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O Dre-Hystory and Fystory of ((BS and of associated sounces
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O Rinematics and Thomson crass section

O Design elements, definition of brighitness. . .

O wmention of won-lincar effects, Farmoncie et al.

O Some idea for wext developments. . .
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Radio-Frequency Undulators, Cyclotron Auto Resonance Maser
and Free Electron Lasers

Emanuele Di Palma **", Silvio Ceccuzzi ¥, Gian Luca Ravera t, Elio Sabia t'" and Ivan Spassovsky T
and Giuseppe Dattoli




Performance

Lab e+1i{si bn lines

A J

0 50 100 150 200

X-ray energy [keV]




Compton Secattering (CS) ¢ Tuverse (Back)
Compton Scattering (((BS)




Fonot Suggedtions
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(1965) 176
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Fnot Expeniment

HIGH-ENERGY PHOTONS FROM E;OMPTON SCA’I‘TERII\au
OF LIGHT ON 6.0 GEV ELECTRONS
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PATENT CLEARANCE OBTAINED. RELBASE TO
THE PUBLIC IS APPROVED. PROGEDURES
PRE ON EILE IN THE RECEIVING SECTI8N.
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O Enperimental nesults for the Ladon photon beam at Frascats (1951)

O L Fedenicc. G. Giordano, G. WMatone, G. Pasguaniclle, and P. Picozza
O INFN-Laboraronc Nasionali di Frascat

O R (Caloc, L. (Casans, M. P. De Pascale, M. Matticli, E. Polde, (.
Schaerf. M. Vanui. P. Pelfer. D. Prosperi, S. Frullani and B.
Ginolam:

O (lollaboration

o ISNFNT—Rome & Napoli University-Istituto Superiore di
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Fermi - Wecszacken Willcams A pprorvimation

O Dattoele & Renieri, Theonetical and Expernimental #opects of
Free Electron Laser, Nonth Folland (1955)

O Dattele & Nguyen Progress Tn Particle and Nuclear Phyosics
(2018)

O E. Di Palma. G. Dattoli, S. Sabehesiliy, Comments on the
Dhhysice of micromaves Undatatos, NDPT (2022)

O (Yuvense ZWW -4 and link with non sere mass photon ficlds)
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Thomson scattering crnods dection

O electric ficdd component of the ciucident wave
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Tnverde Thomson backocattening

O Transtion fnom Rest to lal frame: Beaming effect
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A Few Wese calealations to get the working
pocut of the deviced

O Tools: Thomson (rose Section and basic ancthmetic
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= electron classical radius,
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= Qe 5 = electron beam charge density,
271 0

2HU§ = e-beam transverse area,

Ip= £ 217.10A = Alfven current,




Lange Charge, Large Electnic feld, Large collision nate,
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Compact BCS X -ray source

Simplified schematic of the Lyncean (Compact Light Seance. Electron bunches are
cujected into the electron stonage ring. 4 mode-locked TR laser nesonantly drives an
optical cauity, Sthown hene schematically as a two-mimon cavity. Electrons and laser
palses collide in the cinteraction negion and genenate a collimated, guadi-

monoctnomatic X -ray beam.
RF Phatacaihode;gun Linear accelerator
Coupling mirror R / Electron storage ring

Monochromatic
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/ Interaction region

Mode-locked IR laser matched to ring cycle / \
frequency (~ 65 MHz) IR reflecting

X-ray transparent mirror




Schematic drawing of the Lyncean compact light source

illustrating the laser—electron pulse interaction. The storage
ring has ¢ fantnrint Af AnnravimaAatahs 1Tm hwy Om




(Colliscon Rate

O Onder of many MHZ (LCLS= Lyncean Compact
Light Source)

o E-Beam recirculation and laser Cavity
Stacking technology
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Spectral Grigtness

Aw

For the photons emitted per 0.1% bandwidth, we define

erg_l% —15-10°N,.

or a non diffracted beam the brightness is defined as

NI,D.l?”u 2

B[S_l/mm -mrad - mm - mrad/ 10_3bw] —

4% xEny




So jar we tave forngotten the e-beam gualitics (namely
the nelevant brightness)

O Ewergy Spread
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O Auerage on the beam distribution
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O Tutromogencons Broadening Parameters
‘HE — 4NIU£,
4Ny, 4N, 2
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Alessandro Variola 2015
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* Elec.~20-100MeV \_Y_} ) Elec. 16eV High energy applications

-Low energy applications *Elec.~100-500MeV + Compton polarimeter
*Medical: =LEP energy
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&radiotherapy *Nuclear fluorescence . Laser wire
-Museology applications . gg collider
‘Material science ‘Nuclear survey -Poglgr-iszd ositron
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Existing and planned faciliti
Photonics 2022, 9, 308.
https://doi.org/10.3390/photonics?050308
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Suggested Design Strategy

O A) Use simple Sealing Formulae
O B) Fa The working Poiut
O C) Use Massive Compatation to nefine the design details
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Ou-axis emisscon (larnger KU values Strong Feeld
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DPlans For Future work

o Exhotic configuration:

o BCS of two photon beams with different
wave-lengths

o Bi-Harmonic Laser field




Two Frequency Undulators
o F. Ciocciet al. Phys Rev. 47 A (1993)

B=B,(0,b(z2),0) ,




Twe lasen (VBS Scattering

o Gamma-ray vortices emitted from nonlinear
inverse Thomson scattering of a two-wavelength
laser beam

o Yoshitaka Taira and Masahiro Katoh

o Phys. Rev. A 98, 052130 (2019)
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Lyncean Technology

RF Gun
and Laser

Mirror — |

Electron Beam Injector
/ Storage ring

Interaction Region S
1 um mode-locked Laser / &

matched to ring cycle
frequency (~65 MHz)

Mirror




What have we done? )
A lot of froposals

0 929DE (2015)
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Fig. 3. Undulator chain at the [2 exit, the first component is an osdllator acting also as a micro-buncher driving the downstream SASE FEL




.-G dcattening
A, Tove, G. Dattoli, 7. Spassonsly, V. Swwventi.. J0SH#-B

(2013)

ebeam x eheam

Double FEL scheme ~y

backscatterad photons '

FEL photons
Fig. 2. “Double” FEL oscillator as a possible device for head-on y-photon collisions.

¥

10

-1 2 ] 3
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Fig. 1. Total cross section o,,, for unpolarized initial photons
versus CM energy Egyy — 2E,,. The scale for both axes is logarithmic.
We recall that 1 pb — 107% em?.
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negative
energy

states
(Dirac sea)

Production of electron-positron pairs
according to E=mc’ from laser photons possible,

if  ho =~ mc’ or eELAC =~ me’ (I~ 10 W/em?)




Head on Scattering

laser light (Argon line ~ = 5145 A) on

the ADONEhigh energy electrons (E

max= 1.5 GeV), to produce a

monoenergetic and polarized

photon beam suitable for nuclear
research.

1) a photon energy continously
adjustable between -- 5 MeV and
~, 78 MeV, for an electron energy
ranging from 0.37 GeV to 1.5 GeV

2) a photon intensity 10A4 -10A5
photons/sec,

3) an energy resolution between

~,1% and 10%

4) linear polarization

6) a time microstructure similar to

that of the electrons in the SR
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Tnteraction foint

laser photon

(]
N

electron trajectories "

- laser beam : . s
interaction point
i

off-axis parabola F/30

> scattered X-rays

electron beam
—

permanent magnet quadrupole iy
final focusing system

quadrupole doublet
for recollimation

dipole magnet deflecting
electron beam to beam dump




