.)

 200.00 mm (Vert)    1.0000 (Dispersion) 

NP1=    1                                                                                                                                                                                                                                                                   

Length=  3525.84mm                                                                                                                                                   
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H A=  0.0000       B= 3.00000E-03                                                                                                                                                                                                                                          
V A=  0.0000       B= 3.00000E-03                                                                                                                                                                                                                                          

Z A=  0.0000       B= 1.00000E-05                                                                                                                                                                                                                                          

BEAM AT NEL1=    1                                                                                                                                                                                                                                                   
H A= 0.25760       B=  3.7876                                                                                                                                                   
V A= 4.31700E-02   B=  13.156                                                                                                                                                   

Z A= 0.56621       B= 1.32059E-05                                                                                                                                               

BEAM AT NEL2=   13                                                                                                                                                         I=     0.0mA                                                                                                                                                                                                                   
W=1000.0000 1000.0000 MeV                                                                                                                                                                                                             

FREQ= 100.00MHz   WL=2997.92mm                                                                                                                                                                                                           
EMITI= 300.000  300.000   900.00                                                                                                                                                                                                          
EMITO= 301.700  301.700   900.00                                                                                                                                                                                                          

 N1=    1   N2=   13                                                                                                                                                                                                              
  PRINTOUT VALUES
 PP PE       VALUE
MATCHING TYPE =  8                                                                                                                                                                                                                 

DESIRED VALUES (BEAMF)
      alpha     beta  
x     0.1000    3.9000                                                                                                                                                                                                               
y    -0.1000   13.3000                                                                                                                                                                                                               
MATCH VARIABLES (NC=4)                                                                                                                                                                                                               
MPP MPE       VALUE
 1    8   642.47691                                                                                                                                                                                                                
 1   10   452.09498                                                                                                                                                                                                                
 1   12   344.17652                                                                                                                                                                                                                
 1    9    13.65214                                                                                                                                                                                                                

CODE: Trace 3-D v69ly                                                                                                                                                                                                             
FILE: Llens3quad1gev.t3d                                                                                                                                                                                                          
DATE: 11/19/2011                                                                                                                                                                                                                  
TIME: 23:07:33                                                                                                                                                                                                                    

 30.000 mm   X     300.000 mrad                                                                                                                                                                                                                                             

 10.000 Deg   X    9000.00 keV                                                                                                                                                                                                                                              

 40.000 mm   X     500.000 mrad                                                                                                                                                  

 20.000 Deg   X    9000.00 keV                                                                                                                                                   
NP2=  100                                                                                                                                                

 200.00 mm (Horiz)      30.0 Deg (Long.)

 200.00 mm (Vert)    1.0000 (Dispersion) 

NP1=    1                                                                                                                                                                                                                                                                   

 300.00 mm (Centroid)                                                                                                                                                                                                                                                       

-300.00 mm (Centroid)                                                                                                                                                                                                                                                       
Length= 27209.09mm                                                                                                                                                   
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H A=  0.0000       B= 3.00000E-03                                                                                                                                                                                                                                          
V A=  0.0000       B= 3.00000E-03                                                                                                                                                                                                                                          

Z A=  0.0000       B= 1.00000E-05                                                                                                                                                                                                                                          

BEAM AT NEL1=    1                                                                                                                                                                                                                                                   
H A=  1.1345       B=  5.8992                                                                                                                                                   
V A= -1.3741       B=  9.9111                                                                                                                                                   

Z A=  3.6335       B= 1.53245E-04                                                                                                                                               

BEAM AT NEL2=  100                                                                                                                                                         I=     0.0mA                                                                                                                                                                                                                   
W=1000.0000 1125.9999 MeV                                                                                                                                                                                                             

FREQ= 100.00MHz   WL=2997.92mm                                                                                                                                                                                                           
EMITI= 300.000  300.000   900.00                                                                                                                                                                                                          
EMITO= 271.262  271.262   900.00                                                                                                                                                                                                          

 N1=    1   N2=  100                                                                                                                                                                                                              
  PRINTOUT VALUES
 PP PE       VALUE
MATCHING TYPE =  8                                                                                                                                                                                                                 

DESIRED VALUES (BEAMF)
      alpha     beta  
x     0.1000    3.9000                                                                                                                                                                                                               
y    -0.1000   13.3000                                                                                                                                                                                                               
MATCH VARIABLES (NC=4)                                                                                                                                                                                                               
MPP MPE       VALUE
 1    8   642.47691                                                                                                                                                                                                                
 1   10   452.09498                                                                                                                                                                                                                
 1   12   344.17652                                                                                                                                                                                                                
 1    9    13.65214                                                                                                                                                                                                                

CODE: Trace 3-D v69ly                                                                                                                                                                                                             
FILE: LLMatchLin.t3d                                                                                                                                                                                                              
DATE: 11/19/2011                                                                                                                                                                                                                  
TIME: 23:12:36                                                                                                                                                                                                                    

Proton beam is extracted every 100 ms and targeted on Hg jet, or Be target.  
The beam power of each pulse is 0.4 MW and beam train is ~600 ns long 
Beam has bunch structure of 162 MHz with bunch length of ~ <1ns.  
Right after the target there will be Lithium Lens and set of collection quads.  
We collect pions and muons from 1 mm spot with kinetic energy of 1 GeV  
and within 0.3 radians in forward direction.  
The Lithium lens is L=15 cm, with r=3cm,  I_of 600kA and f_l=~0.2 m. 

Target, Li Lens, matching             Target matched with Linac 
The total length of the collection plus matching line is ~ 3.5 meters. 



Muon Acceleration 
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Elliptical cavity, bore =20cm, beta=0.95  F = 324.90408 MHz                                                               

C:\Documents and Settings\popovic\Desktop\LowEneNF\LNNFProjecX\Old325muLinPar\muLinCav325\3CECAV1.AF 11-17-2011  11:52:54
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Pion/Muon  bunching starts 3.5m after the target. The linac is based on 325MHz SC 3 cell 
cavities with FODO focusing. SuperFish calculation and dimensions of basic FODO cell. 



Pion Decay Channel 
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This section is identical to the Acceleration Linac. It is about 200 meters long with the  
RF phase close to zero so that the Linac is effectively a long decay channel with  
bunching cavities. The particles from the target are captured in the RF buckets,  
preserving the bunching structure and reducing the momentum spread off the target.  
The beam collected off the target is 1 GeV, with an unnormalized 95% transversal  
emittance of 300mm-mrad and energy spread of +/- 200 MeV. The bunch is  
30 degrees (of 325MHz) long.  



G4bl, no RF, just FODO(at this time)  

11 M. Popovic These are graphs are with cuts; m+ only, with Ptot=[900:2000]MeV/c.  



At Entrance to the Buncher, G4bl 
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Positive Pions + Muons Positive Pions Only 



G4bl, Middle & End 
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Middle of 
Buncher 

At the 
end 

Positive Pions Only Positive Pions+Muons 



Linac 
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                                                                         PARMILA outputs,  
Whole linac is ~900 meters long. Muon beam at 10 GeV has more than +/-150MeV spread.  
If needed energy spread can be made smaller using couple RF cavities with higher synchronous phase.  

•To design Linac PARMILA code was used. FODO lattice starts  
with 3.1T/m quads gradients and rump to 6T/m.  
•Distance between quads is 4.14m and it is constant along whole Linac.  
•Acceleration is done using SC 3cell Beta=1 cavity with resonant frequency of 325MHz.  
•Design requires constant energy gain per cavity to be 42MeV. The linac has -20 degree  
synchronous phase which is ramped to -5 degree in first 3GeV.  
•Injected beam has E_un95%=300 mm-mrad, energy spread of +/-150MeV particle  
in the bunch are spread for +/-15 degree (of 162.5MHz) around synchronous particle  



CONCLUSIONS 
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A phased approach towards a Low Luminosity Low Energy 
Neutrino Factory has been presented.  
 
Collecting  ~ 1 GeV, bunched pions and muons produced 
with micro-bunched protons using Li lens eliminates:  

•Large field (~20T) and a long SC solenoid channel         
(30+50m),  
•Buncher/Rotator (~100 RF copper cavities, ~100MW RF 
power, with ~10 different frequencies) ,  
•~1GeV Large bore SC Muon Linac 

 
In comparison with Conventional NF, L3ENF performance 
is reduced by factor ~30 (of stored Muons). 



Concept 1: nuSTORM from AP0 
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“Far Detector”  
at Meson Area 

AP0 
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