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Laser Terahertz Emission Microscope (LTEM)

Transmission type image
( x component)

Femtosecond

I Time delay
optical pulse

Trigger pulse

Detector

Pump pulse
P P ——

- —
Object lens

i

. THz waves .

H
4
%
<
N

THz waves
Sample 25 25 eh
X Axis (pm)

Supercurrent distribution in log-
periodic thin film antenna made of
high-Te superconductor thin film
(Transmission type)

Tonouchi et. al, J. Appl. Phys., 87(2000) 7366 .

— 54 —




Examples of LTEM images

Vortex letters inscribed in high-Tc superconductive thin film

-- -

- -

M. Tonouchi et al, JJAP, 44(2005)7735.

y-positon (jm)

|
Ea— [TRET— 100
x-position (um) x-position (um)

Mos Technology:MPU 6502
Yamashita, et al, Op.t, Exp. 13(2005)115.

Ferroelectric domain observation
Takahashi et al, Phys. Rev, Lett. 96(2006) 117402
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(®Mikk Lippmaa (GAR¥IIERE) : Material informatics

Materials Informatics

Mikk Lippmaa
Institute for Solid State Physics
University of Tokyo

What we mean by informatics?

Informatics

The science of collecting, storing, retrieving,
managing, and distributing knowledge

What is not materials informatics

and data driven

Is inform must be m I

These are not informatics tools:

Research databases (abstracts, keywords, CVs, etc)
Jobs/recruiting databases

Social networking websites for the scientific community
Web logs or blogs (with certain exceptions)

Chat / Instant messaging applications

Portal sites for methods or materials

Remote instrument use, virtual laboratories

Informatics is transdisciplinary

Solving informatics problems = building an infrastructure for generating knowledge

Informatics draws on:

- data representation
- algorithms for search
- building trust

- data integrity

- processing tools

- distributed access
- distributed processing
- moving large datasets

- database tools
- data models

- schema

- storage

- access (SQL?)

- natural language

- accessibility to data

- representing data

- representing processes

- cost analysis

- risk analysis

- regulatory compliance
- models for sharing

- patents

- accessibility to data

- converting data to knowledge
- visualization

- modelling

Problems
Sample design I
L —
Synthesis

Characterization

| i

Visualization '
Analysis =
The greatest barrier is fast and efficient
access to information, which is why
T visualization and analysis tools are very
important.
I s

synthesis

library design

/

data mining

A
i

Manual notes

Experimental data acquisition (now)

processing

|

Floppy

/

characterization

personal compu?zr‘\\
of a researcher

results

reference data




Experimental data acquisition (could be)

reference data

personal computers of researcher

Note: database is not necessarily SQL, could be other store/search solutions

Access to information

What limits the availability of critical data?

data
acquisition

visualization

reference
data

publication
communication

Existing tools for data acquisition

Collectively known as Laboratory Information Management Systems (LIMS)

http://www_limsource.com/

Welcome

N http://www.limsfinder.com/
The o -]

Many other on-line resources exist.

Large majority of existing LIMS systems are oriented at pharma, organics, polymers, catalysts
Other existing systems are specific forkflow driven, like Symyx Renaissance

For solid-state synthesis, not many
choices. Even in this case cost is very
high at about 3000 “/year for 1 license.

Why so little commercial support for materials science

Large-volume raw data often distilled to only a few numbers
(unlike bio and astronomy, where large data sets need to be moved)
No regulatory requirement
No demand from journals for publication data
Tradition

Technical reasons
Impossible to define a specific workflow (processing and analysis is constantly changing)
Widely-used instruments are not designed to be networked, e.g.
AFM machines: SII, Shimadzu - formats not advertised but available
Omicron - recently closed the data format

No vendor-side interest in standardized data formats

Accelrys tried to expand Materials Studio with CombiMat. Worked for several years,
finally gave up. Cost was still very high.

Open data formats for analytical instruments (XML, etc)
Need: Network connectivity for analytical tools (open tools)

Example cases of successful implementations

Search and access (no obvious solutions exist)

Now

Keyword search is extremely inefficient and produces many false results

Future

How to improve data search?

Move from keywords to ontology (relations between words, closer to meaning)
On research project in this area is GoPubMed (http://www.gopubmed.org/)

B |

An important part here would be natural-language analysis of scientific texts,
possibly using OWL, the Web Ontology Language to recode texts (EXPO system)

Similar work has been supported as a CREST project (Tsujii, UT, 2000-2005)

As an extension, it would be possible to search for procedures, rather than keywords




Multiple sources

Similar materials data may come from many different sources

Combining searches from different sources (or even different databases) is
not a solved problem. Relates mostly to database design questions.
A Iurge body of general database work exists. What is needed, are example
pp ions to ate and test technol

Finding similar data

iven this image

Publication, sharing and circulating data

Efficient research requires answers FAST

Compilation databases have a very slow response time (years after measurement)
Publications have similar slow response time

Why? Publications and public databases need to be accurate and trusted
Publication used to be fast, but not anymore! Moving from manual typewriters
to computerized offices and electronic distribution, publication time for PRL
has gone from 3 weeks to about 6 months

Voursn 4, ¥
FOL T pet
et
The ferron : ol the el b the
sunsiile o ! chiaged. In tais

Seular
u
etal.
™
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rip,

n

the
inee

What about real-time access to data?

We have publication systems for[Fesulis that are reliable and refereed, but very slow.
What we don't have is a system of publication of[dafdl that is fast (but less reliable)

Technical solutions: For example, Web-based data collection, access, distribution
Was studied within the COMET i ial h project, a f | software

demonstration exists at University of Tokyo (Lippmaa), NIMS (Chikyo), Tohoku (Kawasaki)

Web browser

LIMS for materials data

LAN —
or -
Internet

database server

//f Sy

-

visualization n':eaéulemt'antlinslmments
analysis (hardware tools)
data mining

(software tools)

Still many unanswered questions for rapid data access

Distributed data has to be accurately documented. How to create machine-readable
experiment descriptions and data descriptions?

Academic system of credit is based on the number of publications. How would you count
data published online?

Self-published data has not passed refereeing like journal papers. How to guarantee
integrity and correctness of data or evaluate the reliability of data?

For large data sets, what is an efficient strategy: distribute data or access to data?
This is an issue when data sets are in the 1006b..Tb order and transfer time and
cost would be prohibitive.

What is the role of commercial publishers? How to resolve the conflict between the
scientific aims of sharing with the business aim of controlling access?

Obviously, there are technical questions, but also more wider questions, including
influences of public policy and even legal ramifications (i.e. conflict between
early publishing and patenting).

Example of public services for data integrity: digital signatures

We will see a move from paper documents (signed lab notebooks) to direct and automatic
electronic storage. This presents a number of problems:

1. Data integrity
- cannot change after creating
- cannot be modified by an outside party

2. Maintaining accurate timestamps on data
- provides accurate chronology

3. Supporting data for publication
- imagine a system where raw experiment data that a publication is based upon
is also made accessible to outsiders. Third-party digital signatures help to
build trust that the data is authentic.

Data integrity: digital signatures

=
Laboratory Signing authority =
/Vﬁ Measured raw data file ®-
Calculate a hash
E IE + date + authority name
Submit for signing + unique ID, sequence number, etc.
l Calculate signature
Receive signature i 5
ﬁ E E Secret private key
Store and distribute P
Data client ‘

ﬁ @ Request key ‘

Receive public ‘

key o) L) public key

Verify signature

l

Use data if signature valid




Data integrity: digital signatures (continued)

Globally-unique identifiers for data items
- Digital signature system (e.g. national level) can help to maintain persistent

unique identifiers for experimental data items.

Similar systems exist for:
- computer names and addresses IP,DNS (http://www.icann.org/)
- journal publications DOI (http://www.doi.org/)
- web resources URL/URI (http://www.w3.org/Addressing/)
- general resource id, the Handle System (http://www.handle.net/)
- many others have been developed, none in wide use for experimental data

Uses for global unique IDs Object tracing

ﬁm calibration ————»
ﬂm) control script —»

ﬁm process log P
- ;:::“‘*\‘:""““_"*@

Directories
Database systems

-

link (ID=

link (T

verify that correct data
is retrieved

ﬁm public result +—— : "

How was the instrument calibrated when this sample was made?

Conclusions

Materials development is a collaborative form of research, because access to a very broad
range of source material is required.

Similar materials
Available analysis
tools

Materials

_— development
problem

Similar problems,
different materials

/

-—

Published
eference data

\ Other research

in the same field

Available synthesis
tools

Development of innovative general data formats, experiment descriptions,
data storage, data sharing/publishing, searching information, all are open
research subjects.

Commercial comprehensive projects have either failed (Accelrys) or
are too limited / too expensive.

Conclusions

Solution: public support (like JST) for many smaller informatics tool development projects.
Similar to bioinformatics 10 years ago.

- Project value should be judged based upon how many people use a tool that is developed.
- Project value depends on how well it works with other tools.

- New Inform tools that are ped must make work easier for a researcher,
not harder. Learn from teh failure of the scientific publication industry

-It is very challenging to develop something that is faster, easier to use, more reliable,
and cheaper than pen and paper!

Public services that support the use of informatics
- Data repositories for materials data (like national gene data repositories)

- Evaluation of the value of scientific results that are produced and distributed
through other means that international research journals.

- Selected services, like digital signatures and certificates

- Rules for ownership of data (as opposed to extracted results)
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Dielectric Characterization
by Scanning Microwave Microscope

Zr0,+Y,0,+AL

( Refer to Dr.Okazaki and Dr.Hasegawa , COMET-NIMS. Tokyo Inst. Of Tech )

. . . HfO, Y, Al 2
Dielectric Mapping of the ternary alloys 0, Y.0, ALO, SO,
>20 10 9 4

HfO,

“ .QQ
%, &~
S
%8

HfYAIO

HfO,

§
HfSiYO

% svo S % o8

Q SiYO AY QYA &
Hf0,+8i0,+Y,0;  Hf0,+Y,0,+AL0,

7r0, 7r0,

> Ol
“Q valo

Zr0,+Y,0,+ALO,

ZrSiAlO
[<ERV .
S 9  sivo

,0,  Zr0,+Si0,+Y,0,

Combinatorial Materials Exploration and Technology

Combinatorial X-ray Diffraction System

«—(200)(020)
«—(002)

Hf0,:Y,0,

(111)or(222)

( Developed by Dr.Watanabe
Dr.Fujimoto , AML-NIMS)

(222)—

HfO,

(1) Dielectric constant mapping
FHEF

Y,0, ALO,

T, = 300°C, laser power = 3J/cm?,
Py, = le*Torr, post-annealed at 700°C

(2) Crystal structure mapping
high-g

—) &
amorphous
region

HfO,(monoclinic)

HE,Y 229004y (cubic) "

Leakage current mapping

Dielectric property mapping

Flat band mapping




Micro Structure Characterization for Combinatorial Samples

Micro Sampling Method

Hitachi FB-2000
+Micro sampling Unit

JEOL 4000EX (NIMS)
H-9000NAR (T.L.T)

TEM characterizations of the combinatorial specimens

National Institute for Material Science
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Changes in flatband voltage

-0.2 T W W-Pt Pt
O FGA ON
77777777777 © FGA+OGA ] b
O FGA+OGA+FGA }SV
0.4 .d,h‘, p-si| £

Flatband voltage (V)

FGA: 450°C, 30 min
OGA: 300°C, 30 min

W P

0 0.5 1.0

Pt composition ratio, Rp,
> The higher WF is, the larger the V, value after OGA becomes.
» The shift can be reversed by an additional second FGA.

» This observed phenomena is general and mainly depends
on work function.

Fob 4k, 2008 5—pRESOHRR 16

Nanomatorials Lab, National Institute for Materials Scionce

National Institute for Material Science

3TIVEFIIT I ‘

HEEROMEE

FEETIES

Y—oBRIIESS
ITHIEOR B LHigh-kH BRE

FIEV DBIE: 45005 — T TR

—p/High-k. (1)) <
» Fermi level change in poly-Si/HfO, system
- Oxygen vacancy (Vo) formation model - (Shiraishi et al., VLSI Symp. 2004)

» Shift in V, in Re/HfO, system
(E. Cartier et al., VLSI Symp. 2005)

[T ————, ]

1) High-kH B I X BLDEALENICHSBHLBY
SHRSIF—FOMTREOBRINEES,

2)High-H B DR PRALBRRBES v ARESL | 10005EET
ERDOIMMMIZEORELDING, 1000ERLESR
e L

F— MO H BT S,

Fob 4, 2008 F—hRBSORS 18 Nanomaterials Lab, National Institute for Materials Science
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Domain size
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High-Tc Superconductor 15nm
CMR Material LCMO 300nm
Organic semiconductor 1500nm
HOPG 1000nm

Surface sqr(3)Fe 50nm

subsirate

SPEM images and Al 2p XPS spectra from a metallurgical study of
AUTi melt interactions with solid graphite:
Data courtesy of S. Seal, T. Warwick, N. Sobczak, A. Garcia, H. 2
Ade, J. Denlinger , B. Tonner .

HEFIME PEEM

(Photoemission electron microscope)

(b) Direct imaging:
homogeneous illumination
+ electron imaging system

(a) Scanning PEEM:
p-spot illumination

xeray
optics sample

Examples : FOCUS PEEM

PEEM (JtEFIaMEE) DBl
SPELEEM/ ELETTRA

10pumH
25umV

SR

_——

E-Gun
100 pym

Sample @-20kV

-5 eV to 1000 eV

AE=0.45eV

Energy
SPELEEM/ ELETTRA £ fi#HE: Analyzer
+ LEEM:10~15 nm

« XPEEM: 40~60 nm G&%)

5

Optical schematic diagram of the SPELEEM

Imaging mode
(LEEM, VPEEM, XPEEM)

Focal plane
(LEED, PEAD)

Dispersive plane

ﬂﬂ

2 1

s ®
.

THNE S
pras -y Leeo

TH. Schmidt et al., Surf. Rev. Lett. 5 (1998) 1287.
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MEHAEFIRAMIRLE DO BEMEED LLE

BFR = 2RTRFEN

TEM
SEM A mm p BEX®|
EPMA AES = TEIVEVT
EELS
SEREIZA
" ETE = TXIVELT
Bawe PR EERBTIEY

UPS,XPS = RFIKESIHT
A-E#Et = Bt
RILRE = EapEMaR
XAFS = #if 0l
SAEREIEM+nm

WUt S B F IR ER (PEEM) & Z D D BB SR D LL 8

TEM
SEM

BT
> BH

EPMA

B
PEEM

it

BTFR = 2RTRFEHN
HIEXR

AES = RRIVEVT
EELS
SRREILA

ETE = RmRIVELY
{LERBwvE YT
UPS,XPS = BF{RESH
MA-E#EE > Bt
RILAE = EaREMSR
XAFS = #iEON#
ARREIEM+nm

Microscopes in ALS (Berkeley, USA)

AR FOVEMS K
S EFEMER (PEEM)
EEBBXIREME
A A=T T X BB Bdx=15nm
/MBI E F 4355 x 200 ym
EERATBFIEME dx=50nm
St E FEEMEE (PEEM) 1012 ph, 30 x 30 ym,dx= 50nm
WUNEEXERE T
qE—LUbA=DU T
MUNEXERE ST
#NFELEXAFSS x 5pm

EAZBXREMEZ1013 ph, 6 x 11 ym

EUVIVT 5T74—RRIBRE

The Electronic Structure Factory

(ESF) BL7.0.1 ALS

Endstation(ESF)

Electronic Structure Factory

Characteristics

High-resolution, angle-
resolved XPS spectroscopy;
capable of making images by
rastering the sample through
a fixed spot; sample is
rotated for angle-resolved

measurements
Energy range 60-1200 eV
Monochromator | SGM

Calculated flux
(1.9 GeV, 400
mA)

~1012 photons/s/0.01% BW
(resolution dependent)

Resolving power
(E/AE)

less than or equal to 8000

Detectors SES-100 hemispherical
electron energy analyzer

Spot size at 50 ym

sample

Angular 0.1 degree

resolution

Scanning Photoemission Microscope
(SPEM) BL7.0.1 ALS

Image
<0.1mm

=50nm

RAXEBFHREAIRRFEEDER

SR ERRFRMIRERKE
W XE. MK AEF. i WAF
=15 A, TR FiE. KM E

JASRI/Spring-8
AN N g3
vy

SLARRER

;
FEHE ¥R, hAE RR B FF
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Display-type spherical mirror analyser (DIANA)

IRLF—EMHARSHZ—EISARTED

INIE T RILF—0FRREE!DIANA
INITHENDT EEUEAEL IRLF—SRBENS LI TRORH.

OF LU RO RS
QALETIS—Fv—
QMCPEEEIFRE—4
@NRBEFHOEA

BED A
IRIILX—ERE:0.15%
AEMERE 1 1°
BE)LS 152K

DEA

HEFORYAHA:

+60° LEED, Auger,
SEM DEDIHRIE
HYETHE.

2D UPS + linearly polarized light

BL-7 (Rits SR center) (hv =40 - 90 eV)

Rits SR center: the smallest SR ring in the world.

3D valence band dispersion measurement

Atomic Orbital Analysis

2D-UPS Eg(k,, k,) = Three-dimensional band dispersion

F. Matsui, Y. Hori, H. Miyatake, N. Suganuma, H. Daimon, H. Totsuka, K. Ogawa,
T. Furukubo, H. Namba: Appl. Phys. Lett. 81 (2002) 2556.

)

®3D electron energy band
@®Orbital analysis using linearly
polarized light

®Bonding character from

photoemission structure factor

3D structure of graphite valence band

Circularly Polarized Soft X-ray at SPring-8

\

cw

CcCwW

SPring-8: the largest SR ring in th ld. q 8 Fe T8
LS ¢ Jrgest SR ring m e Wortd: 1 eft / Right helicity light produced

by helical electron movement.

XERMEAEBFOBREAE

RIARELE—Y

Reciprocal space Real space
p P P
2 ’ ) 2
(PEAD) = \\{f"\ PP PO +\l{f3
[—
Interference Forward Focusing
Diffraction Peak
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H. Daimon,
Phys. Rev. Lett. 86,
(2001) 2034 H. Daimon, T. Nakatani, S. Imada, S.
Suga, Y. Kagoshima, and T. Miyahara:
Jpn. J. Appl. Phys. 32 Part 2, (10A)
19 (1993) pp.L1480-L1483. 20
DAL 4_4 ARAARF TTEARFORORLA J
BEEORETF
ThThOBETREE RID
NDETRI=-LED
BREH<FH0) BEEN
ME(EA)
tan A=b/(Rsin0)
AR REF
=>FERtICR M
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Display-type Analyzer:

SR
Sample——
Screen/
| AREABXRESS HOAS | cw ccw

EHf/NE—2 PRTABEE— D EERETED
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13 g »
°* °
\d 5
L] Ou » n ’n *
o » -]
"
“ %y ° ®
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-
ISTT A OULGRTFERETE

ERAEFEEMLT,

("5 774 b, MoS,,Fe NbS, % E)
SHELNEWNTSTFANTHRIETE
CEF, FEAEDRMISERATESILE
SEATERCEICED,
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Cu(001) E 600eV  hv 680.6eV Cu3py,

hv

BERERT

7

cw
. . D
. \ c
> . . B
J A

Cu fcc stereophotograph

7

4¢

hv

SRTIRFEH D)7 ILEA LEER

X ray Stereo Image

DIANA

Sample

Screen

26
H. Daimon, Phys. Rev. Lett. 86, (2001) 2034

2RITTAEF 7

OEFIKAE
PIRTIRILF—/NUR
> [RFELE AT

O KR FIBMER
>AREMELAEFREAESHICEND

AIARELE—S

>RFEIDIRKEE
> ZRATRREBRERES IR CEEREZ A6
> E AT O CREFMEAIE AT AL
>IMBLOTRENICIIESFTERADS

RTW2EEIERELD XAy X (300 4 m)
= BAWMIREEEEE LU XV AT A

27

RFEHIEEFHE MM (Stereo-PEEM) JST-CREST

LA DIANA
Ax~1um
AE=0.1%
°1‘L#Aﬂ-'f-lﬁ.ﬂ
x=0.02nm . IR
O=%50° #HRLVX
AREXREESR
EARHLYX
B 0T /588D
ABFEFT/4—>
IRILF—ISVF
e I ERFES

HH

Basic principles of PEEM
Cathode lens reduces beam divergence angle.

kinetic energy eU, f i,
' £
. H -
acceleration voltage U, ! . /;a*\-;;gwﬂ
e o

1
‘:
sina, =sina, [—¢ .
a |
|
,(deg) i
w
: o
N U,=10V,U, =20kV Aperture
w
2 U, =100V,U, =20kV
w0
/—‘ U, =1000 V,U, =20kV
.

o 5 10 15 El

a,(mrad)
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Basic principles of PEEM
Cathode lens itself introduces aberrations

| 3
u:j’*‘.-—'l"’" Rs=L @( ol j

Paraxial
focus plane

Specimen
a2 :
planc  yqargmt © ] - Ue

Marginal
focus

Tuble 4
Absrration, cut-ofl ard trnsmision of 3 cathode Jens with £, = 20 kY, L = Immand s = 6 gmi 1 mmd)
) pem (5 mrad). The approximation for bow (0.1 V) and high (100 €V) kinetic enission snengies

L, = .1 eV (Eqs, (3,64) and (5.7a)) L, = 100 e (Eqs, (56b) and (5,701

¥ =6 pm, * = 30 pm, Y=y, * = 30 ym,
% o=l mad 3, =Smrad 3, = lmod  x, = 5 mrad
Tty =" 30 ) 3
R, (nm)
AL, =01V S H s 02 ]
AL, = 10V 20 o0
e e w0 s "
Transmission % [ 1% ” 30

{Lamben-source)




Ayal X & Stereo PEEM

DEFE

¥AAE 2, Laszlo Toth, XF§ &

[1] H. Matsuda, H. Daimon, M. Kato and M. Kudo, Phys. Rev. E 71, 066503 (2005)
[2]patent: PCT/jp2004/016602, Japan 2004-208926
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Wide-angle ellipsoidal-mesh lens

500mm — 8 — 5

W
&
3
S
w
=

3

0
25
0
15
10

3

Acceptance angle *+50° ‘

EEEAEAYAERALNDIEITLY
+50° DEYAHAAFEEIZLE D,

Aberration disk size (mm)

o
1 11121314151 861.71819 2

The drawings were made in SolidEdge, AutoCAD and Qcad. %
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#100, d,: 0.050(1) mm
d,: 0.030(2) mm, dy: 0.034(2) mm

35
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MHEOHEEMEILEFRREBICEYRE Research of Superconductors by PES
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Resolution Temperature
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HEEIRILE=(eV X T Borocarbide 137K 11.6K CeRu,
ImeV TMDC N - Orgmic 6.0
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Optical Contact,

CaF, Prism-Coupled To sample
CaF, KBBF 6.994¢V
‘Window 500 CaF, (177.3nm)
Window
1300 CaF, prism
SHG(7.0eV)
3496V Fundamental(3.5eV)

(354.7nm) Quasi-CW frequency tripled
Nd:YVO, laser

80MHz (Vanguard, Spectra Physics) Optical crystal

Nd:YVO, crystal

3496eV e 1165y Ampiifier 1195V o ccinnator
(354.7nm) 1165¢V (1064nm)
: 1.534eV 1.534eV (808nm)
2.331eV o
(32nm)  HG LD3  LD2 LD1
C.T. Chen, etal, #5F No. ZL. 01115313.x (P [E), 10/125,024 (7 A HERE) T.Togashi .et al., Opt. Lett. 28, 254 (2003)
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Performance of the experimental system

Highest resolution of the world
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@ O Au T=2.9K analyzer laser
f’é — FD fit resolution  line width
AE=360peV
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In situ SX-ARPES - laser MBE/PLD system

Synchrotron Radiation

SES 2002 Spring-8 Bl.l7Sl," X NA:YAG laser
Spectrometer— Photoemission
A1 s \Chamber
!/ '_L T’I :_ = RHE
l-.; 1 ‘ Load lock=*
AN i amber

Highest resolution of the world
Laser MBE/

Au at T=20K PLD Chamber
@ hv=867 eV

Total resolution

AE=51 meV

E/AE=17000 N\,

Hard X-ray Photoemission Spectroscopy
collaboration with Coherent X-ray Optics Lab. and Spectroscopy group @ JASRI

Development at BL29XU;
Highest resolution and Highest throughput

Highest resolution of the world
AE = 60 meV!
at 7.94keV
(E/AE=130,000)

g \
AE=6OHEV&§M
TR FEUTH FRUTE RRTE RURT] PR S A

W 1D 00 0 0 S0 -0 -0 20

Binding Energy (meV)

Intensity (arb. units)

Y. Takata et al., NIM A547, 50 (2005).
T. Ishikawa et al., NIM A547, 42 (2005).

% excitation energy: 5.95 or 7.94keV, AE (hv): 40-60meV
% photon flux: 10! photons/sec @ 50x 50 pm? 17
% analyzer: R4000-10kV (Gammadata Scienta)
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Ultrafast structural and electric transition in VO,

Femtosecond PES
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