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The headline color is important

Electrons ‘bind’ nuclei to molecules. _
s Blue: Part of this lecture

Black: More material for studying later
More formal BOA ying

For example - whatis<y ,(r | R) |V, [y, (r|R)>?
He|w,i >=Ej|r//j>

Quiz: Which particles are fa/sjtﬁer?

° ———

Red: Quiz for this lecture LA ER



Quiz: Your educational background

What is the discipline of
your highest degree?

a) Chemistry
b)Physics

c) Biology/Lifesciences
d) Engineering

e) Computer Science
f) Mathematics
g)other

https://pingo.coactum.de/events/966075
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Transformation of light energy to other energies
occur (ultra)fast.

Chemical bond change
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Quiz: Why are these processes happening on an
ultrafast timescale?

Chemical bond change

)

T, — > T

a) Because nuclei and electrons just move that fast
b) Because that might be a way to avoid competing processes
c) Because otherwise energy would not be stored by released again in form of light



Quiz: Why are these processes happening on an
ultrafast timescale?

Chemical bond change

M

| I’YY\)
XK

a) Because nuclei and electrons just move that fast
b) Because that might be a way to avoid competing processes
c) Because otherwise energy would not be stored by released again in form of light



Gas phase structural dynamics of molecules




Gas phase structural dynamics of molecules
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Why doing gas phase molecular studies?

Quantum manipulation possible

“"VVV\/V\/H,P“'IH\Z"\'l'J”\/H ‘

1:1 comparison with high level calculations

Charged particles available

e L

. %
-

H -

Kastirke et al., PRX 10, 021052 (2020)

Quite a lot of gas phase applications

By No
machine-
readable
author
provided.

Mkotl assumed
(based on
copyright
claims, GPL,
https://commo
ns.wikimedia.o
rg/w/index.php
?curid=432310

RN
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Outline

Basics: Coupled electronic and nuclar dynamics in molecules

Extreme UV

X-ray matter interaction

resonant absorption
photoelectron spectroscopy 02

Kinetic energy (ev)




Electrons ‘bind’ nuclei to molecules.

Energy

Ground
—— State

14



Quiz: Which particles are faster?

Energy

Electrons and nuclei are subject to the
same Coulomb forces.

Which particles move faster under those
forces?

a) Electrons
b) Nuclei

Ground
State

15



Quiz: Which particles are faster?

Energy

Electrons and nuclei are subject to the
same Coulomb forces.

Which particles move faster under those
forces?

a) Electrons
b) Nuclei

Ground
State
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BOA allows for potentials for nuclel.

Qe
ﬁ

LUMO
—=J— HOMO
3 We used the
—~J— HOMO-1 E Born-Oppenheimer Approximation
L]

Ground
State

R
17



More formal BOA

H=H+T Molecular Hamiltonian

M h2 .
T = Z . Vz Nuclear kinetic energy

N hZ
H =) — V?2 . o
e j Electronic Hamiltonian

= 2m,
_i i Z.e" Nuclear Electron attraction H=H_ +T
e H ly(r,R) >= E |y (r,R) >
Ly Electronic repulsion H, |y (r|R)>=E; |y, (r|R)>
i<k T only parametric dependenceon R
IR — y(rR)= Ty (I RIE(R) >

David Reis‘ talk yesterday
1Q



See f.I. Jensen

M ore f() 'm al B OA Introduction to Computational Chemistry

. 80
(H, 4T ~E)Y i (rIR)E(R) > =0 P
multiply by <y (r|R) |
<y, ("R (H,+T =E) Y v, (IR (R) > =0 Neglected in BOA
= (E,(R)+T ~ER)Z, (R @I R)IT [y,(r R) > (R

+2 il (r[R)|V, |y, (r|R) >V, & (R)

i=j a

>
>
o ;
LI
\ ©
E Ground
J s state

—

C-O Distance
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Light excitation couples to electrons.

LUMO

HOMO

HOMO-1

Energy

A Qe
\

AN

Ground
State

R
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Electrons couple to nuclel.

.
— == HOMO

—\— HOMO-1

Energy

K
\

AN

Ground
State

R
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Light excitation couples to electrons.

ILTU

18
Ground
State

Reaction coordinate

22



Electrons couple to nuclel.

Ground
State

Reaction coordinate

23



Electrons couple to nuclel.

Interuclear separation changes
Angles in space change

Ground
State

Geometries:

Hudock et al., : }
J. Phys. Chem. A,111, 85 (2007) Reaction coordinate >

w’



Nuclel couple to electrons.

Small energy gap AE

Reaction coordinate ‘55



Wait a moment....

Remember Jon's lecture.

Electronic motion can be thought of
a superposition of at least two
guantum states.

There is a small energy gap AE
between the two quantum
electronic states.

What does that mean for timescale
(or period) of electron motion ?

a) lItislong
b) Itis short
c) ldon't care, | need a coffee

Energy

Ground
State

Reaction coordinate

w’
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Wait a moment....

Remember Jon's lecture.

Electronic motion can be thought of
a superposition of at least two
guantum states.

There is a small energy gap AE
between the two quantum
electronic states.

What does that mean for timescale
(or period) of electron motion ?

a) Itislong
b) Itis short
c) ldon't care, | need a coffee

Energy

So, electrons move slower as
the AE gets smaller!

A The Born-Oppenheimer
Approximation breaks down

Ground
State

w’

Reaction coordinate -



See f.I. Jensen

M ore f() 'm al B OA Introduction to Computational Chemistry

. 80
(H, 4T ~E)Y i (rIR)E(R) > =0 P
multiply by <y (r|R) |
<y, ("R (H,+T =E) Y v, (IR (R) > =0 Neglected in BOA
= (E,(R)+T ~ER)Z, (R @I R)IT [y,(r R) > (R

+2 il (r[R)|V, |y, (r|R) >V, & (R)

i=j a

>
>
o ;
LI
\ ©
E Ground
J s state

—

C-O Distance
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More formal BOA

For example - whatis <y (r |[R) |V, |y (r|R) >?

Hely, >=E |y, >

= V. (H.|y; >)=V,(E |y, >)

= (VoHo) ly >+H (V, |y >) = (V.E) [y >+E(V, |y, >)

=<y | (V.H)lwi >+ <y [H (Vo |y >) = (V. E) <y |y > +E <y [V, |y >
=<y [ (V. H) lyi >+E; <y [V, |y >=EF <y |V, |y, >

<y [ (V,H)ly; >

The smaller splitting of

=<y |V, |y, >=
| (E-E))  adiabatic PES, the bigger
non-BOA coupling!!!

AE

Energy

Ground
State

Reaction coordinate



A real challenge for theory.

15 nuclei and 30 valence electons are able to move in 3d, and are coupled!

This needs serious approximations - which needs experimental tests!

Ground
State

Reaction coordinate S



Two sides of the problem:

Electronic structure

Asturiol et al.,
J. Phys. Chem. A,113,
Hudock et al.,
J. Phys. Chem. A,111, 85 (2007)

10211 (2009)

Nuclear geometry

Barrier ?,

s

Grund-
zustand

.\V

Reaction coordinate S



A real challenge for experiments too!

15 nuclei and 30 valence electons are able to move in 3d, and are coupled!
each particle has 6 scalars (x,y,z,px,py,pz) — 270 scalars to measure!

Problem: how molecular information maps on experimental observables p

Ground
State

Reaction coordinate S



Observable inversion is impossible!

_ A
20005- Ey. A A

w :

<, 1500} SIMULATION

§

s 10005-

o :

g 500 ¢ INVERSION

= !

g. 0:'

05 10 15 20 25 30 35
electron energy (eV)

Ekin

Energy

Ullrich et al. PCCP 6, 2796 (2004)
Asturiol et al.,

J. Phys. Chem. A,113, 10211 (2009)
Hudock et al.,

J. Phys. Chem. A,111, 85 (2007)

Few picosecond lifetime of Trmr* Reaction coordinate 33



The more different observables, the easier it is to find

something out about a molecule.
Ultrafast X-ray spectroscopy

2

b 1.0

o
U

4

o
o

(arb. units)

3

|

= o

0. Lrl .
Difference signal

Delay (ps)

2

1

0
90

95 100 105 110 115

Kinetic energy (eV)

Ultafast Hard x-ray/electron
diffraction

From the book cover of:
,Godel, Escher, Bach® by R. Hofstadter
20th anniversary edition, Perseus Books 1999

34



Why x-rays?
a) Local electronic structure and nuclear geometry

Delocalized valence orbital Localized core orbital

What energies are needed
to talk to core electrons?

35



Outline

Basics: Coupled electronic and nuclar dynamics in molecules

Extreme UV

X-ray matter interaction

resonant absorption
photoelectron spectroscopy 02

Kinetic energy (ev)




Quiz: Binding energy of a 1s carbon — just
ballpark

10 b)50 €)100 d)200 €)300 f)400 g)500 h)600 i)1000

Values in eV
_74¥ R
F ‘F;J 5'212 SR £
CAREE

37



Quiz: Binding energy of a 1s carbon — just
ballpark

E. =13.6 [eV] Z? (1/n?) for H, He+, Li++, Be3+, B4+, C5+

Binding energies in eV

He+ 24.4 He 24.6
Li++ 122.4 Li o4.7
Be3+ 217.6 Be 111.5
B4+ 340 B 188

C5+ 489 C 284



100 eV

n e(\eY gy

10 eV p‘r\O\O

1eV



1leV

10000 eV

1000 eV

Please....order the 1s binding energies E,.q ;5 of Nitrogen, Oxygen and Carbor
a) Eping1s Carbon > Ey g 15 Nitrogen > E; g, OXygen
b) Eping,1s OXygen > Ey,q 15 Nitrogen > E, 4, Carbon
) Eping1s Nitrogen > By, s Carbon > E;, 4, OXygen



10000 eV

1eV
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X-ray
spectroscopy
1S element
sensitive



IS local

binding energy

~10pm




Which empty valence orbital
would yield the largest
absorption?

a) 1"
b) n
C) m

binding energy




Which empty valence orbital
would yield the largest
absorption?

a) 1"
b) n
C) m

binding energy




Beloved Children have many names

122

hv

SXR probe

—3Q-

NEXAFS

Photon energy

NEXAFS: Near Edge X-ray Absorption
Fine Structure
XANES: X-ray Absorption Near Edge
Structure
Linewidth ~1/core hole lifetime

few femtoseconds core hole lifetime
~100 meV linewidth

‘o r Yang, Kirz, Sham 0,
Phys. Lett. 110A, 301 (1985)

Ion Yield (Arbitrary Units)

500 600 700 800 900
Photon Energy (eV)

47



Absorption spectroscopy: NEXAFS

NEXAFS: Near Edge X-ray Absorption
Fine Structure

XANES: X-ray Absorption Near Edge
> Structure
o
-
(b}
I — c
@)
©
£
o
12
~ 10} Yang, Kirz, Sham 0,
£ | Phys. Lett. 110A, 301 (1985)
hv g -
o 5|
o 3 6|
x -
7)) >
g7
NEXAFS 500 600 700 80O g900
Photon Energy (eV)

48



X-ray photoemission (XPS)

A
Ekin

>

Kinetic energy=photon energy-binding energy

e kinetic energy

ﬁ_ﬁ

hvl & A. Einstein
cez_ Bern, den 17. Marz 1905.
o
X
0p
— Q-
NEXAFS$

49



A deeper look: Site selectivity - chemical shift

0 H H
F\\ Il | |
F—C—C—0—C—C—H
AR
I’
]
z
) a

& 10 6 6 4 2 0 Eg291.2eV
CHEM. SHIFT

Figure 18, The carbon 1s electron lines in ethyl trifluoroacetate.

Gelius et al, J. Electr. Spectr. Rel. Phen. 2, 405 (1974)

K. Siegbahn

50



Chemical shift and local charge
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Chemical shift and local charge

Ekinl { Ekinl

o
gt 5]
Ot
hv
Ebind Ebind
_._._ \ 4 . . v _._._
Electronegativity:
F>O>CI>N>Br>I>S>C>H
Ebind

Ebind

52



Quiz: site sensitivity — chemical shift

0.8 1

o
o

Signal (arb. units)
o
D

©
N

0.0 A

14 16 18 20 22
Kinetic energy(eV)

Electronegativity:
F>O>CI>N>Br>I>S>C>H

53



Quiz: site sensitivity — chemical shift

0.8 1

o
o

Signal (arb. units)
o
D

©
N

0.0 A

14 16 18 20 22
Kinetic energy(eV)

Electronegativity:
F>O>CI>N>Br>I>S>C>H
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LN 70 450 B 7

Absorption spectra—useful help | @

i Light Source

E bisgaard - Google Search % T{\"?— Web of Science [v.5.17] - ' % Y@ Find it at Stanford (SFX 5= % Ym Kinematic Bases x v M x-ray absorption databas
=t

<« C' | @ https://vuo.elettra.eu/services/elements/WebElements.html x- R AY DATA
Cross-Sections and Asymmetry Paramete B O OK L E T

This periodic table interface was developed to easily acces the calculated atomic cross sections for phototonization and the related asvmmetry par
Caleulation of Photoionization Cross-Sections and Asvmmetrv Parameters, Gordon and Breach Science Publishers, Langhorne, PE (USA). 1993

Data Tables. 32, 1-155 (1983). The data shown here are those calculated in the dipole length approximation. Albert Mﬁbﬂ 'hgd' um
. . David Antwood fiera Pianenta
This 15 a beta version: comments are welcome. Frie Guibkson Arthur Rabinson
Maleoim Howells  James Scofield
Group 1 2 3 4 5 6 7 8 | 9 | 10 11 12 Kwarlg-Je Kim jarses Underwood
1A 2A B 4B 5B 6B 7B SB 1B 2B Janns Kirz 00"8‘8 Vkughm
Period Jeftrey Kortaght Cwyny Williaims
1 1 Herman Winick
H
L Be Lamte e Qe Natkwal | 40 disaes ’
3 11 12 Aniers pary #f LatSueney ‘
Xa Me Reratios €A M7 .
4 19 20 21 2 2 24 25 26 27 28 29 30 “-“"*-_Mwmb';"'“
K Ca Sc Ti v Cr Mn Fe Co Ni Cu Zn
5 37 38 39 40 41 42 43 44 45 46 47 48
Rb St Y Zr Nb Mo Tc Ru Rh Pd Ag Cd an o oy i s A
6 55 56 « M 72 13 74 75 76 77 78 79 80 81 82 g3 84 3 86
Cs Ba Lu Hf Ta W Re Os I Pt Au He Il Pb Bi Po At Ra
5 87 88 x| 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
Fr Ra Lr Rf Db Sg Bh Hs Mt Uun Tuu Uub TUut Uug Uup Uuh Uus Tuo
lanthanides « 7 58 59 60 61 62 63 64 65 66 67 68 69 70
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb
actinides | 89 90 o1 92 93 94 95 96 97 98 99 100 101 102
' Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No
@ Ergler_2005.pdf M @ Gessner_2006.pdf T ¥ Show all downloads... X
. e ————— — P
. . e  TA1PM
https://vuo.elettra.eu/services/elements/WebElements.html e
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Quiz: Absorption spectroscopy

FX S % Ym Kinematic Bases

xV M x-ray absorption database X YVUO WebCrossSections

C=ron X

W

* o0
® 30 -
°« ¢ ons and Asymmetry Parameters
L
s &
* o0 ....3. 1055 sections for photoronization and the related asymmetry parameters. The data are taken from: J.J. Yeh Aromic
o00® o8 on and Breach Science Publishers, Langhorne PE (USA). 1993 and from J.J. Yeh and [ Lindau, dromic Dara and Nuclear
.=.= . ..== pole length approximation.
L 1 11 ] L L
* o9 L ]
* o8 209 L ]
e & @ > &8
[ 1 1) L 1 1)
-3 ...3...... 7 8 9 10 11 12 13 14 15 16 17 18
e 0 48 7B SB 1B 2B 3A 4A SA 6A TA SA
L L1111 ]
e 00 o0 @
L ] L] L ] 2
* 09 L L 111 -
.=o :.“. : He
...=. ..= == L L =. ) 6 ?- : ? 10
® &9 L 1 obd @ o0 299 60009 o B L8 N 0] E Ne
== =.. = : =... ° : : : 13 14 15 16 17 18
s 80 0 » 2000808 ® Al 51 P b Cl Ar
eose 50 08%:00 20%.2%2%2%.: 25 26 27 28 29 30 31 E%) 33 34 35 36
es e, o 3 0ot ess soes ee My | Fe | Co | Ni | Cu | Zn | Ga | Ge | As | se | Br | Ki
8 & 200 & & 00 . o00ed 43 44 45 46 47 48 49 50 51 52 53 54
Tc Ru Rh Pd Ag Cd In Sn Sb Te 1 Xe
75 76 77 78 79 80 81 82 g3 84 3 86
” Cs Ba Lu Hf Ta W Re Os I Pt Au He Il Pb Bi Po At Ra
5 87 88 x| 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
Fr Ra Lr Rf Db Sg Bh Hs Mt Uun Tuu Uub TUut Uug Uup Uuh Uus Tuo
lanthanides « 7 58 59 60 61 62 63 64 65 66 67 68 69 70
La Ce Pr Nd Pm Sm Eu Gd Ib Dy Ho Er Tm Yb
tinid | 89 90 o1 92 93 94 95 96 97 98 99 100 101 102
A Ac | Th | Pa U Np | Pu | Am | Cm | Bk | C¢f | Es | Fm | Md | No

T Ergler_2005.pdf

M E Gessner_2006.pdf

https://vuo.elettra.eu/services/elements/WebElements.html

am a0

¥ Show all downloads... X

711 PM
6/9/2015

56



Outline

Basics: Coupled electronic and nuclar dynamics in molecules

Extreme UV

X-ray matter interaction

resonant absorption
photoelectron spectroscopy 02

Kinetic energy (ev)







IS local

binding energy

~10pm




X-ray spectroscopy is element specific

1eV



Site sensitivity — chemical shift

0.8 1

o
()]
1

Signal (arb. units)
o
D

©
N

0.0 A

14 16 18 20 22
Kinetic energy(eV)

Electronegativity:
F>O>CI>N>Br>1>S>C>H
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Outline

Basics: Coupled electronic and nuclar dynamics in molecules

Extreme UV

X-ray matter interaction

resonant absorption
photoelectron spectroscopy 02

Kinetic energy (ev)




UV Photolasion

DESY.

Cyclobutane
Pyrimidine

orY i
Low (sub 1%) yield Dimer (CPD)

RNA Experiment:

Ultrafast nucleobase
relaxation protection

Schreier et al., Science 315, 58

21



Electronic structure Nuclear geometry

nm*
A
Tk =
N = _ Barrier ?
o -7
T —— o
S O
-9
?slt:uhriol etr?l., Grund-
. Phys. Chem. A,113, 10211 (2009) zustand
Hudock et al., 3

J. Phys. Chem. A,111, 85 (2007) Reaction coordinate K

.Y
DESY. Antrittsvorlesung | Markus Giihr Page 64 64



Quiz: Which probe method would you
apply here?

Electronic structure

N~ a)NEXAFS
T —— \ | D)XANES
—I- c)Hard X-ray diffraction
o
Asturiol et al.,
J. Phys. Chem. A,113, 10211 (2009)
Hudock et al.,

J. Phys. Chem. A,111, 85 (2007)
DESY. Antrittsvorlesung | Markus Giihr



The n orbital is highly localized.

e
-
X

binding energy

v

Previous work: McFarland et al., Nature Comm. 5, 4235 (2014)
66



Thels to n absorption iIs strong.

GS—>nn*

=
¥*

a4 35
UV Anregung

binding energy




Focusing
Optics

Monochromator

Spectral jitter - filtering by monochromator 0.5 eV FWHiu

Temporal jitter — single shot pulse correlator



NEXAFS shows resonances

69
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NEXAFS shows resonances

S
0T
wnJayoads
91€1S punoJo H g1
uoI13e3IDX3 AN
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524 526 528 530 532 534 536
T T T T T 10-0
A il S
30 7.5 5
c o 25F -5.0 @
o Q Spectrum 55 S
O Y 5oLl FH 2 ps after 4 S
< 5 UV excitation 10.0 c
- (@]
L O Ground state =
(D] 15+ I_I i 4
gg spectrum 2-3 D
< 10t —>.0 o
-75 3
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___A : , , , —10.0<
20 T T T T T T T T T T 20
B Integrated
C areas with fits:
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532 eV
Wolf et al., 525.5 -
1ol : : 1L | — 527eV ||i,
Nature Communications 8, 29 (2017)
v ()
o
~— (o]
— 5} 4k 15
© o
(D]
=] O
L 1.0 = 1.0
o
>
S 0.8F 4 o J10.8
=
&
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0.4} 1T J10.4
o -
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524 526 528 530 532 534 536
| | | ' | — oo .
30- A -

How long does it take for the nTr*

— 25¢F
S8 Spectrum state to be populated?
O Y 5oLl FH 2 ps after
< 9 UV excitation
s S 150 Ground state 10 ps
15
%5 i spectrum p
< 10t 1 ps
. . <100 fs
- 1 1 1 1 J_—lU'U -
20 T T T T T T T T T T 20
Integrated
B C areas with fits:
15| 4k 530.5- |15
532 eV
Wolf et al., ___ 525.5-
10l 11 | 527 eV | |1,

Nature Communications 8, 29 (2017)
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® Q
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g2 Spectrum 155 S
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Thionukleobasen — Alles wird schliimmer!

DESY.

\ Triplet

i

Ground

state
Interstrand

Cross-linking

Way worse than usual nucleobases:
Thionucleobases

B. Ashwood, M. Pollum, C. E. Crespo-Hernandez, Photochem. Photobiol. 95, 33 (2019)
S. Bai, M. Barbatti, PCCP 19, 12674 (2017) <.

Arslancan, Martinez-Fernandez, Corral, Molecules 22, 998 (2017).

‘Q



Nuclel couple to electrons and their spin.

Energy

50-100 ps

State Reaction coordinate



FLASH makes electronic molecular movies.

Inn* S,




Chemical shift and local charge
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Chemical shift and local charge

kinl 1 Ekinl 1 Ekinl 1
7))
| ol a{
Ot
hv
Epind Eping Eping
Eping
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b

TR-XPS scheme

o
k.nv
-o—

D—
il
-0—-0O-

i
“A
£>-
>_
E
-0-0O-Y

charge
density
difference

Ground state
c
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Quiz: convince your advisor

You have an idea for your thesis project:

XPS on the sulfur 2p electrons of a gas
target of thiouracil. You choose 300 eV as
your probe photon energy. So you prepare a
proposal for SwissFEL/FERMI or FLASH, the
call closes in 5 min!

Your thesis advisor finally has read the
proposal and tells you that this is a bad idea,
because you will never get a reasonable
amount of photoelectrons from a thin gas jet.

You are How do you convice your advisor? 80



Quiz: convince your advisor

Molpeul -
aé’z«a% }T—/{m

/TOH A v m
puﬁ%&

Lot Rop, Absorption:

ix) - A/f;rﬁ[ nx) E] ........

Mo of s B@o" pletes.

Ay O

How many
electrons per
pulse?

a) 1

b) 10

c) 100

d) 1000

e) 10000

f) 100000
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Absorption spectra — useful help
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Long lasting photoelectron shifts

Signal (arb. units)

Delay (ps)

1.0 —— UV off
UV on
05 | —— difference
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" 05 24
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00 u©u >
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] —0590 ®
3 _HE e
~1.00
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Kinetic energy (eV)

Mayer, Lever, Picconi et al.
Nature Comm. 13, 198 (2022)
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250 fs osciallations in the photoelectron spectra

Difference signal (arb. units)
0.05 0.10 0.15 0.20 0.25

Mayer, Lever, Picconi et al.
Nature Comm. 13, 198 (2022)

1.0

0.8 Photoelectron spectrum
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o
o

Oscillation in the
excited state chemical shift
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o
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250 fs osciallations in the photoelectron spectra

Difference signal (arb. units)
0.05 0.10 0.15 0.20 0.25

1.0

0.8

Delay (ps)
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= less nr*
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1 1
97 98 99 100 101 102
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Mayer, Lever, Picconi et al.
Nature Comm. 13, 198 (2022)

85



250 fs osciallations in the photoelectron spectra

Difference signal (arb. units)
0.05 0.10 0.15 0.20 0.25

L

CASPT2
ADC2

Delay (ps)

0!4 0.5 0.6
Inm* population

1 1 1
97 98 99 100 101 102 0.0 0.1 0.2 0.3

Kinetic energy (eV)

Simulations:

Mai, Marquetand, Gonzélez, J. Phys. Chem. Lett. 7, 1978-1983 (2016)
Mai et al. J. Chem. Phys. 147, 184109 (2017) 86



ESCS depends strongly on electronic state

charge on the S atom (e)
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David Picconi
Potsdam
Now Groningen
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Linear relation between charge and binding energy

charge on the S atom (e)
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Very similar to a
chemical shift
potential model

Gelius, Phys. Scr. 9,
133 (1974)
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COMMUNICATIONS

| M) Check for updates |

ARTICLE

OPEN
Following excited-state chemical shifts in molecular

ultrafast x-ray photoelectron spectroscopy

D. Mayer® "1 F. Lever® ", D. Picconi® 2%, J. Metje!, S. Alisauskas® 3, F. Calegari® %>, S. Diisterer® 3,
C. Ehlert® 7, R. Feifel®, M. Niebuhr® !, B. Manschwetus® 3, M. Kuhlmann3, T. Mazza®, M. S. Robinson"4>,
R. J. Squibbs, A. Trabattoni® 4, M. Wallner®, P. Saalfrank?, T. J. A. Wolf® 10 & M. Gihr'™
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You can use that instrument a FLASH

_ Jan Metje
Dennis Mayer

t|a||l||.;|,'..',x-~ »
"e

Potsdam, FLASH Feb. 21st 2019




Hamburg, FLASH Feb. 21st 2019




Now: Deduce valence charge changes at Carbon sites

Charge density change

92



Now: Deduce valence charge changes at Carbon sites

We have PhD and PostDoctoral
Positions available!

Contact Dennis or Fabiano
or me (markus.guehr@desy.de)
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FLASH 2 FLASH 1

20-400 eV in fundamental 20-300 eV in fundamental
3rd harmonic 3rd harmonic

3 Beamlines — 1 is Monochromatic
Fixed gap undulators

3 Beamlines — 1 is Monochromatic
Variable gap undulators

X-ray split and Delay X-ray split and Delay

Optical laser Optical laser

Fixed RIXS instrument for CM
Fixed CAMP instrument for AMO

Fixed REMI instrument for AMO

Facility operated instruments for AMO, g

Chem, CM, HED Facility operated instruments for AMO,

Chem, CM, HED




.Astrochemis

J. W. L. Lee, etal;

Nature Communications, 2021
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F. Roth et al.; Nature Communications, 2021
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Z. Chen et al.; Nature Communications, 2021



FLASH overview

Google Maps



FLASH overview
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Photoinjector
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FLASH overview

https://vtour.desy.de/desytour/index_de.html#node5



FLASH overview

https://vtour.desy.de/desytour/index_de.html#node5



FLASH overview

= e =

https://www.youtube.com/watch?v=RG-PYmeq2XE




FLASH overview

Undulators Q‘ —

\\

https://www.youtube.com/watch?v=RG-PYmeq2XE



FLASH efficiency: facility operated instrumentation

FLASH currently operates 3 fixed and
5 transportable instruments

5 more instruments are under
construction

Transportable instruments can also

REMI (AMO) CAMP (AMO/CHEM) URSA-PQ (AMO, » be used in other onsite labs
Ulrike Frithling, Markus Braune Benjamin Erk CHEM) Markus Glihr

d

Starting more unified controls and
analysis suite for users

MULTIP (WDM, AMO) MUSIX (Materials) WESPE (Materials, HEXTOF (Materials)
Sven Toleikis Martin Beye Catal.) Dima Kutnyakhov

Dima Kutnyakhov

Coutesy: Rolf Treusch



SNI2022 | FLASH2020+ Upgrade Plan | Sven Toleikis | 2022-09-05

Difference between seeded and SASE pulses
High repetition rate and external seedina in 2025

High repetition rate seeding of soft-X-ray pulses
Combination of HGHG and EEHG:

Experiment

Fully coherent pulses with
variable wavelength (60 — 4 nm)
tens of fs duration and

1 MHz intra-bunch repetition rate

Apple lll undulators:
Variable polarization independently

Courtesy of E.Allaria, Fermi Courtesy of E.Allaria, Fermi tuneable

322 324 326 32 322 324 326 ‘ ‘
»(nm) »(nm) HGHG tuning range J l I
Seeded o , |

10 15 20 25 30
Wavelenath (nm)

Narrow bandwidth » Laser controlled pulse

Stability properties EEHG tuning range

Longitudinal coherence « Synchronisation to seed
Brilliance laser

3 35
Wavelen gth (nm)




DESY Photon Science Strategic Goals
FLASH2020+

FLASH: towards a high repetition rate seeded soft X-ray FEL

RF Stations Accelerating Structures FLASH1 DS Photon Pump-Probe
vV Vv v v v__. Diagnostics  Lasers
= e e e —1 }—AIE ~
Laser Heater I: ,
RF Gun D [ : I T AR L P4 Albert Einstein
Bunch Compressors -. BN 0
Lasers P Seed Laser [ |\ ~rreeennmlllll & \

5 MeV 150 MeV | 550 MeV 1350 MeV

FLA SHF D —
: (0) Kai Sj
Upcoming "ward Siegbahn
Injector Laser New bunch compressors (linac) High rep. rate seeding B q FEL Experiments
Energy upgrade Variable gap undulators (FLASH2) (FLASHL) L reeeennns e yon _______________
34 BC FLASH2 interim pump-probe laser Photon diagnostics (FLASH1) * New undulator schemes
TDS (FLASH2) (FLASH1) Flexible pump-probe . : (FLASH2)
Laser heater New beamlines New lasing concepts (FLASH2)

2023 2024 2025

Variable polarization at Externally seeded operation

nitrogen K-edge third harmonic up to the carbon K-edge

Markus Guhr



FLASH 2020+ Science challenges
Utilizing the unique properties of the new FLASH

Ground state isomerization of azobenzene
Tavadze et al. JACS 2018

UV —induced lesion in DNA

Markus Guhr

Examples from the FLASH strategy workgroups utilizing the
high coherence/spectral brightness and repetition rate:

Ground state chemisty (rare events)
catch the rare events where a reaction happens

Life‘s photoprotection (dilute samples with traps)
Learning how nature protects itself from UV damage

Plasmonic photocatalysis (dilute samples, brightness)
Harvest sunlight via nanomaterials to accomplish green
chemistry

Materials phase transition dynamics/control (brightness)
Understand material transformations in fields for future
electronics

Zhang et al., Chem. Rev. 118, 2927 (2018)

http://gcmd.mpsd.mpg.de/index.php/research/
research-science/Light-induced-SC-like-
properties-in-cuprates.html




