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T
he key: 

Insufficient tim
e resolution to study exciton form

ation and dynam
ics

N
eed tools to understand dynam

ics w
ith elem

ent specificity!

From
 m

aterial alchem
y to synthesis
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Follow
 dynam

ics to understand function! 
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T
he requirem

ent

3

Tools are needed to scrutinize electronic/m
olecular dynam

ics 
on their native length and tim

escale.

U
ltrafast soft/hard X

-R
ay A

bsorption and D
iffraction

Friedrich, K
nipping, Laue (1912), Bragg (1913), M

oseley (1913)

- X
-R

ay Synchrotron / FEL:
100 fs -10 fs, 1.9Å

- keV
 H

igh H
arm

onic G
eneration:

as - fs
low

 yield

M
-B
€

synchronization / random
 pulses

radiation doses

broadband im
aging unsolved
w

avelengths long

Follow
 dynam

ics to understand function! 

A
tto- to fem

tosecond pulses

elem
ent / state specificity

w
ith
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rotein

[46]
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elegantly
d
escrib

ed
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m
od
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[47]

in
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eld

.
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rou
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d
th
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p
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of
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e
electric
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oscillation
,
th
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p
otential
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p
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ed

sign
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cantly

en
ou
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facilitate
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e
tu
n
n
el
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isation
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electron

into
th
e
continu

u
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.
T
h
e
lib

erated
electron

is
th
en

accelerated
aw

ay

by
th
e
laser

electric
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.
A
s
th
e
electric
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eld

oscillates
p
ast

its

p
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th
e
electron

is
accelerated
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ack

tow
ard

s
th
e
p
arent

ion
.
T
h
e

h
igh

kin
etic

en
ergy

electron
h
as

a
p
rob
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ility

of
recom

b
in
in
g
w
ith

• gives geom
etric and

 electronic structure!

oxidation/spin state, ligation, sym
m

etry

• w
orks w

ith gas, liquid, solid phase



AT
T

R
A

C
T

 - 2016
atto.icfo.eu

T
he m

ethod

4

C
h
ap

ter
5.

W
ater-W

in
dow

H
igh

H
arm

on
ic

G
en

eration
69

F
i
g
u
r
e

5
.
1
:

T
h
e
w
ater

w
in
d
ow

rad
iation

ran
ge

(b
lu
e
sh
ad

ed
area),

contain
in
g
th
e
ab

sorp
tion

ed
ges

of
a
typ

ical
p
rotein

[46]

5
.3

H
ig
h

H
a
rm

o
n
ic

G
en

era
tio

n
-
T
h
e
L
o
n
g

W
av

elen
g
th

,
H
ig
h

G
a
s
P
ressu

re
R
eg

im
e

H
igh

h
arm

on
ic

gen
eration

in
gas

is
an

extrem
ely

n
on

-lin
ear

p
rocess

w
h
ereby

th
e
resp

on
se

of
an

atom
(or

clu
ster

or
m
olecu

le)
to

an

inten
se

laser
electric

fi
eld

resu
lts

in
th
e
em

ission
of

rad
iation

h
avin

g

sign
ifi
cantly

low
er

w
avelen

gth
s
(or

h
igh

er
p
h
oton

en
ergies)

th
an

th
e

d
rivin

g
rad

iation
.
T
h
e
p
rocess

h
as

b
een

m
ost

elegantly
d
escrib

ed

by
th
e
n
ow

in
fam

ou
s
th
ree-step

m
od

el
[47]

in
w
h
ich

an
atom

is

in
th
e
p
resen

ce
of

an
inten

se
laser

electric
fi
eld

.
A
rou

n
d
th
e
p
eak

of
th
e
electric

fi
eld

oscillation
,
th
e
atom

ic
p
otential

is
p
ertu

rb
ed

sign
ifi
cantly

en
ou

gh
to

facilitate
th
e
tu
n
n
el

ion
isation

of
an

electron

into
th
e
continu

u
m
.
T
h
e
lib

erated
electron

is
th
en

accelerated
aw

ay

by
th
e
laser

electric
fi
eld

.
A
s
th
e
electric

fi
eld

oscillates
p
ast

its

p
eak,

th
e
electron

is
accelerated

b
ack

tow
ard

s
th
e
p
arent

ion
.
T
h
e

h
igh

kin
etic

en
ergy

electron
h
as

a
p
rob

ab
ility

of
recom

b
in
in
g
w
ith

• gives geom
etric and

 electronic structure!

oxidation/spin state, ligation, sym
m

etry

• w
orks w

ith gas, liquid, solid phase

First table top attosecond SX
R

 source at IC
FO

:

S. Teichm
ann et al. N

ature C
om

m
un. 7, 11493 (2016)

F. Silva et al. N
ature C

om
m

un. 6, 6611 (2015)

also being developed at

Stanford, RIKEN
, Berkeley, JILA, M

IT, 
M

PQ
, M

BI, D
ESY, BESSY, …
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• 8h m
easurem

ent
im

possible to do otherw
ise

R
apid 4D

 (2D
 + energy + tim

e) detection is the bottleneck

• D
etection resolution and efficiency

dE/E ~
 1/100

only <
 400 eV

10%



AT
T

R
A

C
T

 - 2016
atto.icfo.eu

Proposal

6

Energy resolving 2D
 detection

+
 pum

p and probe =
 4D

• Energy resolving per pixel
SD

D
 lim

it 127 eV

12.7 m
m

 x 12.7 m
m

m
 1 kH

z, 145 eV
 @

 M
n Kα



AT
T

R
A

C
T

 - 2016
atto.icfo.eu

Proposal

6

Energy resolving 2D
 detection
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p and probe =
 4D

• Energy resolving per pixel
SD

D
 lim

it 127 eV

12.7 m
m

 x 12.7 m
m

m
 1 kH

z, 145 eV
 @

 M
n Kα

• Photon counting also below
 ~

 1 keV

• Lock-in detector w
ith on chip dem

odulation

 

High-speed Lock-IN CM
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S cam
era 

w
ith pixel-level signal processing. 
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eliotis A

G
, D
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latz 4, 6039 R

oot-Luzern, S
w

itzerland 

90 billion sam
ples/s to 5k fram

es/s for 300 x 300 pixels
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Energy resolving 2D
 detection
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 4D

• Energy resolving per pixel
SD

D
 lim

it 127 eV
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 x 12.7 m
m

m
 1 kH

z, 145 eV
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 M
n Kα

• Photon counting also below
 ~

 1 keV

• Lock-in detector w
ith on chip dem

odulation

 

High-speed Lock-IN CM
O

S cam
era 

w
ith pixel-level signal processing. 

H
eliotis A

G
, D

4 P
latz 4, 6039 R

oot-Luzern, S
w

itzerland 

90 billion sam
ples/s to 5k fram

es/s for 300 x 300 pixels

lock-in detection + energy dispersive + single photon

Elem
ent specific real-tim

e im
aging for every lab and com

pany
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