
 Proposal for a “Progetto bandiera INFN” 
Elementary Particles and Photon Physics Laboratory 

M. Ferrario  
on behalf of some INFN group (LNF, Tr, Fe, Rm1, Mi,….) 

LNF - 17 December 2012 

•  e- γ and γ γ Low Energy Colliders


•  Nuclear Photonics with Compton Back-scattering Source


•  Science with X-ray FEL Source


•  Advanced Neutron source by photo-production



•  Detector development for X-ray FEL  and γ γ Colliders


•  Physics with High Power/Intensity Laser


•  ILC technology implementation


•  Polarised Positron Source



•  Advanced Acceleration Concepts ( PWA)


•  R&D in accelerator technology and industrial spin – off


•  Incorporate DAΦNE-VE




 Elementary Particles and Photon Physics Laboratory 

Neutrons 

( ) FEL-Osc 

PWA 

Neutrons+PWA+FELosc   30 M€ - 2 y


Laser 

Compton  e-γγ (1030, 1027 )   70 M€ - 2 y


Compton 

Pol e+ 

3 GeV Linac                    100 M€ - 4 y


100m← →##
CRYO 

1.5 GeV 
e- 100m← →##

1.5 GeV 

e- 

 All Buildings                   100 M€


> 500 m


60m← →##
X-opt Users 

60m← →##
FEL 

60m← →##

HG FEL (1nm-3 Ang)           60 M€ - 2 y


 DAΦNE-VE                    100? M€ - 2 y


60m← →##e+ 

P r i o r i t i e s  a n d t i m e 
modulation to be discussed 
depending on the available 
budget




Modules M€ 
Injector 1 10 
Injector 2 10 
Linac 1 (1.5 GeV CW) 30 
Linac 2 (1.5 GeV CW) 30 
Cryo Plant and Modules Assembly 20 
 100 
  
FEL Undulators 20 
FEL Optics and experiment 40 
 60 
  
FEL Oscillator 10 
  
High Power Laser 15 
Compton Beam Lines 30 
Polarized e+ 5 
Detector e/γ  γ/ γ 20 
 70 
  
PWA beam line 5 
  
Neutron Beam Lines 15 
  
DAΦNE_VE 100? 
  
All Buildings 100 
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LCLS	
  is	
  expanding	
  our	
  scien2fic	
  knowledge	
  in	
  
biology,	
  chemistry	
  and	
  physics	
  at	
  an	
  increasing	
  
rate	
   Publica9ons	
  using	
  	
  

LCLS	
  coherent	
  
photons:	
  #/per	
  year	
  

703	
  proposals	
  (~15	
  scien9sts/proposal)	
  
Ø 	
  	
  31	
  countries	
  	
  
Ø 	
  	
  only	
  1	
  in	
  5	
  proposals	
  receives	
  beam	
  9me	
  

	
  

~	
  60%	
  of	
  papers	
  in	
  	
  
high	
  impact	
  journals,	
  
like	
  Nature,	
  Science,	
  
Physical	
  Review	
  
LeNers.	
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"X-­‐ray	
  and	
  op9cal	
  wave	
  mixing"	
  T.	
  E.	
  Glover	
  et	
  al.,	
  Nature	
  488	
  603-­‐608	
  (2012)	
  	
  
"Emerging	
  opportuni9es	
  in	
  structural	
  biology	
  with	
  X-­‐ray	
  free-­‐electron	
  lasers"	
  Ilme	
  
Schlich9ng,	
  Jianwei	
  Miao,	
  Current	
  Opinion	
  in	
  Structural	
  Biology	
  (2012)	
  	
  
Evolu9on	
  of	
  three-­‐dimensional	
  correla9ons	
  during	
  the	
  photoinduced	
  mel9ng	
  of	
  
an9ferromagne9c	
  order	
  in	
  La0.5Sr1.5MnO4"	
  R.	
  I.	
  Tobey	
  et	
  al.,	
  Phys.	
  Rev.	
  B	
  86	
  064425	
  
(2012)	
  	
  
Direct	
  Measurements	
  of	
  the	
  Ioniza9on	
  Poten9al	
  Depression	
  in	
  a	
  Dense	
  Plasma"	
  O.	
  
Ciricosta	
  et	
  al.,	
  Phys.	
  Rev.	
  LeB.	
  109	
  065002	
  (2012)	
  	
  
A	
  single-­‐shot	
  transmissive	
  spectrometer	
  for	
  hard	
  x-­‐ray	
  free	
  electron	
  lasers"	
  Diling	
  Zhu	
  et	
  
al.,	
  Appl.	
  Phys.	
  LeB.	
  101	
  034103	
  (2012)	
  	
  
Amorphous	
  to	
  crystalline	
  phase	
  transi9on	
  in	
  carbon	
  induced	
  by	
  intense	
  femtosecond	
  x-­‐
ray	
  free-­‐electron	
  laser	
  pulses"	
  J.	
  Gaudin	
  et	
  al.,	
  Phys.	
  Rev.	
  B	
  86	
  024103	
  (2012)	
  
"Exploring	
  the	
  wavefront	
  of	
  hard	
  X-­‐ray	
  free-­‐electron	
  laser	
  radia9on"	
  Simon	
  Ru9shaus	
  et	
  
al.	
  Nature	
  CommunicaDons	
  3	
  947	
  (2012)	
  	
  
"Noise-­‐robust	
  coherent	
  diffrac9ve	
  imaging	
  with	
  a	
  single	
  diffrac9on	
  paNern"	
  A.	
  V.	
  Mar9n	
  
et	
  al,	
  OpDcs	
  Express	
  20	
  15	
  (2012)	
  doi:	
  10.1364/OE.20.016650	
  
"An	
  an9-­‐seNling	
  sample	
  delivery	
  instrument	
  for	
  serial	
  femtosecond	
  crystallography"	
  
Lukas	
  Lomb	
  et	
  al.,	
  J.	
  Appl.	
  Cryst.	
  45	
  (2012)
Fractal	
  morphology,	
  imaging	
  and	
  mass	
  spectrometry	
  of	
  single	
  aerosol	
  par9cles	
  in	
  flight"	
  
N.	
  D.	
  Loh	
  et	
  al.,	
  Nature	
  486	
  513–517	
  (2012)	
  

LCLS based publications: January/September 2012 
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Femtosecond	
  Single-­‐Shot	
  Imaging	
  of	
  Nanoscale	
  Ferromagne9c	
  Order	
  in	
  Co/Pd	
  Mul9layers	
  
Using	
  Resonant	
  X-­‐Ray	
  Holography	
  "	
  Tianhan	
  Wang	
  et	
  al.,	
  Phys.	
  Rev.	
  LeB.	
  108	
  267403	
  
(2012)	
  	
  
"Transient	
  X-­‐Ray	
  Fragmenta9on:	
  Probing	
  a	
  Prototypical	
  Photoinduced	
  Ring	
  Opening"	
  
Vladimir	
  S.	
  Petrovic	
  et	
  al.,	
  Phys.	
  Rev.	
  LeB.	
  108	
  253006	
  (2012)	
  	
  
C.	
  Pellegrini	
  "The	
  history	
  of	
  X-­‐ray	
  free-­‐electron	
  lasers"	
  Eur.	
  Phys.	
  J.	
  H	
  37	
  (2012)	
  	
  
Nanoplasma	
  Dynamics	
  of	
  Single	
  Large	
  Xenon	
  Clusters	
  Irradiated	
  with	
  Superintense	
  X-­‐Ray	
  
Pulses	
  from	
  the	
  Linac	
  Coherent	
  Light	
  Source	
  Free-­‐Electron	
  Laser"	
  T.	
  Gorkhover	
  et	
  al.,	
  Phys.	
  
Rev.	
  LeB.	
  108	
  245005	
  (2012)	
  	
  
"Ultrafast	
  absorp9on	
  of	
  intense	
  x	
  rays	
  by	
  nitrogen	
  molecules	
  "	
  Chris9an	
  Buth	
  et	
  al.,	
  J.	
  
Chem.	
  Phys.	
  136	
  214310	
  (2012)	
  
"Room	
  temperature	
  femtosecond	
  X-­‐ray	
  diffrac9on	
  of	
  photosystem	
  II	
  microcrystals"	
  Jan	
  
Kern	
  et	
  al.,	
  Proceedings	
  of	
  the	
  NaDonal	
  Academy	
  of	
  Sciences	
  USA	
  109	
  (25)	
  9721	
  (2012)	
  	
  
Size-­‐Dependent	
  Ultrafast	
  Ioniza9on	
  Dynamics	
  of	
  Nanoscale	
  Samples	
  in	
  Intense	
  
Femtosecond	
  X-­‐Ray	
  Free-­‐Electron-­‐Laser	
  Pulses"	
  Sebas9an	
  Schorb	
  et	
  al.,	
  Phys.	
  Rev.	
  LeB.	
  
108	
  233401	
  (2012)	
  	
  
"High-­‐Resolu9on	
  Protein	
  Structure	
  Determina9on	
  by	
  Serial	
  Femtosecond	
  Crystallography"	
  
Sébas9en	
  Boutet	
  et	
  al,	
  Science	
  337	
  (6092)	
  362	
  (2012)	
  	
  
"Femtosecond	
  dark-­‐field	
  imaging	
  with	
  an	
  X-­‐ray	
  free	
  electron	
  laser"	
  A.V.	
  Mar9n	
  et	
  al.,	
  
OpDcs	
  Express	
  20	
  13501-­‐13512	
  (2012)	
  "	
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Phase	
  fluctua9ons	
  and	
  the	
  absence	
  of	
  topological	
  defects	
  in	
  a	
  photo-­‐excited	
  charge-­‐
ordered	
  nickelate"	
  W.S.	
  Lee	
  et	
  al.,	
  Nature	
  CommunicaDons	
  3	
  838	
  (2012)	
  "
	
  Two-­‐dimensional	
  s9mulated	
  resonance	
  Raman	
  spectroscopy	
  of	
  molecules	
  with	
  
broadband	
  x-­‐ray	
  pulses"	
  Jason	
  D.	
  Biggs	
  et	
  al.,	
  J.	
  Chem.	
  Phys.	
  136	
  174117	
  (2012"
Temporal	
  cross-­‐correla9on	
  of	
  x-­‐ray	
  free	
  electron	
  and	
  op9cal	
  lasers	
  using	
  soo	
  x-­‐ray	
  pulse	
  
induced	
  transient	
  reflec9vity"	
  O.	
  Krupin	
  et	
  al.,	
  OpDcs	
  Express	
  20	
  10,	
  11396-­‐11406	
  (2012)	
  
	
  Development	
  and	
  calibra9on	
  of	
  mirrors	
  and	
  gra9ngs	
  for	
  the	
  soo	
  x-­‐ray	
  materials	
  science	
  
beamline	
  at	
  the	
  Linac	
  Coherent	
  Light	
  Source	
  free-­‐electron	
  laser	
  "	
  Regina	
  Soufli	
  et	
  al.,	
  
Applied	
  OpDcs	
  50	
  12,	
  2118	
  (2012)	
  	
  
"High	
  wavevector	
  temporal	
  speckle	
  correla9ons	
  at	
  the	
  Linac	
  Coherent	
  Light	
  Source	
  "	
  S.	
  
Lee	
  et	
  al.,	
  OpDcs	
  Express	
  20	
  9,	
  9790-­‐9800	
  (2012)	
  	
  
Experimental	
  Verifica9on	
  of	
  the	
  Chemical	
  Sensi9vity	
  of	
  Two-­‐Site	
  Double	
  Core-­‐Hole	
  States	
  
Formed	
  by	
  an	
  X-­‐Ray	
  Free-­‐Electron	
  Laser"	
  P.	
  Salén	
  et	
  al,	
  Phys.	
  Rev.	
  LeB.	
  108	
  9,	
  15
”The	
  soo	
  x-­‐ray	
  instrument	
  for	
  materials	
  studies	
  at	
  the	
  linac	
  coherent	
  light	
  source	
  x-­‐ray	
  
free-­‐electron	
  laser	
  "	
  W.	
  F.	
  SchloNerh	
  et	
  al.,	
  Review	
  of	
  ScienDfic	
  Instruments	
  83	
  043107	
  
(2012)	
  	
  
Explosions	
  of	
  Xenon	
  Clusters	
  in	
  Ultraintense	
  Femtosecond	
  X-­‐Ray	
  Pulses	
  from	
  the	
  LCLS	
  
Free	
  Electron	
  Laser	
  "	
  H.	
  Thomas	
  et	
  al.,	
  Phys.	
  Rev.	
  LeB.	
  108	
  133401	
  (2012)	
  "
X-­‐ray–op9cal	
  cross-­‐correlator	
  for	
  gas-­‐phase	
  experiments	
  at	
  the	
  Linac	
  Coherent	
  Light	
  
Source	
  free-­‐electron	
  laser	
  "	
  S.	
  Schorb	
  et	
  al.,	
  Applied	
  Physics	
  LeBers	
  100	
  121107,	
  (2012)	
  "
X-­‐ray	
  pulse	
  preserving	
  single-­‐shot	
  op9cal	
  cross-­‐correla9on	
  method	
  for	
  improved	
  
experimental	
  temporal	
  resolu9on	
  "	
  M.	
  Beye	
  et	
  al.,	
  Applied	
  Physics	
  LeBers	
  100	
  121108	
  
(2012)	
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"Ultrafast	
  X-­‐ray	
  Experiments	
  Using	
  Terahertz	
  Excita9on	
  "	
  MaNhias	
  C.	
  Hoffmann	
  &	
  Joshua	
  
J.	
  Turner	
  Synchrotron	
  RadiaDon	
  News	
  Volume	
  25	
  Issue	
  2	
  (2012)	
  	
  
"Ultrafast	
  Photovoltaic	
  Response	
  in	
  Ferroelectric	
  Nanolayers"	
  D.	
  Daranciang	
  et	
  al.,	
  Phys.	
  
Rev.	
  LeB.	
  108	
  087601	
  (2012)	
  
	
  "X-­‐ray	
  and	
  op9cal	
  wave	
  mixing"	
  T.	
  E.	
  Glover	
  et	
  al.,	
  Nature	
  488	
  603-­‐608	
  (2012)	
  	
  
"Emerging	
  opportuni9es	
  in	
  structural	
  biology	
  with	
  X-­‐ray	
  free-­‐electron	
  lasers"	
  Ilme	
  
Schlich9ng,	
  Jianwei	
  Miao,	
  Current	
  Opinion	
  in	
  Structural	
  Biology	
  (2012)	
  "
Evolu9on	
  of	
  three-­‐dimensional	
  correla9ons	
  during	
  the	
  photoinduced	
  mel9ng	
  of	
  
an9ferromagne9c	
  order	
  in	
  La0.5Sr1.5MnO4"	
  R.	
  I.	
  Tobey	
  et	
  al.,	
  Phys.	
  Rev.	
  B	
  86	
  064425	
  
(2012)	
  	
  
"Direct	
  Measurements	
  of	
  the	
  Ioniza9on	
  Poten9al	
  Depression	
  in	
  a	
  Dense	
  Plasma"	
  O.	
  
Ciricosta	
  et	
  al.,	
  Phys.	
  Rev.	
  LeB.	
  109	
  065002	
  (2012)	
  	
  
"A	
  single-­‐shot	
  transmissive	
  spectrometer	
  for	
  hard	
  x-­‐ray	
  free	
  electron	
  lasers"	
  Diling	
  Zhu	
  et	
  
al.,	
  Appl.	
  Phys.	
  LeB.	
  101	
  034103	
  (2012)	
  "
Amorphous	
  to	
  crystalline	
  phase	
  transi9on	
  in	
  carbon	
  induced	
  by	
  intense	
  femtosecond	
  x-­‐
ray	
  free-­‐electron	
  laser	
  pulses"	
  J.	
  Gaudin	
  et	
  al.,	
  Phys.	
  Rev.	
  B	
  86	
  024103	
  (2012)	
  
"Exploring	
  the	
  wavefront	
  of	
  hard	
  X-­‐ray	
  free-­‐electron	
  laser	
  radia9on"	
  Simon	
  Ru9shaus	
  et	
  
al.	
  Nature	
  CommunicaDons	
  3	
  947	
  (2012)	
  	
  
"Noise-­‐robust	
  coherent	
  diffrac9ve	
  imaging	
  with	
  a	
  single	
  diffrac9on	
  paNern"	
  A.	
  V.	
  Mar9n	
  
et	
  al,	
  OpDcs	
  Express	
  20	
  15	
  (2012)	
  doi:	
  10.1364/OE.20.016650	
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"An	
  an9-­‐seNling	
  sample	
  delivery	
  instrument	
  for	
  serial	
  femtosecond	
  crystallography"	
  Lukas	
  
Lomb	
  et	
  al.,	
  J.	
  Appl.	
  Cryst.	
  45	
  (2012)	
  
"Fractal	
  morphology,	
  imaging	
  and	
  mass	
  spectrometry	
  of	
  single	
  aerosol	
  par9cles	
  in	
  flight"	
  
N.	
  D.	
  Loh	
  et	
  al.,	
  Nature	
  486	
  513–517	
  (2012)	
  	
  
Femtosecond	
  Single-­‐Shot	
  Imaging	
  of	
  Nanoscale	
  Ferromagne9c	
  Order	
  in	
  Co/Pd	
  Mul9layers	
  
Using	
  Resonant	
  X-­‐Ray	
  Holography	
  "	
  Tianhan	
  Wang	
  et	
  al.,	
  Phys.	
  Rev.	
  LeB.	
  108	
  267403	
  
(2012)	
  	
  
"Transient	
  X-­‐Ray	
  Fragmenta9on:	
  Probing	
  a	
  Prototypical	
  Photoinduced	
  Ring	
  Opening"	
  
Vladimir	
  S.	
  Petrovic	
  et	
  al.,	
  Phys.	
  Rev.	
  LeB.	
  108	
  253006	
  (2012)	
  	
  
C.	
  Pellegrini	
  "The	
  history	
  of	
  X-­‐ray	
  free-­‐electron	
  lasers"	
  Eur.	
  Phys.	
  J.	
  H	
  37	
  (2012)	
  
"
Nanoplasma	
  Dynamics	
  of	
  Single	
  Large	
  Xenon	
  Clusters	
  Irradiated	
  with	
  Superintense	
  X-­‐Ray	
  
Pulses	
  from	
  the	
  Linac	
  Coherent	
  Light	
  Source	
  Free-­‐Electron	
  Laser"	
  T.	
  Gorkhover	
  et	
  al.,	
  Phys.	
  
Rev.	
  LeB.	
  108	
  245005	
  (2012)	
  	
  
"Ultrafast	
  absorp9on	
  of	
  intense	
  x	
  rays	
  by	
  nitrogen	
  molecules	
  "	
  Chris9an	
  Buth	
  et	
  al.,	
  J.	
  
Chem.	
  Phys.	
  136	
  214310	
  (2012)	
  
"Room	
  temperature	
  femtosecond	
  X-­‐ray	
  diffrac9on	
  of	
  photosystem	
  II	
  microcrystals"	
  Jan	
  
Kern	
  et	
  al.,	
  Proceedings	
  of	
  the	
  NaDonal	
  Academy	
  of	
  Sciences	
  USA	
  109	
  (25)	
  9721	
  (2012)	
  
"
Size-­‐Dependent	
  Ultrafast	
  Ioniza9on	
  Dynamics	
  of	
  Nanoscale	
  Samples	
  in	
  Intense	
  
Femtosecond	
  X-­‐Ray	
  Free-­‐Electron-­‐Laser	
  Pulses"	
  Sebas9an	
  Schorb	
  et	
  al.,	
  Phys.	
  Rev.	
  LeB.	
  
108	
  233401	
  (2012)	
  	
  
"High-­‐Resolu9on	
  Protein	
  Structure	
  Determina9on	
  by	
  Serial	
  Femtosecond	
  Crystallography"	
  
Sébas9en	
  Boutet	
  et	
  al,	
  Science	
  337	
  (6092)	
  362	
  (2012)	
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"Femtosecond	
  dark-­‐field	
  imaging	
  with	
  an	
  X-­‐ray	
  free	
  electron	
  laser"	
  A.V.	
  Mar9n	
  et	
  al.,	
  
OpDcs	
  Express	
  20	
  13501-­‐13512	
  (2012)	
  "
Phase	
  fluctua9ons	
  and	
  the	
  absence	
  of	
  topological	
  defects	
  in	
  a	
  photo-­‐excited	
  charge-­‐
ordered	
  nickelate"	
  W.S.	
  Lee	
  et	
  al.,	
  Nature	
  CommunicaDons	
  3	
  838	
  (2012)	
  "
	
  Two-­‐dimensional	
  s9mulated	
  resonance	
  Raman	
  spectroscopy	
  of	
  molecules	
  with	
  
broadband	
  x-­‐ray	
  pulses"	
  Jason	
  D.	
  Biggs	
  et	
  al.,	
  J.	
  Chem.	
  Phys.	
  136	
  174117	
  (2012"
Temporal	
  cross-­‐correla9on	
  of	
  x-­‐ray	
  free	
  electron	
  and	
  op9cal	
  lasers	
  using	
  soo	
  x-­‐ray	
  pulse	
  
induced	
  transient	
  reflec9vity"	
  O.	
  Krupin	
  et	
  al.,	
  OpDcs	
  Express	
  20	
  10,	
  11396-­‐11406	
  (2012)	
  
	
  Development	
  and	
  calibra9on	
  of	
  mirrors	
  and	
  gra9ngs	
  for	
  the	
  soo	
  x-­‐ray	
  materials	
  science	
  
beamline	
  at	
  the	
  Linac	
  Coherent	
  Light	
  Source	
  free-­‐electron	
  laser	
  "	
  Regina	
  Soufli	
  et	
  al.,	
  
Applied	
  OpDcs	
  50	
  12,	
  2118	
  (2012)	
  	
  
"High	
  wavevector	
  temporal	
  speckle	
  correla9ons	
  at	
  the	
  Linac	
  Coherent	
  Light	
  Source	
  "	
  S.	
  
Lee	
  et	
  al.,	
  OpDcs	
  Express	
  20	
  9,	
  9790-­‐9800	
  (2012)	
  "
Experimental	
  Verifica9on	
  of	
  the	
  Chemical	
  Sensi9vity	
  of	
  Two-­‐Site	
  Double	
  Core-­‐Hole	
  States	
  
Formed	
  by	
  an	
  X-­‐Ray	
  Free-­‐Electron	
  Laser"	
  P.	
  Salén	
  et	
  al,	
  Phys.	
  Rev.	
  LeB.	
  108	
  9,	
  15	
  "
	
  The	
  soo	
  x-­‐ray	
  instrument	
  for	
  materials	
  studies	
  at	
  the	
  linac	
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Final	
  comments	
  
	
  
	
  

•  a	
  high-­‐energy	
  photon-­‐photon	
  collider	
  is	
  an	
  ideal	
  tool	
  to	
  search	
  for	
  new	
  
physics	
  by	
  exploi9ng	
  the	
  reac9on	
  
	
  
	
  
	
  

•  such	
  a	
  machine	
  is	
  highly	
  efficient	
  at	
  this	
  task,	
  because	
  it	
  requires	
  less	
  energy	
  
and	
  the	
  cross-­‐sec9ons	
  are	
  higher	
  than	
  those	
  in	
  electron	
  machines	
  
	
  

γ + γ → H → final state

vs.	
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•  a	
  high-­‐energy	
  machine	
  works	
  in	
  a	
  “discovery	
  mode”	
  	
  
	
  

•  by	
  contrast,	
  a	
  low-­‐energy	
  machine	
  verifies	
  the	
  fundamental	
  tenets	
  of	
  the	
  
theory,	
  and	
  helps	
  us	
  reexamine	
  the	
  founda9ons	
  of	
  QED	
  and	
  QFT	
  
	
  

•  in	
  my	
  opinion,	
  this	
  “founda9onal	
  mode”	
  is	
  quite	
  important,	
  and	
  is	
  an	
  
irreplaceable	
  companion	
  of	
  the	
  “discovery	
  mode”.	
  	
  

	
  
People	
   do	
   not	
   seem	
   to	
   realize	
   that	
   they	
   are	
   really	
   depar9ng	
   from	
   the	
   original	
   Heisenberg	
  
theory	
  ...	
  	
  
Indeed	
  there	
  is	
  some	
  jus9fica9on	
  for	
  that	
  because	
  rules	
  can	
  be	
  set	
  up	
  to	
  remove	
  the	
  infini9es.	
  
This	
  is	
  the	
  renormaliza9on	
  process.	
  
	
  
It	
   turns	
   out	
   that,	
   some.mes,	
   one	
  gets	
   very	
   good	
  agreement	
  with	
   experiments	
  working	
  with	
  
these	
  rules.	
  In	
  par.cular	
  if	
  one	
  has	
  charged	
  par.cles	
  interac.ng	
  with	
  the	
  electromagne.c	
  field,	
  
these	
  rules	
  of	
  renormaliza.on	
  give	
  surprisingly,	
  excessively	
  good	
  agreement	
  with	
  experiments.	
  	
  
	
  
Most	
  physicists	
   say	
   that	
   these	
  working	
   rules	
  are,	
   therefore,	
   correct.	
   I	
   feel	
   that	
   this	
   is	
   not	
  an	
  
adequate	
  reason.”	
  
	
  
P.A.M.	
  Dirac:	
  "The	
  inadequacies	
  of	
  quantum	
  field	
  theory",	
  1984	
  
	
  





Brainstorming on photon-photon scattering experiment 
 
Scaling Laws for Photon Fluxes, Bandwidths, Luminosity, etc, and a look at the 
interaction point (e-γ with primary and secondary electron beams) 
 

Can we get up to L= 1027 cm-2sec-1  ?? 
Nev = 1 µbarn*1027 = 1 ev/hour 

 
                   L. Serafini - INFN-Milan 

First we produce Gamma photons (0.5-1.5 MeV) with 2 Compton	


Sources (similar to ELI-NP), then we collide the 2 counter-prop.	


gamma photon beams, focused to µm spot size	





L[cm−2s−1]=
NγNγ

4πσ 0
2 fRFnb

Luminosity in collision	



Ne = 3⋅109 ; Nγ =1⋅109 (
Δνγ
νγ

=10% )

fRFnb =100x1 ⇒ L[cm−2s−1]=1.0 ⋅1027 σ 0 µm[ ]( )
2

€ 

to  get  up  to  L =1027  cm−2s−1  we  need  σ0 =1 µm
achieve  10  events /day

Cost (Meuro): 2 x ( laser 5 +  linac 15) = 40	





Energy available W in the center of mass 	



€ 

W [MeV ] = 2 Te ⋅ hνγ   ;  Te = (γ −1)mc 2

Luminosity in collision	



L[cm−2s−1]=
NeNγ

4πσ 0
2 fRFnb

hνγ = gamma photon energy [MeV]  ;  Te = colliding electron energy [MeV] 	


σ0 = electron bunch (and gamma photon beam) spot size at collision point	


Ne= # electron in bunch   ;   Nγ = # gamma photons in burst	


fRF = RF rep rate   ;   nb = # electron bunches per RF pulse	



1 GeV electron against 10 MeV gamma -> W=200 MeV	



ex. ELI − NP beams : Ne = 2 ⋅109 ; Nγ = 3⋅108 (
Δνγ
νγ

=10% )

fRFnb =100x100 ⇒ L[cm−2s−1]= 4.8 ⋅1028 σ 0 µm[ ]( )
2

to get up to L =1030 cm−2s−1 we need σ 0 = 0.22 µm



Possibili applicazioni di fasci 
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Possibili applicazioni dei fasci di 
neutroni 

 
•  Neutron Resonance Capture Analysis* (fascio incidente) 
•  Diffrazione* (fascio diffuso) 
•  Bragg edge transmission* (fascio incidente) 
 
•  Radiografia (fascio incidente) 
•  Tomografia (fascio incidente) 
•  Chip Irradiation (fascio incidente) 
 
•  R&D su rivelatori di neutroni (3He replacement etc) e 

strumentazione (training) 

* Tecnica del tempo di volo 



R&D e training 
•  Strumentazione e componenti: 

–  linee di fascio, guide di neutroni, rivelatori (3He 
replacement, neutroni veloci) 

 
•  Target station:  

–  targhetta di produzione, sistemi di moderatori/
riflettori/liner e shielding, tailoring dei fasci per avere 
spettri atmospheric-like  

 
•  Uso delle tecniche neutroniche descritte 

 



Possibili soggetti interessati 
•  Operatori museali e archeologi: 

–  NRCA, BET, Diffrazione, radiografia e tomografia 
•  Università ed Enti di Ricerca : 

–  training e R&D 
•  Industrie a livello nazionale e internazionale: 

–  Danneggiamento dei materiali 
–  Danneggiamento di componenti elettronici 
 

•  Medicale: 
–  Boron Neutron Capture Therapy 
–  Altro ? 




