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The Physics Goal

Observation of molecular
relaxation processes

------

Nuclear wave-packet motion in
molecules (conical intersect.)
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Coincidence Spectroscopy

object to
be studied

outgoing particles

beam / Nilectrons, ions, photons...)
/

Particle Physics Approach:

Measure the masses, momenta and charges of all
fragments that are emitted in a single events !l




Coincidence Experiments at FELS

The 1strequirement:
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Coincidence Experiments at FELS

The 1strequirement:

» Detectors get “flooded”

» Space charge effects

* Which electron belongs
to which ion?

a

electrons

detector




Coincidence Experiments at FELS

The 2"d requirement:

detector

L
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detector



Coincidence Experiments at FELS

The 2"d requirement:

target

electron

1
detector



Coincidence Experiments at FELS

The 2" requirement: * No more than one event
nprJa.cn-u-n-ha d 1
" eded !!
' jion rate 1s nNé ctron
A high repetit !

. FLASH now: 300 HZ
. ELASH future: up 10

10 kHz !

target §

electron

1
detector
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Multi-Photon lonization of N,

Fragmentation and Coulomb-Explosion of N, (N* + N* channel)

lon momentum distributions
Angular emission pattern
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Multi-Photon lonization of N,

Fragmentation and Coulomb-Explosion of N, (N* + N* channel)

lon momentum distributions
Angular emission pattern
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Multi-Photon lonization of N,

lon — lon Coincidences
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XUV-Pump — XUV-Probe setup

Split Mirror

5
i
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Conformational change of excited C,H,
Acetylene + photon (38 eV) => Vinylidene

Wikipedia:

" Isomerization.....transforming light into other forms of energy.”

“Photoisomerizable molecules are already put to practical use, for instance,
in pigments for rewritable CDs, DVDs, and 3D optical data storage solutions.”




Conformational change of excited C,H,
Acetylene + photon (38 eV) => Vinylidene

1. step:
lonization with pump pulse
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Conformational change of excited C,H,

Acetylene + photon (38 eV) => Vinylidene

1. step: 2. step:
lonization with pump pulse lonization & dissociation with probe



Conformational change of excited C,H,

Acetylene + photon (38 eV) => Vinylidene

1. step: 2. step:
lonization with pump pulse lonization & dissociation with probe



Conformational change of excited C,H,
Acetylene + photon (38 eV) => Vinylidene

2. step:

A5 46 4_7 ‘ .4.8 lonization & dissociation with probe

TOF, (us)



Conformational change of excited C,H,

Acetylene + photon (38 eV) => Vinylidene
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Conformational change of excited C,H,

o0 = 7 proton migration or
- 1 Isomerization time
60 |- 4 T=562+15fs
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IR-Pump — XUV-Probe setup




IR — XUV Pump-Probe:
Multiple lonization of Dissociating |, Molecules

The ldea:

1. step




IR — XUV Pump-Probe:

Multiple lonization of Dissociating |, Molecules

The ldea:

1. step

<= time-delay At

IR pulse € \ / FEL pulse
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2. step




IR — XUV Pump-Probe:
Multiple lonization of Dissociating |, Molecules

The Idea:

ep
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Why is this of interest ?

M. Richter et al., PRL 2009

lonization of Xe with 92 eV Photons
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Photo-absorption cross section for Xe

total absorption (Mb)
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Photo-absorption cross section for Xe and |

A /ﬁ\

Mseasure yield of I"* ions as functl

of IR-FEL time delay At

photon energy (ev)

~85¢eV, 14 nm




Multiple lonization of Dissociating |, Molecules
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Multiple lonization of Dissociating |, Molecules

Detector
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Multiple lonization of Dissociating |, Molecules

X-position

ToF
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Multiple lonization of Dissociating |, Molecules

FEL pulse only (no IR) (hv =85 eV, | = 101* W/cm?)

.l: ﬁm}? ,‘u“ I ‘ ’1‘1 1 ) ‘JII I. l :“ ."":l.‘\'l l" J:II'I\. l..: '; l':l ' I.l’ :'l: -:I|' "y . l' ' :
| s i f%af Rty
100 \ 1, .'.rl.l -f'i."'-'-'l."‘ :':.n ':' |‘. o oot l”lll \

i ‘5 ' AT ) h
‘. - ' Il l' Ll
I : 2+ 11.:."{3;#“\ .‘.t::" v l‘l' '::..v;: ..1'

c , ‘
b B 5""&. i "!' "*L*m;""*"*"" gl
o g ‘!~‘-"’+‘.!':*': M "» g “'ua.u f*‘. Jd, i 'u,-n‘:j.z';\“ .',.?ij by ml.’ R AT
3000 4000 5000 6000 7000 8000 9000
ToF [ns]




Multiple lonization of Dissociating |, Molecules

FEL pulse only (no IR) (hv =85 eV, | = 101* W/cm?)
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Multiple lonization of Dissociating |, Molecules

FEL pulse only (no IR) (hv =85 eV, I = 10 wicm?)
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Multiple lonization of Dissociating |, Molecules

FEL and IR (hv = 85 eV, | = 1014 W/cm?)
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Multiple lonization of Dissociating |, Molecules
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Present Status (the advertising part)

In average 4 — 5 accepted experiments per proposal round
(in total between 40 — 50 shifts per round)

-

This is not very efficient !!

. . ’
No room for continuous improvements °:

Hardly affordable on a longer term !!

o TTOIaIrc Ul | Q}

a5 WEEKS 1o collect date at the beam-line.
- everything is disassembled and brought back to HD.
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Realization of permanent installation
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The “Dream Beamline”
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The “Dream Beamline”
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The “Dream Beam” (parameters)

Wavelength: 5nm .... 50 nm (emphasis on long)
Pulse-Length: 10 fs (ideally 1 fs)

Repetition rate: 10 kHz (with 2 us spacing)
Intensity: 10 uJ ... 100 pJ

AND

Fully synchronized IR-Laser (on a level of < 10 fs) !!!




LIST (Incomplete) of USERS / COLLABORATORS
that expressed interest in REMI experiments:

Prof. Ali Belkacem ... LBNL Berkeley
Prof. Itzik Ben-ltzhak . . Kansas State Univ.
Prof. Nora Berrah . . . .. Western Michigan Univ.

Prof. John Costello . . . . Dublin City Univ.

Prof. Reinhard Dorner Univ. Frankfurt

Dr. Uwe Hergenhahn MPI flr Plasmaphysik
Prof. Ronnie Hoekstra Univ. Groningen

Prof. Matthias Kling . . . MPI fir Quantenoptik
Prof. Edwin Kukk . . . .. Turku Univ.

Dr. Michael Meyer .. XFEL Desy

Prof. Henrik Stapelfeldt Aarhus Univ.

Prof. Kjyoshi Ueda . . . . Tohoku Univ.






