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Movable Bench for Linac-4 
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Instruments on the movable bench 
•  2 (3) BPMs used for beam steering and phase measurement, 

determining the beam energy 
•  1 BCT: measures the absolute intensity and the transmission 

through the tanks 
•  Transverse emittance measurement. Slit + SEMGrid 
•  Profile measurement: use SEMGrid of emittance meter 
•  Longitudinal profile measurement: Feschenko type 
•  2 Quadrupole magnets (focusing + change of angle resolution for 

emittance meter 
•  1 steerer 
•  Energy degrader + Faraday Cup. The degrader thickness must 

change for different energies    
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Proton Penetration Depths into Graphite 

•  3MeV: 100 µm 
•  12.1 MeV:  1.14 mm 
•  31.5 MeV:  6.4 mm 
•  50 MeV: 14.7 mm 
•  160 MeV: 116.4 mm 

Data taken from: http://physics.nist.gov/PhysRefData/Star/Text/contents.html 
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Resolution of TOF measurement 
•  SNS claims 26 keV energy resolution with ±2° phase 

resolution and a distance of 30cm between PUs 7.5 MeV 
and an RF frequency of 402.5 MHz 

•  Proton rest mass: 938.272 MeV 
•  Speed of light: c = 299 792 458 m / s  

•  7.5 MeV  β=0.1257 
•  ttof = 300/(βc) = 7.9618 ns (time of flight for 300 mm) 
•  at 402.5 MHz: T=2.484 ns 360° 
•  Φ=3* 360° + 73.6648° = 1153.7° 
•  Resolution in phase: ±2° Δφ/φ = 2/ 1153.7 = 1.7335 10-3   

•  Resolution in time: (Φ = ωt) Δt=ttof* 1.7335 10-3  =13.81ps 
•  Difference in β corresponding to this time resolution: 

 Δβ=2.1785e-4 
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Resolution of ToF measurement 

• With βnew = β+ Δβ = 0.1259048 

• Energy resolution: 

•  E=7.5263 MeV so the resolution is 26.3 keV 

Take alignment error of 0.1mm into account: 

•  Δβ=2.2200e-4 

•  βnew = β+ Δβ = 0.1259088 

•  E=7.52683 MeV so the resolution is 26.83 keV 
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Resolution for TOF measurement 
•  12.1 MeV  β=0.1591 
•  31.5 MeV  β=0.2528 
•  50.0 MeV  β=0.3140 

12.1 MeV  β=0.1591 
•  ttof = 300/(βc) = 6.291 ns (time of flight for 300 mm) 
•  at 352 MHz: T=2.84ns   
•  Φ=ttof/T*360=797.1955 
•  Resolution in phase: ±2° Δφ/φ = 2/ 797.1955 = 2.5088*10-3   

•  Resolution in time: (Φ = ωt) Δt=ttof* 2.5088*10-3  =15.78ps 
•  Difference in β corresponding to this time resolution: 

•  Δβ=3.99*10-4   T=12.1619MeV  res=61.9 keV 
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Comparison of beam power Linac-2 – Linac-4 
•  Linac-2: 180 mA peak current, longest beam pulse ~ 120 µs 

  50 MeV 
    1.35 1014 particles 
•  Linac-4: 40 mA peak current, beam pulse: 400 µs 

    1014 particles 
  (with a max pulse length of 1 ms: 2.5 1014 particles) 

•  1MeV 1.6 10-13 Joules 
 beam energy in a single beam pulse of 400 µs  

–  10 MeV: 160 Joules 
–  25 MeV: 400 Joules 
–  40 MeV: 640 Joules 

•  Linac-2: 120 µs at 50 MeV: 1 kJoules 



Uli Raich AB/BI 

Next steps 

•  Calculate energy resolution for all energies 
•  Calculate distance and resolution needed by SEMGrid 

for emittance measurement 
•  Calculate optics 
•  Detailed simulations for slits and beam stopper (ATB) 
•  Bending field needed for spectrometer + distance to 

SEMGrid 
•  Get Feschenko Box started 


