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Fulbright Distinguished Scholar Award

HUNGARY
Europe and Eurasia

He participated in the development of two of the first computers: ENIAC
(Electronic Numerical Integrator And Computer) and EDVAC (Electronic Discrete
Variable Automatic Computer). This is due to their interest in creating automation
machines that would allow the automation of complex systems.

Py Kansas State University

twentieth-century
Hungarian
mathematician who
made great
contributions to
quantum physics,
functional analysis,
mathematical set
theory,
communication
sciences, economics,
numerical analysis,
cybernetics, the
hydrodynamics of
expressions and
statistics.



Extreme Light Infrastructure Attosecond Light Pulse Source (ELI-ALPS)

)l d] ELI- first civilian large-scale high-power laser research facility

Goals:
To generate X-UV and X-ray femtosecond
and attosecond pulses, for temporal
investigation at the attosecond scale of

. . ‘PO oo frequen
electron dynamics in atoms, molecules, NC”

plasmas and solids.

intensity

optical field ionization azceleration and

recombination

To contribute to the technological R SELCIN
development towards high average power, \Q .

high peak intensity lasers.

GUIDING LIGHTS

The three laser-research sites of the Extreme Light Infrastructure (ELI) rely
on European infrastructure funds typically meant for civic projects.

FIgve 07 EGH
ELI BEAMLINES 'ﬁ;;REPUBLIC
Cost: €278 million BreZany
Power: Four lasers, |
up to 10 petawatts each \ oBudapest
Focus: Biomedical HUNGA RQYS 4
applications, materials zege
science, plasma physics R 0 M A N I A

Status: Construction began
in October 2012 ELI ATTOSECOND NG f Bucharest
Cost: €245 million
Power: Multiple lasers, ELI NUCLEAR PHYSICS
up to 2 petawatts each
Cost: €356 million

Focus: Short pulses for fast
snapshots of electrons Power: Two lasers,

10 petawatts each
Status: Construction pe

expected to begin in October Focus: Nuclear physics

Status: Construction began
in June
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harmonics," Optica 6, 280-287 (2019)
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/ Facility overview
.—!a SYLOS 3 SYLOS 2
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HR1&HR2

Chem Reac Contr

100 kHz, 7 fs, 1 mJ VMI l NanoFab

100 kHz, 7 fs, 5mJ




ELI ALPS - Achievements to date

'”Udl.
5 of 9 lasers |

user operational

§ 5 of 12 experlmental
! -4 W i stations
SEAL T = user operational
1St attosecond pulses =3
H el =

~4 of 10 secondary L

sources user op ~40 completed
o | g . 3 3 |
£l \I\ l”\ n collaborative / user &
- | | {k'f 1
\)'U"J H U\jﬁ\/\'\m“ campalgns

3000+ user hours

30 40 50 60
Phoion eneray (¢ z Sk do ooy




od Experimental stations for gas phase studies

VMl-ES user ready

. . : il i
to obtain energy- and angle resolved information mobile stations

on ions and electrons resulting from the
photoionization or photofragmentation of atoms,
molecules or nanoparticles

ReMi / Coltrims

Kinematically complete experimental study of ion and
electron fragments detected in coincidence

RoentPhek

Electron VMI, Xe, IR (ATI) | 8 ‘ 212 . | Heimholz cols

electron grid am | detector B
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ELI-ALPS User Call
weli & Research Technology Information

About Us Science & Technology Scientific Documents e ents Procurements Contact Gallery Data Protection
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For information on our open
user call, and details of our
research technology
infrastructure please visit our
website.

@e

USERS

httpS/waniv .cli-alps.hu/@h/Users-2/Generdl-Infogination 2 user.office@eli-alps.hu

* Online proposal submission system

* ELI-ALPS provides beamtime as well as technical and scientific support for the experiments

* All proposals are evaluated through a peer review procedure, access is granted based on
scientific excellence

* Travel grant for young researchers

* User office assists in project management, logistics arrangements, trainings, access
procedures



Virtual tour of ELI ALPS III.
people

Open positions in

Laser science, AMO, condensed matter
and plasma physics

@ junior, postdoc and technician level



TRC setup — THz and LTA1 labs

=] /

HR1 laser, 1 kHz, 100 mJ, 5 fs, 800 nm
Bandgap modulation, photodissociation (XUV attosecond —THz ) and transient absorption

experiments
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(A Eke ;:“_:"“’" [ Box purged with dry nitrogen
\
Bruker Vertex80 XUV Transient Absorption
‘F % 515 nm
Fourier-transform spectromete 10-20 eV - o8 Pump and probe experiments:

(200 Nnm-17 pum) 5{ Vis and THz pump

P Kan 0.01 cm! spectral resolution ~— Vis,THz and fluorescence probe
& 2.5 ns temporal resolution Pumping temporal resolution: fs-ps



Transient absorption measurements with the HR-1 laser

= =

Ocean Insight

FX spectrometer o=

Spectrograph n 7_
E— Delay stage |

White light (probe beam) generation with sapphire
plate (510-800 nm, FGB37 or FES0800 filters)
Green light (pump beam, SH) generation with BBO
crystal (~100 fs, 100 kHz, FB500-40 filter, 480-520
nm)

Optical chopper used at 6 kHz for Lock-in
measurements and 2 kHz for measuring the spectra
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Validation experiments with MoS,

film (reflection mode)

P Kans:

0,08

o

o

N
1

0,06

MoS2 pump 500 nm probe 650 nm
o
o
=

B MoS2 pump 500 nm probe 650 nm MoS, only
: 2
ExpDec3 fit
Model ExpDec3
. y = Al*exp(-x/t1) + A2*exp(-x/t

Equation 2) + A3*exp(-xt3) + yO
Plot MoS2 pump 500 nm probe 65 -
y0 0,00718 * 2,2571E-4 Tl 732 fS
Al 0,08522 + 0,00202 —
1 0,73274 + 0,01968 To = 17.6 pPS u
A2 0,01511 + 8,05376E-4 o

; ! - [
2 17,55107 + 1,80202 T3 = 148.6 pPS 7
A3 0,01102 + 8,38713E-4 e
t3 148,59932 + 18,67879 E
Reduced Chi-S 1,53032E-6 =
R-Square(COD 0,99293 a.
Adj. R-Square 0,99281

Nano Letters

500 550 600 650
Wavelength / nm

700

Table 1. Time Constants for the Decay of the B-Exciton (Monitored at 612 nm) within MoS,-Only and MoS,-Pentacene
Heterojunction Films, after Excitation at 535 nm“

MoS;-only film

MoS,—pentacene
junction

7, (A) 7, (A;) 73 (A;) 7y (Ay) 75 (As)
exciton—phonon radiative recombination and e~
carrier trapping h* transfer scattering trapping charge recombination
670 + 20 fs (0.47) 15.8 + 0.6 ps (035) 431 + 20 ps (0.18)
670 fs” (0.48) 6.65 + 0.34 ps (0.28) 431 ps” (0.09) 5.13 + 0.44 ns (0.15)

Nano Lett. 2017, 17, 1, 164-169

750



Transient Spectroelectrochemistry
el

Clark-MXR
CPA-2010

e
v ible/NIR pro2
Frequency multiplier (2x,3x) 4 0 \j'\s\b\e

Two pulses of light interacts with the sample:

« Pump pulse (variable wavelength) A B .
* Probe pulse (white light continuum) :
Chopper to record spectra before and after 1A

pump pulse — Difference spectra

AAbsorbance

Delay stage induces a variable time difference

I 1
between the pump and the probe pulse GsB | ESE
! i GSB
i i i — -1 v T . T
Apply electrochemical bias and observe its _:—I+ avetonath o

- effec e carrier,recombination
e Kan%%gfé nlverS|ty



Kartner, F. X,; lppen, E. P; Cundiff, S. T., Femtosecond Laser Development. In Femtosecond Optical Frequency Comb: Principle,
Operation, and Applications, Ye, J,; Cundiff, S. T, Eds. Springer US: Boston, MA, 2005; pp 54-77.
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«  Transient absorption/Flash photolysis(1950
by George Porter and Ronald G. W. Norrish,
Nobel prize in 1967 for extremely fast
chemical reactions) is a pump-probe
laboratory technique, in which a sample is
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first excited by a strong pulse of light from a - 0000000000 001s B e i  ONA
pulsed laser of nanosecond, picosecond, or " S
femtosecond pulse width or by another \i7 E —— .
short-pulse light source such as a flash g 1 O ‘!@,.a““"’
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% Kansas State University
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Reducing acquisition time

o3 —> Fast detection

' Single beam with chopper (lock in

detection) wh 7 7 T T Risetime |
o
Input Light — Output Light A £ | °f / ]
o - » P E : / |
- hopper B BN N ' S os} o .
S g 4,500 scans, 2 ol s
w
g % § 10 HS' g 02.- o -
— g_ a
é‘ S 50000 i J Chopper 1 kHz S/N=102I
t MC1F15 buﬁer 0.0 —— Chopper 6 kHz S/N=23 1
50 0 50 100 150 200 250 300

Double Beam spectrometer

Configuration 2

Configuration 1

P2 Kansas State University



Laser induced acoustic vibrations of
“In situ synthesized gold NPs — particle size dependence

Lock-in detection

Au-citrate 1:4 molar ratio, 75 °C after 60 min

Au-citrate 1:4 molar ratio, 75 °C — Au Gt 14 Om 0,8 -
2,0 4 D 1 — AE:Ci:j:fl:gmin
~ —— Au_Cit_1_4_12min _ . .
Onm =noit e 07 Particle size dependent
g —Au:cn_1_4:40m§n o 64
S 15 —— Au_Cit_1_4_60min 5 0 _ decay Curves
e . Uo) 0,5 -
3 0-60 min ‘B
L X =4 s 41 ||~6ps
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% _Z;) 0,2 4
3 0,5 - ]
0,14
0,0 F= T T : ] 0,0 "Jl T T T
-2 0 2 4 6 8 10 12 14 0 10 20 30
Time (ps) Time (ps)
Au-citrate 1:1 molar ratio, 75 °C :ggm Au-citrate molar ratio 1:1, 75 °C after 60 min
251 — Zomin 1,44
D ~ 50 nm — somn - . o
E — 2omn e 12- In situ chracterization
S 207 ~ Gomin < ] .
2 B ° o] technique
o L - . "
2 15 . Confirmation with TEM
s - I s 0
. 0-60 min : SEM, AFM, DLS
§ 1,0 1 x - 1 % 0,6 -
x £ 1
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0,2
N o0 -2 0 "* | e 8 - 4 16 0'0- "J' ' ' ' ' P e
Py Kanse R !
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Detection: Experimental
/ Arrangement

w eli w

1 | ThZz pulse —
TRC Experimental Setup Zt?o\gféggde\/) Jlong2ps [
at Sylos GHHG ?eamlme o e Pulsedvalve |+ .l
Fourier Trar »' =

50,000 to 4,00

=h\ |
\o
Si diode det

T
Time-resolv
Emission N
Signal, || |/ I
Mirror B \LMUIL

Positon | \‘\ | Ve
M

= ; vuvinswe 2 5 ng temporal
p‘“ Kansas State University resolution T e
Department of Chemistry Time-resolved Spectra
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_ Long term Goal: Application of
el Terahertz Pulses

£

A) The role of amplitude of THz pulses

n

]

« THz probe spectroscopy E,,,=100 V/cm |10 fJ

o
o

Electrical field (kV/cm)

Investigating static and transient properties of O] | p
materials Our recent work: Optics Communications v
2019, 436, 222-226. and JOSAB Vol. 37,Issue 6,pp. T e
1838-1846(2020)—> Simple and broad THz C) The method

 THz pump spectroscopy E, .= 100 kV/cm |uJ pulse
energy, nonlinear and collective behaviors induced
by the intense THz fields (JOSABVol. 25,Issue 7,pp.
B6-B19(2008))

 Manipulation and acceleration of charged particles
E o= 1-100 MV/cm |(multi-)mJ pulse energy
acceleration of proton & relativistic electron
beams, X-ray free electron laser, etc.

B) The role of frequency of

_ THz pulses
Py Kansas State University

Ti:Sa, 800 nm
100fs, 3.7W

2000 lines/mm

10 10
Mw IR \ uv



Terahertz reaction Control in Gas

/ phase
U(2) Thermal activation

II - III AL
II /"I%e "”” 11?1 \| /- N\

Pulse
: i Tunneling :
Orlontation Isotropic Alignment T To 3-71 Ty T \a:

Objectives:

1. Terahertz alignment/rotational excitation of molecules prior dissociation with
minimal ionization

2. Optical bias during fast (XUV) photodissociation—=> Altering polarizabilities of excited
states/influencing curve crossings

3. Modulating barrier height of tunneling processes of light fragments such as hydrogen
(or electron)

What we will measure:
Energy disposal (electronic/rotational/vibrational populations), molecular alignment
(terahertz/XUV pump probe absorption, fluorescence anisotropy), product yields

P Kansas State University

Department of Chemistrv



Example: Calculation of NH,*/NH, branching ratio
from the photodissociation of NH; under terahertz

m eli fiald
0.6 T T T T T
Full ix surfaces
Constant ¢ -------
0.4 F -
0.2k -
o 00F ! et L -
w©
o
o~ <02 F -
T
< . .
Z F
2 os}h _
©
o7 hv =
X o8| . cl ) -
MH.(X) + H
1.0 F -
1.2 b W e .
-1.4 1 1 L 1 1 I
=400 =200 0 200 400 600 800 1000
Relative time of control pulse/fs
3 Effect of 150 fs wide, 0.7 eV non resonant control pulse applied at times
JPCA, 2012, 116, 11228 pUISe app

before, during, and after application of a 50 fs wide, 4.7 eV excitation pulse,
on the NH,*/NH, branching ratio in the dissociation of ammonia. The ratio is
relative to the natural branching ratio, i.e., that obtained with no control pulse.
The solid line represents calculations done with all available dipole and
polarizability surfaces, while the dashed line is the plot for calculations carried

» Ka nsaSJ St?te | U nive rsity out using constant polarizability surfaces (11.8 and 13.5 au for the X- and A-

states, respectively)



Vibrational and rotational energy levels of CN
el / radical B°Z* — X°T* CN Violet System

J. Phys. Chem. A 2020, 124, 14, 2755-2767
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8 . .
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- 7 - G °II = 0
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_ SR4raEs Vibrational levels
50000 - V=4
V=3 ) S v=2
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€ 40000 A V:Ol V:O
5 V =
= 30000 - (090) 6
—BF 5 mbar N2 95 mbar 20 ns
AV — O (191) ’
20000 A (2 2) 4 —
b 3
1357-360 nm 38
10000 - 414-423 nm 388'3 nm (333) 2 8
-, i 1 E
Py Kans el .
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Wavelength (nm)

Wavenumber (cm)


https://doi.org/10.1021/acs.jpca.0c00361
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FT visible spectrometer

Electronics
Y20 Interfirometer Bos |

Tc20 Control Boged

f&i‘PMT)
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\\ bandpass filters

| Si diode det\

Beam Splitter

Time-resolved Interferogram
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Time slices

Fourier

Transformation 9
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-

Wavenumber /cm

e ad Kansas State University
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Time-resolved spectrum
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Coulomb explosion of CHBr,
meli CH,CN,CH;0H molecules

N,=N'+e +N

M
) Alignment Structural Coulomb X-ray Nuclear
€+ NXE) = NS(XE) e+ [155eV deformation explosion emission fusion
@ A
g o @
e+ Ny(X'E]) = N, (BED) + ¢ + ¢ [19eV] il \/’
<0 ‘|]|‘“:!|[
® (il
+ Ny(X) = 2N + O\ \1“““'& J R
e +Ny(X) = 2N +e eutron
Compressor 2 282 Compressor 1
(4) P> ' Hollow core fiber (Ar), Chirped mirrors Hollow core fiber (Ar), Chirped mirrors

Laser intensity

C(D)+ N, - CN+N

©) 1 . . r
C*'+N, = N*'+CN F —— CHEBry in N,
' 0.1 —— CHBr, in Ar
(6) - : a
C,+ N, = 2CN L‘I 0.01 H
7) E 0'001 L i L L & L &
C,+N=CN+C T} fﬂﬂ 400 500 600 700 Eﬂlil 900
-t - T . T ¥ T . T ¥
® £ _ cH CNin N,
Cy+ 2N = 20N e 041 —— CH,CN in Ar
»]
©) ‘w»  0.01 b
CH+N—=CN+H n
(10) £ 0.001 . : - . . .
‘ ‘ w 13l]l.'l 400 500 600 700 800 800
e 4 CN(XE") = CN(BE") + ¢ E L ] L] L]
—— CH,0H in N,
(1) e | ——CH,OH in Ar

(B")+(_\(\(") (_MB")+\(‘(‘")

(12)

Kansas State University U0 a0 500 0 700 800 900
mAartrmant AFf Chamie
Wavelength / nm
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N W H

Intensity / a.u.

X

-15 ns
-3 collisions

Coulomb explosion

Charged detection schemes

Fluorescence techniques

Products
Charged "l

CHBr,’, CH’, CHBr," etc

Neutrals
CH, C, CHBr, etc.

1

2.3

B Kansas State University

24 25

wavenumber / cm'1

2.6

27
x 10*



Spectral Fitting experimental data
i eli
0.0080 ——BF 5 mbar N2 245 mbar simulated spectrum 0.0070 ——BF 5 mbar N2 245 mbar simulated spectrum
——BF 5 mbar N2 245 mbar measured spectrum ——BF 5 mbar N2 245 mbar measured spectrum
0.0060
T, =856 +5K 0.0050 .
T, = 3189 +24 K Experlmental data
0.0040
_ 0.0030
Experimental data
0.0020
5 5 0.0010
= 0.0000 - - M
2 2 .0.0010
0 0
£ -0.0020 _ z
Simulated data
-0.0030
-0.0040 _
Simulated data
-0.0050
_00060 Mg, sexp 7—1:— exp( — -2
AV =0 AV = +] ,v;ts.zN" - '<( )> '<< ))
7 81.5€Xp —m—l exp —m—l
-0.0080 -0.0070
25700 25800 25900 26000 26100 26200 23600 23800 24000 24200 24400
Wavenumber (cm™) Wavenumber (cm™)

M |Kan: Non-equilibrium between the rotational and vibrational levels (modified Boltzmann
v distribution)



Time dependent spectral changes in

CH,CN/Ar samples (5 mbar/95 mbar)

i elj /
0.0040 ——ACN 5 mbar Ar 95 mbar measured 10 ns 0.0050 —— ACN 5 mbar Ar 95 mbar measured 200 ns
——ACN 5 mbar Ar 95 mbar simulated 10 ns 0.0040 —— ACN 5 mbar Ar 95 mbar simulated 200 ns
0.0030 i
0.0030
00020 10 ns ’ 200 ns
0.0020
_ 00010 00010
£ 0.0000 M £ 0.0000 M »- | )“ ik
- _0-0010 - _0.00]_0
-0.0020
-0.0020
-0.0030
10,0030 T, =7841 £152K T, =1036 £23 K
' Ty = 6629 + 159 K -0.0040 Ty = 6796 + 153 K
-0.0040 -0.0050
25700 25800 25900 26000 26100 26200 25700 25800 25900 26000 26100 26200

Wavenumber (cm™)

Wavenumber (cm™)

Significant decrease in rotational temperature is observed
first 200 ns: from ~7800 K to ~1000 K

N t

. Wi
Py Kansas State
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niversity



/ CN radical Direct or Indirect production?
i eli

Number of collisions of N, molecules Number of collisions of N, molecules
0 B 15 23 30 0 8 15 23 30
12000 ' ' . . . 12000 T T T r T
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/ CN radical Direct or Indirect production?
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. 5-20 eV XUV pulses;  Thz pulse
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CH production in hydrocarbons

Name formula 3d model 1%t ionization | Total# of
electrons/number
of nuclei
methane CH4 : 12.61eV 16/5 3.2
.«
ethane C2H6 L= 11.1eV 30/8 3.75
&g
(=
propane C3H8 z 11.1eV 44/11 4
1“\
[
butane C4H10 “ 10.5eV 58/14 4.14
$e g
.
¢ €
pentane C5H12 : E: i 10.37eV 72/17 4.23
(4 L
hexane C6H14 & 10.29eV 86/20 4.3
L™ { ¢
‘lu .
bt ¢
cyclobutane C4H8 E : 9.82eV 56/12 4.66
[
Cyclopentane C5H10 ‘ﬁ‘. 9.83eV 70/15 4.66
L&
cyclohexane C6H12 a 4 9.8eV 84/18 4.66
ﬂ)
F
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