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IIpyMeHeHHue CBEPXMOIIHBIX JIA3ePHbIX UMIYJIbCOB — (POKYCHUPOBKA B MUILIICHb.
=> Hy:xeH mjiockuu pa3oBbid PPOHT

IIpumep 3KcrIepUMEHTAJBLHOTO pacnpeneaeHus W(r) 0uxHen 30HbI
ny4ka JjiasepHou ycranosku PERL, 30 J / 50 fs

IlnoTHOCTH 3HEprUn W(r)
peajibHOIO IMy4Ka

OcHoBHas npodiieMa NPUMEHEHHUS METOAA HEeJIUHEHHOU KOMIIPEeCCH U
CafCA Bo3HUKaeT NpU NPOCTPAHCTBEHHOM (POKyCHpPOBKe:

Hesauneiinblil ¢pa3oBbIi (PPOHT ~ pacnpeaeeHue HHTEHCUBHOCTH!

: ; ; [l
p(t,7L) ~ [E(t, L) ,

=> [Ipu Oosbmnx B-unrerpasax (10-20) ouens mioxas poxycupoBka!

4 4 4 2 0 /) 4 6 ]
x,mm

none E(t,71) < S(t,7.) cuekrp

unrencusrocrs  1(1,7) = |E(t,71)? ®daza nomns ¢(t,r.) OOJbIIIE HE pACKIaIbIBACTCSI HA CyMMY @i(1) + @a(r.),
BPEMS M IIPOCTPAHCTBO 3aBS3aHbI!
momgocty - P(t) = / I(t, 7 )drs ®a30Bblil KOPPEKTOP Pcor(F1) HE MOKET 00€CTIEUNTH OTHHAKOBO

XOpPOoIIYI KOPPEKIHUI0 BCEX BPEMECHHBIX ceyeHu I/IMlIyJIbca!
niaoTHOCTE 3Heprun W (7)) = ]I(t,ﬂ_)dt
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Heauneiinasa komnpeccus (CatCA / TFC / NPC ...)

Tonkas HelMHeHAA MJIACTHHKA \ 1 npn-3epkana,

7= == ol = 2 KBagparnunas koppekuus
CHEKTpaJibHOM (ha3bl

(pazoBast caMOMOAYJISILHS .
) Si(®,r) = So(w,r) * exp(ifw?/2) =>
Field /\ KOMIIPECCUs] MMITYJIbCa
2

WurencuBnocts [ ~ 1-2 TW/em*  — 7 > > —
B-unTterpan ~ 10-20 Eo(t,r) En(t,r) Ex(t,r)
Spectrum
SO((D I") S]((D,I") Sz((D,I")
diffraction dispersion self-phase modulation envelope front
(self-focusing) (stretching / compression) (spectral broadening) steepening

)

9 ke ks O° o (2 0
(dz tyy O l LU] [202 "G os )U__”OU'U ot Y

@@ WHCcTMTYT npuknagHoii usnkn Poccuiickoii akagemum Hayk



CafCA u naabHenmast (pOKyCHpPOBKA.
Heo0xoaumMocTh KOppEeKUUU MPOCTPAHCTBEHHOM (Pa3bl

AJTanTUBHOE 3€pKajio, Tpouis A(r),

KOPPEKIIUS TPOCTPAHCTBEHHOM (ha3bl WneanbHas (OKyCHPYIOLIAs ONTHUKA
Ss(@,r) = Sa2(w,r) + exp(ikh(r)) Sy(@.r) = /(&) - [Sx(,r) - exp(ikex/f)dx
s TEEEEEEEEEEEEE- ~ \
¢ Nonlinear post compression (CafCA) S \
\

)




OTKyna B3iTh NPOCTPAHCTBEHHYIO (pa3y IJI KOPPeKUUU (POKYCHUPOBKHU?

Br160p cooTBeTCTBYIOIIETO MPOodUiis aJanTUBHOTO 3epKajia A(r) - HanboJiee HEMOHATHASA U KPEaTUBHAS YacCTb.
Otkyna ero Opatb? EcTh HECKOJIBKO pa3yMHBIX CTpaTErui:

1. U3 a3bl mosisi B MOMEHT BPEMEHH ¢ = t, , T/I€ MOJIHAS MOIIIHOCTh KOMIIPECCUPOBAHHOTO UMITyJIbca P(t) MakcuMabHa:
o(r) = angle(U(tm, 1)) - B OKCIIEPUMEHTE Hepeau3yeMo, HO IIPEAIOIIAraeTcs, 4YTO ATO «UICAIBHBIIN) Cllydan
(MHTYUTHBHO MOHATHO, YTO HY’KHO ONTHUMAaJIbHO C(POKYCHUPOBATh BPEMEHHOM CIION C MAaKCUMAaJIbHON
SHEPTUEH JIJIs JOCTHKEHUSI MAKCUMyMa MHTEHCUBHOCTH B (DoKyce)

2. U3 da3bl ciekTpa, B3STOrO B Y3KOM YaCTOTHOM MHTEpBaJie S() B OKPECTHOCTH LEHTPATbHON YaCTOTHI:
@(r) = angle(S(wo, 1)) - MOKHO Peajiu30BaTh IKCIEPUMEHTAJIbHO!

3. U3 ouenku B-uHTerpasna u pacnpeaenenus myuka W(r):

o(r) =B - W(r)/ Wax - MOKHO Peajin30BaTh IKCIEPUMEHTAJIbHO!
4. U3 uzmepenuit ¢asnl narunkom lllaka-I'aprmana («cpenHsis mo BpeMeHn» ¢asza): - MO’KHO Peajiu30BaTh IKCIIEPUMEHTAJIBHO!
. | s s . — — 2
] V(-f)(t, 'J"J_)I(t. T‘J_)(]ft s [ sz/;(w, T'J_)lS(iU, T'ﬂ'J_)l d,w
< Vo(r) >= — ‘ <=> < Vo(ry) >= —
CHTHAJI UJIEaLHOTO CEHCOopa: o(7L) 1,7 o(r'L) 150, ™) P

5. MoxxHO TIpo6OBaTh NPUMEHNUTH KO3(PPUIMEHT KOppeKUUU ) K JBYM NOCIEIHIUM METOAM:
o(r)— Q-o(r) - BO3MOKHOCTDH SMIIUPUYECKON ONITUMM3 AU
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Moneauposanue 3D : 50fs, 910nm, Quarz, I,.. =2 Tw/cm2, B=20, L=5.9mm

. 5 5% 1) C Taxoii mpoCTpacTBEHHOU (Pa3oil OCYIIECTRISAETCS HAaUTydIliast
= LceXpl(- T
| & oxP (OKyCHpPOBKA, KaKk 10 MHTEHCUBHOCTH, Tak u 1o LlITpemnto

Gain in max focused intensity, phi=anglc(U2(x,y,t)) Gain in max focused intensity, phi=angle(SU 2(x,y,f))
5r 5r ’
FTL — Gaini MIE3 s [ — Gain in max IF‘3
——————————————————————————— —G ninmaxWFJ" o — === =g~~~ GaininmaxWFJ re
455 pulse power P, 487 N Energy spectral density P ,
¢ @ max P A ¢ @ max P
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Boiurposim B Makcumyme GokajibHOI HHTEHCUBHOCTH B 3ABHCHMOCTH OT
IMIIMPUYECKOr0 NONPABOYHOro ko3 duuuenta Q 1jsi ABYyX METOAOB:

- ¢pa3za u3 “B-unTerpana” o(r)=Q * B W(r)/Wax
- «cpeanss» mo umnyabcy ¢asza narunka Hlaka-Iaprmana  ¢(r) = O * Qsn-n(r)

da3a no B-uHrerpaJy 1aer HempaBWJIbHYI OLECHKY JMaryuk [llaka-I'apTrMaHa 1aeT npakTHYeCKH NPABUJIbHYIO
(a3bl ¥ HY:)KIaeTCHA B CYHIECTBEHHOM YMIIEPUYECKOM oueHKY (a3bl. BBeneHue monpaBo4yHoOro SMIMUpPUYECcKoOro
KOpPpPeKIUU Npu nomMouu kodpduuuenra Q KO3 PUIHEHTA YIYYIIAeT CATYALUHMIO JUIIb HE3HAYNTEIbHO

1200 _— Imax, phase "B-integral" 7000 _— Wmax, phase ""B-integral"

FTL Imax, phase "Hartmann" _— Wmax, phase "Hartmann"
6000 rit-——1—" """~ 7=7-
1000 f ¢ (@ maxiP

2 | A p<
= £ 5000 —— T =
5 800 1 =
£ <
< = 4000 |
2] g
= 600 1 o
5] (=]
& < 3000
- <
= e

5 400 [ 1 g

£ 2000 [
~ dbokycupoBka &

200 [ B _m_ _____ 151 E)ZO_IIE(SF?)_HS/LIKa I() 1000 S
. S I —— Loowm L
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
correction coefficient O correction coefficient O
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L]

MoaeaupoBanue 3D : 50fs, 910nm, Quarz, I, =2 Tw/cm2, B=20, L=5.9mm

1 g% y=0, ), max(D) = 1.00 105, ¥=0, ), max(l) = 0.42 1,,(%, ¥=0, t), max() =5.21 Ty (6 ¥=0, ), max(@) =5.21 Ty 1 pr 06 y=0, ) max(l) =7.29
0.8 5 ~ _ 3 — s
—_~ d  P/P,=0.51 P/Py,=4.37 ) P/Py=4.63 P/Py=5.23
w e % 0.7 % 4 y %
W « 4 0.6 4 35 4 4
= S = , : 2
m . 2 0.5 : 2 A E 0 3
% ) Il ! w30 25 g
E o ;‘ : 03 : ! : z
m o« 4 4 15 4
LQ R 6 " 6 1 6 .
: 8 0.1 8 0.5 8
o
A0 <100 -50 0 S0 100 150 ! 4150 <100 50 0 50 100 150 50 0 50 ’ -50 0 50 -50 o 50
t,fs t fs 6 1s tfs tfs
. ‘W
I, (5, y=0, 1), max() = 226.26 I, (%, y=0, ), max(l) =22.56 T, 5 (%, y=0, t), max(@) =81.60 1,4 (x,y=0, 0, max@) = 899.03 > g e %Y max
220 2 - _ 1000
_— 200 ' TrwHM — 11,7 fs " 800 15 TFWHM = 9'3 fs 900
S 180 18 60 700 a1 800
I I g 120 £ : £ B q w E - 500 E. 0 :::::
A # 100 a w 4 A 400 - s .
w 5 " * N 300 ) 300
A~ i
% > = “ ‘
Y 4 ] —
(<p) Q>)\‘ N w : " 0 A I, = 4.7 ) 1o
gg M t, fs T - 1.“1'5 * i1 i ) 5 fs )
m F% W, (% ), max(W) = 6160.20 W, (3 ), max(W) —544.41 W, (5, ), max(W) = 538.14 W, 4%, y), max(W) = 4940.98 , Wy g pry (5 ), max(W) =5421.11
'_Q 6000 . B 5000
500 4500 15 SR = 0.94 _
g m 5000 450 4000 : 4500
400 3500 h 4000
q Vo 4000 15 o 05 3500
% 5 £ 0 B 20 £ 3000
< 3000 3 o = = 2500
«~ = A = 2000 05 2000
N 150 = 1 1500
1000 1000
§ 1000 1 L5 500
50 500 5
T2 i 0 i 2
X, cm
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Moneauposanue 3D : 50fs, 910nm, Quarz, I,.. =2 Tw/cm2, B=20, L=5.9mm

4 Pulse power in near field Un and at focus Fn

6 > 10
.'p\ —= %
51 r -4
s
_ _|_,|3
-——-Uirn
¥y
F,
K,
k,
o

www.iapras.ru
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Moneauposanue 3D : 50fs, 910nm, Quarz, I,.. =2 Tw/cm2, B=20, L=5.9mm

binx.30Ha B ¢okyce

max pulse  max pulse max pulse max flux W(r),

power P(f) power P(t) intensity I(z,r) Strehl ratio
BxogHou uMIiysibc 1 1 1 1
[Tocne nnacTUHKH 0.507 0.534 0.100 0.088
[Tocne komnpeccun 4.37 3.49 0.261 0.087
FTL, U=FFT(abs(S)) 5.23 5.00 4.65 0.940
Bo10op npocTpancTBeHHOM (a3bl:
daza u3 t = tm, max P(f) 4.63 :__ il_4_; __ __ __ __ 2_0_5 __ __ __ __ _6_8_1§_ __J'
dazauz o =0, S(m) 4.64 4.38 3.99 0.800
®da3a u3 “B-uHrerpana’ 4.74 3.53 0.460 0.095
®da3a u3 “B-unterpana’”’, koppekuua O = 0.58 4.64 4.43 3.98 0.798
®da3za u3 narumka lllaka-I'aptmana 4.61 lr- :1'412 _- _- _- _- 3-9_‘7 _- _- _- _- _7)2-93- _-,l
®daza u3 garuuka [llaka-I"aprmana, koppekiusa Q = 1.1 4.64 4.42 4.07 0.817
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MoneaupoBanmue 2D : S0fs, 910nm, Quarz,
SuperGaussian I ~ exp(-(r/a)*), Ipeax =2 Tw/cm2, B =20, L=5.9mm

C Takoi NpoCTpacTBEHHOM (ha30i OCYIIECTBISICTCS HaWTy4Iias

exp(- (] 7))
: (poKyCHUpOBKa, KaK 110 HHTEHCUBHOCTH, Tak U 1o LlITpesnro

Gain in max focused intensity, ¢ = angle(Uz(r, t*))
T T

Gain in max focused intensity, ¢ = angle(SU 2(r, f*))
5 T T T T 5 T T

On-axis spectral density |S(r=0. fk)\z

3.5

2.5

0.5

0 Il
0.0 008 -0.06 -0.04 -0.02 0 002 004 006 008 0.1
1, 1/fs
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MoneaupoBanmue 2D : S0fs, 910nm, Quarz,
SuperGaussian W ~ exp(-(r/a)*), Ijeax =2 Tw/cm2, B =20, L =5.9mm

5 I ax> Phase ::B-integr al"" 120 : : ——W_.,» Phase "B-integral" |__
FTI. Imax, phase "Hartmann - Wmax’ phase "Hartmann"
n ) @ max P 100 [
w | T T T T A T z
e o
= =
= S 80t
£ £
= 3r <
-~ 7]
§ S 60
S S
= 27 =
5 5 40
£ g
— =
LA (PO_K_ HMPOBKa
nydka /o 20
0 : : : : : : 0 : : : : :
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
correction coefficient O correction coefficient O
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MoneaupoBanmue 2D : 50fs, 910nm, Quarz,
SuperGaussian I ~ exp(-(r/a)*), Ipeax =2 Tw/cm2, B =20, L=5.9mm

Bxon [Lractuna Kommnpeccus Koppekuns FTL

IUn , max 1.00 IUl , max 0.43 IUz , max 5.92 IU3 , max 5.92 IUI, FrL, > Mmax 7.32
TI/TP=50/50fs TI/TP:129/ 110 fs TI/TP=7.1 /9.3 fs TI/TP=7.1/8.4 fs TI/TP=6.7/7.7fs

0.35

1, arb.units
r, arb.units
1, arb.units
1, arb.units

bawxasas
30HA
I(x, y=0, ?)
r, arb.units

P/P,=4.89 P/P,=5.88

RSN P/P, = 4.41

-100 (1) 100 -100 () 100
t, fs t, fs t, fs t, fs t, fs
IFo , max 0.93 lFl , max 0.05 lFz , max 0.26 lF:; , max 3.85 IF" FrL, » Max 4.47
T /T, =50/50fs T /T, =57/113 fs T, /T,=6.6/8.1fs T, /T,=89/8.4fs T /7T,=8.4/79fs
(e 1’ 'p 1’ 'p 1’ 'p 1’ 'p 1’ 'p
m Ve 0.045 0.25
eun) .
o QL ~ 0.04
n O o 0.2
0.035
U< ? ? é <§ 0.03 é o1 é é’
= = = e = =
= = - = = =
U;‘ o ' 0.025
) - £ g g g g
== E X o T o E :
l:q m R 0.015
I N 0.01 0.05
= N I/l =0.05 /1, =0.28 Il =4.14 Il, = 4.81

-100 (1] 100
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MoneaupoBanmue 2D : S0fs, 910nm, Quarz,
SuperGaussian I ~ exp(-(r/a)*), Ipeax =2 Tw/cm2, B =20, L=5.9mm

Pulse power in near field ~ Watt

Pulse power at focus ~ Watt

1200 T 1200 T
_PUII , max 184 PFO , max 184
1000 - Py, max90 1 1000 - — Ppy o max 87 1
PUZ , max 811 PFZ , max 936
800 - — Py , max 900 800 |- — Py, max 901 B
------ PUl’FTL,max 1082 Pn,pn_’m“ 1061
2 600 B = 600 B
400 - 7 400 - 7
200 - n 200 - N
0 ! 0 !
-150 -100 -50 0 100 150 -150 -100 -50 0 50 100 150
t, fs t, fs
Beam flux in near field ~ J/cm 2 Beam flux at focus ~ J/em >
120 T T 120 T T
_WUn , max 109 —WF0 , max 102
100 —WUl,max 109 - —Wn,max7 -
WUz , max 109 WFz ,max 7
801 —_— WU3 , max 109 B —_— WlTJ , max 79
........ Wy pr » max 109 e W Lo max 93
=]

z 60 N N
40 - 7 7
20 b N

0 I I | I I I | .
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 8 9 10

1, arb. units r,, arb.units
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Moneauposanmue 2D : 50fs, 910nm, Quarz,
SuperGaussian I ~ exp(-(r/a)*), Ipeax =2 Tw/cm2, B =20, L=5.9mm

binx.30Ha B ¢okyce

max pulse  max pulse max pulse max flux W(r),

power P(f) power P(t) intensity I(z,r) Strehl ratio
BxogHou uMIiysibc 1 1 1 1
[Tocne nnacTUHKH 0.489 0.473 0.054 0.069
[Tocne komnpeccun 4.41 5.09 0.280 0.069
FTL, U=FFT(abs(S)) 5.88 5.77 4.81 0.912
Bo10op npocTpancTBeHHOM (a3bl:
D53 1 £ = 1, max P() s9 [T T ToE T T o
dazauz o =0, S(m) 4.74 4.88 4.05 0.741
daza u3 “B-uHterpana’ 4.84 3.83 0.83 0.112
®da3a u3 “B-unterpana’”’, koppekuua O = 0.58 4.74 4.83 3.62 0.735
®da3za u3 narumka lllaka-I'aptmana 4.71 lr- :l-fig _- _- _- _- il-()_g _- _- _- _- _7)2-33- _-,l
®daza u3 garuuka [llaka-I"aprmana, koppekiusa Q = 1.1 4.74 4.82 4.12 0.774
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BbIBOABI 10 pe3yabTaTaM MOJAEJTUPOBAHUS:

- PaccMOTpeHbI HECKOJILKO CTPAaTerud BLIOOPa NMPOCTPAHCTBEHHOM (pa3bl ISl YJIyUYIlIeHUS
doxycupoBku nocJse HeanmHernHon kommnpeccuu CafCA.

- Cpeau pacCMOTPEHHBIX CTPATErHil €CTh HECKOJIbKO Peain3yeMbIX IKCIIEPUMEHTAIBHO.
- [loka3zaHo, YTO MCIIOJIb30BAHHUE IPOCTPAHCTBEHHOI0 Paclpele/IeHUs CIIEKTPAJIbLHOMN (a3bl B
Y3KOM M0JI0CE YACTOT B OKPECTHOCTH LHEHTPA UCXOAHOI0 CIIEKTPA AAaeT pe3yJbTrat, OJM3KUM K

OoNnTNMMaAJIbHOMY.

- [loka3aHo, YTO MCMOJIL30BAHHME CUTHAJIA (IIPOCTPAHCTBEHHOU (Pa3bl), reHePUPYEMOil JATUNKOM
Ilaka-I'aprMaHa TakxKe 1aeT pe3yabTar, 0JIU3KHUH K ONITUMAJIBLHOMY.
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Moneauposanue : S0fs, 910nm, Quarz, I,.c =1 Tw/cm2, B=10, L=5.9mm

C Takoil mpoCTpacTBEHHOM (pa30i OCYIIECTBIISIETCS HAWTyYIliast
(dhoKycupoBKa, KaK 10 MHTEHCUBHOCTH, Tak u 1o [lITpemnto

Gain in max focused intensity, phi=anglc(U2(x,y,t))
35r

Gain in max |
F,3
251 ‘

Gain in max WF‘ 3

pulse power P2

WHCcTMTYT npuknagHoii usnkn Poccuiickoii akagemum Hayk

Gain in max focused intensity, phi=angle(SU 2(x,y,f))

Gain in max [F‘ 3

Gain in max WF‘ 3

2

Energy spectral density Pg
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50fs, 910nm, Quarz, I,k =1 Tw/cm2, B=10, L=5.9mm

Gain in focused intensity w.r.t correction coefficient Q for two approaches:

- “B-integral phase” ¢(r) = Q * B * W(r)/Wax
- Shack-Hartman “time average” phase ¢(r) = O * @sn-u(r)

Breal / B
800
o0 FTIL | phase " B-integral? focusing with the phase
3 phase "Hartmann"
® @ max P _: ___________ @ max P(m)
600 b /
A
z 500 .
“B-integral phase” gives the /m I Shack-Hartmann sensor
Wr(t)}lg lestlmate 1111 thlsd : gives almost correct phase in
particuliar exampie an w300 [ VL this particular example
focusing quality can be Y I U T U P }I};Ele_tl_b’_e_am P P
collv § : 200 | |
substantially improved with I ocusing Application of the correction
the correctlm.l coefficient 100 : coefficient almost does not
applied i affect the focusing quality
02 04 0.6 08 1 12 14 16

correction coefficient ()
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Moneauposanue : S0fs, 910nm, Quarz, I,.c =1 Tw/cm2, B=10, L=5.9mm

800 Imax, phase "B-integral" | 7000 —Wmax, phase "B-integral" |
_— Imax, phase "Hartmann" Wmax’ phase "Hartmann"

700 7 00 _____ /- """ 4
= 600 b §
g= = 5000 [ b
2 =
£ 500 | 1 2
™ <
< 5 4000 - 1
g 400 1 §
& < 30007 1
< 300 . &%

o <
<
£ L i

~ 200 ] z 2000

100 - 4 1000 [ 7

0 . | | | . | 0 . | | | . |
0.2 0.4 0.6 0.8 1 1.2 14 1.6 0.2 0.4 0.6 0.8 1 1.2 14 1.6
correction coefficient O correction coefficient O
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Moneauposanue : S0fs, 910nm, Quarz, I,.c =1 Tw/cm2, B=10, L=5.9mm

4 Pulse power in near field U_and at focus F_

4_><1l]
" [
1 1]
35} \ U
1
) U

!
3 y z
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bawxasasg

JlanbHsS 30HA

MoneaupoBanmue : 50fs, 910nm, Quarz, I,.. =1 Tw/cm2, B=10, L=5.9mm

Bxon

T, (% =0, ), max(@) = 1.00

IImacTuHa

I, (5 y=0, ), max() = 0.51

Komrpeccus

1, ,(x, y=0, t), max(1) = 4.34

U2

Koppeknus

IU ](x. y=0, t), max{) =434

FTL

T 1 pr (0 ¥=0, 0, max(l) = 4.98

0.8 35
-8 —_ . -8 8 — -8 —] -
— P/P, = 0.61 P/P,=3.08 § | P/P,=3.11 Q § P/Py, = 3.48
% _ -6 -6 3
Ny 0.35 2s -6
w = 4 0.6 0 -4 4 25 “ , 25
B s 2 2
E ” o e o 50 £, a0
O ) 2 N 8 Ty a 15 . 2 Ls
o™ ;‘ '3 0.15 z
«~ 4 s 4 1 4 1 4 1
R p : 0.1 6 ) . 6
g s 0.1 0.05 § 08 . 0s s 0.5
{ 0 0 0 0
150 -100 50 0 50 100 150 -50 0 50 S0 0 0 " -50 0 50
4 fs s s i 0 fs ) tfs
T (% y=0, t), max(l) =226.26 1 (5, ¥=0, t), max(1) = 44.20 I, (%, y=0, t), max(l) = 157.35 15 (x, ¥=0, ), max(I) = 629.56 Ly g G ¥=0, 6), max(l) = 707.67
20 600 - - 700
TFWHM — 92 fS 40 HM — 120 R =
" FWHM Trwam = 15.2 fs Trwam = 14.2 fs gt § M Tewaw = 13.2 fs "
180 35 o0 500
160 “ ! s00
140 7 80 o 0.5
0 E Boe £ < 400
w0 A w0 A o0 A " F
300
80 15 “© 200 05
VN 60 " i 200
0—) 4 20 100
I / I = 0 2 5 15 — 100
Q>)\‘ 20 0 . I / I 0— 3.1
-150  -100 -50 0 50 100 150 ) ESLI (] 50
M t s t, fs tfs tfs s
o W, (5 3), max(W) = 6160.20 Wi (% ¥), max(W) = 1452.44 Wi (% Y), max(W) = 1443.89 /i3 (5 ), max(W) =5426.31 Wi g (%), max(W) = 5848.56
é ; 6000 1400 1400 -
S000 pr— S5
SR =0.24 ) 4 SR =0.95
m 000 1200 1200 4500 5000
. 4000 4500
1000 1000
— 4000 3500 05 0o
;) ] £ 80 g 800 3000 c - 3500
= 3000 :, :, 2500 S 3000
«a 600 600 200 - 2500
R 2000 05 2000
o’ 400 400 1500 1500
§ 1000 200 200 e 1000
s 1 500
2 -1 0 1 2 2 -1 0 1 2 2, 1 o 1 2
x, cm x, cm x, cm
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Moneauposanue : S0fs, 910nm, Quarz, I,.c =1 Tw/cm2, B=10, L=5.9mm

binx.30Ha B ¢okyce

max pulse  max pulse max pulse max flux W(r),

power P(f) power P(f) intensity /(,r) Strehl ratio
BxonHo# nMmymnsc 1 1 1 1
[Tocne nmacTUHKHA 0.614 0.625 0.195 0.236
[Tocne kommnpeccun 3.08 2.91 0.695 0.234
FTL, U = FFT(abs(S)) 3.48 3.42 3.13 0.949
Br100op npocTrpancTBeHHO# (a3bl:
®daza u3 t = tm, max P(7) 3.11 3.05 2.78 0.881
dazau3 o =0, S(o) 3.11 3.04 2.72 0.867
®daza u3 “B-uHterpana’ 3.11 2.96 1.69 0.506
®a3za u3 “B-unterpana”’, koppekuus Q = 0.58 3.11 3.05 2.77 0.881
daza u3 garuyuka lllaka-I"'aptmMana 3.10 3.05 2.74 0.883
®da3za u3 gatuuka lllaka-I"'aptmana, koppekuua O = 1.1 3.11 3.05 2.78 0.882
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OnucaHne KOPpEeKIUH BOTHOBOTO (PpOHTA U (POKYCHUPOBKH B E(t,7) = U(t, 7 )eiot
L) = U(t,7))e

npeaciic JJIMHHBbIX 1 KOPOTKHUX UMITYJIbCOB

Koppekius BoJTHOBOTO (DpoOHTA: S(w,71) = S(w, 7 et h(7L) = er(7L)

JI71s1 KOPOTKUX UMITYIIECOB: U(t,71) = U(t +7(7L), )™

J1s IIMHHBIX UMITYJIBCOB: U(t,7L) = U(t, 7L )e™om("s)

,—ik f—ikr®/(2f) o
doxycupoBKa, TUH3A f Sp(w, ™) == Y f S(w, &) i
, 1 OE(t, T) S . 9 fo 4
P60 =~y [ S e t' =t = fle—1*/(2fe) + 7F/(fc)
. C—ikgf—ikurQ/(Qf) . L 1 GU(t*. j,*) ikoFE/ 12
JI71s1 KOPOTKUX UMITYJIBCOB : Us(t,7) = : (U, %) + — ———2—=) T8/ 1 g%
: iAof . W ot

e~ ikof—ikor? /(2f) ki 2/ f ot
JIns1 ITHHBIX UMITYJIBCOB : Us(t,7) = W / U(t,7) e*o™/ 12z
LAQ
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50fs, 910nm, Quarz,
SuperGaussian = 4, Ipeak = 2 Tw/cm2, B=20, L=5.9mm

1 , max 1.00 | U2 » Max 6.02 lU3 , max 6.02 1 , max 7.32

U1 > Mmax 0.43 I U1, FTL
T/ Tp=129/120 fs T/ Tp=72/82f1s T/ Tp=72/781s T/ Tp=67/72fs

[\] 0

uo

T,/ Tp=50/50fs

(1}

£o4 £o4 £o4 £o4 £o4
= = = = =
3 3 3 3 =
= = = = =
= = = = £
< < < < <
0.6 0.6 0.6 0.6 0.6
0.8 0.8 0.8 0.8 0.8
1 1 1 1 1
-100 0 100 -100 0 100 -20 0 20 -20 0 20 -20 0 20
t, fs t, fs t, fs t, fs t, fs
IFO , max 1.82 IFl , max 0.18 IFZ , max 2.63 IF3 , max 9.25 I“‘ Frr, > Max 10.71
T/ Tp=50/50fs 0 T/ Tp=149/125fs T/ Tp=7.0/85fs o T/ Tp=81/79fs 0 T/ Tp=T74/74fs
10
°
2 2 2
8
;] &8 &2 ] ] 7
k= g 4 = E 4 g 4
= = = = = 6
= = = = =
£ = = = = 5
< < < < < =
- - 6 - = 6 - 6
. = o . = 4
3
8 8 8 2
1
10 10 10
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501s, 910nm, Quarz,
SuperGaussian = 4, Ipeak = 2 Tw/cm2, B=20, L=5.9mm

Pulse power in near field ~ Watt

150

r, arb. units

2500 T
—PU0 , max 306
—PUl , max 140
2000
PU2 , max 1549
—PU3 , max 1655
1500 - PUI,FTL,max 2004 |
=)
1000 - 4
500 [~ 7
0 L
-150 -100
t, fs
Beam flux in near field ~ J/cm 2
120 T T
_WUO , max 109
100 - —WUl , max 109 -
WUz , max 109
80 —WU3 , max 109 i
---------- WUl FrL, > Max 109
=]

z 60 7
40 -
20 7

0 | 1 | | Il Il L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Pulse power at focus ~ Watt

2000 T
B — PF0 , max 305
_— PF1 , max 130
1500 - Pp, , max 1385
_ PF3 , max 1619
l’F1 L FrL > Max 1929
&= 1000 7
500 - 7
0 | . A
-150 -100 -50 0 50 100 150
t, fs
Beam flux at focus ~ J/cm?
200 T T
—WFo,max 198
—WFl , max 49
150 WFZ , max 49 4
_ WF3 , max 170
---------- WFl JFTL® max 188
=
=z 100 B
50 7
0 . .
0 4 5 6 7 8 9 10

re, arb.units




50fs, 910nm, Quarz,
SuperGaussian = 4, Ipeak = 2 Tw/cm2, B=20, L=5.9mm

12 . . I ax> Phase "B-integral” | 250 —— W, .o Phase "B-integral" |
Imax’ phase "Hartmann" _— Wmax, phase "Hartmann"
10 |
200f —————d————————————— 1
z 2
= =
S 8t =
£ £
= = 150 i
3 oy
§ 6 3
S S
~N— L -
= < 100
5 4 g
£ g
— ==
5 50 .
0 ' ' : ' ' ' 0 ' ' ' ' ' '
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
correction coefficient Q correction coefficient Q
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501s, 910nm, Quarz,
SuperGaussian = 4, Ipeak = 2 Tw/cm2, B=20, L=5.9mm

Gain in max focused intensity, ¢ = angle(Uz(r, tk)) Gain in max focused intensity, ¢ = angle(S U’z(r, f *))
6 6 T T T T T T T T
Gain in max IF, 3 Gain in max IF, 3
Gain in max Wi Gain in max W 3
On-axis intensity le(r=0, t*) T On-axis spectral density [S(r=0, f*! 2
5 ]
4 _
3r .
2 ,
1 -
0 L L | | | 0 | | | | | | | |
-40 -30 -20 -10 0 10 20 30 40 -0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1
t, fs £, 1/fs
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501s, 910nm, Quarz,
SuperGaussian = 4, Ipeak = 1 Tw/cm2, B=10, L=5.9mm

IUO , max 1.00 lUl , max 0.51 le , max 4.68 IU3 , max 4.68 lUI, FrL, > Max 4.99

T/ Tp=50/50fs 0 T/ Tp=111/102fs o T/ Tp=10.1/11.0 fs o T/ Tp=10.1/10.9 fs o T/ Tp=9.9/10.6fs
0.5

0.45

0.2 0.4 0.2 0.2 0.2
0.35
2 £o04 0.3 £0.4 £o04 £o04
= = = = =
= = = =4 =4
= = 0.25 = = =
= = = = =
< < < < <
o 0.6 0.2 0.6 0.6 w2 0.6
0.15
0.8 0.1 0.8 0.8 0.8
0.05
1 1 1
-100 0 100 -100 0 100
t, fs t, fs t, fs t, fs
IFo , max 1.82 IFl , max 0.32 IF2 , max 2.74 IF3 , max 6.83 IFI’ Fry > Max 7.29
T,/ Tp=50/50fs T/ Tp=124/104fs T/ Tp=10.0/11.4fs T/ Tp=114/11.0 fs T/ Tp=11.1/10.9 fs
0.3
0.25
£ £ 0.2 £ £ £
= = = = =
3 = =4 = 3
= £ 0as £ = =
< o« A < < <
[ [ P = =
0.1
0.05
1
-100 () 100 -100 o 100
t, fs t, fs
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501s, 910nm, Quarz,

SuperGaussian = 4, Ipeak = 1 Tw/cm2, B=10, L=5.9mm

Pulse power in near field ~ Watt

1400 T
—_— l’U0 , max 306
1200 - _PUI , max 167 ]
PUz , max 1234
1000 - I
PUS , max 1245
-------- P , max 1357
800 |- U1, FTL i
600 [~ 7
400 [ 7
200 - 7
0 ! ™ I
-150 -100 -50 0 50 100 150
t, fs
Beam flux in near field ~ J/cm 2
120 T T
_WUO , max 109
100 - —WU1 , max 109 4
WUz , max 109
80 - —— Wy3 » max 109 |
--------- WUl L FrL > Max 109
60 [~ 4
40 - 7
20 7
0 | 1 1 1 1 1 L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

r, arb. units

Pulse power at focus ~ Watt

1400

1200 -

1000 -

800 -

600 -

200 -

—_— PFo , max 305

—PF1 , max 163
PFz , max 1182

_— PF3 , max 1237

.......... P prL o max 1332

-150

-100 50

t, fs

Beam flux at focus ~ J/cm 2

100

150

200

150

=
Z 100

50

—WF0 , max 198
_WF1 , max 67

WFz , max 67
—W173 , max 174
.......... Wi, L prL > Max 189

e, arb.units

10




501s, 910nm, Quarz,
SuperGaussian = 4, Ipeak = 1 Tw/cm2, B=10, L=5.9mm

9 ' ' I .. Phase "B-integral" ] 250 ' ' —— W, .,» Phase "B-integral" ]
gl _— Imax, phase "Hartmann" | | —— W, Phase "Hartmann"
L i 20f ——==—=——=============- 7
g £
° p— :
T 5 150 .
v S ré‘
>4 o
S 47 - <
~— L _
= = 100
23f ' :
£ =
—~ =
2 50 - -
1 - -
0 1 1 1 1 1 1 0 1 1 1 1 1 1
0.2 04 0.6 0.8 1 1.2 1.4 1.6 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
correction coefficient O correction coefficient O
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501s, 910nm, Quarz,
SuperGaussian = 4, Ipeak = 1 Tw/cm2, B=10, L=5.9mm

Gain in max focused intensity, ¢ = angle(Uz(r, tk)) Gain in max focused intensity, ¢ = angle(SU 2(r, f k))
4.5 T T T T — 4.5 T T T T T - T
Gain in max IF’3 Gain in max IF, 5
Gain in max WF, 3 Gain in max WF s
On-acxis intensity IFz(r=l), t) T On-axis spectral density |S(r=0, f*! 2
N . 3 m
351 7
3F _
251 7
2 b _
1.5 T
1k _
______________ L =\ ———— Y-
0 | | 1 | | | | | |
-0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1

£, 1/fs
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Ay

501s, 910nm, Quarz,

SuperGaussian = 2, Ipeak = 2 Tw/cm2, B=20, L=5.9mm

lU0 , max 1.00
T,/ Tp=50/50fs

lUl , max 0.43
T/ Tp=129/110 fs

0.2

0.8

-100 o
t, fs

£o4 £o4
= =
= =
= =
= =
0.6 10 0.6

100

I , max 0.93

Fo

T/ Tp=50/50fs

0

0.2

0.8

-100 o 100
t, fs

I, >, max 0.05

T/ Tp=57/113 fs

0.045

2 0.04

35
= =

= = 0.03

= = 4

= =

= = 0.025
= =
El El

o ~ 6 0.02
o5 K

0.015

8 0.01

0.005

-100 [
t, fs

100

-100 o 100
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1, arb.units

I, arb.units

le , max 5.92
T/ Tp=71/93fs

o
5.5
5
0.2
4.5
4
0.4 3.5
3
0.6 2.5
2
1.5
0.8 1
0.5
1
-20 o 20
t fs
I F2 » Max 0.26
T/ Tp=6.6/8.1fs
0
0.25
2
0.2
4 0.15
6 0.1
8 0.05
10

Ie arb.units

I3 > max 5.92
T/ Tp="7.1/84fs

n

4
5
in

r, arb.units
W WA R0

I

=)
NN
n

0.8

-20 0 20
t, fs

I ., max 3.85

F3
T/ Tp=8.9/8.4fs

0.5

1, arb.units

s arb.units

)]

lU]. Fri, > Max 7.32
T/ Tp=6.717.7fs

-20 o 20
t, fs

IFL FrL > Max 4.47

T/ Tp=8.4/791s
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501s, 910nm, Quarz,
SuperGaussian = 2, Ipeak = 2 Tw/cm2, B=20, L=5.9mm

Pulse power in near field ~ Watt

1200 T
: _PUO , max 184
1000 —I’U1 , max 90 i
PUz , max 811
800 _ l’U3 , max 900
PUl L FroL > Max 1082
2" 600 q
400 7
200 7
0 !
-150 -100 150
Beam flux in near field ~ J/cm 2
120 T T
—WUO , max 109
100 —WUl , max 109 N
WUz , max 109
80 —— Wy; , max 109 B
.......... Wy prL > Max 109
=]
z 60 7
40 -
20 7
0 1 | 1 | L
0 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

r, arb. units

Pulse power at focus ~ Watt

r,, arb.units

1200 T
_— PFo , max 184
1000 - — Ppy o max87 b
PFz , max 936
800 - — Py, , max 901
PFl L FrL > Max 1061
& 600 |
400 N
200 N
0 = ey LTI
-150 -100 -50 0 50 100 150
t, fs
Beam flux at focus ~ J/cm?
120 T T
—WFO , max 102
—WFl , max 7 -
WFZ , max 7
_ WF3 , max 79
........ Wy ppp o max 93
8 9 10




501s, 910nm, Quarz,
SuperGaussian = 2, Ipeak = 2 Tw/cm2, B=20, L=5.9mm

5 . . Imax’ phase "B-integral™ | 120 : : e Wmax, phase "B-integral" | __
Imax’ phase "Hartmann" _— Wmax, phase "Hartmann"
(1 1
e o
= =
= S 80t ]
S L1 2
53 | <
-~ 7]
§ S 60 ]
S S
= 27 T =
o = 40+ ]
£ g
— =
1 - -
201 T
0 : : : : : : 0 : : : : : :
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 0.2 0.4 0.6 0.8 1 1.2 14 1.6
correction coefficient O correction coefficient O
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501s, 910nm, Quarz,
SuperGaussian = 2, Ipeak = 2 Tw/cm2, B=20, L=5.9mm

Gain in max focused intensity, ¢ = angle(Uz(r, t*)) Gain in max focused intensity, ¢ = angle(SU ,( f *))
5 \ \ \ \ \ 5 T \ \ \ \ T T
Gain in max IF, 3 Gain in max 1 \

4.5 Gain in max W , — 4.5 ; H

Gain in max WF, 3

On-axis spectral density [S(r=0, f*) 2

On-axis intensity Ipz(r=0’ t*)

0 I I I I I I I
-40 -30 -20 -10 0 10 20 30 40 -0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1

t', fs ', 1/fs
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50fs, 910nm, Quarz,
SuperGaussian = 2, Ipeak = 1 Tw/cm2, B=10, L=5.9mm

lUu , max 1.00 lUl , max 0.51 lU2 , max 4.65 lU3 , max 4.65 IUI. FrL > Max 4.99

T/ Tp=50/50fs o T/ Tp=111/95fs T/ Tp=103/12.11s T/ Tp=103/11.8fs T/ Tp=9.9/11.6fs

0.45

0.2 0.4 0.2 0.2

0.35

IS

0.3

IS

0.25

1, arb.units
1, arb.units

T, arb.units

T, arb.units
S
=)

1, arb.units

S
&

0.2
0.15
0.1

0.05

0

t, fs t, fs
lFO , max 0.93 lFl , max 0.10 le , max 0.45 lF3 , max 2.80 lFl, FrL > Max 3.06
T/ Tp =50/50 fs T/ Tp =66/96 fs T/ Tp=10.3/12.0 fs T/ Tp=12.9/11.8 fs T/ Tp=12.6/11.6 fs

0.1

0.09

2 0.08 2
0.07
z , z z , 2 2
= = = = =
=4 =4 006 =4 = =2
= = 005 £ = =
< < < < <
=6 = 004 = 6 = =
0.03
8 0.02 8
0.01
10 10
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501s, 910nm, Quarz,
SuperGaussian = 2, Ipeak = 1 Tw/cm2, B=10, L=5.9mm

Pulse power in near field ~ Watt Pulse power at focus ~ Watt
800 T 800 T
200 - _— PUG , max 184 | 200 - L _PFIJ , max 184 |
—PUl , max 108 _PFl , max 106
600 - PUz , max 649 | 600 - PF2 , max 659 _
HE _— PUS , max 658 : _— PF} , max 659
500 - --------- PU1 prL > Max 729 | 500 - --------- PFl R 723 |
a” 400 - g 2™ 400 - g
300 - Bl 300 - 7
200 [ 7 200 [ 7
100 - 7 100 - 7
0 I : . 0 I
-150 -100 -50 0 50 100 150 -150 -100 150
t, fs
Beam flux in near field ~ J/cm 2 Beam flux at focus ~ J/cm?2
120 T T 120 T T
_WUl) , max 109 _WFG , max 102
100 —WUl , max 109 - _WFl ,max 15 4
WUz , max 109 WFz , max 15
80 - —— Wy3 » max 109 i —— Wy, max 84
---------- WUI’FTL,max 109 --wu---WF"FTL,maxM
=}
z 60 - 7 7
40 - 7 7
20 7 7
0 1 1 1 Il Il Il L : I
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 6 7 8 9 10

1, arb. units re, arb.units




501s, 910nm, Quarz,

SuperGaussian = 2, Ipeak = 1 Tw/cm2, B=10, L=5.9mm

35

" 1 "
Imax, phase "B-integral

——1 __, phase "Hartmann"
max

at focus, arb.units
[\°]

0.2 0.4 0.6 0.8 1 1.2
correction coefficient O
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— W ___, phase "B-integral"
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—W_ > phase "Hartmann"
oor ~— "~~~
=
=
S 80r
=
ot
<
@
S 60
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gg 40
20
0
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correction coefficient O
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501s, 910nm, Quarz,
SuperGaussian = 2, Ipeak = 1 Tw/cm2, B=10, L=5.9mm

Gain in max focused intensity, ¢ = angle(Uz(r, t*)) Gain in max focused intensity, ¢ = angle(SU 2(r, f *))
35 T T T T T T 35 T T T T T T

Gain in max IF, 3

Gain in max IF, 3

Gain in max WF’3 S —4

On-axis intensity IFz(r=0, t*) On-axis spectral density [S(r=0, f*) 2

Gain in max WF‘ 3

0 | | | | | |
-0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1
£, 1/fs
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501s, 910nm, Quarz,
1D model of pulse propagation (k2, k3, delta)

11

210
5
= 9
= =
S
E 8 — theory 1+B/2
5 7 —1L=0
E L=11.8 mm
2 6 —L=35.9 mm
g ’ —L=39mm
g 3 L=3.0 mm
L —L=24mm
o L=2.0mm
e,
g 3 2 —L=1.7mm
S
g 2
=

1

0 2 4 6 8 10 12 14 16 18 20

B-integral
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