
I R I D E  
Interdisciplinary Research Infrastructure with Dual Electron 

linacs&lasers 
Massimo.Ferrario@lnf.infn.it  

on behalf of the IRIDE design study group 



 IRIDE aims and potentials 
  
•  Science with Free Electron Lasers (FEL) from infrared to X-rays,  
•  Nuclear photonics with Compton back-scattering g-rays sources,  
•  Science with THz radiation sources,  
•  Advanced Neutron sources by photo-production,  
•  Fundamental physics investigations with low energy linear colliders  
•  Physics with high power/intensity lasers,  

•  R&D on advanced accelerator concepts including plasma 
accelerators and polarized positron sources 

•  ILC technology implementation 
•  Detector development for X-ray FEL  and Linear Colliders 
•  R&D in accelerator technology and industrial spin – off 
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Is'tuzione	   #	  persone	   #	  sezioni	  

INFN	   104	   15	  

CNR	   20	   6	  

ENEA	   28	   2	  

Altri	  (Italiani)	   40	   20	  

Altri	  (Stranieri)	   43	   19	  

Effective collaboration among Italian and Euopean research institutes !!	  

IRIDE White Book delivered on July 17, 2013 available at: 
 
 arXiv:1307.7967 [physics.ins-det]. 



2K-CRYO 2K-CRYO 

GeV GeV GeV 

I R I D E is a large infrastructure for fundamental and applied physics research. 
Conceived as an innovative and evolutionary tool for multi-disciplinary investigations 
in a wide field of scientific, technological and industrial applications, it will be a high 
intensity “particle beams factory”.  

Based on a combination of a high duty cycle radio-frequency superconducting electron 
linac (SC RF LINAC) and of high energy lasers it will be able to produce a high flux of 
electrons, photons (from infrared to γ-rays), neutrons, protons and eventually positrons, 
that will be available for a wide national and international scientific community 
interested to take profit of the most advanced particle and radiation sources.  
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INFN is in a leading position in the SC RF technology, with knowledge and strong 
capabilities in the design, engineering and industrial realization of all the main 
component of a superconducting radiofrequency accelerator.  

INFN strongly participated to TESLA since the early design stages through the final 
engineering and shares the know-how and has the recognized intellectual property of several 
main components one of which is the cryo-module concept and its evolution.  
	  



The main feature of a SC linac relevant for IRIDE is the possibility to operate the 
machine in continuous (CW) or quasi-continuous wave (qCW) mode with high 
average beam power (>1 MW) and high average current (>300 µA).  

The CW or qCW choice, combined with a proper bunch distribution scheme, offers the most 
versatile solution to provide bunches to a number of different experiments, as could be 
envisaged in a multi-purpose facility.	  



IRIDE	  linac parameters flexibility  



IRIDE Free Electron Lasers 

The IRIDE project will provide a new concept of FEL facility by merging the two technologies 
of FEL oscillators and fourth generation radiation sources by developing a facility providing 
radiation from IR to EUV to the nm region down to Å level using a mechanism of emission 
already successfully tested at SPARC. 
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1.5 Gev electron beam energy 
 
 Fundamental 3° harmonic 5° harmonic 
λ(nm/KeV) 4/0.413 1.33/1.23 0.8/2.07 
peak flux (n/s/- 0.1%BW) 2.7*1026 2.5*1024 1.9*1023 
Peak brilliance  1.56*1030 1.4*1028 1.1*1027 
photon/bunch 5.94*1013 5.5*1011 4.18*1010 
 
3.0 Gev electron beam energy 
 
 Fundamental 3° harmonic 5° harmonic 
λ(nm/KeV) 1/1.24 0.3/3.72 0.2/6.2 
peak flux (n/s/- 0.1%BW) 4.6*1025 4.1*1023 3.4*1022 
Peak brilliance 6.4*1031 5.7*1029 4.7*1028 
photon/bunch 1.01*1013 9.02*1010 7.48*109 
 
4.0 Gev electron beam energy 
 
 Fundamental 3° harmonic 5° harmonic 
λ(nm/KeV) 0.563/2.2 0.188/6.5 0.113/10.9 
peak flux (n/s/- 0.1%BW) 1.2*1025 5.9*1022 2.8*1021 
Peak Brilliance  1.92*1031 1.8*1029 1.2*1028 
photon/bunch 2.1*1012 1.06*1010 5.0*108 

 
At the same time the FEL@IRIDE will provide radiation with the following and 
unprecedented characteristics  

 
• Self-seeding: narrow bandwidth, wavelength stability, higher brightness and 

energy tunability 
• Polarization control: tunable linear and circular polarization 
• Two color pulses: simultaneous delivery of independent wavelength pulses 
• Delayed pulses: independent delay of two pulses up to a few ps 

 
An X-ray source with these specifications will allow the investigation of photon-matter 

interaction in a new regime, and will become an high competitive facility in the 
worldwide growing FEL framework.  

This Scientific Case reports experimental proposals ranging from time dependent 
spectroscopies in condensed matter to imaging for biological applications. It has been 
organized in three paragraphs: atomic and molecular process, biological applications, 



Protein imaging
Using extremely short and intense X-ray pulses 
to capture images of objects such as proteins 
before the X-rays destroy the sample.

Single-molecule diffractive imaging with an X-
ray free-electron laser.

Individual biological molecules will be made to 
fall through the X-ray beam, one at a time, and 
their structural information recorded in the 
form of a diffraction pattern.

The pulse will ultimately destroy each 
molecule, but not before the pulse has 
diffracted from the undamaged structure.

The patterns are combined to form an atomic-
resolution image of the molecule.

The speed record of 25 femtoseconds for flash 
imaging was achieved.
Models indicate that atomic-resolution imaging can be 
achieved with pulses shorter than 20 femtoseconds. 

Lawrence Livermore National Laboratory (LLNL)



Neutron Source 
This source may be suitable for multiple applications, ranging from material analysis for 
industrial and cultural heritages purposes to chip irradiation and metrology. These 
applications envisage the development of properly designed beam lines with neutron 
moderation and possibly cold/thermal neutron transport systems. The proposed new facility 
will represent a great opportunity for research and development of neutron instrumentation 
(e.g. detectors) as well as training of young scientist in the use and development of neutron 
techniques.  
 







The	  special	  feature	  of	  Neutrograph	  
is	   it's	   intensity	   together	   with	   a	  
moderate	  collima'on.	  	  
	  
These	   proper'es	   al low	   the	  
inves'ga'on	  of	  dynamic	  processes	  
with	   an	   excellent	   'me	   resolu'on	  
and	   the	   transmiBance	   through	  
strongly	   absorbing	   and	   bulky	  
materials.	  	  
	  
A	  totally	  new	  spectrum	  of	  scien'fic	  
and	  engineering	  applica'ons	  could	  
be	  developed.	  	  
	  
Among	   the	   experiments	   are	  
inves'ga'ons	   of	   heat	   exchangers	  
and	   combus'on	   engines,	   parts	  
from	  aircraGs,	  fossils	  and	  historical	  
heritage.	  
	  
Ins'tut	  Laue-‐Langevin	  (ILL)	  in	  
Grenoble	  







Advanced γ-ray Compton Source  

The	  state	  of	  the	  art	  in	  producing	  high	  brilliance/spectral	  density	  mono-‐chroma<c	  γ-‐ray	  beams	  
will	   be	   soon	   enhanced,	   stepping	   up	   from	   the	   present	   performances	   (γ-‐ray	   beams	   with	  
bandwidth	  nearly	  3%	  and	  spectral	  density	  of	  about	  100	  photons/s.eV)	  up	  to	  what	  is	  considered	  
the	  threshold	  for	  Nuclear	  Photonics,	  i.e.	  a	  bandwidth	  of	  the	  γ-‐ray	  beam	  lower	  than	  0.3%	  and	  a	  
spectral	  density	  larger	  than	  104	  photons/s.eV.	  	  

•  colliding laser pulses to drive the back-scattering Compton  
 (Yb:YAG, 100 W, 1 J, 0.1% bw) 



Advanced γ-ray Compton Source  

•  studies of the nucleus structure at the Pigmy and Giant Dipole Resonance with unprecedented 
resolution in reconstructing the nuclear states: this is crucial also to understand some 
unknown processes in the stellar nucleo-sinthesys 

•  studies of two level barionc states in the high energy resonance of the nuclei, above 20 MeV 
and up to 60 MeV, crucial to reconstruct the equation of state of the nuclear matter 

•  detection and imaging of fissile and strategic material with isotopic reconstruction of the 
components with large impact on the national security scenario 

•  remote sensing and diagnosys of nuclear wastes in containers, with reconstruciotn of the 
isoptope and nuclear composition of the waste material, with large impact on the atomic 
energy scenario 

•  medical imaging and therapy 



Electrons on Target 
The	   electron-‐on-‐target	   physics	   program	   makes	   IRIDE	   a	   discovery	   and	   also	   a	   precision	  
physics	  machine.	  Among	  the	  searched	  candidates	  there	  are	  the	  hypothe<cal	  par<cles,	  like	  
the	   very-‐weakly	   interac<ng	   massive	   U(1)	   gauge	   boson	   (U-‐boson)	   as	   a	   DM	   par<cle	  
candidate	  and	  the	  non-‐hypothe<cal,	  well	  inves<gated	  theore<cally,	  but	  yet	  undiscovered,	  
“true	  muonium”	  states	  (TM),	  which	  are	  the	  bound	  states	  of	  muon	  and	  an<-‐muon	  with	  the	  
life<me	  of	  an	  order	  of	  a	  picosecond.	  	  
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U<lizing	  the	  polarized	  electron	  beam	  dumped	  onto	  the	  proton	  target,	  one	  can	   	  measure	  
the	  le|-‐right	  parity	  viola<ng	  asymmetry	  of	  electron-‐proton	  scaEering	  at	  the	  per	  cent	  level,	  
and	  thereby	  extract	  precisely	  the	  electroweak	  mixing	  angle.	  	  



e- - target 
ü 	  parity	  viola<ng	  asymmetry	  meas.	   e↑↓	  Z	  → e Z	  

• 	  Q2-‐evolu<on	  of	  electroweak	  mixing	  angle	  θW	  	  	


ü 	  polarized	  beam	  (P	  ∼ 90%; ΔP ∼ 1%)	  	  
ü 	  average	  current	  >	  200	  µA	  

Requests: 
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ü 	  dark	  forces	  searches	  	   e	  Z	  → e Z l+l-	  



γ-e Linear Collider 

The precise measurement of the π0	  width through the process e	  γ	  → π0	  e	  (Primakoff effect), 
and the search for light dark bosons in the energy region of few to hundreds MeV. These 
measurements, which provide important tests of the Standard Model, are not possible at 
present electron-photon colliders due to the low photon intensities of the machines.  

πo width measurement: the axial anomaly of Adler, Bell and Jackiw  (non-conservation of 
the axial vector current) is responsible for the decay of the neutral pion into two photons.  It 
bridges in QCD the strong dynamics of infrared physics at low energies (pions) with the 
perturbative description in terms of quarks and gluons at high energies.  The anomaly 
allows to gain insights into the strong interaction dynamics of QCD and has received great 
attention from theorists over many years.  



•  High intensity electron-gamma interactions at low energy can be a 
valuable tool for precise tests of the SM and discovering physics 
BSM.  

•  At e-γ collider, with Ee=500-800 MeV and Eγ=10-20 MeV, the c.m. 
energy available is 140-250 MeV. This is just above the π0 mass and 
therefore the Γ(π0→γγ) can be precisely measured: 

 

•  In addition possible searches for hypothetical light bosons (u bosons) 
can be done (for Mu<250 MeV): 

 

 
•  There are additional motivations (double and triple Compton, µµ 

production near threshold, etc…)  

Physics case 

γ + e- → π0 +  e-  	


γ + e- → u +  e-  	
 u 



-This process is very important to 
determine the linear polarization of the 
photon (at Eγ>500 MeV). I t has 
astrophysical implications (Gamma-rays 
Polarization) 
  
 
 
 
- Existing measurements differ from theor 

Precision test of QED prediction: Triplet 
photoproduction e-γàe-γ*àe-e+e-  

Azimutal angle of e- 

dσ
dϕ

=
σ 0

2π
1+Pγλ cos(2ϕ )( )

I.Endo et al. NIM A280 (1989) 144 

λ=analyzing power 



Test of QM at IRIDE? 

Phys.Rev.Lett. 108 (2012) 233201 



e+ e- Linear Collider 
 
 
 
An electron-positron collider with luminosity of 1032 cm−2s−1 with center of mass energy ranging 
from the mass of the φ-resonance 1 GeV up to ∼3.0 GeV, would complement high-energy 
experiment at the LHC and future linear collider (ILC). Such a machine can easily collect an 
integrated luminosity of about 5 fb−1 in a few years of data taking. 
 
 
 
 
 
 
 
 
This will allow one to measure the e+e- cross section to hadrons with a total fractional accuracy of 
1%, a level of knowledge that has relevant implications for the determination of SM observables, 
like, the g-2 of the muon and the effective fine-structure constant at the MZ scale. The latter are, 
through quantum effects, sensitive to possible bSM physics at  scales of the order of hundred GeV 
or TeV.  
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A primary effect of the electron-positron interaction is an enhancement of the luminosity due 
to the pinch effect, i. e. the reduction of the cross section of both beams occurring at the IP 
due to self focusing forces that is included in the luminosity definition through the factor HD.  
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Under the previous condition 
the positron beam spot size 
remains constant during the 
interaction due to the balance 
between its own defocusing 
emittance pressure and the 
counter-propagating electron 
beam focusing effect. 
 







e+e- collider 
Physics	  opportuni<es	  with	  an	  e+e-‐	  collider	  with	  c.o.m.	  
energy	  tunable	  within	  [∼	  0.5,	  ∼	  3.0]	  GeV	  	  

ü  exo<cs	  

•  had.	  ≡	  π0,	  η,	  η’	  →	  light-‐by-‐light	  contribu<on	  to	  aµhad	  	  
•  meson	  spectroscopy	  

• 	  hadronic	  contribu<on	  to	  muon	  a.m.m.	  aµ	

• 	  hadronic	  contribu<on	  to	  αem 

ü  two-‐photon	  physics	
 e+e-‐	  → e+e- γ*γ*→ e+e- + had.	  

ü  hadronic	  cross-‐sec<on	  meas.	
 e+e-‐	  → γ* → had.	  

•  possible	  existence	  of	  low-‐energy	  (0.1	  ÷	  1	  GeV)	  	  	  	  new	  
gauge	  interac<ons	  (dark	  forces)	  

e+e- → γ U → γ l+l-,  
                    → γ Emiss. 



e+e- collider 

see	  also	  Eur.	  Phys.	  J.	  C	  50	  (2007)	  729	  



e+e- - collider 
Requests: 

ü 	  	  luminosity	  
(in	  steps	  of	  ∼	  25	  MeV)	  ü 	  	  energy	  

ü 	  	  tagging	  systems	  for	  γγ-‐physics	  

simula<on	  (G4)	  in	  progress	  (collabora<on	  w/	  Rm2)	  

Positron	  source	  → Bethe-‐Heitler:	   γ	  Z	  → e+e- Z	  

case	  under	  study:	  Eγ	  =	  60	  MeV	  on	  Pb	  (0.4	  X0)	  	  



For the peak brightness the main advantage of driving the conversion directly with a 
photon beam relies on the possibility of using thinner targets. The emittance of the 
positron beam emerging from the target is determined by the source size and the beam 
divergence.  



e-e- - collider 
Physics	  case:	  	  

ü  γγ	  physics	  (as	  in	  e+e-‐	  case)	  

NB – NO bckg associated to the annihilation channel 

e−

e− e−

e− e−

e− e−

e−



ü  vacuum	  polariza<on	  →	  possibility	  to	  obtain	  aµ
had	  from	  t-‐

channel	  diagram	  in	  Moller	  scaEering	  	  	  

Z

�
fhad	  

(M.	  Passera,	  L.	  32,	  G.	  Venanzoni	  	  
in	  progress)	  

e-e- - collider 

need	  to	  measure	  momentum	  and	  angle	  of	  final	  e-‐	  

with	  



γ-γ Linear Collider 

The vacuum of QED poses some still unsolved challenges which are central not only in the 
context of field theory, but also of super-symmetry and string theory as well. The elastic 
photon-photon scattering offers unique opportunities to probe the nature of QED vacuum.  

We propose an experiment to observe photon-photon scattering in the range 1 MeV – 2 
MeV CM energy, i.e., near the peak of the QED cross-section. In addition a low-energy 
photon-photon collider investigation could lead to the necessary technology developments 
and prepare the ground for a higher energy complex, while still providing a rich testing 
ground for QED, and, more generally, QFT. 



γ-γ Linear Collider 

The most striking failing of QFT is the huge mismatch between the measured energy density of 
vacuum and the energy density of the ground level of the fundamental fields which is wrong by 
something like 120 orders of magnitude.  

a photon-photon scattering experiment with photon energies in the 0.5-0.8 MeV range – 
where the cross-section is reasonably large, would be an important test of our understanding 
of the QED vacuum.  
This experiment needs a low-energy photon-photon collider, and a photon detection apparatus 
which is very similar to that current PET scanners 



To be continued ….? 

Effective collaboration among Italian and Euopean research institutes !! 


