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CopeprkaHue

® BsepeHue. MoTuBbl nccneaoBaHUn. Mera-npoeKTbl MO s1a3epam 3KCTPeMaIbHOM
MOLLHOCTM

®  PenATMBUCTCKU CMNbHbIE NOAA
YnbTpapenAaTUuBUCTCKME NosA
JKCTpemManbHO CU/IbHbIE NoAA

" [InHaMWKa 3NEeKTPOHA C YYETOM CUNbI PeaKLUMN U3NYHEHUA

® HenuHenHan ANEKTPOANHAMMUKA MNN1a3Mbl B IKCTPEMAJIbHO CUJ/TbHbIX MOJIAX
® OcHOBHble ypaBHeHUA. KBa3ncTtaumMoHapHaa moaenb
® TouHble BbIpaxKeHMA ANA CUA, AEACTBYIOLWMX Ha eanHMLy obbema
® HenuHenHaa gmuanekTpuyecKas NPOHULAEMOCTb
® [lnasameHHO-noneBble CTPYKTYpPbl B NaAatoWwmx NAOCKUX BOSHAX

" [pobon Bakyyma B a3epHbIX NOJIAX U 3NEKTPOH-NO3UTPOHHAA NaBUHA
®*  MaKcMmmnsaums nona npu 3agaHHoON MOLLLHOCTU M BO3MOXKHble CTPYKTYpPbl NoAs
®  D/IeKTPOMArHUTHbIN KacKag, B CXOAALLENCA BOJIHE ANNONbHOM KOHPUrypaumm
* ®dabpuKa ramma KBaHTOB BB-HbIX sHEprui

" HenunHenHan aNeKTPOAUHAMMKAE INEKTPOH-NO3UTPOHHOM NAa3Mbl

®  e-p NaBMHa Kak MOHU3ALMOHHANA HEIMHENHOCTb B 3N1€KTPOMArHUTHbIX NOASX. AHaNorms ¢
HepaBHOBeCHbIMM pa3pagamu (CBY 1 nasepHbIMK) B BONHOBbIX NOAX

® CamocornacoBaHHbIM CN0M e-p NNa3Mbl B NaAaOLWMX MNIOCKUX BOSTHAX
®  CTpyKTypbl NOAS 1 N1a3Mbl B CXOAALLENCA BOIHE AMMO/IbHOM KOHOUIypaLmm

® 3aknr4veHune n nepcnekTuBbl
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MoLlHble U cBeEPXMOLLUHbIE Na3epHble CNCTEMDbI

My/bTU-TepaBaTTHble — cotHu TBT: | <10%°—10*" Bm/cn® | . ~30 M>B

(paboumne cucrtemol)

NetasaTTHble — 1 MNBT: | ~10°° Bm/cm?®, & ~100 MoB

(scTynuam B cTpoit)

10 NeTtaBatTHble — 10 MNeT: | ~10% Bm/cu; & ~300 M>B

(cnepytowero nokoneHus)
Cy63k3aBaTTHble-nasepbl — 100 NBT1: | ~10** Bm/cwm®, &. ~115HB

(mera-npoekKTbl)



Extreme Light Infrastructure

ELI will comprise 4 branches:

* Attosecond Laser Science, which will capitalize on new
regimes of time resolution (ELI-ALPS, Szeged, HU)

* High-Energy Beam Facility, responsible for development
and use of ultra-short pulses of high-energy particles and
radiation stemming from the ultra-relativistic interaction
(ELI-Beamlines, Prague, CZ)

* Nuclear Physics Facility with ultra-intense laser and
brilliant gamma beams (up to 19 MeV) enabling also
brilliant neutron beam generation with a largely controlled
variety of energies (EL/I-NP, Magurele, RO)

* Ultra-High-Field Science centred on direct physics of the
unprecedented laser field strength (EL/ 4, to be decided)




ﬁ@ ¢ Poccuncknin npoekt XCELS

XCELS- EXawatt Center for Extreme Light Studies
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CBerCVI!'I bHblE€ /1a3€PHbIE NOJIA

PeNaTUBUCTCKU CUAbHbIE NOAA: | >10% Bm/cev? & >1 MoB ~mc?
23 2
SKcTpemanbHo cunbHble nonda: | ~9x107 Bm/cm

3mc’A "
a-~ Aﬂez ~ 450

YnbTpapenstueuctckue nons: | =102 -10** Bm/cu?®
& >0.3-11»B~Mc’



[IMHaMMKa 3N1eKTPOHa B 1a3epPHOM MNoJie

YpaBHeHue ABUKEeHUA:

/— CUNa peakummn nsnydyeHuna B Gopme:
dp _ e B . - Abparama-/lopeHTua
—=eE+—[V,H]+F, - Nanpay-/inswmua
dt c - C Y4€TOM ANCKPETHOCTU N3NYyYeHUs

E
- UMpKyNApHO-NONAPU30BaHHAA BOMHA: @ ‘ v

3enbgosud A.b. YOH, 115 (2), 1975.

- JINHEeNHO-NoNAPN30BaHHaA BOHA: E



[IMHaMMKa 3N1eKTPOHa B 1a3epPHOM MNoJie

- CToAYan IMHENHO-NONAPU30BaAHHAA BOJHA:

e
aser ) © 4NN osc
HBM)KEHVIG PENATUBUCTCKOIO 3JIEKTPOHA

ABunxeHne aneKkTpoHa B CTosi4eN BOIHe PenAaTuBucTcKas CToXacTMYHOCTb

E ~ Z cos(kX) cos(at)

m‘ .

yqu cunbl pa.u,wauMOHHoro Tpel-wm [G. Lehmann et al., Phys. Rev. E, 85, 056412, 2012]




[IMHaMMKa 3N1eKTPOHa B 1a3epPHOM MNoJie

- CToAYan IMHENHO-NONAPU30BaAHHAA BOJHA:

e
aser ) © 4NN osc

[dnHaMuka anekTpoHa Ka4eCTBEHHO MEHSIETCH MPU YYeTe CUIbI
peakuumn n3ny4yeHus.

a=2000

AHOManbHbLIM paguaunoHHbli 3axsaTt (ART) B nasepHbIX
NONAX C IKCTPEMA/IbHO BbICOKOIA MHTEHCUBHOCTbIO

0.4,

0.2

0.1




[IMHaMMKa 3N1eKTPOHa B 1a3epPHOM MNoJie

flBneHne pagmMauMOHHOro 3axBaTa B CTOSMEN BOJIHE:
INeKTPOHbI NoKanusytTca B MUHUMYyMme (NRT) uan
B MaKcumyme (ART) aneKkTpuyeckoro nonsa
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A. Gonoskov, A. Bashinov, I. Gonoskov,C. Harvey, A. llderton, A. Kim, M. Marklund, G. Mourou,,A. Sergeev, PRL (2014)



INHaMMKa aNneKTpoHa B 1la3epHOM none

ABNneHMe pagmauMoOHHOro 3axBaTa B CXOAALLENCA ANNOJIbHOM BOJHE:
INeKTPOHbI NoKanusytTca B MUHUMYyMme (NRT) uan
B MaKcumyme (ART) anekTpuyeckoro nona
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A. Gonoskov, A. Bashinov, I. Gonoskov,C. Harvey, A. llderton, A. Kim, M. Marklund, G. Mourou,,A. Sergeev, PRL (2014)



HennHenHasn INIEKTPOANHAMUNKaA MJ1a3Mbl

NcxoaHble ypaBHeHUA. Cuna peakymu nsnyvyeHmna 8 popme LAD.
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HennHenHasn INIEKTPOANHAMUNKaA MJ1a3Mbl

- KBasucTaumoHapHasa Moaenb:

;IZRE-:{ A(2)(x+iy)e™t} ,
= - 2e°w

U7 = Re{v( ){X—I—f\f)ﬁi“’i} 52@’ for A=1um 5~107°
a6 Self-consistent set of equations:
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HennHenHasn INIEKTPOANHAMUNKaA MJ1a3Mbl

HennHenHas ananeKkTpuyeckaa NnpoHULAEMOCTb:

8
y(|a|)—z 28“2 -8+ 5§)

[S + (52 + 54q3)1/2]1/3

1 -
B:Z_?[SZ+(SZ+54q3)1/2] 1/3+

e=1- 7o (L+1577) 2735 ’
7(1+ 5 7") q=2"252(3+4|aP), s =276 [1— 20+ |aP)].
. - . N,
Without radiation reaction force (5 =0 ): €= 1—m Akhiezer, Sov.Phys. JETP (1956)
2
Relativistic Thomson scattering cross section: o, =0 7/—26
1+0 4 Bulanov et al., PRL (2010)

12 C =2
(by definition as G‘E‘ :E‘E‘ o N,

87ze!

2.4

amict Thomson scattering cross section)
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HennHenHasn ANEKTPOANHAMMUKA MJ1a3Mbl

£=1- 7(1+52 6)(1+|5y)

Cunbl gencTeyowme Ha eanHuLY obbema:

V.A.Kozlov, A.G.Litvak, V.E.Suvorov, Sov.Phys. JETP, 1979, relativistic ponderomotive force accounted exactly but without radiation
reaction effect.
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In the plasmaforce due to charge separation is compensated by a sum of two forces: the
ponderombtive force and dissipative force due to radiation reaction effects.



Gamma Source with Colliding Pulses

- Laser Foil Interaction

?

Thickness of Maximum value of
electron layer plasma density

Fields in Electron energy

overdense plasma taking into account
radiation
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Laser-Foil Interaction

- Plasma Field Structures:
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2 1APRAS g Gamma Light House Source with Colliding Pulses
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A.Bashinov, A.Kim , Phys.Plasmas, 2013
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MaKkcummnsauma nona npu 3a,£I,aHH0171 MOLWHOCTU

Rule of thumb for coherent combining of several beams:

S.S. Bulanoy, V. D. Mur, N. B. Narozhny, J. Nees, V. S. Popov, Multiple Colliding Electromagnetic Pulses: A Way to
Lower the Threshold of e-p Pair Production from Vacuum, PRL 104, 220404 (2010).

E.G. Gelfer, A.A. Mironov, A.M. Fedotov, V.F. Bashmakov, E.N. Nerush, I.Yu. Kostyukov, N.B. Narozhny, Optimized
multibeam configuration for observation of QED cascades, Phys. Rev. A 92, 022113 (2015).

To maximize the electric field at focusing point, radiation of several combining beams
should reproduce configuration of phase conjugated dipole radiation field

Vi SN
4 - ﬂ
SR ] 4
Minimum focusing volume: Vi 0.032)°

Converging dipole wave as an exact solution of Maxwell equations:

i_ . d | |
E= VxVxZ H=_-VxZ Z=3 ‘ﬁ[gf: + Rjc) — g(t — R/c)]

i

- .—-:'."'1,-"!}3'”,- In 4

E(0,t)=2279(1t) H=0 g(t)=e€ s (wT )

I. Gonoskov, A. Aiello, S. Heugel, and G. Leuchs, Phys. Rev. A 86, 053836 (2012).



MaKcummsaums noaa npm 3agaHHOM MOLLLHOCTHU

Coherent combining to mimic a converging dipole wave

” PHysicaL

@ @ .

LETTERS

E
Belt-6 Double-Belt-12
Geometry Power per Intensity, 1/1(f=1.2) Equivalent
channel ><1025W/cm2 power (f=1.2)
Single beam P,=200 PW 200 PW
(f=1.2)
Double-Belt-12 P,/12 11.2 2.2 EW
12x (f=0.96)

Dipole-Wave - 16.7 13.9 2.8 EW

A. Gonoskov, A. Bashinov, I. Gonoskov,C. Harvey, A. llderton, A. Kim, M. Marklund, G. Mourou,,A. Sergeev, PRL (2014)



CTPYKTYpPbl NOAA B ANMOJbHON BO/HE

Pair Plasma Generation in a Converging Dipole Wave
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Mpoboi Bakyyma 1 3/1eKTPOH-NO3UTPOHHAA S1IaBMHA

INEeKTPOMArHUTHbIN Kackaa, e
€ — Y
A) MHOXecTBEHHOE poXaeHue e-p nap AW 0
BbICOKO3HEPIrMYHOM YacTULEMN e — Y / e
(MoHM3aUMA 3NEeKTPOHHbIM YA3apPOM) P— Y \
P

A 4

Neop ~ %mc2

B) B nasepHom none - e-p fNaBMHa

(9neKTpoHHas naBuHa) e
e
/ _>Y\p
I't € — Y
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e — Y e —» T>i'e
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\‘ p—>Y /

v




INEeKTPOMarHUTHbIN Kackaj, B 1a3epHOM MnoJie

1. A.R.Bell, J.G.Kirk, Possibility of Prolific Pair Production with High-Power Lasers, PRL 101, 200403
(2008).

2. A. M. Fedotov, N. B. Narozhny, G. Mourou, and G. Korn, Limitations on the Attainable Intensity
of High Power Lasers, PRL 105, 080402 (2010).

3. LV.Sokolov, N.M. Naumova, J.A. Nees, G. Mourou, Pair Creation in QED-Strong Pulsed Laser
Fields Interacting with Electron Beams, PRL 105, 195005 (2010).

4. S.S. Bulanov, T.Zh. Esirkepov, A.G.R. Thomas, J.K. Koga, S.V. Bulanov, Schwinger Limit
Attainability with Extreme Power Lasers, PRL 105, 220407 (2010).

5. N.V. Elkina, A.M. Fedotoy, |.Yu. Kostyukov, M.V. Legkov, N.B. Narozhny, E.N. Nerush, H. Ruhl, QED
cascades induced by circularly polarized laser fields, PRSTAB 14, 054401 (2011).

6. E.N. Nerush, LY. Kostyukov, A.M. Fedotov, N.B. Narozhny, N.V. Elkina, and H. Ruhl, PRL 106,
035001 (2011).



[IMHaMMKa 3N1eKTPOHa B 1a3epPHOM MNoJie

Ctodyas AMnonbHaA BONHA:
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Mpobon Bakyyma B cxoaawencsa AMnoNbHOM BOJIHE
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FIG. 2. The measured averaged rate of the exponential
growth for the number of particles produced and trapped in
the center of an e-dipole wave as a function of the total power
P. The dashed line with circles indicate numerical experiments
and the solid line obtained from analytical estimations (1).



Mpobon Bakyyma B cxoaawencsa AMnoNbHOM BOJIHE

P=10 BT, e-p naBunHa:

JnekTpu4eckoe MarHnTHoe PacnpeneneHuve
none none 3N1eKTPOHOB
2 T T T 2 T T T 2 T T T
1k i 1+ i i
o+ i ok i i
-1k _ —-1F - _
_2 1 1 1 _2 1 1 1
-2 -1 0 1 2 -2 -1 0 1 2 2
2 T T T 2 T T T
1k i 1+ i i
1] s i ok i i
-1k _ —-1F - _
_2 1 1 1 _2 1 1 1
-2 -1 0 1 2 -2 -1 0 1 2 2

1 A 1 A 1 A

PacnpeneneHwve
tdoToHOB




[Mpobon BaKyyma B cxoasLLenca AunoibHOW BOHE

P=10 NBT, e-p naBuHa (oouH nepuoa):

Electric Magnetic Electrons Photons

field field distribution distribution

1.5 1.5 1.5

0.0 ‘ - 0.0 |- - 0.0 . 0.0 -

1.5

215 0.0 1.5 Z1.5 0.0 1.5 ‘215 0.0 1.5 =1.5 0.0 1.5
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®abpurka ramma KBaHTOB [3B-HbIX aHeprum

P =40 PW, 15 fs, nnoTHocTb muwweHun 1016 cm3

CBEpPXAPKNIA UCTOMHUK raMMa U3NyYeHUs:

eV e, MeV dE/de,{arb. units)

‘_‘__—l.l'*u —

~foma 197

o 10

p ,"4::,, 65
/ // s 1
1 J T 44
™ - R 1 O0PW
1 _:::__n:rﬂ-""’_u i B ,\I
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FIG. 5. Left. Deendence of average £+, (red line with cir-
cles), maximal £ (blue line with triangles) photon energy
and energy at the level 1% £, . (black line with squaresjon
incoming power P. Hight. Examples of normalized spectra of
electron-positron plasma radiation for 10, 30 and 100PW.

& (IB) =y, mc® =0.6,/P(I1Bm)



®abpurKka ramma KBaHTOB [3B-HbIX 3HEprum

P =40 PW, 15 fs, nnoTHocTb muwweHun 1016 cm3

CBEpPXAPKNIA UCTOMHUK raMMa U3NyYeHUs:

10° ; ; . 1.0
— =1 GeV
1071} — 0.1-1 GeV 0.8
3 - 3
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£ 107 T 06
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10 0.2
10'5 m | 1 0_0 | | L
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OueHku: P=40 MNBT, oAnTensHOCTb umnynbca 15 ¢c
4.5 pc ramma mmnynbe, ¢ sHeprment > 1 MEB - 2 5x102°s™

Yrnosoe pacnpegeneHve raMma KBaHTOB:
rony6as IMHUA-OANHOYHOTO 3/IEKTPOHA,

YyepHaa IMHUA-NAa3Mbl
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®abpurKka ramma KBaHTOB [3B-HbIX 3HEprum

P =40 PW, 15 fs, nnoTHocTb muwweHun 1016 cm3

CBEpPXAPKNIA UCTOMHUK raMMa U3NyYeHUs:

le23

1026 r T T 6
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n 10771 3
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2 05¢ 104
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OueHkn: P=40 NBT, aantenbHocTb MMmnynbca 15 ¢c,

4.5 dc ramma umnynbc, ¢ aHeprueit > 1 B -5x10 ph-s~

MaKc. cBeTUmocTb ~ 2-10%7 stmrad2mm™2
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HennHenHasn INIEKTPOANHAMUNKaA MJ1a3Mbl

- Maxwell’s Equations: E(F,t) = E(F)e'”
(quasistationary model)

2
AE+(EV5)+‘”2 pE_i0@e) OE
C COw 8’{

E

& is the dielectric permittivity,

n Vv m(@® +v?
e.g., in plasma E=1-—|1+1— N, = ( 2 )
N n) A7e

c

- Pair Plasma Generationas __,_ N A+ig?), N, =M

- . - . E= 1 ,
an Ionization Nonlinearity: N y(1+ e ¢ Ape?
2e° _ t
o= 3mca3)’ for A=1m 6~107° Due to radiation

reaction effect




HennHenHaAa anekTpoagnHammuKa e-p naasmbl

e-p NaBMHa Kak NOHN3aUMOHHAA HESTMHEMHOCTb B fIEKTPOMAarHUTHLIX NOSsX. AHanorma c
HepaBHOBECHbLIMU pa3psagamun (CBY 1 nasepHbIMU) B BOSTHOBbIX MOSISIX

HepaBHOBECHbIM pa3psj;

YpaBHeHuMe banaHca: e zl_ﬂ(“il} n :M
n, w) ° Ane?
B B
on P on E
—=I|— | -1|n, =053, B, =71IBm —=v, u —1in, =534, E, =30xB/cm
ot ] ot E,
N ) _ 4 1
- 26 (l‘i"@/s) va=5x10"s
Noy(@+57") . n(r), |E|=E,
CraumoHapHbIN pa3paa: n=
2e2a) 8 O, ‘E‘ < Eb
o= 3mc®’ for A=1um 5~10 OaHOMEpPHbIN pa3paa, B NJIOCKUX BOMHAX:
n 27
nx)=————, k=—
cw(vk%) A
(0]
Pa3papg B cxoasLenca UMANHAPUYECKON BOTHE:
Mn:m@_umn@j
I, (Kr/ w)
MmnbaeHbypr B.b., fonybes C.B., 3T 74, (1974).




HennHenHaAa anekTpoagnHammuKa e-p naasmbl

e-p NaBMHa Kak NOHN3aUMOHHAA HESTMHEMHOCTb B fIEKTPOMAarHUTHLIX NOSsX. AHanorma c
HepaBHOBECHbLIMU pa3psagamun (CBY 1 nasepHbIMU) B BOSTHOBbIX MOSISIX

YpaBHeHMe banaHca:

on P g
—=I||—| -1|n, =053, B, =71IBm
ot P,

2
§:2e as)’
3mc

for A=1um 6~10"°
OueHKwu:
NMNOTHOCTM NAa3mMbl HA HEAIMHEMHOW CTaAuM

mao?

N ~ N_y(@+6%y°), where N_ = 1

2

HepaBHOBECHbIM pa3psj;

2 2
g=1—£(1+i1), n, = M@ +v7)
n ) A 7e?

c
OAHOMEpPHbIN pa3pag, B NJAOCKMX BOJIHAX:

N, 2r

nx)=——=—— —
chz(v kxj A

()

Pa3papg B cXo4AaLlEeNca UMAUHAPUYECKOM BONHE:

n(r):n{l_ Il(vkr/a))]
I, (Kkr/ )

XapaKTepHbIN pa3mep pa3psagHon obnactu:

MmnbaeHbypr B.b., fonybes C.B., 3T 74, (1974).



HennHenHaAa anekTpoagnHammuKa e-p naasmbl

e-p NaBMHa Kak NOHN3aUMOHHAA HESTMHEMHOCTb B fIEKTPOMAarHUTHLIX NOSsX. AHanorma c
HepaBHOBECHbLIMU pa3psagamun (CBY 1 nasepHbIMU) B BOSTHOBbIX MOSISIX

O1thnyua:
1. |_|OCTOFIHHaFI NaBHbl 3aBUCUT OT CprKTypr nonA, 3I'IeKTpMLIeCKOFO M MAarHUTHOTIO noneﬁ.

2. Cyu.l,eCTBeHHbIﬁ POCT MmOXeT HpOM30ﬁTM 3a BpeémAa MmeHblle nepmnoaa nonA.



CamocornacoBaHHbIN CN0U B MNagatloWwmnx BO/IHAX

e-p Crnow B UMPKYNSPHO-NONAPN30BaHHbIX BOMHAX:

e
nasep | nasep
100
102 i

I(W/cm?)

Lo il ol ol
1025

10% 107 10%8

ST

10°

al-— N _Ja=
ch/(l—I@/ )
_l_l vz 2 8— 7/ 1/2
al(EY) ZB (3 4B+§1/281/2)

1 B SZ+ 82+54 3\1/291/3
B:Z__[S +(S +54q )1/2] 1/3 [ ( 21/33521 )] ’
q=2""5%(3+4|al’), s=275*[L-5*(1+|al’)].

2
2 a; for A=1um 6~107°
3mc

5:

L= j Ndz - uucno nap Ha eguHuLy naowaam



e-p Nna3ma B CXOAALENCA ANNONbHOW BOJIHE

P=35Tl1BrT, 15 ¢c:

JnekTpu4eckoe
none

2 T T T
1+
OF L

_1 L

_2 1 1 1
-2 -1 0 1
2 T T T
1+
oF ®

_1 L

_2 1 1 1
-2 -1 0 1

MarHnTHoe
none
2 T T T
1
0 1]

_1_

_2 1 1 1
-2 -1 0 1
2 T T T
1
T

_1_

_2 1 1 1
-2 -1 0 1

y/ A

PacnpeneneHwve
S3NEeKTpPOHOB

PacnpeneneHue
tdoToHOB
2 T T T
1+
0O
_1_
!

_2 1 1 1
-2 -1 0 1
2 T T T
1+
0O

_1_

_2 1 1 1
-2 -1 0 1

yf A




e-p Nna3ma B CXOAALENCA ANNONbHOW BOJIHE

9 PW, BpemeHHaA gMHaMumKa:

10‘ T T T T T 10‘
0.8 n — [E N l0.8
il _ .
s 0.6 0.6 é;_
= 2
< 04 {04
+ =
0.2 ,1“1[ MA 0.2
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I I 1 | I |
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9 PW, BpemeHHaA gMHaMumKa:

il \\!Mlllllﬁlll
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e-p Nna3ma B CXOAALENCA ANNONbHOW BOJIHE

35 PW, BpemeHHaa guHaMUKa:

ton energy, G
NN W W
o v o u

T
H MO W

e
[
=
o o v o owm

Power emitted by photons, PW

£ 154 — Energy
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e-p Nna3ma B CXOAALENCA ANNONbHOW BOJIHE

35 PW, BpemeHHaa guHaMUKa:

I I i i
18.5 19.0 19.5 20.0

1.0 I

NITTH — feal]s0
— N H 50 —
N, =
s 06N 40 %
K 0.4 130 =
420 =

0.2 10

0.0 0
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e-p Nna3ma B CXOAALENCA ANNONbHOW BOJIHE

35 PW, KBasncrtaunmoHapHana ctagma:

JdneKTpuyeckoe MarHnTHoe PacnpeneneHue PacnpepneneHue
none none 3N1eKTPOHOB ¢hOTOHOB

2 1 1 1 2 1 1 1 2 1 1 1 2 1 1
1F - 1+ = I = 1f
o} : of | - o} | o}

-1} o -1} < -1} - -1}

_2 1 1 1 _2 1 1 1 _2 1 L 1 _2 1 "
-2 -1 0 1 2 -2 -1 0 1 2 -2 -1 0 1 2 -2 -1 1
2 T 1 T 2 1 T 1 2 1 1 1 2 T 1 1
1F = 1+ = 1+ - 1F
o} 4 ol 0 3 o} » d o} .

-1} - -1} - -1} B -1}

_2 1 1 1 _2 1 L 1 _2 1 1 1 _2 1 1 1
-2 -1 0 1 2 -2 -1 0 1 2 -2 -1 0 1 2 -2 -1 0 1

y/A y/A y/A y/A



e-p Nna3ma B CXOAALENCA ANNONbHOW BOJIHE

[1Ba KBa3UCTaLMOHAPHbIX PEXMMA:

1st regime 2"d regime

Max photon energy, GeV
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3akayeHume

" HenuHenHasa aNeKTPoANHAMMKA NAa3Mbl C YY4ETOM CUJIbl PEAKLUU N3NYYEHUA
¢ HennHenHan ANINEeKTpNYeCKaa NPOHNLAEMOCTb
® TouyHble BblpaxKeHUA ANA CUN, AENCTBYHOLLNX Ha eauHMLY 0bbema
® [Mna3smeHHO-NoNEBbIE CTPYKTYpPbI B NagaOWnMX NIOCKUX BOJTHAX
" [poboi Bakyyma B BO/THOBbIX MONAX —
KaK 06 BbEeKT HEIMHENHOW 3/IEKTPOANHAMUKMN

®  e-p NaBMHA Kak MOHU3AUMOHHAS HEIMHENHOCTb B 31€KTPOMArHUTHbIX NONsSX. AHanorus c
HepaBHOBeCHbIMM pa3pagamu (CBY u nasepHbIMM) B BOTHOBbIX NOAAX

® CamocornacoBaHHbI CN0M e-p NNas3mbl B NaAatoLWLMX NOCKUX BOJTHAX
®  CTpyKTypbl NONS U N1a3Mbl B CXOAALLENCA BOIHE AMMNO/IbHOM KOHOUIypaumm



Cnacubo 3a BHMMaHue!
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