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Oriented crystal based light sources

Selected examples of the novel Crystal based Light Sources (CLSs). Black circles and lines
mark atoms of crystallographic planes, wavy curves show trajectories of the channeling
particles, shadowed areas refer to radiation.
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Figure from A.V. Korol, and A.V. Solov’yov, ArxiV 1910.13359 (2019)

A.V. Korol, A.V. Solov'yov, Greiner, Channeling and Radiation in Periodically Bent Crystals,
Second Edition, Springer—Verlag, Berlin, Heidelberg (2014)
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Radiation from a crystalline undulator

Basic idea (Korol, Solov'yov, Greiner, J.Phys.G, v.24, L45 (1998); reviews: International
Journal of Modern Physics E, v.8, p.49-100 (1999); v.13, p.867-916 (2004) ); PRL, 98,
164801, (2007); Monograph, Second Edition, Springer—Verlag, Berlin, Heidelberg (2014)

The radiation is generated by a bunch of ultra-relativistic positrons (£=0.5...10 GeV)
channeling in a crystal along periodically bent crystallographic planes. The periodicity of
trajectories results in the undulator-type radiation due to the constructive interference of the
photons emitted from similar parts of the trajectory.

Springer Series on Atowic, Optical, and Plasma Physics

Andrey V. Korol
Andrey V. Solov'yoy
Walter Greiner
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d=1...2 A - the interplanar spacing

a=(10...50)d — the amplitude of bending =p- 0 << g << A
A,=(104...10°)a — the period of bending
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Crystalline vs magnetic undulator
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Magnetic undulator:
A,~1 cm, hw~10 keV

Crystalline undulator:
A,~10 ym, hw~0.1 ...10 MeV

Fig. 1.3 Left: Magnetic undulator for the X-ray laser XFEL [179]. The picture is taken from [180].
Right top: laser-ablated diamond crystal. The crystal size is 4 x 2 x 0.3 mm?. The undulator period
is Ay, = 50 um. The picture is taken from [74]. Right bottom: a Si;_,Ge, superlattice crystalline
undulator with four periods. Periodically varied Ge content (from x = 0 to xpax = 0.5%) gives rise
to the undulator period A, = 50 um. The picture is courtesy of J.L. Hansen, A. Nylandsted and
U. Uggerhgj (University of Aarhus).
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CU-LS versus LS based on
scattering of laser photons

Intensity (photons/s)
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Figure 4. Peak intensity (mumnber of photons per second, AN, Inax/¢) of
diamond(110)-based CUs calenlated for positron beams at different facilities; 1 -
DA®NE, 2 - VEPP4M, 3 - BEPC-I1, 4 - SuperB, 5 - SuperKEK. 6 - FACE'l-
I[1, 7 - CEPC. Solid and dashed lines correspond to the emission in the first and
third harmonies, respectively. Open circles indicate the data on the laser-Compton
hackscattering [42], The horizontal dash-dotted line marks the intensity 1027 photon/s

indicated in the Gamma Factory (GF) proposal for CERN (3]

A.V. Korol, A.V. Solov’yov, ArxiV 1910.13359 (2019)
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GF: Gamma Factory proposal
for CERN by W. Krasny et al

Resonant absorption of laser photons by
Partially Stripped lons (PSIs)
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Superradiant CUR versus FEL and SR

Brilliance of a photon source relates the number of photons of a given energy emitted
per unit time interval, unit source area, unit solid angle and per bandwidth:

&
B _ ANg, I 2
103 (A 2m)% e e
( mrr/mn) ( TE) ExEy € e
=
i — harmonic number "o 2of TESLA spontaneous
© 10 undulator 20 GoV
w,. Aw, — energy and width of the nth harmonic £ 10% 1m;\.\
. D 27 .
Aw,/w, - bandwidth (=BW) s 10 F
2 107
AN, = number of photons with 5 10% sprngg
. ) 24 e
W € [:.u,,. — Aw, /2, w, + Aw, f?} § 107}
, S 10%
I — electric current of the beam = 102
LQ
-y — emittance of the photon source along § 107"} | |
= 107 10” 10° 10"

photon energy (MeV)

Figure 5. Peak brilliance of superradiant CUR (thick solid curves) and spontaneous
CUR (dashed lines) from diamond(110) CUs calculated for the SuperKEKB, SuperB.
FACET-II and CEPC positron beams versus modern synchrotrons, undulators and
XFELs.

A.V Korol, A.V Solov’yov, ArxiV 1910.13359 (2019)
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Horizon 2020 project N-LIGHT : SiaMEN
Novel Light Sources: Theory and Experiment |
MSCA Research and Innovation Staff Exchange (RISE)
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Feasibility of a crystalline undulator

The summary of all essential conditions (Korol, Solov’'yov,Greiner 1998, 2004):

-

7 i L (I .
C = (27)* <1 stable channeling
Ul ax A° ‘ .
d << a< A large-amplitude regime
L : .
) N = X > 1 large number of undulator periods

[<<min[L4(C'), Ly(w)] account for the dechanneling
and photon attenuation

Ac

i

< 1] low radiative losses

L

If these are met then:

» within the length L the particle experiences stable planar channeling

» characteristic energies of the undulator and channeling radiation are well separated
» intensity of the undulator radiation is higher than that of the channeling radiation.

» emission spectrum is stable towards the radiative losses.

March 16, 2020 MBN Research Center (www.mbnresearch.com)



CU parameter ranges
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Left figure. Bending amplitude, a, vs bending period, 4, consistent with the condition C<1 and calculated for
various numbers of undulator periods N, as indicated for e=0.5 Gev (y = 103) positron channeling in Si along
(110) crystallographic plane. Bending profile y=a sin(2zz/4).

A.Korol, W.Krause, A.Solov‘yov, W.Greiner, J.Phys.G: Nucl.Part.Phys., v.26, L87-L95 (2000);

From A.Korol, A.Solov‘yov, W.Greiner, Chan. and Rad. In Periodically Bent Crystals, Second Edition,
Springer-Verlag, Berlin, Heidelberg (2014);

Right figure. Shadowing indicates the ranges accessible by means of modern technologies: superlattices
(grey), surface deformations (green), AWs (blue); From Korol, Solov’yov, ArxiV 1910.13359 (2019)
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Channeling and channeling radiation:
basic facts




Channeling process

Channeling is the process of propagation of charged relativistic particle through the
crystal along one of it's planes or axes.
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7R
Silicon crystal seen along
the <100> axis.

Si (110) planar channels seen
from a random direction.

A AaA aea ¥ e Crystal planes and axis guide movement of
»737 over-barier particle electrons end positrons through the crystal.
® © 0 0 0 0 0 0,06 0 0 o _
BT 2 Positrons repel from crystal planes.
o AR 5.7 o, Channeling electron Electrons attract to planes.
"% & bbb &8 B -8:5 B Both types of particles can move along
& S\ 4 ceharneling position plar!es with periodic oscilla_ltion (channeling
® o0 060 0 000 6 0 0@ motion), leave (dechanneling) or return to

the channel (rechanneling).

Figures from Korol, Solov'yov, Greiner, J.Phys.G, v.24, L45 (1998);
International Journal of Modern Physics E, v.8, p.49-100 (1999)
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Continuous potential models B Novearch Conter
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The channeling process can be treated in terms of average potential of interaction between
projectile and crystalline planes.

Electron and positrons have different average potential. This leads to different
characteristics of trajectories for electron and positron.

Figures from Korol, Solov’yov, Greiner (1997, 1998)
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Spectral and angular distribution
of photons

ﬂ

For each trajectory the radiation spectrum was calculated using the quasi-
classical method* taking into account the recoil due to the photon emission.

(]F 0 < Hnuu L ."
6
hdw / de / % h(lw(l(l

BE )(B(t) - B ;
h:l b= n(/ / (”1/ dts i’ (U(11)— :mn!(] + (1 + ,/)-)(’)’(7‘ ) - B(t2) — l) il-]

;(f) = 7(
u = hw /(; — hw) c,u’ = w(’l + u)

~»/n. Accelerated motion of charged
projectiles produces radiation.

The radiation is mostly emitted in a
small cone around instant velocity.

*V.N. Baier, V.M. Katkov, V.M. Strakhovenko, Electromagnetic Processes at High
Energies in Oriented Single Crystals. World Scientific, Singapore (1998).
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Spectral and angular distribution of
spontaneous radiation in CU

Here, F(w;7,p:9,¢) is a smooth
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A.Korol, A.Solov‘yov, W.Greiner, Chan. and Rad. In Periodically Bent
Crystals, Second Edition, Springer—Verlag, Berlin, Heidelberg (2014)
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Atomistic simulations of ultrarelativisic
charged particle propagation and radiation
In media by means of
MBN Explorer and MBN Studio

software packages
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MBN Explorer & MBN Studio software:
a ‘computational microscope’

Systern modeler

I\

!{ﬁ'@[ﬂ@f o Video rendering
- Y Crystals, liquids, pases

Project set-up [fia A. Solov'yov
i g N NS Andrey V. Korol
" Andrey V. Solov'yov
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Collision processes

ﬂultiscale Modeling
of Complex Molecular

Links 10 databages

andlbcariesk Studio

=i Ny

-
stomic clusters,
Ratisr

Structure and Dynamics
with MBN Explorer

iﬁandﬁng 4

Standard VO formats | Wisuzlization tools

Lk 5; Springer

IMateriel properties Analytic tools

MBN Explorer and MBN Studio are being developed by the MBN Research Center www.mbnresearch.com in Frankfurt.

I.A. Solov'yov, A.V. Yakubovich, P.V. Nikolaev, I.Volkovets, and A.V. Solov'yov, Meso Bio Nano Explorer -- a universal program for
multiscale computer simulations of complex molecular structure and dynamics, Journal of Computational Chemistry, volume 33,
pp. 2412-2439 (2012).

I.A. Solov'yov, A.V. Korol, A.V. Solov'yov, Multiscale modelling of complex molecular structure and dynamics with MBN Explorer,
Monograph, Springer International Publishing, Cham, Switzerland 480 pp. (2017)
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Modular structure of MBN Explorer

MBN Explorer | 1 > Energy calculation |
Dynamic tasks| | > | System optimisation |
Kinetic Monte "‘ Molecular dynamics : nonrelativistic, J
Carlo algorithms ) | Euler, reactive MD, IDMD, relativistic )
\ \ |
| | | )
Model parameters \\ Pairwise Many bOdy ' Force fields
Particles' displacements, potentials potentials SHAF;MMCHARMM
diffusion, coalescence and Lennard-Jones, Sutton-Chen, Rgzgt:zg e
dissociation probabilities, (E:’épone”t'a" Power, Gupta
. : _ ulomb, Dzugutov,
spatial grids, stochastic Girifalco, Morse, Brenner |
evolution time steps, particle Moliére, Yukawa, Tersoff External |
creation, annihilation, Pacios, Quasi Finnis-Sinclair fields
reactions, duration of Sutonchen, Stillinger-Weber Electric
. processes Littr%ark | Tabulated EAM \C/;'rsac\ztuasﬁonal

Date MBN Research Center (www.mbnresearch.com)



MBN Explorer and MBN Studio books &8 Research center
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[fia A. Solov'yov
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Multiscale Modeling
of Complex Molecular
- Structure and Dynamics
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@ Springer

MBN EXPLORER:
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AND SELF-ORGANIZATION
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MBN Explorer & MBN Studio
Tutorials and Conferences

www.isacc-portal.org

The Ninth International Symposium
"Atomic Cluster Collisions"

DySoN 2020,
ISACC 2019 November 23-27,
School of Physical Sciences, University of Kent Santa Marg h el’lta
Canterbury. United Kingdom .
July 31 - August 03, 2019 Ligure, Italy

International Conference
"Dynamics of Systems on the Nanoscale”

DySoN Conference 2018

Stergenberger Hotel Sanssouct, Potsdam, Germany

MBN Research Center organises
regular hands-on tutorials on
MBN Explorer & Studio aimed

at the presentation of the
Implemented physical models
and computational approaches.

October D8 - 122018

FIRST ANNOUNCEM B

NYESNE DIt il CECAM-HQ-EPFL

The t_ralnmg co_urse IS basgd on MBN Studio Tutorials Lausanne
practical exercises on setting up Switzerland e -
simulations of MBN systems ] Wi ZgrSaHZOZO DYSON
structure and dynamics, une -, T

. f aat Y : https://www.cecam.org/ o e e e
visualisation and analysis of workshops2020/ FIRST ANNOUNCEMENT

simulated data.

www.dyson-conference.org
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MBN Explorer: relativistic dynamics

Simulation of motion of relativistic particles in ..U v (F -v)
MBN Explorer is based on relativistic equations &= m~ ¥
of motion. =l

This system of equations is strongly nonlinear
and requires the use of high-order integrator in 1
order to be solved correctly. V=

Springer Series on Atomiic, Optical and Plasma Physics

Andrey V. Korol
Andrey V. Solov'yav
Walter Greiner

Channeling and
Radiation in

Periodically
Bent Crystals

The developed approach (G.B. Sushko, V.G. Bezchastnoy, I.A. Solov’yov, A.V. Korol,

W. Greiner, A.V. Solov’yov, Journal of Computational Physics, 252, 404 (2013) is not
%) Springet restricted to the crystalline medium and is applicable to describe the propagation of ultra-
relativistic projectile in an arbitrary medium.

March 16, 2020 MBN Research Center (www.mbnresearch.com)



All-atom crystalline force field

» Crystalline structure
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» Each atom — a source of
static potential treated in the
Moliele approximation:

ay = 0.35. a9 = 0.55. ag = 0.1

().8853
(TF = —ZT.-T:’——”B
U, v LI
E.(r) =— : - = Z(_{[\(I) - I'\,(‘I‘)]
Jdr I

» Pacios potential

» Binary crystalline structures
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MBN Explorer algorithm for

=124 MBN

accounting for interatomic interactions
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The motion of a projectile is simulated through the generated crystalline structure in
which atoms are fixed in space and act only as a source of an external filed for the
projectile. The simulation box is reduced to a close vicinity of a projectile in which
the actual interaction takes place. This simulation box follows the projectile. The
atoms of the crystal are generated dynamically in this box and are omitted after the
particle passage.
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Research Center
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Periodic bending

Cutting by computatiohal box

Description of a crystalline medium is fulfilled through a setting of a
crystalline wunit cell and a set of its transformations. These

transformations allow efficient generation of the desired crystalline
structure at any domain in the space.

MBN Research Center (www.mbnresearch.com)
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Simulated trajectories are analyzed further to calculate/estimate:
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» Distribution in the
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Results obtained with MBN Explorer

6.7 GeV e*in straight Si(110) (Sushko, Bezchastnov, I. A. Solov’yov, Korol, Greiner, A.V. Solov’yov, J. Comp. Phys. 252, 404
(2013))

270 — 855 MeV e* in straight, bent and periodically bent Si(110) & Si(111) (Sushko, Korol, Solov’'yov, et al. J. Phys. Conf.
Ser. 438 (2013) 012018; 438 (2013) 012019; Eur. Phys. J. D 68, 268 (2014))

Channeling of ultra-relativistic positrons in bent diamond crystals (Sushko, Korol, Solov'yov, et al. SPbTU J. Phys. Math.
1 (2015) 212-218).

A small-amplitude crystalline undulator based on 20 GeV electrons and positrons. (Sushko, Korol, Solov'yov. SPbTU J.
Phys. Math. 1 (2015) 341-345))

Simulation of channeling and radiation of 855 MeV e* in a small-amplitude short-period crystal (Bezchastnov, Korol,
Solov’yov, NIMB 387 (2016) 41-53).

Multi-GeV e* channeling in bent Si (111) (Sushko, Korol, Solov’yov. NIMB 355 (2015) 39-43).
Radiation from multi-GeV e* in periodically bent Si crystal. (Bezchastnov, Korol, Solov’'yov. J. Phys. B 47 (2014) 195401)
855 MeV e* in SASP Si(110) (H. Shen Q. Zhao, F.S. Zhang, Sushko, Korol, Solov’yov, NIMB 424 (2018) 26-36).

Channeling and radiation by 855 MeV electrons enhanced by re-channeling in periodical-ly bent diamond crystal.
(Bezchastnov, Korol, Solov’yov. Eur. Phys. J. D 71 (2017) 174)

Channeling and Radiation of 855 MeV Electrons and Positrons in Straight and Bent Tungsten (110) Crystals. (H. Shen,
Q. Zhao, F.S. Zhang, G.B. Sushko, A.V. Korol, A.V. Solov’yov, Nuclear Instruments and Methods in Physics Research B, 424,
26-36 (2018))

Interplay and specifc features of radiation mechanisms of electrons and positrons in crystalline undulators. (A.V.
Pavlov, A.V. Korol, V.K. Ivanov, A.V. Solov'yov, J. Phys. B: At. Mol. Opt. Phys., 52, 11LT01 (2019))

Radiation of 375 MeV electrons and positrons curing channeling in straight and periodically bent diamond crystals,
(A.V. Pavlov, A.V. Korol, V.K. Ivanov, A.V. Solov'yov, St. Petersburg State Polytechnical University Journal. Physics and
Mathematics, 12(4), 108-118 (2019))

Channeling of electrons and positrons in straight and periodically bent diamond(110) crystals, A.V. Pavlov, A.V. Korol,
V.K. lvanov, A.V. Solov'yov, Eur. Phys. J. D, 74, 21 (2020) )

16.03.2020 MBN Research Center (www.mbnresearch.com)



Electron vs positron simulations

e £=855MeV.
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Channelling radiation: theory vs exp

Comparison of
experimentally measured
channeling radiation
enhancement with

£ - .
% theoretical results
e for 6.7 GeV positrons and
E L 50, electrons in Si(110)
Sl ; |
" X il 5k #— Zero emittance p
\‘_,/JA\‘\ o g -o-- Normal emittance
/\\"\, / ' Experiment ! {.] E
. 0 Enhancement — — 1%
50 100 150 0 50 100 150 o d Er.,m
Photon energy (MeV) Photon energy (MeV) L

Figure 1.9: Enhancement factor of the channeling radiation over the radiation in
amorphous medinm spectrum. The left and right plots are for the positrons and
electrons, respectively. Open cireles stand for the experimental data from Ref. [8].
Solid curves correspond to the caleulations shown in Figure 4.8 and correspond to
the zero incident .lll;‘l«', o= (). Dashed curves (‘ul'l'c'sl)nlnl to the calenlations with
the incident angle lying within «» = [—¢yp. (] with ¢y = 62 prad. Green dashed
line corresponds to results of simulations from the paper [35]. See also explanation
in the text.

Theory: Sushko, Bezchastnov, Solov’yov, Korol, Greiner, Solov’yov. JCP 252 (2013) 404.
Experiment: J. Bak, J.A. Ellison, E.Uggerhoj et al, Nucl. Phys. B 254 (1985) 491.
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In 4- perlods dlamond(llO) CU ()\ —5 pm)

(a) a=0A4 (b) a=12 \_(C) a =

SR
tdy

s5Ald)  a=40A

0.6

10 20 0 10 20 0 10 20
Photon energy, hw (MeV)
Spectral distribution of radiation for 270 MeV (upper row) and 855 MeV (lower row) positrons (red curves)
and electrons (blue curves). Values of bending amplitudes, a, are as indicated.

Upward arrow show the peaks of the ChR (in straight crystal, a=0) and those due to interplay of ChR and
additional radiation due to volume reflection.

A.V. Pavlov, A.V. Korol, V.K. Ivanov, and A.V. Solov'yov, Eur. Phys. J. D, vol. 74, 21 (2020)
A. Pavlov, V. Ivanoy, A. Korol, A. Solov’yov, J. Phys. B: Atomic, Molecular and Optical Physics, vol. 52, 11L.T01 (2019)
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Channeling segments contribute to CUR and ChR.
Volume-reflection segments — additional contribution in
Over-barrier segments — produce additional higher-energy peak.

A.V. Pavlov, A.V. Korol, V.K. Ivanov, and A.V. Solov'yov, Eur. Phys. J. D, vol. 74, 21 (2020)

MBN Research Center (www.mbnresearch.com)




Crystalline undulator stack

Construction of thick bent crystals is a challenge which can be bypassed by
Introducing a stack of CUs:

1 2 n
2 ©&E &S &
] N~ N~ N~
SRS A
A A A ==
— N~ NATA NN
NN NN NN NN -
S A A
N~ N~ N~ —
BRSSO
SO .
eSS
— o~
SO o
N~ N~ N~
'
R A,

« Each layer of stack is the SASP/LALP bent crystal
* The width of each layer << the dechanneling length
« The radiation of projectile grows approx. linearly with the number of layers

Sushko, Korol, Solov‘yov. SPB Polytechn. Uni. J: Phys & Math (Elsivier) 1 (2015) 341
G. Sushko, Atomistic molecular dynamics approach for channeling of charged particles
In oriented crystals, PhD Thesis, Frankfurt am Main (2015)
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Spectra from CU stack

1 positron, =20 GeV, C(110), a=0.4 A, A,=400 nm
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Figure 6. Stack vs L = 4 micron.

Sushko, Korol, Solov‘yov. SPB Polytechn. Uni. J: Phys & Math (Elsivier) 1 (2015) 341
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Brilliance of crystalline undulators




Brilllance of a LS

Brilliance of a photon source relates the number of photons of a given energy
emitted per unit time interval, unit source area, unit solid angle and per
bandwidth (K-J Kim, Nucl. Instrum. Meth. A 246 (1986) 71):

ANy, I

10° (A, /) (27)% €€y e
wWny Aw, — energy and width of the nth harmonic
Aw,/w, — bandwidth (=BW)
AN, — number of photons with

w € {w” — Aw, /2, w, + ﬂw,r/i}}

I — electric current of the beam

£.4 — emittance of the photon source along . ¥

"/:\/0”—_‘_0-71/ +()7l/
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Total emittance

_ 2 2 £ h2
y \/U-n + g:xay @ n +( r.1

Parameters of the positron beam

Gx,y

beam sizes in the X,y directions

¢x,y

angular divergencies of the
beam in the X,y directions

Parameters of the photon beam

On = \/A“n, | angular width of the n-th harmonig

On = Ap / A7 @, the ‘apparent’ source size

Korol, Solov’yov, Greiner. Channeling and Radiation in PBC (Springer, 2014)

16.03.2020

MBN Research Center (www.mbnresearch.com)



Number of emitted photons

T ar | Awn
Aan = 4o nC |: n—l (TLC) n—H (TLC)1| i wb‘-)

where ( = K?/(4 + 2K?), J,(n() is the Bessel function and K = 27vya/\, is the
undulator parameter.

Nt = Ne#(Ng, X, Ky) IS the effective number of undulator periods.

Ng=L4/A, Number of periods within dechanneling length L
K4=L/L, Crystal length / Dechanneling length
X=L4/L, Dechanneling length / Attenuation length
4N4 re~Thd g~rd Qe (2tw)Ka/2 \/ (r—1)2+1
4\?’(" = : : . = 3 =+ ) l -1 :“1 -
" kg |(1—2)(2—2) 1—2 2—x : 4772

Korol, Solov’yov, Greiner. Channeling and Radiation in PBC (Springer, 2014)
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Optimizing Brilllance of CUR

» Fix crystal & crystallographic direction;

» Fix parameters of the positron beam:
» energy e,
» size o, and divergence ¢,
» beam current | (or, peak current | .. ).
» Scan over photon energy o.

> For fixed o:

» Determine L ().
& (1

UL\

“max

< ]

» Scan over @ and X, consistent with (' = (erjz
» Determine Ly = Ly(e,C)

» Determine optimal length L,

» Calculate peak brilliance

16.03.2020 MBN Research Center (www.mbnresearch.com)



Available positron beams

Table B1. Parameters of positron beams: beam energy. £, bunch length. L. number

of particles per bunch, A, beam size, o, ,, beam divergence ¢, ,. volume density

n = N/(ro.0,L) of positrons in the bunch, peak current I,,,« = eN¢/Ly, of several

positron beams.

Facility VEPP4M BEPCII DA®NE SuperKEKB SuperB FACET-II CEPC
Ref. [43] 43| [43] [43] 145,46] [44] 133]

e (GeV) 6 1.9-2.3 0.51 4 6.7 10 45.5
N 15 3.8 2.1 0.04 6.5 0.375 8
(units 10'")

Ly, (cm) 5 1.2 1292 0.6 0.5 0.00076 0.85
dy (pm) 1000 347 260 10 8 10.1 6

o, (pm) 30 4.5 1.8 0).048 0.04 7.3 0.04
¢, (mrad) 0.2 0.35 ] 0.32 0.250 0.178 0.03
&, (mrad) 0.67 0.35 0.54 0.18 0.125 0.044 0.04
Lvaxr (A) 144 152 50-100 723 624 12.1x10% 452

n (10Bem=3) 3.2 65 54 1.0 x 109 1.3x 10% 2 x10° 1.25 x 106

[43,45] Particle data group (2018, 2010); [33] CEPC Conceptual Design Report; [44] SLAC-R-1067

MBN Research Center (www.mbnresearch.com)
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Laser Compton scattering and
CERN photon factory

My, V-ray '\%‘/ y-ray

[}
Z/’!/M %‘W//M P
f \
AAD A e NV W @)
[aser electron Laser( ° \- \\_/,;
i - @) PSI

E=0 [ & E=0 [ & E=0
_’ CT |
B, & ™= n=2 =9 n=2 —— E y-ray
> - —._ ’n=1 Nl et _._ VUV
|Epnsec = 1RY (22-Z0%)/2y, P | E pany = Ergser X 412 /(14(1,6%)

Note: (E o/ Mygyy) x 4y, << 1

high photon energies,
W. Krasny ~ FCC based Gamma Factory could provide >10" e*/s high cross section

In the process of the resonant absorption of the laser photons by the Partially Stripped lon (PSI) beam, followed by a spontaneous atomic-
transition emissions of secondary photons, the initial laser-photon frequency is boosted by a factor of up to 4xy?_, where vy, L is the
Lorenz factor of the partially stripped ion beam. Therefore, the light source in the energy range of 1 < E_, ., < 400 MeV must be driven

by the high-L, LHC-stored, PSI beams. CERN is a unique place in the world where such a light source could be realized.

March 16, 2020 MBN Research Center (www.mbnresearch.com)
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CU-LS versus laser-Compton scattering |}
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Figure 4. Peak intensity (number of photons per second, AN, Ipax/¢) of
diamond(110)-based CUs calenlated for positron beams at different facilities; 1 -
DAGNE, 2 - VEPP4M, 3 - BEPC-11, 4 - SuperB, 5 - SuperKEK. 6 - FACE'l-
I, 7 - CEPC. Solid and dashed lines correspond to the emission in the first and
third harmonics, respectively. Open circles indicate the data on the laser-Compton
backscattering [42], The horizontal dash-dotted line marks the intensity 1087 photon/s
indicated in the Gamma Factory (GF) proposal for CERN [3],

Korol, Solov’yov ArxiV 1910.13359 (2019)
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CU-LS versus synchrotron radiation
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Conclusions and outlook




Concluding remarks and outlook

» Atomistic level simulations of particle propagation and photon emission in
oriented crystals (linear, bent, PBBs, etc) have a predictive power

» Further experiments with high energy and quality electrons and positrons
beams on verification of theoretical predictions are needed

» Further advances in technologies for manufacturing HQ crystals with
desired properties (e.g. periodicity, composition, quality, size, etc)

» Design and construction of oriented crystal based light sources with
unique properties

» An utmost goal: adopting FEL principles to CU-based Superradiant light
sources operating with modulated beams of electrons and positrons

» Growing International Community in the R&D area of oriented crystal
based light sources

16.03.2020 MBN Research Center (www.mbnresearch.com)
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Concluding remarks

» MBN Explorer & Studio software is a powerful instrument of modern theoretical and
computational research opening a wide range new possibilities in unravelling
structure and dynamics of complex Meso-Bio-Nano (MBN) systems.

» MBN Explorer & Studio software enables atomistic level simulations for
utrarelativistic particle propagation and radiation in oriented crystals

» MBN Explorer & Studio is being developed by the MBN Research Center,

www.mbnresearch.com in Frankfurt. You are welcome to contact us!
Novel technologies System modeller
e Crystals, liquids, gases Video rendering U o Prg,ect set-up
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