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Requirements	
Pulse	  length	 3	  ns	
No.	  of	  bunches	 5	  bunches	
RepeEEon	  rate	 50	  –	  60	  Hz	
Average	  beam	  power	 ~	  4	  MW	
Beam	  energy	 2	  –	  8	  GeV	
ParEcle	  type	 	  p+	  or	  H-‐	

3	  possibiliEes:	
•  Neutrino	  factory	  (μ	  decay)	  
•  Super-‐beam	  (π	  decay)	  
•  Beta-‐beams	  (β	  decay	  of	  instable	  nuclei,	  i.e.	  18He	  8L	  8B	  )	



Physics	  consideraEons	  (I)	

•  ν	  producEon	  chain:	  
p	  +	  TARGET	  à	  π	  à	  μ	  +	  νμà	  e	  +	  νμ	  +	  νe	  

•  High	  intensity	  
•  High	  energy	  
•  Known	  

spectrum	  
•  Low	  

contaminaEon	

•  Large	  number	  
•  High	  energy	  
•  Small	  energy	  

spread	  

•  Fast	  pulsed	  (to	  
trap	  the	  π/μ)	  

•  High	  power:	  
P	  =	  I	  x	  Ep	  x	  f	  

High	  Energy	  (Ep)	 2	  –	  8	  GeV	
High	  repeAAon	  rate	  (f)	 50	  –	  60	  Hz	
High	  power	  (P)	 ~	  4	  MW	
Short	  bunches	 5	  x	  3	  ns	



Physics	  consideraEons	  (II)	
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Figure 28. The meson production efficiency, normalised to the beam power, as a function of incoming
proton beam kinetic energy [207]. Production efficiency is the number of mesons 50 m downstream
from the target with kinetic energy in the range of 40–180 MeV. This criterion has been found to have
a good correlation with the muons that are transmitted through the front end.

include the demonstration that [206]:

• The magnetic field of the solenoid greatly mitigates both the extent of the disruption of the

mercury and the velocity of the mercury ejected after interception of the proton beam. The

disruption of a 20 m/s mercury jet in a 20 T field is sufficiently limited that a repetition rate as

high as 70 Hz is feasible without loss of secondary particle production;

• Individual beam pulses with energies up to 115 kJ can safely be accommodated;

• Subsequent proton-beam pulses separated by up to 350 µs have the same efficiency for secondary

particle production as does the initial pulse; and

• The disruption of the mercury jet caused by the second of two beam pulses separated by more

than 6 µs is unaffected by the presence of the first beam pulse.

In the Neutrino Factory target system, the mercury jet is collected in a pool, inside the solenoid

magnet channel, that also serves as the proton beam-dump, as sketched in figure 31. Disruption of

this pool by the mercury jet (equivalent to a mechanical power of 3 kW) and by the non-interacting

part of the proton beam is nontrivial, and needs further study.
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Figure 30. The final muon throughput of the front end as a function of the incoming proton beam
bunch length [241]. Solid blue dots and red stars are data for two equivalent methods of creating the
beam distribution in time.

Table VII. Baseline target system parameters.

Parameter Value

Target type Free mercury jet
Jet diameter 8 mm
Jet velocity 20 m/s
Jet/solenoid axis angle 96 mrad
Proton beam/solenoid axis angle 96 mrad
Proton beam/jet angle 27 mrad
Capture solenoid (SC-1) field strength 20 T
Front-end π/µ transport channel field strength 1.5 T
Length of transition between 20 T and 1.5 T 15 m

generating a 14 T field at the site of the target, has the most challenging mechanical requirements. The

stored energy of this magnet is 600 MJ, and the radial and hoop stresses are 110 MPa and 180 MPa,

respectively [246].

A 20 T field is beyond the capability of Nb3Sn, and magnet SC-1 is proposed as a hybrid of a 14 T

superconducting coil with a 6 T hollow-core copper solenoid insert. A 45 T solenoid with this type of

construction (but a significantly smaller bore of 32 mm diameter) has been operational since 2000 at

the National High Magnetic Field Laboratory (Florida, USA) [247]. A 19 T resistive magnet with a

16 cm bore at the Grenoble High Magnetic Field Laboratory [248] was used in an earlier phase [249] of
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•  From	  the	  “Interim	  Design	  Report”	  of	  the	  IDS-‐NF	  collaboraEon	

OpEmized	  p+	  energy	  
From	  meson	  yiled	

OpEmized	  p+	  bunch	  length	  
From	  muon	  yield	



Beam	  intensity	  @	  TARGET	
•  Given	  the	  opEmal	  parameters	  we	  can	  compute	  the	  number	  

of	  p+	  	  per	  bunch	  np	  at	  the	  target:	  
P	  =	  e	  x	  Ep	  x	  nb	  x	  np	  x	  F	  

4	  MW	  =	  e	  x	  (2-‐-‐	  8)	  GeV	  x	  5	  x	  3	  ns	  x	  np	  x	  50	  Hz	  
	  

•  For	  Ep	  =	  2	  GeV	  à	  	  np	  =	  5	  x	  1013	  p+	  /	  bunch	  

•  For	  Ep	  =	  8	  GeV	  à	  	  np	  =	  1.25	  x	  1013	  p+	  /	  bunch	  

typical	  values	  for	  neutrino	  factory:	  np	  ~	  1014	
	



Accelerator	  Choices	  
•  Given	  the	  high	  beam	  intensity,	  power,	  and	  pulse	  frep	  ,	  we	  

should	  consider	  a	  LINAC-‐based	  setup	  
–  Provides	  opportunity	  to	  use	  the	  facility	  for	  other	  applicaEons	  

simultaneously	  

•  Similar	  design	  planned	  for	  Project	  X	  (8	  GeV)	  and	  studied	  for	  SPL	  
complex	  (5	  GeV,	  534	  m)	  

However:	  
–  A	  linac	  alone	  is	  not	  adequate	  for	  creaEng	  the	  necessary	  
pulse	  structure	  at	  the	  target	  

à	  We	  need	  an	  accumulator	  +	  bunch	  compressor	  



LINAC	  parameters	  
v tpulse	  =	  0.4	  ms	  	  	  (typical	  value)	  
v  f	  =	  50	  Hz	  	  	  (required	  pulse	  repeEEon	  rate)	  
v H-‐	  	  injecAon	  
•  We	  computed:	  

–  Duty	  cycle:	  η	  =	  2%	  
–  Average	  current:	  I	  =	  P	  /	  (E	  *	  η)	  =	  25	  mA	  

•  Comparing	  with	  SPL	  design	  [see	  picture],	  we	  should	  go	  to	  higher	  frequency	  (1.4	  
GHz)	  and	  benefit	  from	  ILC	  technology	  (cryogenic,	  RF	  caviEes)	  	  
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ACCUMULATOR	  parameters	  
•  ConvenEonal	  magnets:	  B	  =	  1	  T	  

parEcle	  energy	  from	  linac:	  E	  =	  8	  GeV	  	  
•  We	  computed:	  

–  curvature:	  ρ	  =	  26.7	  m	  	  	  	  	  (Bρ	  =	  3.3(p/q)	  )	  
–  circumference:	  C	  =	  	  167.76	  m	  	  (neglecEng	  straight	  secEons)	  
–  revoluEon	  τrev	  =	  0.56	  μs	  
–  number	  of	  turns	  for	  injecEon:	  715	  turns	  
à InjecEon	  can	  only	  be	  made	  with	  charge	  exchange	  scheme	  

–  If	  we	  use	  a	  isochronous	  machine,	  no	  RF	  system	  needed	  

•  We	  shall	  opEmize	  Eme	  structure	  of	  injected	  beam	  with	  5	  
bunches	  of	  50	  ns	  separated	  by	  60	  ns	  gaps.	  



Bunch	  structure	  
•  InjecAon	  into	  accumulator	  ring	  will	  be	  challenging	  
•  Time	  structure:	  

	  
•  A	  compressor	  will	  then	  shorten	  the	  bunches	  from	  50	  ns	  to	  3	  

ns,	  by	  phase	  rotaEon.	  
–  ρ,	  τrev	  will	  be	  the	  same	  as	  the	  compressor	  
–  RF	  harmonic	  number	  will	  be	  5	  



Summary	  
•  Elements	  in	  our	  ν	  facility:	  
	  
LINAC	  (H-‐	  ,	  E	  =	  8	  GeV,	  tpulse	  =	  0.2	  ms,	  I	  =	  25	  mA,	  duty	  cycle	  =	  2%)	  
ACCUMULATOR	  (isochronous,	  nb	  =	  	  5,	  tbunch	  =	  50	  ns,	  tsep	  =	  60	  ns,	  np	  =	  1.25	  x	  1013)	  
COMPRESSOR	  (5	  bunches,	  tbunch	  =	  50	  ns	  à	  3	  ns)	  

•  Challenges:	  
–  Very	  long	  linac	  
–  Cryogenic	  technology	  
–  Fast	  chopping	  
–  Beam	  losses	  in	  the	  linac	  



Thanks	  for	  Listening	


