
View on Future Accelerators/Concepts

• Going Big/Going Small:
Fundamental High Energy Physics/Applications oriented

• An example of Going Small with present technology to perform 
Fundamental QED Physics: the low energy gamma-gamma 
collider (MeV c.m.) – doing HEP with a photon machine

• An example of Going Big for Hybridization: combining diff. 
technologies/machines for new beam sources (muons, neutrinos, 
etc.) and collider scenarios. The hadron-photon collider, 
merging FEL’s with LHC (two genetically different animals 
with record performances in their own evolutionary chain)
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Feymann tree-level diagrams, all imply interaction e.m. field - el. charge
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Photon-photon scattering is a probe into 
the structure of the vacuum of QFT

The QFT vacuum holds the key to the 
understanding of renormalization in QFTs. 

Different vacua are possible, and the 
observation of photon-photon scattering would 
provide important clues on the actual structure 
of the QFT vacuum. 

Photon-photon scattering at low energy is very difficult to observe, the total cross-
section is extremely small. The total unpolarized scattering cross section predicted by 
QED is

Where

This evaluates to a very small number with low energy (≈ 1 eV) photons, however it 
increases as the sixth power of photon energy.
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The scattering of polarized photons yields additional information
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Gamma ray beam polarization is a must!
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Differential Cross Section is larger
at large scattering angles for lower
photon energies – easier detection
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Differential Cross Section is smaller at
large scattering angles for higher photon
energies – more difficult detection
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We evaluated the event production rate of several schemes for 
photon-photon scattering, based on ultra-intense lasers, 
brehmstralhung machines, Nuclear Photonics gamma-ray 
machines, etc, in all possible combinations: collision of 0.5 MeV 
photon beams is the only viable solution to achieve 1 nbarn-1 in 
a reasonable measurement time.

1)Colliding 2 ELI-NP 10 PW lasers under construction (ready in 
2018), hn=1.2 eV, f=1/60 Hz, we achieve (Ecm=3 eV): 
LSC=6.1045, cross section= 6.10-64, events/sec=10-19

2)Colliding 1 ELI-NP 10 PW laser with the 20 MeV gamma-ray 
beam of ELI-NP-GBS we achieve (Ecm=5.5 keV): LSC=6.1033, 
cross section=10-41, events/sec = 10-8
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3)Colliding a high power Brehmstralhung 50 keV X-ray 
beam (unpolarized, 100 kW on a mm spot size) with ELI-
NP-GBS 20 MeV gamma-ray beam (Ecm=2 MeV) we 
achieve: LSC=6.1022, cross section=1 µbarn, events/s = 
10-8

4)  Colliding 2 gamma-ray 0.5 MeV beams, carrying 
109 photons per pulse at 100 Hz rep rate, with focal 
spot size at the collision point of about 2 µm, we 
achieve: LSC=2.1026, cross section = 1 µbarn, 
events/s=2.10-4, events/day=18, 1 nanobarn-1

accumulated after 3.2 months of 5/24 machine 
running.

5)  Colliding 2 LCLS-2 10 keV 1013 photons at 1 MHz  we 
would achieve: LSC=8.1038, cross section=1 atto-barn, 
events/s = 8.10-4
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A Photon-Photon Scattering Machine based on
twin Photo-Injectors and Compton Sources

• Mono-chromatic High Brilliance micron-spot psec Gamma Ray 
beams are needed for pursuing Photon-Photon scattering 
experiments at high luminosity ⇒ scaling laws

• Similar to those generated by Compton (back-scattering) 
Sources for Nuclear Physics/Photonics

• (mini) Colliders similar to g-g colliders, but at low energy (in 
the 0.5-2 MeV range): issue with photon beam diffraction!

• Best option: twin system of X-band 200 MeV photo-injectors 
with Compton converters and amplified J-class ps lasers (ELI-
NP-GBS/STAR) – single bunch no laser re-circulation
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A MeV-class Photon-Photon Scattering Machine based on
twin Photo-Injectors and Compton Sources

• g-ray beams similar to those generated by Compton Sources for 
Nuclear Physics/Photonics

• issue with photon beam diffraction at low energy!
• Best option: twin system of high gradient X-band 200 MeV

photo-injectors with J-class ps lasers (ELI-NP-GBS)
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Future Res. Infrastr., Challenges and Opportunities, Varenna, July 9th 2015

Luminosities of Colliders involving Photon Beams
at various c.m. energy

• Compton Sources:  L=1035 cm-2s-1 at 1-100 keV c.m. energy 
(ELI-NP-GBS like)

• g-g colliders for photon-photon scattering experiment and 
Breit-Wheeler:  L=1026 cm-2s-1 at 0.5-2 MeV c.m. energy

• Photon–photon collider with 2x10 PW ELI Laser (most 
powerful of this decade): L=1045 cm-2s-1 at 3 eV c.m. energy

• LHC proton (7 TeV) – XFEL photon (20 keV) collider : 
ultimate Luminosity (1012 p 100ns, TW-FEL* as for LCLS-II 
SC-CW) L=1038 cm-2s-1 at 1.2 GeV c.m. energy

*C.Pellegrini et al.,
PRSTAB 15, 050704 (2012)

production of 
low emittance 
p/µ/n/ beams…
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Let’s try to use LHC proton beam as a
Relativistic Pion Photo-cathode (and see what happens...)
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Thanks to large Lorentz boost and small LHC beam emitance
very highly collimated beams of TeV-class neutrons, neutrinos, photons
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direct muon-pair production
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e+/e- pair production doesn’t
burn the proton beam thanks to

very small proton recoil
(within LHC energy spread)
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We need a 10-20% acceptance storage 
ring (issue shared with P.Raimondi’s 

scheme of e+/e- -> mu+/mu-)
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We might need to look for a syncretism between our two 
religions... (photon science / energy frontier)
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Polarized TeV photons with LHC
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SPARC-LAB Upgrade, INFN-LNF, Nov. 12th 2015



SPARC-LAB Upgrade, INFN-LNF, Nov. 12th 2015

Strawman Design of Photon-Photon Scattering machine based 
on X-Band SLAC RF Photo-Injector +  SLAC new X-band 
(Tantawi-Dolgashev) RF cavities + J-class Yb:Yag 100 Hz 
collision laser (Amplitude/ELI-NP-GBS&EuroGammaS)

1) Electron beam operation in single bunch – focusability to 3 
micron spot size at Compton Interaction Point

2) Pointing stability at 2 Compton Sources
3) Control Moeller scattering of counter-propagating electrons



SPARC-LAB Upgrade, INFN-LNF, Nov. 12th 2015 Courtesy Oliver Pike
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SPARC-LAB Upgrade, INFN-LNF, Nov. 12th 2015

@ FACET



K. Homma and K. Nakajima
https://www.izest.polytechnique.edu/izest-home/izest-events/09-2014-izest-eli-np-
conf-extreme-light-s-new-horizons-paris-france/slides/slides-317952.kjsp?RF=1412352802227SPARC-LAB Upgrade, INFN-LNF, Nov. 12th 2015



• At present Nuclear Photonics and Photo-Nuclear Physics are 
done with Compton Sources, producing gamma ray beams by 
Compton back-scattering of Laser Beams by high brightness 
GeV-class electron beams (incoherent sources)

• 2 Main Figures of Merit: Spectral Density and Bandwidth, 
within the typical Photon Energy Range of interest (1-20 MeV)

• Spectral Density = #Photons/s.eV (bremsstrahlung SD=1,   
ELI-NP-GBS SD=5.103, ERL based new designs aim at SD=105)

• Bandwidth = Dn/n (bremsstrahlung=30%, ELI-NP-GBS=5.10-3, 
ERL based new designs aim at 1.10-3) FELs operate routinely at 
5.10-4 !!  Can they get down to 5.10-5 ? Is it crucial? Yes, the 
magic number – the nuclear physicist’ dream is Dn = 100 eV 
(single nuclear state excitation, below pure Ge detector en. res.)
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Formulas for photon scattering Luminosity
extensively tested vs. ELI-NP-GBS simulations
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   and  ideal  time − space  overlap

implies :   σt <  a  few  psec  σz−el <  300  µm
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Formula for Lsc is valid if distance between 2
Compton conversion IP’s is smaller than b*

Example g=300 sS=3 µm b*=1 mm
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