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History	
  of	
  the	
  project	
  
December	
  2012	
  
-­‐  Call	
  for	
  a	
  possible	
  new	
  flag-­‐ship	
  project	
  for	
  the	
  INFN	
  
-­‐  “Coalescence”	
  of	
  many	
  ini3a3ves	
  and	
  proposals	
  on:	
  

§  X-­‐FEL	
  
§  Compton	
  backscaMering	
  source	
  
§  THz	
  radia3on	
  produc3on	
  
§  Plasma	
  wake-­‐field	
  accelera3on	
  
§  gamma-­‐gamma,	
  e-­‐gamma	
  and	
  electron-­‐positron	
  collisions	
  
§  Neutron	
  photo-­‐produc/on	
  source	
  

	
  

Interest	
  and	
  collabora/on	
  from	
  ENEA,	
  CNR	
  and	
  many	
  universi/es	
  
January	
  29th,	
  2013	
  
-­‐  Massimo	
  Ferrario	
  presents	
  the	
  IRIDE	
  concept	
  to	
  the	
  INFN	
  Board	
  of	
  directors	
  

The	
  basic	
  idea	
  
§  Twin	
  super-­‐conduc3ng,	
  high	
  duty	
  cycle	
  RF	
  

linacs	
  (e.g.	
  1.5	
  GeV+1.5	
  GeV),	
  capable	
  of	
  
delivering	
  a	
  high	
  average	
  current	
  

§  High	
  energy	
  laser	
  



History	
  of	
  the	
  project	
  

14th-­‐15th	
  March,	
  2013	
  
First	
  two-­‐day	
  mee3ng	
  in	
  Frasca3:	
  
§  hMp://agenda.infn.it/conferenceTimeTable.py?

confId=6006	
  
§  Aimed	
  at	
  defining	
  the	
  requirements	
  for	
  the	
  electron	
  

beams	
  (intensity,	
  energy,	
  /me	
  structure)	
  
§  Working	
  groups	
  set-­‐up:

hMp://wiki.infn.it/struMure/lnf/da/lego/home	
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Commitment	
  for	
  wri3ng	
  a	
  White	
  Book:	
  	
  
§  Science	
  cases	
  
§  Project	
  basic	
  components	
  and	
  their	
  main	
  

parameters	
  
§  Needed	
  infrastructures	
  
§  A	
  first	
  cost	
  assessment	
  	
  
§  By	
  the	
  end	
  of	
  summer	
  2013	
  



WG4	
  tasks	
  

§  Interest	
  from	
  Research	
  (A.	
  Pietropaolo,	
  F.	
  Grazzi,	
  A.	
  Paciaroni,	
  S.	
  Magazù,	
  F.	
  
Migliardo,	
  M.T.	
  Caccamo,	
  ...)	
  

§  Target	
  shielding	
  and	
  Moderators	
  (	
  L.	
  Quin3eri,	
  P.	
  Valente,	
  S.	
  Bartalucci,	
  ...)	
  

§  Beamlines	
  and	
  Detectors	
  R&D	
  (	
  A.	
  Pietropaolo,	
  P.	
  Valente,	
  A.	
  Orecchini,	
  F.	
  
Migliardo,	
  R.	
  La	
  Torre,	
  P.	
  Zona,	
  ...)	
  

§  Charged	
  par/cles	
  photo-­‐produc/on	
  (R.	
  Faccini,	
  F.	
  Broggi,	
  G.	
  Cavoto,	
  E.	
  Ripiccini,...)	
  	
  

§  Interac/ons	
  with	
  industry	
  (R.	
  Faccini	
  ,	
  P.	
  Valente	
  ,	
  F.	
  Murtas,	
  S.	
  Bartalucci,	
  G.	
  
Organ3ni,	
  V.	
  Bocci,	
  S.	
  Magazù,	
  M.T.	
  Caccamo,	
  R.	
  La	
  Torre,	
  F.	
  Broggi,	
  ...)	
  



IRIDE	
  overview	
  





Massimo	
  Ferrario	
  





Neutron	
  produc/on	
  by	
  electron	
  beam	
  

1	
  GeV	
  

Electrons	
  on	
  a	
  high	
  Z	
  target:	
  
-­‐ 	
  Bremsstrahlung	
  emission	
  
-­‐ 	
  (γ,n)	
  reac3ons	
  +	
  evapora3on	
  
Yield	
  ~	
  0.7	
  n/primary	
  electron	
  at	
  Ee>1	
  GeV	
  
on	
  a	
  (W,Ta)	
  target	
  

Of	
  course	
  spalla3on	
  sources	
  can	
  profit	
  of	
  a	
  
much	
  larger	
  yield/primary	
  

	
  

§  A	
  Frasca/	
  project	
  since	
  many	
  years	
  (S.	
  Bartalucci)	
  
§  A	
  prototype	
  at	
  the	
  Beam	
  Test	
  Facility	
  (n@BTF),	
  using	
  the	
  60	
  W	
  DAFNE	
  linac	
  



hMp://nmi3.eu/neutron-­‐research/where.html	
  
	
  

ISIS	
  

LLB	
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JEEP-­‐II	
  

HZB	
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NPI	
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Why	
  another	
  neutron	
  source?	
  



A notable facility in Europe: GELINA (Geel, Belgium) 

•  140 – 70 MeV, S-band electron linac 
•  10 kW maximum beam power 
•  800 Hz max repetition rate 
•  U-Mo rotating target 
•  12 neutron lines (10 m to 400 m) 
•  3.4×1013 n/s at the target 
•  Two light water moderators 

A	
  good	
  example	
  of	
  electron-­‐
driven	
  neutron	
  source	
  



•  Neutron imaging (radiography and tomography) 
•  Neutron scattering (diffraction, small angle, reflectometry, 

quasi-elastic, inelastic,…) 
•  Neutron irradiation 
•  Accelerator-driven sub-critical reactor (ADS) 

Neutron	
  applica/ons	
  



•  A	
   neutron	
   source	
   in	
   the	
   IRIDE	
   complex	
   would	
   be	
  
interes3ng	
  for	
  different	
  communi3es	
  of	
  users	
  if	
  capable	
  
of	
  providing:	
  
– 	
  An	
  “intense”	
  neutron	
  flux	
  in	
  the	
  interes3ng	
  energy	
  region	
  
– 	
  User-­‐friendly	
  beam-­‐lines	
  

• 	
  Instruments,	
  access,	
  etc.	
  

•  Even	
  though	
  not	
  compe//ve	
  with	
  spalla3on	
  sources	
  and	
  reactors	
  in	
  
terms	
  of	
  absolute	
  flux,	
  a	
  photo-­‐produc3on	
   facility	
  with	
  a	
   significant	
  
neutron	
  yield	
  would	
  help	
  to:	
  
•  Increase	
  the	
  available	
  beam-­‐3me	
  and	
  enlarge	
  the	
  community	
  
•  Develop	
  new	
  technologies	
  and	
  detectors	
  
•  Provide	
   training	
   for	
   beam-­‐line	
   scien3sts,	
   accelerator	
   experts,	
   compu3ng,	
  

electronics,	
  detectors	
  

•  	
  Essen3ally	
  two	
  scenarios:	
  
•  Con/nuous	
  	
  
•  Pulsed	
  

A	
  neutron	
  source	
  in	
  IRIDE	
  



#	
  of	
  electrons/second:	
  Ne=Q*R/e=	
  10-­‐3C	
  s-­‐1/e=0.625×1016	
  	
  s-­‐1	
  
T	
  =	
  Q*R*Y/e=	
  1.25×1015	
  n/s	
  @target	
  for	
  Y=0.2	
  
T	
  =	
  Q*R*Y/e=	
  5.0×1015	
  n/s	
  @target	
  for	
  Y=0.8	
  
	
  

Techniques:	
  
•  Very	
  interes3ng	
  for	
  imaging	
  (tomography	
  and	
  radiography)	
  
•  Using	
  monochromators,	
  it	
  would	
  be	
  possible	
  to	
  perform	
  

measurements	
  with	
  diffrac3on,	
  SANS,	
  reflectrometry	
  

Cons	
  and	
  Pros:	
  
•  Of	
  course	
  no	
  3me-­‐of-­‐flight	
  technique	
  can	
  be	
  used	
  in	
  

con3nous	
  mode…	
  
•  …The	
  neutron	
  source	
  can	
  be	
  the	
  beam-­‐dump	
  of	
  other	
  IRIDE	
  

applica3ons/experiments/facili3es	
  

Charge	
  in	
  one	
  bunch:	
  Q	
  =	
  1	
  nC	
  
Bunch	
  rate:	
  R	
  =	
  1	
  MHz	
  
Average	
  current:	
  <I>	
  =	
  Q*R	
  =	
  10-­‐9*106=	
  1	
  mA	
  

-­‐  400	
  kW	
  beam	
  at	
  2	
  MHz	
  
repe33on	
  rate	
  

-­‐  Peak	
  current	
  200	
  A	
  
-­‐  EmiMance	
  1	
  mm×mrad	
  

a.	
  Con/nuous	
  source	
  



#	
  of	
  electrons/second:	
  Ne=Q*R*W*r/e=	
  2.03×1014	
  	
  s-­‐1	
  
T	
  =	
  #e*Y	
  =	
  1.625×1014	
  n/s	
  @target	
  for	
  Y=0.8	
  
	
  

Techniques:	
  
•  Diffrac3on	
  with	
  3me	
  of	
  flight,	
  20×	
  beMer	
  wrt	
  scenario	
  a.	
  
•  Similar	
  performance	
  for	
  SANS	
  and	
  reflectometry	
  
•  Energy	
  resolved	
  imaging	
  

Cons	
  and	
  Pros:	
  
•  Time	
  structure	
  is	
  important:	
  probably	
  difficult	
  to	
  run	
  in	
  

“parasi3c”	
  mode	
  with	
  other	
  experiments/facili3es	
  
•  Lower	
  yield	
  wrt	
  con3nous	
  mode…	
  
•  …but	
  3me-­‐of-­‐flight	
  can	
  be	
  used	
  

Charge	
  in	
  one	
  bunch:	
  Q	
  =	
  1	
  nC	
  
Bunch	
  rate:	
  R	
  =	
  1.3	
  GHz	
  
Burst	
  width:	
  W	
  =	
  500	
  ns	
  
Repe33on	
  (burst)	
  rate:	
  r	
  =	
  50	
  Hz	
  
Beam	
  loading:	
  20%	
  	
  
Average	
  current:	
  <I>	
  =	
  Q*R*W*r	
  =	
  32.5	
  µA	
  

-­‐  3	
  mA	
  pulse	
  current,	
  30	
  kW	
  beam	
  
-­‐  5	
  MHz	
  intrapulse	
  repe33on	
  rate	
  
-­‐  Charge	
  in	
  one	
  bunch:	
  Q	
  <	
  1	
  nC	
  

(typical	
  600	
  pC)	
  
-­‐  Peak	
  current	
  600	
  A	
  
-­‐  Burst	
  width	
  up	
  to	
  1	
  ms	
  
-­‐  Repe33on	
  rate	
  few	
  tens	
  of	
  Hz	
  
-­‐  EmiMance	
  1	
  mm×mrad	
  

b.	
  Pulsed	
  source	
  



A	
  closer	
  look	
  to	
  the	
  possible	
  
neutron	
  source	
  



§  3He detectors replacement 
§  Insensitivity/Discrimination of photons 
§  Shielding/noise from other particles 
§  Rate capability 
§  Energy measurement/threshold 
§  Position sensitive 
§  … 

Neutron	
  detectors	
  



More	
  than	
  neutrons	
  



IR
ID
E	
  
W
hi
te
	
  B
oo

k	
  

•  The material, information and 
discussions from these two days are 
precious elements for writing the 
neutron source chapter of the IRIDE 
White Book 

IRIDE	
  White	
  Book	
  



Interac/on	
  with	
  industries	
  



Today	
  
June	
  10th,	
  2013	
  



Tomorrow	
  
June	
  11th,	
  2013	
  

Enjoy	
  the	
  workshop,	
  	
  
and	
  thank	
  you	
  for	
  coming!	
  





PNR:	
  
hMp://www.miur.it/Documen3/ricerca/pnr_2011_2013/PNR_2011-­‐2013_23_MAR_2011_web.pdf	
  


