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Cynepkomnblotep «Kopec» AnNA MalWIMHHOIro ooy4eHus u
MoAeriupoBaHNA OCHOBAHHOIO Ha AaHHbIX

Cymneprommbrotep «XKopec» ¢
HEProdH(PEeKTUBHOM THOPUAHON APXUTEKTYPOI:

* 74 BBIUMCIUTEIbHBIX y371a;

* 24 y31a ¢ MOIIHBIMU rpaUueCKUMHU
YCKOPUTEISIMH
(4xNVidia Tesla V100, NVLink + RDMA);

* TEH3OPHBIC SAPA 1JI1 MAIIHUHHOTO 00y4eHusI
(riiyOokoe 00yueHue);

* norpebnenue >Heprun: 90 kBarr;

*  mpoussoauTeabHOCTH 0.5 Ilduron/c;

* cucrema xpaHeHus AaHHbIX (.5 [1oauT

* 7-i cynepKkomnbloTep No mowHocTn B Poccun

HIGH PERFORMANCE COMPUTING AND BIG DATA
SKOLTECH CDISE

/

«/Kopecy - ynuxanvnwii 6 Poccuu
9Hep203phexmusHblll CynepromMnvromep,
NO36ONAUWUL Peuamsb UWUPOKUU KPY2
MENCOUCYUNTUHAPHBIX 3a0ay HA CIbLKE
MAWUHHO20 00yUeHUs, HAYK 0 OAGHHBIX U
MaAMemMamuyecko20 MoOeUPOBAHUA 8 MAKUX
oonacmsx, Kaxk: buomeouyuna, oopabomra
U300padceHull, paspabomra u NOUCK HOBbIX
Jlekapcme, homonuKa, npedcKka3amebHoe mex.
oocnyxcusanue, paspabomra HO8blX UCMOYHUKOB
PEHMEEeHOBCKO20 U 2AMMA UTYUEHUsL U M. O.
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Inverse Compton Scattering (ICS, linear case). Part |
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Inverse Compton Scattering (ICS, linear case)

S (UX Hmax '}/
2vhaw
electron recoil  y = 4 —=
mc
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Inverse Compton Scattering (ICS, linear case)

N CUX max ’}/
electron recoil  y = 2yhi)L
mc
Example:
Max. photon energy:
y =1000 (¥0.5 GeV e)) 4 MeV
hiw, =1.55eV (~1 um laser) x =0.5%
Max. photon energy:
)/ = 40 (NZO |\/|eV E') 10 keV
hiw, =1.55eV (~1 um laser) x =0.02% Skoltech
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Inverse Compton Scattering is a source of X- and gamma-rays

Collision of an intense laser pulse with an ultra-relativistic (y>>1) electron beam

/
AR
PN W * Doppler upshift of laser frequency @, =4y’w,
- * Tunable source
- > L
o—— * Extremely short bursts of hard radiation
o— - < * Quasi-monochromatic

/N * Applications: medicine, nuclear physics, materials

S.G. Rykovanov, et al, JPHYSB 47, 234013 (2014)

Main quality: Spectral brightness = y-ray yield per bandwidth
Skoltech
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Typical schematics of the ICS source

HiGS @ Duke uni (ring)

LynceanTech (ring) n
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Gradient ~50 Mev/m laser
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Optional waveguide %
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Novel laser-plasma technology allows to decrease the size

HiGS @ Duke uni (ring)
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Nonlinear ICS

o no restriction on a,
y>>1 L electron is ,,dressed” by the laser pulse
O- > E—A-fA=fA-fA-FA-
e 4y hw
0 howy = )/2 2 - 2
1+y°0° +a,
> a)X
a2
Total photon yield in natural bandwidth: Ny =N, ma +0 5
oz
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Nonlinear ICS

no restriction on a,

w
y>>1 L electron is ,,dressed” by the laser pulse
O- > S—A-FA-FA-FA-FA-
e 4v*hiw
, ho, = 2)/ . L2
1+y°0° +a” (1)
> a)X
a2
Total photon yield in natural bandwidth: Ny = NeJTOC1+0aZ
0

* Laser pulses ramp on and off smoothly -->
time-dependent laser pressure

* Lorentz gamma factor becomes a function
of time y(t)

e Generated frequency: @y () =4y’ (Nw,
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Brief recap on electron motion in a plane EM wave

Case 2. Strong electromagnetic wave 3=1
W _F_l v B

(H C

E, = Eycos (wpt — kpz) m | n

U, = —agsin(wpt — kpz) : J\f ‘

U, = %uf = 120 SinQ(th — kiz) u | H

T T T T T T
-10.0 -7.5 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0

Z//\ L
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Brief recap on electron motion in a plane EM wave

Case 2. Strong electromagnetic wave 3=1

(Iﬁ — U — ] wr, \1 x100
— _'GE — €e€— X B 038 - 1+ a2/2 h

dt C /4 |

=)
>

Backreflected photon spectrum
o
/ =]N

E,. = Eycos (wrt — krz)

02 “ | J L\
, — S e ,,{»_IC - 0.0 MWAnaas N
u“l‘ — (LO blll(WL : L") 0.0 02 04 06 08 10 12
w/wy
1 . az
2 o - 2 :
u. = —u, = —sin“(wrt — k;z)
2 2

\/\/\/\/\/—> é—, Angular spectrum
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Laser pulse longitudinal shape leads to spectrum broadening

|

o| xand Ey, arb. units
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Nonlinear CS: pulse shape leads to broadening
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Proper nonlinear chirping
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Proper nonlinear chirping

> 1.0 . . . ﬂ
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If laser frequency is constant, Why don‘t we chirp the pulse to exactly
the generated frequency is given by: compensate the ponderomotive broadening:
” ‘ : 1) \ ’ ‘ ‘ N\
(n) 472wy (n) Nowr(n)  4v%w (1 4 a?(n))
win) = — win) = — = —
1 + a?(n) 1 + a?(n) 1+ a?(n)
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Proper nonlinear chirping totally compensates broadening
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Proper nonlinear chirping totally compensates broadening

Great?

But how do we generate such a pulse with nonlinear chirping:
Frequency has to change nonlinearly on the femtosecond scale
Currently not possible.

>

frequency This is the frequency profile (chirp)

/ that we need

>
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Proper nonlinear chirping totally compensates broadening

>

frequency This is the frequency profile (chirp)

/ that we need

time

 Why don‘t we try to use common technology - ,linear” chirp?

 We approximately add linearly chirped laser pulse to mimic the
nonlinear profile

* But the profile should also have a ,downslope” part - frequency
has to go back down

* Anyideas?

Skoltech

Skolkovo Institute o

cience and Technology



Proper nonlinear chirping totally compensates broadening

>

This is the frequency profile (chirp)

/ that we need

frequency

time

 Why don‘t we try to use common technology - ,linear” chirp?

 We approximately add linearly chirped laser pulse to mimic the
nonlinear profile

* But the profile should also have a ,downslope” part - frequency
has to go back down

* We just add a second laser pulse oppositely chirped
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Two oppositely chirped laser pulses
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Seipt, Kharin, Rykovanov,

Phys. Rev. Lett. 122, 204802 (2019)
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Two oppositely chirped laser pulses

& PUA Hosoctu 13 mions B 12:30
Poccumckmne ousmnkm BbISCHUAN, KaK CO30aTb

MOLLHEeNLMEe PeHTreHOBCKUE Na3epbl crarss

NewlInform 13 uvions B 19:46

e B Poccum paspaboTtanu HOBYIO METOAUKY
CO3[aHUS PEHTIeHOBCKOro fla3epa

BeuepHsas MockBa 13 vions B 23:55

dun3nku Hawnm cnocob cos3gatb MOLLHENLLNE
PEHTreHOBCKMe na3epbl

HayuHas Poccus 10 nions B 09:00
®un3umkm n3 Ckontexa n nx 3apybexxHble konneru

BbIACHWUJIN, KaK NMOBbICUTb MOLLHOCTb
PEHTIreHOBCKUMX JIAa3€PDO0B crares

[+]

Seipt, Kharin, Rykovanov,
Phys. Rev. Lett. 122, 204802 (2019) Skoltech




Caustics and catastrophes
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Caustics and catastrophes
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Caustics and catastrophes

Time
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Caustics and catastrophes

Time
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Caustics and catastrophes

fold

: : E—

V.Yu. Kharin, D. Seipt, S.G. Rykovanov, Phys. Rev. Lett., 120, 044802 (2018) v~ i i i
- ..

FIG. 1. The ray surfaces [stationary phase condition (4)] (a),




Caustics and catastrophes

fold
. . #‘7' ) #‘)— y
V.Yu. Kharin, D. Seipt, S.G. Rykovanov, Phys. Rev. Lett., 120, 044802 (2018) v~ i i i i0- ii-e iis
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Caustics and catastrophes
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Summary

 Nonlinear Compton Scattering leads to broadening due to the
laser pressure. Laser pressure is non-uniform due to the laser
pulse temporal envelope -- no pressure on the wings, high
pressure in the middle.

* Nonlinear chirping completely removes the broadening

 Two linearly and oppositely chirped pulses can approximately
remove the broadening and can lead to significant
improvement of existing Compton sources

e Caustics and catastrophes in Compton spectrum lead to bright
spots and can be used for photon yield enhancement
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