ELECTRON SPECTROSCOPY IN BERKELEY:
FROM THE FIELD FREE LAB TO FREE
ELECTRON LASERS
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The Photoelectric Effegt, Einstein, 1905
Light can behave4ike a Particle!

Eiinetic » direction, spin

hy= Einitial - Efinal = Ebinding+ Ekinetic

From 1960s->Photoelectron Spectroscopy = Photoemission



The first spectrometer in the U.S.—Made in Sweden

HNUCLEAR INSTRUMENTS AND METHODRS 27 (1964) 173-189; @ NORTH-HOLLAND PUBLISHING CO.

A 50-CM DOUBLE FOCUSING BETA SPECTROMETER OF THE CURRENT SHEET TYPE

K. SIEGBAHN, C. NORDLING, 5-E. KARLSS0M, 5 HAGSTROM, A. FAHLMAM and 1. ANDERSSOMN
Tnspivete of Physies, Uriversity of Dopsale, Sweden

Reczived 26 March 1964
.

Fig. 1. Cut-away view of the spectrometer coils and cooling
manifold. This is an artist’s view and was made before the
manufacturing of the coils,

audling: Kai Siegbahn
: e Ca. 1964
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Ca. 1966- Chuck, how
would you like to work on a
new kind of experiment
with Stig Hagstrém, a guy

from Sweden? ‘
Stig Hagstrom

Dave Shirley 1932-2011




Typewriter for output, t



The first Berkeley x-ray tube
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Photoelecton spectroscopy: the various dimensions
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Chemical shifts
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Multiplet splittings in molecules and solids
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Fig. 1, ESCA spectra of core electron levels in No,
Oy, and NO. Paramagnetic splitting is observed for

the 1s levels in the Op and NO molecules.

Hedman, Heden, Nordling, Siegbahn, Physics Letters 29A,
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178 (1969) /// Fadley, Shirley, et al., Phys. Rev. Lett. 23, 1397 (1969)



Densities of state of solids
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Multiplet splittings and intrashell correlation effects
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Densities of state of solids The Shirley Background
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Densities of state of solids
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Photoemission: The correct energy picture
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Final-state relaxation/screening around a hole
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Symposium on Electron Spectroscopy, Uppsala, May, 1977 B
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The Stanford Synchrotron Radiation Lightsource
Ca. 1974 to 1993
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Photoelecton spectroscopy: the various dimensions

Photon
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Surface atomic structures from photoelectron diffraction

and photoelectron holography
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Photoelecton spectroscopy: the various dimensions

Photon

Angle-resolved XPS (ARXPS)
dlR Three Core-levels I(6,4)

/angles
¢

\NiO(001)

o—

— 27 Y\ RR2TP

,-""f,-"'- ;-::'-'“--.__ e thgeota .60 . .
; B Photoe- diffraction
/ ,z/ . Valence-levels
/ Irradiated

Area

o

. € P y .
. é ‘GaAs(100)
. sluam sl O
: " "W){PDW%

Core: Chemical shifts, multiplet splittings, DOSs | Em's-sinqle
ISSI (

I .
:slmaglr{g Tl
gDetec_,t'Dr

5
VY
Z

|
"

AN
ABi1au
118U

|
|
|
|
|
|
—




Angle-resolved photoemission from valence bands: Cu

Moving through k-space
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Increasing photon energy->

J. Stohr, G. Apai, P. S. Wehner, F. R.
McFeely, R. S. Williams, and D. A. Shirley,
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And gas-phase atomic and molecular studies:

Differential photoelectric cross sections,
the asymmetry parameter
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LBNL Director, 1980-89

The Advanced Light Source-1993 to present

The National Center for Electron Microscopy
The Center for X-Ray Optics




The Advanced Light Source at 20 years

mm) = photoelectron spectroscopy/photoemission

ALS Beamlines
January 2014

Magnetic Microscopy SAXS/WAXS
Diagnostic Beamline e il . = Surface, Materials Science
Surface, Materials Science (MAESTRO) ) X Macromolecular Crystallography
Calibration, Optics Testing, Spectroscopy = 2 ’ »- 5 Macromolecular Crystallography
Magnetic Spectroscopy, Materials Science = = , Macromolecular Crystallography
X-Ray Microscopy — ” Tomography

Femtosecond and Picosecond Phenomena » i s Chemical Dynamics -

Femtosecond and Picosecond Phenomena Diffraction Imaging

AMO, Materials Science

Polymer STXM % S = ' * "
A 5/ X : Chemical, Materials Science _

Research and Development / b po—
Macromolecular Crystallography 3 ' I % A Carsaistnd Matacams, AMO-

ok ' . [ % g X-Ray Fluorescence
Macromolecular Crystallography : : ‘ \ f / y '
i i i & 7 / MicroXAS

Macromolecular Crystallography
PEEM3/Resonant Soft X-Ray Scattering

Molecular Environmental Science

Macromolecular Crystallography
Magnetic Spectroscopy
MERLIN

Commercial LIGA

Small-Molecule Crystallography
EUV Lithography, Mask Inspection

EUV Lithography, Photoemission

EABN TSR S Coherent Soft X-Ray Science

National Center for X-Ray Tomography High Pressure

IR Spectromicroscopy Macromolecular Crystallography/Bio-SAXS

IR Spectromicroscopy

- - X-Ray Microdiffraction
Operational = = Under Construction

Insertion Device Bend Magnet Superbend
Beamlines Beamlines Beamlines




Photoelecton spectroscopy: the various dimensions
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Soft x-ray standing-wave wedge scans through a magnetic tunnel junction
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Soft x-ray standing-wave wedge scans through a magnetic tunnel junction
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Photoelecton spectroscopy: the various dimensions
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The reason for higher photon energies
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Hard x-ray ARPES--GaAs and DMS Ga, 4;Mn 43AS
SERNEAEE  Comparing Experiment and One-Step KKR Theory
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Photoelecton spectroscopy: the various dimensions
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Thank you Dave, for many creative ideas, your vision
of the future, your good advice on many matters, and
all that you have contributed to us, to UCB, LBNL,

FUB, and the scientific community at large.
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