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¢ Femtosecond Time Scale
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University of Wirzburg, Department of Physics

1fs =10 "sec light travels: 0.3 ym

100 fs = 30 ym

pulse duration energy distribution
ot =50 fs AE = 30 meV
—f \— 250 cm’’
> > E
fs laser pulse ns laser pulse
I < = [ ————
coherent superposition single stationary state

—>  wave packet

atomic collisions (Ar-Ar; 10 - 10%V):  10fs- 100 fs

molecular vibrational period: 100 fs -1 ps
fastest molecular (dye) relaxation: 50 fs - 300 fs
interaction times in liquids: 10fs-1ps

e - hole relaxation in semiconductors 50 fs - 200 fs
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Tannor - Kosloff - Rice

Uhiversity of Wiirzburg, Germany

Department of Physics,

D. J. Tannor, R. Kosloff, S. A. Rice, JCP 85, 5805 (1986)

Optimize pump a(t) and probe b(t)

for exit in desired channel.

probability for 2-photon process with

wavepacket propagation:

\ JJtwil b(ty) et at,) ;) dtzi

Pyt =

t2 - t1,

control parameters: delay At
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Evolutionary Algorithm

- Department of Physics, University of Wiirzburg, Germany

7 voltage encoding
pixel opdisplay
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Department of Physics, University of Wiirzburg, Germany

Appl. Phys. B 65, 779 782 (1997)

Rapid communication

Applied

C Springer Verlag 1997

Femtosecond pulse shaping by an evolutionary algorithm with feedback

T. Baumert, T. Brixner, V. Seyfried, M. Strehle, G, Gerber

Physikatischea Institut, Universitst Wurzburg, Am Hubland, D 97074 Wirzburg, Germany

(Fax: +49 931 =888 4906, B mail: gerber @physikuni wuerzburg.de)
Received: 20 September 1997

Abstract. We report on computer controlled compression of
femtosecond laser pulses using a programmable liquid crys-
tal spatial light modulator which is feedback controlled by
an evolutionary algorithm. This algorithm generates the opti-
mal laser field on the basis of feedback from the experiment
by optimizing the laser pulse iteratively. Without knowledge
of the (chirped) input pulses, the experimental signal (second
harmonic light=SHG) is maximized by the algorithm, thus re-
sulting in fully compressed pulses. This method only makes
use of the experiment's response (SHG signal) on the formed
pulses. No other parameters need to be considered. This ap-
proach leads to many experimental applications in all fields
of optics and ultrafast spectroscopy where particularly shaped
pulses are advantageous.

PACS: 42.65.Re; 02.10.]f; 07.05.Dz

h¥r] LC_D M2 lens grating

S (=
o V)

photomuttipher : 7

SF10

autocosmelator

? optical spectrum
analyzer

Fig. 1. Schematic experimental sctup. A femtosecond laser pulse is tempo
rally broadened by a SF10 rod, and recompressed by a pulse shaper
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Fig.2. Feedback loop. Given voltage encodings generate specic second
harmonic signals. The best pattems are selected and allowed to produce
their offspring by mutation and crossover. The new generation is then test
ed, and so forth



Recompression of fs-Laser Pulses
Broadened by Material Dispersion

Department of Pfij}sics, University of Wiirzburg, Germany

Experimental setup

|

1.2ps

—]

SF10-rod

.

Pulse Shaper [

Evolut,
Algorithm

T

Recompression of broadened fs-laser pulses

oscillator laser pulses

1,04
P2 2 o8 ﬁ%
c c
3 e
g g oef
s cu %
S S
g. g. 0,4 "
e 2 ; ‘i
2 D o2 :"#
= £ "
0,0
2000  -1000 0 1000 2000 600 400 200 0 200 400 @00
delay time / fs delay time / fs
Evolution o-f the JRERES e
feedback signal € b
. 08 — M
2 - -~ KT g
{1
T »“J M
_g‘ 064 ~ o
@ oo S
[ s
@ Py
£ o4 {:’v—
5 :
v’
4] 20 40 80 80 100 120 140 160
generation

amplified laser pulses

Appl. Phys. B 65, 779 (1997) ; Appl. Phys. B 68, 281 (1999)

1ER




£ BHOPKED DORQBANEEEILIOAIS LM OURBICH

‘o
oM - s ooyeg D

Ja)awonoads
ssewl

pIoA - o4 B

10 uoneziwndo

Aveuuss) ‘Binqzinm jo Aysienun ‘Jueuipedeq ,mo.ﬁm\.‘:&

L mE e Chie e e e e o A T R L e b e Ll e e e s e B u i St e N

dmes [eluswiedxg




Pyl

(ones jewiui)
as|nd 1ase| paziwndo
JO uoljeja0o0INe

(onel jewixew)
as|nd 1ase| paziwido
JO uoljejPLI00INEe

+od
S
#(00)ed |Auogqresejuaduo.l
11200 116V
spjelA yonpoud sjonpo.d 1oNpa

Auswier) ‘binqzipp jo Ausieniun) 'soisAyd jo EeEt&nQ

uoneziwndo 4o ynse.




Rel

puolyg JAuogieiqg

uoJ| JAuaipeluadojoAn
2+ 002+ @ +  [10—2d] @)
O

O
2+ 0D + 0 —o04" @

Auewieg ‘6inqziom jo Alisienun 'saisAyd jo jueuyiedsq

SUOIJOBa [BOIWAYD JO [04JU0D ‘2“



(8661) 616 ‘Z8Z 82UBIOS

13
0
v

W‘ m..ﬁu.r

[ 1eqwnu uo

O R R R R P PR
4

Aueuues ‘Binqzipm jo Apsienjun ‘soishyd jo Juewpedeq

A A e e




(onjes jewiuiw) (ones jewixew)

as|nd J1ase| paziwido as|nd 1ase| paziwndo
-
aum
LL10-ed1] % o
1O
_ o 10-047
0 &
10-94d
% auLIojyo-jJAuoqueoip
i i -uoli-jJAusipeiuado|oho
1121 L1 6P
sp|aiA 1onpoud syonpo.d 1onpe

Aueuuer) ‘Binqzinpa jo AysieAlun ‘saisAyd jo EmEtm%Q

AR
..‘

“uoneziwndo Jo ynsa.




W P20 LRI IS S08 Jyuc), o

laquinu uonelausb
08 0L 09 05 Oy 0 02 Ol 0
1 i L . | 1

] : | 1 [ | ] 1 | 1 )| m.o
s S SN,
L )
o QO
¢ , B O _. nA_u
° N
. ®
° "
= m —- —-
.l B
® 0 .f. O
oy P - &
e, -0¢ o
‘on m
P 00 S
° % oooooo‘ - G'¢ m
o %o % Lo o ®
'o ooo‘o‘oooooooo‘ooo
° 0'€

Aueuuey ‘binqzipm jo Ausienun ‘sosAyq JO Juewedey

uoneziwndo [92(00)a4dD oy saaino ssauyy Nl



suoljeinbyuos suab wopuel Aj9)e|dwod yum suels shemje yoiym - ainpadoad
uoneziwndo sy} ui sourisqns ajdwes ay) Jnoge papasu S| JOASJEUM UOIeLUIOjUI OU  :9}0N

L1084 pue ,|D00e4d) syonpoid jusiayip Ajfedtwsyo
ayy Jo soillel Jo sebueyo eoiyiubis ;|0(0n)e4dn -

wiypiobie Areuolinjons ue Buisn
sas|nd Jase|-s} padeys-aseyd jo uoneziwndo-yoeqpes) -

suofoeal uoieloossipoloyd Jo [01jU0D JUSISYOoD pajewolne -

Aueuusn) ‘Binqzinp jo Aisseaiun ‘SoisAyd jo juewiedeq

Y]
hd |

Arewwng



et}



