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Field strength in
non-linear optics

Coulomb field strength in Hydrogen atom (atomic field):

e
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5.10°V/cm = 2x10" SGSE




Ultraintense laser fields

Field ionization (mutliphoton, tunnel, etc.):

22‘] : oci | > 10" W/cm?
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Field strength comparable €
to atomic field: 2
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~34-10"° W/cm?*

Ultraintense laser field:




Relativistic optical field

Quiver electron velocity (classical):




Electron motion

Non-linea j§




Ultrarelativistic or Extreme
Optical Field

Relativistic ions:

| (Proom o ~10%* W/em? - um?

Schwinger field (vacuum breakdown):

eE., A, >2m.c?,

schw”*c

~10%° W/cm?

schw
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CPA concept

1000p Amplified pulse
MUrele Uls¢ |
P Amp hhu e 7,~100-150ps
l I

o Y

Short pUlSC ~ Tp~1 00fs
7,~100fs .&_’
(Il Amplified short
pulse

Stretcher

Strikland D., Mourou G. Optics Comm., 56, 219, (1985).
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Novel approaches

Elements damaging prevents further amplification
Surface breakdown
Volume breakdown (self-focusing)

Increase in size => OPCPA

Materials with higher damage threshold
-> Plasma amplification



OPCPA

A\

High-Energy
Nonlinear Pulse

Crystal

Advantages of OPCPA :

 broad gain bandwidth
* high aperture ‘
« considerable decrease in thermal loadingpepssy
« significantly lower level of ASE

* very high gain




Plasma amplificat/ion
& shortening

Pump: 12 ps, 1000 nm, 5x105W/cm?
Seed: 15 fs, 1080 nm, 2x105W/cm?
N.~6x10'cm3

Interaction length 2.5 mm
Amplification 1000
Duration 8 fs

no plasma n=7.5%x10" cm3




PaspabaTbiBaembie nasepbl

Laser-matter interaction at the highest intensity levels

(Extreme Light Infrastructure - ELI) 3-4 kJ, 10 fs, 0.2 EW
(ExaWatt), I> 104 W/cm?

Thermonuclear research

European High Power Laser Energy Research - HiPER 200 k] in
ns pulse + 70 kJ in fs pulse

PETAL (forerunner for HiPER project) 3.5 kJ, 0.5 — 10 ps, 5 PW
National Ignition Facility, NIF 1.1 M]J in ns pulse
Fast Ignition Realization Experiment (FIREX )4 x 10 kJ, 10 ps

POAL] - BHUHUDP «ISKRA-5» 30 k], 0.3- ns, «<LUCH» 12 k], 1-ns,
«UFL-900» 900 k], 1 ns, PW OPCPA (coBmectno ¢ MI1d PAH)

U JIp.
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Electron quiver energyf

Lnruh/Hawking radiation _L .

Fair production from vacuum J|l
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Fhotonuclear and
TMeV ion-induced reactions

Photoexcitation of low-lying
nuclear levels
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Feasible channels for nuclear

reactions

y Fission

Direct nucleon impact > positrons (y, e”)
/ /&hotonuclear reactions (y,n)
- Scattering at coulomb ion Gamma- generation .
e field Fission (y, f)
— 2 3 . .
Photoexcitation
\ Transmutation and
(d, n) Isotope production
Lightion Tremonuclear reactions = (d a)
acceleration and isotope production .
\ (p. n)
(p, @)
Heavy ion Electromagnetic = Excitation of rotation nuclear
acceleration \=' interaction transitions
Nuclear =—————— Quasiatoms production

interaction

= Fusion

Nucleon exchange




General scheme for plasma
induced nuclear reactions

Nuclear
Particles

1 TtSOMeV primary N(e
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Photoinduced nuclear reactions:
238u(% f)

[~5x10WT/Ccm?, T~1 pS
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Rutherford: K.W. D. Ledingham, I. Spencer, T. McCanny, et al PRI 84 899 (2000)
LLLNL:T. E. Cowan, A.W. Hunt, T.W. Phillips, et al PR1 84 903 (2000)




Photoinduced reactions (y, n) :
isotope production

o 38
7_'25'0.% [~5x10"% W/cm?, t~1 ps

EY 11c

204+ 23 m
J 10pg

T+1. 6

mraan EIORNE
-9.9+0.6
J 81Ta(y ,n)"8°Ta

38.1+0.8

s 10p, 65Cu(y, n)%4Cu

3.5+0.3 m
20 40 60 80 100 120 140 160

63 62
Time(mins) Cu(y, n)*Cu
500 s

400 measured half-life: 8.3 h
[ Ny

300 Il'i[]m]_[f

200 Pb Kﬁ /Iﬁﬂmw
100 f

counts

Activity/ h™!

BO 90 100 110 120
Energy / keV Time / h




Isotope transmutation
1291(Y ,D)IZSI

129] 128] SN 128Xe

Spontaneous decay 105years 25 min

[~102° W/cm?2, T~70 fs 100 fs 25 min

IR s
1""3}\!3.
typ = 25 min

Counts

Counts

‘ I'E.E‘ul \ IEF-H[.]

| mwf'\"wf bﬂ“h-fﬂ»'d%wuw e

410 420 430 440 450 460 470 480 0 10 20 30 40 50 60 70 80 90 100
Energy/keV Time/min

measured half-life: 28 min

F Ewald, H Schwoerer, S D.Usterer, et al, Plasma Phys. Control. Fusion 45 A83-Ag1 (2003)



Positrons
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® GEANT-simulation
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Excitation by plasma emission

T... ~5-20keV at intensitie s above 10*°W/cm?

1%2x10 PW/cm?mcm?

v Plasma X-rays

v Plasma electrons

v Plasma charged particles



Low energy nuclear isomers
excitation: key channels




Low energy nuclear isomer decay

> y—decay

> internal electronic conversion (inverse NEEC)

X-rays
& electrons

——> Detection of a single electrons
at plasma afterglow background




HabntoaeHne ramma-pacrnana npu
BO3OYXAEeHUM B n1a3me

[amma-pacmaz ®'Ta

[ ~ 2*10%° Bt/cm2 N~e-t/(8.5+2) MKc

I
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JETP Lett. 69(1999)371; JETP, 91(2000)1163.
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Low energy nuclear isomer decay

> y—decay

» internal electronic cgrromcian finvoncns AILL)
Partial IC coefficient

1,0
0,8
0,6
0,4

0,2

6 8 10 12 14
IC electrons energy, keV

——> Detection of a sin
at plasma afterglow




Ti:Sapphire Laser
MJ1LU MTY

Energy per pulse 1-25 m]J

Energy stability 3% rms within 1 hour
Pulse duration 50 fs

Central wavelength 805 nm

Spectral bandwidth 23 nm
Repetition rate 10 Hz

Mz =1.7

Nanosecond contrast 4x10°
Picosecond contrast better than 105




|EC detection

Si target 300 pm
Fe” layer 20 nm, 97%

Signal from scattered electrons
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NcTouHUK E-Light

JI;TMHA BOJIHBI - 1 um

Oueprus B uMmmyibce - 3-103 J

MoONIHOCTE - 200 PW
PeHTreHoBCKOE M3JIy4YeHHE MJIa3MbI
Jlnama3oH: 1keV — 3 MeV
JlnutenpHOCTh MMmyabca: 100 fs

Oneprus B ummyiabce: 100 J



OCHOBHble TPYAHOCTWU
MeccbayspOBCKUX CXEM

Bpewms xu3Hu: >1ns
DHeprus nepexoja: < 10 keV
Koaddunuent Buyrpennen koupepcuu: 100

M cnoap3yeTcs NEpBhIi BO30YKACHHBIM YPOBEHb U30TOIIA, YTO
TpeOyeT JJIsl ITOJIYYCHHUS HHBEPCUHU BO30YKIACHUS OOJIbIIIE
IIOJIOBUHBI SJEP.

JAUJITIEMMA I'AMMA JIAZEPA

[IpoTuBOpEUME MEXK Y MHTEHCUBHOW HAKAYKOM, pa3pyIlIaroIeH
WJIY HarpeBarolel akTUBHYIO Cpely U HEOOXOAUMOCTHIO
NOAJIEPKAHUS TEMIIEPATYPhI CPEABI HE BBIIIE KOMHATHOM IS
MOBBIILICHUS BeposATHOCTH 3 PekTa Mecchayapa.



* CoBpeMeHHbIe peMTOCEKYHAHbBIE JTa3epHbIe
CUCTEeMBbI, TeHEePUPYIOLLHE IMOJIsI SKCTPEMAJIbHOMU
MHTEHCHUBHOCTHU, CTAHOBATCS HOBBIM MOILIIHBIM
$U3MYeCKUM UHCTPYMEHTOM B CaMbIX Pa3THYHBIX
00/1aCTsAX DKCIIEPUMEHTAIbHOM AAepHON PU3HKH,
$PUBMKH YaCTHIl, aCTPOPUIUKH U JIP.

* B yacTHOCTH CylieCTBeHHbIN UHTEepeC
IIpeICTaB/ISIOT TaKKe 00/1acTH, KaK
CIIEKTPOCKOIIHS HU3SKOJIeXKALIUX ANEPHBIX
COCTOSIHUH U F'eHepalusi KOrépeHTHOTO raMMa-
U3/Ty4YeHUs



