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Radiation Sources: State of the Art
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Korol A. V., Solov'yov, A. V. Eur. Phys. J. D 74, 201 (2020).
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Channeling

Amorphous material Oriented material
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Incoherent scattering If the incidence angle < critical angle

Uy = 20eV,E = 20GeV - 0, = 50 urad

Particles feels the interaction with the atoms of the plane
as a whole and start to oscillate in channeling.

Dechannelig affects electrons more than positrons.

Negrello Riccardo Other Science Opportunities at the FCC-ee 3/16



Comparison between e+ and e-

positron channels electron channels
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A. V. Korol & A. V. Solov'yov, Novel Lights Sources Beyond Free Electron Lasers,Springer, 2022

Oriented material
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If the incidence angle < critical angle

Up = 20eV,E = 20GeV - 0, =

Particles feels the interaction with the atoms of the plane
as a whole and start to oscillate in channeling.

Dechannelig affects electrons more than positrons.
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Radiation effects In crystals
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Bremsstrahlung
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Crystalline plane/axis

6. = [ Channeling Radiation

Low Energy (<GeV) — dipole radiation
(undulator)

High Energy (>>GeV) — synchrotron radiation
(wiggler)
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d: parallel momentum transferred
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particle to atom
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Radiation phenomena In crystals
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Radiation emission comparison

600 MeV e- interacting with a diamond crystal of 0.31 mm thickess along (110) planes

1073

6 (dogree) Intensities even higher
10-4] — -0.0728 — 0.4272 .
— 02 — o2z than Channeling
. ] 0. — 0.6272 . .
> oer2 — o722 RAdIation can be
10‘5: 0.0572 — 0.8272

o — oue achieved with Crystalline
o127z — 1572 | Jndulators if some

0.2272 — 2.0772

107 . .
0.3272 conditions are matched

E (MeV)
R. Negrello et al, NOVEL HIGH-INTENSITY AND GAMMA-RAYS SOURCES USING CRYSTALS, JACoW (2024)

Negrello Riccardo Other Science Opportunities at the FCC-ee 16



Crystalline Undulator

Magnetic undulator
period ~ cm
X-ray production of ~10 keV
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Crystalline undulator

period < mm
Production of y-rays of ~ MeV

Trajectory of
a channeling

)Lu :

~ - Periodically bent
crystallographic
plane

A.V.Korol & A. V. Solov'yov, Novel Lights Sources
Beyond Free Electron Lasers,Springer, 2022
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Manifacturing techniques

Principle:
Inducing a periodic deformation field in the surfaces that transfers to the bulk of the crystal

. : e : ”

gmft’t‘"_“? T;ﬁatbsogmg Low-pressure chemical vapour deposition (LPCVD):

s ek L Alternate pattern of silicon nitride on a Si wafer at high temperature
« Pulsed laser melting (PLM) (800°). |

Di Russo et al, App. Surf. Sci.(2023) Thermal stress arises when the wafer is being cooled, due to the

10.1016/j.apsusc.2022.155817

* lon Implantation
Bellucci et al, Appl. Phys. Lett (2015)
10.1063/1.4928553

 Si-Ge alternate concentration
Avakian et al, NIM A, (2002) /10.1016/S0168- Substrate
9002(02)01316-5 (~hundreds of pm)

 Acoustically driven
Kaleris et al, ArXiv (2024)
10.48550/arXiv.2410.11621 \_

difference in thermal expansion coefficients between film and substrate

Thin film
(~hundreds of nm)

Guidi et al, Appl. Phys. Lett. (2007)
10.1063/1.2712510

Bagli et al, EPJC (2014) 10.1140/epjc/s10052-014-3114-x
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CU Modelling

CU specifically developed for 10-20GeV e+

|
300 um 10 Periods cp?wam?)zlum & Spacer = 300um

3740 um = 334um*10 + 300um*2
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Our sample will be studied at Diamond/ESRF
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Crystalline Undulator Spectrum

A. V. Korol and A. V. Solov'yov, Novel Lights Sources Beyond Free Electron Lasers, Springer Cham, 2022

Channeling and Undulator oscillations 2.1, €2, Large Amplitude

To separate the peaks and suppress 2.5 Long Period (LALP) [QCh >y = ay > d ]
Beam 10 GeV e* Full Mon’iiarlo sim::iat”ii(n)erl n:lj:tTr%S?:Oi:hro:(atkhov formula
Beam divergence 30urad s —— Crystalline Undulator
Material Silicon Amorphous
Channeling plane (111) L0
CU width—x [mm| 2 T 08 ﬁ?l:\ I:r(?(?:\(ocromaticit
CU length—y [mm] 3.34 > e g y
CU thickness—z [mm] 0.2 5'% |
Number of periods 10 04
Periods (4,) (um) 334 02
Amplitude (a,) [nm] 1.28
Collimator angle (xm) 1/2y o0

2 4 6 8

Camattari et al, PRAB (2019) 10.1103/PhysRevAccelBeams.22.044701 Energy (MeV)
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Photon energy for 20 GeV e™

Crystalline Undulators also offers:

* Possibility to optimize amplitude and period for specific applications
« Control over the harmonic oscillations

« More monocromatic spectrum compared to channeling radiation

4v*mhe 1
E, = — - —, (1) 1, ~ 100 — 700 um
1+ 292 + 5 Au A, =1-2 nm
- ~1-
A, E, ~5—50MeV

K = 27r/\—. (2)

u

Negrello Riccardo Other Science Opportunities at the FCC-ee 12/16



Undulator Test Beam @CERN

CERN SPS H2 Beamline,13-27 35 GeV e+ beam

-

F

We are now analyzing the data, the results are
preliminary but promising.

Non optimal condidtion, tertiary beam, purity,
divergence and high radiation background
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Applications Conclusions

 CU are tunable for specific applications.

« Crystals function as passive elements.

« Some prototypes have been produced and under test.

 Perfectly applicable as a gamma-ray source at the
FCC-ee injector LINAC

 Medical physics
 Nuclear interactions
* Industry and technology

Thank you!

riccardo.negrello@unife.it
lbandiera@fe.infn.it

g e
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Manifacturing techniques

Principle:
Inducing a periodic deformation field in the surfaces that transfers to the bulk of the crystal
Grooving method: (P_ulsed laser melting: h (Low-pressure chemical vapour deposition: R
The deformation is Alternate deposition of Sh on the Deposition of an alternate pattern of silicon
obtained by a series of | | surface of Ge though spattering nitride thin layer on both sides of the Si
alternated parallel technique. wafer at high temperature (800°). Thermal
grooves on the major A pulsed laser as a heat source, stress arises when the wafer is being
surfaces of the crystal. | | allowing to melt the substrate with cooled, due to the difference in thermal
Cons: damages in the spatial and temporal control. expansion coefficients of the film and the
crystal PLM allows to produce a strained substrate Thin film
layer of Sh-Ge alloy on Ge (111). (~100nm)
Cell parameter variation induces the Substrate
bending of the planes (~100um)
L J \. J
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Photon energy for 20 GeV e™

6 x 102

Undulator period A, (um)

102

20 GeV e?

1.4 1.6
Amplitude A, (nm)

8.4

7.0

4.2

2.8

Crystalline Undulators also offers:

* Possibility to optimize amplitude and period for
specific applications

« Control over the harmonic oscillations

« More monocromatic spectrum compared to
channeling radiation

o 4v?mhe 1
T 144292+ (K2/2+ K2 /2) A,
A <afch> dch

K=2n—: K. =2 AQep,) ~
W)\u’ " " Ach (cn) 2

20 GeV et ,A, =~ 334 um, A =1.2nm, 9=0
E, ~ 6 MeV
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StUdy On the bri”iance Sushko et al, Eur. Phys. J. D (2022) 76:166

https://doi.org/10.1140/epjd/s10053-022-00502-7
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Fig. 3 Spectral distribution of radiation emitted (left) and peak brilliance of CU-LS (right) calculated for different emission
cones g as indicated. Both panels refer to the CU with the parameters labeled as "Set (I) in Table 2

Yézy = 10 — 20 m-prad, 0, = 10 — 20 (um), Ipear = 6 — 15 kA

18/16



Channeling Radiation

Oriented material S I L B A B B
000l Kumakhov, 1976 Diamond |
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Low Energy (<GeV) — dipole radiation (undulator)
High Energy (>>GeV) — synchrotron radiation (wiggler)

 Huge potential for a compact hard X-or y-ray source
« Crystals are passive element ->no energy consumption
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What about the Brilliance?

With Channeling Radiation: photon fluxes on the order of 10'%/s in the primary peak, with
reasonable values for the beam current (@ pA) and crystal lifetime.

Andrey V. Korol, Andrey V. Solov'yov, Walter Greiner, Channeling and Radiation in Periodically Bent Crystals
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