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Common places !!!

* Free Electron Lasers (FELSs) are certainly among the most
interesting devices, belonging to the realm of coherent
radiation sources. These lasers are now widely used all over
the world and are the highest performing in terms of brilliance,
monochromaticity, coherence, directionality and polarization
control.

* Despite their undoubted success and reliability as experimental
devices, their wider use is still hampered by their size and
cost, which require large laboratories and significant financial
efforts.

o |t would be therefore desirable to develop more
compact and economical FELs with, e.g., higher
repetition rates and larger average brightness.



4-th Generation SR Sources
the right choice?

e Size
e Cost

FEL size and cost

i

EUV 13.5 nm| 0.5-1 GeV 30-50
X 0.15nm| 15GeV | 500- 1000
1000




The point is what do we need?

compact accelerators and shorter undulator
sections:

high gradient accelerating devices, capable of
providing high-quality electron beams and non-
standard undulator lines

“Alternative” undulator lines (\Wave Undulators...)

Combined architectures: non-linear harmonic
generation, seeding, hybrid devices, coupled
oscillators amplifier systems...



Undulator options and...

» X-ray operation

« E. DiPalma et al. Radio-Frequency Undulators,
Cyclotron Auto Resonance Maser and Free
Electron Lasers MDPI, (2021)
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Are there any Reliable Alternatives?

 A. Curcio, G. Dattoli and D. Giulietti

 Oscillator-Amplifier Free Electron Lasers an
Outlook to Their Feasibility and Performances

(. Dattoli, E. Di Palma, S. Sabchevski
and I. Spassovsky

» RF-Based Undulators and High-Gradient
Accelerator Fed by High-Frequency
Electromagnetic Devices



Microwave undulators

« M. Seidel, Parameter Evaluation for Microwave Undulator Schemes; report
number DESY-TESLA-FEL-2001-08; DESY: Hamburg, Germany, 2001

 C. Pellegrini, X-band microwave undulators for short wavelength free-
electron lasers. AlP Conf. Proc. 2006, 807, 30-45.

« A.DiPalma et al. Comments on the Physics of Microwave-Undulators,
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Pro’s/Con’s

e Tunability (field strength controlled very fast)

e Pipe Apertures not Critical

e No Radiation Damage

e Simplicity

e Short Wavelength Possible (14 mm period)
GOOD!!!! BUT

Field Strength: The best performance 0.35T

Stability: As a dynamical and pulsed device an RF system is less
stable than a static magnet ZoP

Ey = ,
0 ab

Zo = 1207t Q) = vacuum — impedance.

Large inhomogeneous broadening induced by the waveguide
machining...



Pellegrinj (2006)-Di Palma et al. (2022)

S .
Beam Current [A] 1500
Beam Energy [MeV] 1300
Normalized Beam emittance [mm-mrad] 1
Twiss Parameter B [m] 5
Microwave Power [MW] 200
Equivalent undulator Period length A, [cm] 0.77-1.8
Undulator parameter Strength K, = 0.15-0.35

FEL operating wavelength A = 2-5nm




More advanced conceptions

« A. Curcio «Recirculated wave undulators for
Compact undulators»
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Power Density [a.u.|

Non Linear Harmonic generation
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Bi-Harmonic Undulators (BCU)

B, = [3Bysin(3k,z), Bysin(k,z),0],
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Harmonically coupled beams (HCB)
(Mc-Neal, Robb and Poole (2004))

o HBC scheme faﬁa@w& 2eb ipec ted in a //}(ea/%y /aa/czﬁ/kac/ wdulator
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FEL OPERATING WITH HCB and BHU
« Sabia et al. 2021.
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A Touch on Segmented undulators




Nanshun Huang et al. The Innovation (2021)

Features and futures of X-ray free-electron
lasers
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Ottaioni et of, (7999)

Desipn Considerations for )(-mf FlLs
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FIG. 1. Layout of the x-FEL device:
L =cavity length: U_,=undulator (a=1.2{
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FIG. 4. Evolution vs the cavity round-trip numbers of (1) intracavity oscil-
lator power at 155 nm: (2) second undulator out put power at A, =31 nm:
(3) third undulator output power at A\3=6.2nm. The total losses of the
oscillator have been fixed around 6%.



Arapced Sohome % ﬁmfﬂé //; /;/;/é Cberent /22 falbes af on
s

* § Pueashaky S, Acherwann, B, Faate, G Golor 7. Lung, [, Punek,
L. Sehaper and U, Lemell

o ...lechnijues lo resolve ebectronis slrustare, require full coberence and
tiph statistios, which can oty be fullifled with fully cokerent radiation at
high repetition rate...

o . Curentt , @@mﬁow(c/ao ling acoelorators are a@aa//e af /wawé//}gz thousands
af bunches per second at Nt repelition rate, .,

o [he solutin;

o Sedip at «é/}é repelition rate»



Going beyond the ordinary seeding...

ln aﬁc//)(a/y &eecé}(oq/ an external seed laser 1s used to modulate Che energy 0f
the eloctlron beam as a resull af Lherr miteraction a/wg/ an wndulator

(modubator] .

modulator chicane amplifier
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® A ewternal seed laser intiates the modulation of the fist eloctron bunch
and the bunch amplifies The seed putse to compensate for the power losses ix
the cavty, [ he opticad cavlly feeds back the seed pubse which rs ased to
nodubate the fa//wu/)gz bunctes.



/%/y/}g/ a%‘zmn‘ advanced sehemes. ., seeding, //f// 4
Leko,enabled,..
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overcomes ThE /M//a/f(

®  Two seed tasers, two modibators, two dispersive sections, and one radiator



Oecitlator Leo Lnabled Harmonic &lemt/'w(

modulator 1 chicane 1 modulator 2 chicane 2 amplifier

® (1 the finst btook an enerpy wodibation i iftaced] Che st dipersive
shreds the longrtudinad phase

space a,f the e.b, creating Lhin exergy de with lwer ener gy gﬁ/‘eac/

seetion / with barge lonpitadival dipersion

o lwer energy modutation is required if the second part of the device to
produce higher karmonios ix the radiator



Conelusions

o 4 / [ tere is st space ly lest new schemes ix FLL devives
° 5 / Wave wdulator sobutions are /b/oa/f(/if/}y but /%7«/}% L‘wé/m/o//ba/

/}f(/ﬁﬁaaeme«f&
o / non standard wndulators and « L‘/‘/'aéf» harmonie //e/(e/‘at/b/( mechanisms
may @lfe/‘ @7/{/&%«/{5 ée//@ m lerms af ou qaalf //}/éf /@/"fd/‘/ffﬂ/{&&?

o ﬁ/ ﬁaé/m/a///m/ improvements Uke Oseillaor-assisted seed sohemes are
éyé@ recommended and witl determine &Q/a/ffaw{b‘ /}r(/a/oaw/r(e/(zf& fa/o Lhe
short é(/d{/'@/&/g/lx% FlLs /ﬁe/ofmm/we&
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 We have ignored solutions regarding the design of
high gradient devices.

* ltis difficult to comment on plasma accelerating
schemes, which are still at a doubtful stage.

* A more «modest» solution in agreement with the
discussion developed so far



CARM FED Acc.Cavities

Di Palma et al.
* Radio-Frequency Undulators, Cyclotron Auto

Resonance Maser and Free Electron Lasers.
o« (2022)




