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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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Executive Summary

The purpose of the elliptical wiggler working group meeting held at Lawrence Berkeley
Laboratory was to discuss the production and use of elliptically polarized radiation at the ALS.
- The objective was to exchange views with users on the scientific and technical cases for an
elliptical wiggler that is presently being designed at the ALS. An additional purpose was to
discuss an eventual second insertion device to produce elliptically polarized radiation at the
ALS, e.g., a crossed undulator. Approx1mately 40 scientists and engineers participated in the
informal workshop. :

Elliptically polarized vacuum-ultraviolet (VUV) and x-ray radiation is of considerable
interest as a tool for probing matter. There are many areas of application such as materials and
surface sciences; atomic and molecular physics and chemistry; and biology. Possible benefits to
industry might include a better understanding of the characteristics of magnetic materials, and
the development of new materials with greatly increased magnetic storage capacities.

A synchrotron light source can produce elhptlcally-polarlzed radlahon in the VUV and
soft-x-ray regions of the spectrum in many ways. Choices include: use of bend-magnet
radiation out of the plane of the circulating electrons; a specialized undulator or wiggler; or by
means of specialized optical systems for certain regions of the spectrum (e.g., multiple
reflection or a transmission multi-layer). A wiggler typically produces high flux over a large
energy range while an undulator generates high-brightness radiation over a smaller energy
range.

Brief scientific presentations were given by several workshop participants describing

experiments that would take advantage of elliptically polarized light produced by an elliptical

-wiggler. The proposals covered a variety of scientific disciplines and demonstrated a high level
of interest in elliptically-polarized photons over a broad energy range. Some of the '
applications discussed were: circular dichroism and magnetic circular dichroism effects as
manifested in x-ray absorption; photoelectron emission and diffraction; and x-ray fluorescence
from a wide range of systems including gas-phase specimens (e.g., laser-aligned atoms and
chiral molecules), biological molecules, adsorbates, and magnetic materials. For magnetic
materials, these measurements include the element-specific imaging of individual structures in
magnetic storage devices, as well as studies of dilute or weak magnetic systems, multilayer
and low-dimensjonal magnetic structures, high-temperature superconductors, element-specific
magnetic phase transitions, and so-called “complete” experiments in which all physical
variables, including the direction and spin of the outgoing photoelectrons, are measured.
Excitation of both core and valence levels were also of interest, leading to the conclusion that a
very broad energy range of approximately 50 eV to 10,000 eV is desirable if all potential users
are to be accommodated. o

A degree of circular polarization of approximately 80% or higher was deemed to be
sufficient for most applications. The accepted figure of merit (IP?) for maximizing the signal-to-
noise ratio in an experiment is the square of the polarization multiplied by the flux. The table
on the next page shows the figure of merit for an ALS bend magnet, an ALS elliptical w1ggler
and the EPU undulator at SSRL. '

A general overview of elhptlcally-polarized radiation was presented; including bend
magnets, helical and crossed undulators, and asymmetric and elliptical wigglers. A
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comparison was made of calculated flux and brightness for bend-magnet, undulator, and
wiggler sources at the ALS. Two insertion devices for the ALS appear to look favorable: an
elliptical wiggler to produce high flux over a wide energy range, and an undulator to produce
high-brightness radiation from low energies up to about 1 keV. '

Afternoon talks by ALS-staff members covered some of the engineering and physics design
parameters of the wiggler and beamlines proposed at the ALS. It was generally agreed that the
entire energy range of the ALS elliptical wiggler, approximately 50 eV to 10 keV, is important
for research. The degree of polarization that can be obtained with a wiggler, and the
desirability of modulating the sense of polarization and the desired rate of modulation, were
also discussed.

At least two monochromators will be required to span the photon energy-range produced
by an elliptical wiggler at the ALS. There was considerable discussion about optimizing the
designs of various monochromators for spectroscopy and microscopy, using multilayer
gratings in the 1-2 keV region, and preserving the degree of circular polarization through the
monochromators. The ALS will devote additional design effort to these topics in the coming
months, and intends to study square-wave modulation of the sense of the polarization at 1 Hz
to meet user needs. ' .

Users are excited about the prospects of research with elliptically polarized radiation at the
ALS and the new research opportunities that will be available in this rapidly developing area.

Comparison of Different Sources of Elliptically Polarized Radiation

Parameter and Source Energy

100 eV 500eV | 1000eV | 5000V
FLUX!
ALS Elliptical Wiggler* | 3x1014 | 4x10 | 5x1014 | 9x1013
ALS Bend Magnet® 2x1013 | 2x1013 | 1x1013 | 3x10!]
SSRL EPU (Undulaton)! ' 3x104 | sx1013 I
CIRCULAR POLARIZATION® ' |
ALS Elliptical Wiggler 0.79 0.79 082 0.83
ALS Bend Magnet 0.94 091 0.90 0.85
SSRL EPU (Undulator) , . 1.0 1.0 :
P2 '
ALS Elliptical Wiggler ~ 2x10M | 3x10% | 3x1014| ex10!3
ALS Bend Magnet 2x1013 | 2x108 | 1x1013 | 2x10!!
SSRL EPU (Undulator) T “3x104 | gx1013

1 The unit for flux is photon/(sec 0.1% bw). A current of 400 mA is assumed for the ALS
and 100 mA for the Stanford Synchrotron Radiation Laboratory (SSRL).

2 The angular acceptance for the elhptlcal wiggler is 5 mrad horizontally and 0.3 mrad
vertically.

3. The 7.5 mrad horizontal acceptance for the bend magnet is taken from ALS beamline
9.3.2.

4 All SSRL values are from Roger Carr (SSRL).
> The circular polarization degree is expressed in terms of the Stokes parameters S3/50.



Welcome to the ALS

Alfred S. Schlachtér
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APRIL 19, 1993 T
' ALS

o General objective: discuss production and use of elllptlcally polarized rad1at1on at
the ALS

* Specific obJectlve dlSCllSS sc1ent1f1c and technical cases for an elliptical W1ggler at
the ALS '

“* Scientific areas of application include:

- magnetic materials
- biological materials
- atoms

- molecules

working group participants will present ideas for éxperimehts
¢ Technical issues to discuss include:
- choice of wiggler, undulator

- parameters: energy range, flux, spot size, degree of polarization, modulation
- beamhnes grating monochromator double-crystal monochromator-
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Lawrence Berkeley Labofatory — April 10, 1993

Lawrence Berkeley Laboratory Scores
Engineering Triumph

- ment for project completion while remaining

- near-perfect work in design,

A full week ahead of schedule,
the Advanced Light Source(ALS)
at Lawrence Berkeley Laboratory (LBL) ex-
ceeded the baseline performance require-

within budget. The ALS achieved 65 milliamperes (mA) of
electron-beam current in its storage ring, well above the 50-
mA milestone set by the Department of Energy (DOE). On

_March 31, 1993, the actual deadline, the beam current far

surpassed all expectations, reaching 290 mA. By April 9, the
current exceeded the 400-mA design goal, reaching 407 mA.
This performance is a testimony to the team of engineers,
physicists, and' technicians
working on the project, whose

assembly, alignment, andelec-
tronic control énabled the ALS
to operate as soon as it was
turned on. This is a rare occur-
rencé in high-tech projects as
complex as this one.

Built with $100 million in
DOE construction funds, the
AlSis a nafional user facility
providing high-brightness'
beams of uitraviolet and soft x-
ray light. It has been eagerly
awaited by researchers in the
physical, chemical, materials,
and life sciences. Its principal
component is a storage ring
200 meters in circumference.
A stored electron beam circulates in the ring at nearly the
speed of light. The beam is guided and focused by hundreds
of,preéision elecfromagnéts situated around the ring. Special

undulator magnets cause the electronbeam
to produce synchrotron radiation, making
the ALS the world’s brightest ultraviolet and
soft x-ray light source. v |
The most remarkable aspect of com-
missioning the ALS storage ring is the speed with which it
progressed (see table). For a projectas large and complex as
the ALS, this timetable would have been impossible if not for
the high quality of the engineering that turned the ideas of
physicist planners intoreality. The factthatelectron beamwas
stored on the same day the rf system was turned on clearly
attests to this quality. )
Once the oonwptual de-
signwas established, perhaps
‘the greatest engineering chal-
lenge'was the requirement for
extremely tight tolerances in
building and aligning compo-
nents. For instance, the typi-
cal tolerance for aligning the
magnets around the stdage
ring was 150 um (barely the
thickness of two human hairs),
and the tolerance for machin-
ing the 10-meter aluminum
éectors that make up the stor-
age-ringvacuumchamberwas
. about the same.
At a time when some say
U.S. expertise in science and
technology is slipping, the ALS
proves we have the knowl-
edge, skill, and dedication to build a world-class scientific’
facility on time, within budget, and to alevel of perfection rarely
achieved on a comparable -scale. &



THE SECRETARY OF ENERGY
WASHINGTON, D.C.

March 30, 1993

Dr. Charles Shank
~Director

‘Unlver81ty of Callfornia

.. Berkeley, California 94720

Dear Dr. Shank:

Congratulations on the successful completion of the new
Advanced Light Source. Please convey my appreciation -

.E;.to the Lawrence Berkeley Laboratory staff members who’
" contributed to this effort, especially Drs. Brian - - - L
Kincaid and Jay Marx who guided the project. Achieving -

the first stored beam in the storage ring with all
systems operating was a cruc1a1 milestone.

We. are proud that this project will soon contribute to’
the Nation‘s technology base.




ADVANCED LIGHT SOURCE: RESEARCH PROGRAM

» Operations begin ﬁow

~— Construction project completed: April 1993

ALS

— Installation of undulators and beamlines: May-July 1993 (shutdown)

— Research program begins: August 1993

- Six user beamlines for FY93 and FY94

* Beamlines
7.0 ~~— U5 Undulator ---—-- materials
© 8.0-——US5 Undujatof nenene surfaces &v'm_a'terials _
9,0 —— U8 Undulator ----- atomic physics & chemisty
9.3.1— Bend Magnet -—--- soft x-fay beamline
9.3.2— Bend Magnet -—---- surfaces and materials
10.3 —— Bend Magnet S— microﬁrobe |
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OPER»ATINC PLANS FOR F:_Y93 AND FY94

10ct. 1dJan. 1 Apr 1Jul.  10ct. - 1Jan, 1Apr 1Jdul. - 10ct.
04

92 83 3 83 93 84 94 94
l 1 i J 1 | ' 1 i | i | l L | 1 ] '] ' ] | '} 1 [] l '
I ' | ! ' ! ik | ' i
Construction >i _
| ~ Accelerator | Accelerator
_ét_:_ce_l_grgt_o_l_' g_peratlo  Operations | | Operations
l l " i~
, : ‘Shutdown Shut :
‘ down
- 31,8, |
_ . o I‘ 93.2 103 }, < 8.0,9.3.2,10.3 -
Research Operations. |<———->| o 70 —p-
I " - ', < 90,031
' ' . 61,63 -
Beamlineg al Bend-ma
' : 3.1 Dzagnoshc
7.0 U5 Undulator—materials ' ' | 6.1 oo " Microscopy
8.0 U5 Undulator—surfaces & matena]s ' 63 oo Metrology
90 U8 Undulator—atomic physics & chemistry » - i
9.3.1 Bend Magnet —soft x-ray beamline S ;

9.3.2 Bend Magnet —~surfaces and matenals
103 Bend Magnet —microprobe

- ALS



Beamlines and Insertion Devices Funded for 1993—1995

" Will change 1o U10 in 1995

{ Beamline |Source Research
31 - Bend magnet Diagnostic beamline
6.1 Bend magnet Biological microscopy
163 Bend magnet ‘Metrology and standards
7.0 U5.0 undulator Surfaces and materials
‘8.0 U5.0 undulator Surfaces and materials
19:0.1 U8.0 undulator Atomic physics and chemistry
|:9:0:2 (will become U10 in 1995) . | ,
‘93 Bend magnet Atomic and materials science
(double crystal)
1932 Bend magnet Chemical and materials science |
o | (SGM) |
10.3.1 Bend magnet Materials science
10.3.2 : L (white light microprobe)
11.0 W20 elliptical wiggler | Materials science and biology
12.0 U8.0 undulator

‘| X-ray lithography
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Brie_f Scientific Presentation
Francois -Wuilleﬁmier

Université de Paris-Sud
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NUMBER 8 PHYSICAL REVIEW LETTERS . 24 AUGUST 1992

Circular Dichroism in Double Photoionization

Jamal Berakdar and Hubert Klar

Fal\ullatfur P/z}:z/\ Universitat Freiburg. 7800 Freiburg. Federal Republic ofGermany
. (Received | June 1992)

One-photon two-electron ionizalion of an atom by circularly polarized light yiclds triply differential
cross sections different for left and right circular polarization. Necessary kinematical conditions for a
finite dichroism are worked out. A numerical calculation for helium which employs correlated wave
functions shows the angular correlations of the escaping electron pair to be very differeat for left and
right circular polarization such that the effect should be observable in a coincidence experiment.

nopesed- g,), F. Waillewvmin , € sl ki, n?JL

-

He (4 N _‘g,) rhy = H’e,. re +e

ddg 40 (- ﬂpz(k pl, 5\ tom;xhw
For double photmomza-
tion the triply diﬂ”crentia-,l cross section (TDCS) for the
pair of photoelectrons detected in coincidence including
energy analysis is then given; by [2-4]

d3c |
= 9
dQ,d 0, dE, CA% 2J; + 1 Zl(‘{'p Pblf Dl(b)l (2)

with the constant C=4J_r*aa§l5,papb. Here. energies E
and momenta p of the photoelectrons are labeled by 1In-
dices a and b, a is the fine-structure constant. ag is the
Bohr radius, E, is the incident radiation energy, D
=2 T is the dipole operator in length form. and € is the
polarization vector. Equation (2) averages over the ini-
tial magnetic sublevels M;, and sums over the maoncuc
sublevels M of the photoion.

12



FIG. 1. Coordinate frame and experimental setup. Circular-
ly polarized light is incident aloag the z direction. One electron
counter (b) is in the x direction whereas the other one (a) can
be rotated in the x-y plane. : '
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FIG. 2. The TDCS for He as a function of the energy £, of

the electron escaping in the y direction. The other electron es-

capes in the x direction: see Fig. 1. The total excess energy is
30eV. L and R stand for left and right circular polarization.

TDCS » 1073 (au)

5.6
1

3.9
1

20

1

0.1

0.0 4.0 900  1pso  weo 20 D00 3150 3600
. - ‘ ¢ ‘ V |
FIG. 3. Angular dependence of the TDCS for He. One elec-
tron with energy £5 =45 eV is detected in the x direction, the
other one with energy £, =5 ¢V is detected at the angle ¢ in the -

x-y plane; see Fig. 1. L and R stand for left and right circular
polarization.
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'Fig 30. - Section efficace de double photoionisation de He. Ces
valeurs ont été obtenues a partir des mesures de photoélectrons:
de Wuilleumier et Krause (1972) et de Bizau et al (1981c), de
photoions de Schmidt et al (1976) et Holland et Codling (1979),
normalisées a la section efficace totale de photoabsorption. Les:

_ caleuls MBPT de Carter et Kelly (1981) sont en accord étonnant
avec les données expérimentales (Wuilleumier 1982a) '
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Figure 38. Double photoionization cross section in He just
above the threshold. the solid line represents the least-square
fit to the Wannier expression with the a coefficient a = 1.05.
The Wannier law seems to be valid up to only 2 eV above
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Figure 24. Spectral distribution of the photon flux emitted by =~
the SU6 undulator (N = 16) of Super ACO (E = 0.8 GeV, ave-
rage positron current of 200 mA). The measurements have been
made with a CMA electron analyzer using the Ne 2p photoelec-
tron line to calibrate the monochromatized photon flux [ {\ ]

' | V3
0. - Z*\Q'T/kg
3 Ten
: 400 oA
g
5 100 k- 4 A O.\ %V ﬁW
(0.3 "/.)
3 |

GAP (mm)

Figure 25. Variatibn, as a function of the undula-
tor gap, of the photon flux emitted by the SU6
undulator of Super ACO, at a fixed photon ener-

gy, 33.2 eV here [1\]. 6
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FIG. 1. Coordinate frame and experimental setup. Circular-
ly polarized light is incident along the z diréction. - One electron -
“counter (b) is in the x direction whereas the other one (a) can
be rotated in the x-y plane. |

N IMhZXLJaL ooss secha. -~ 2-4 ki
'D\ﬁﬁw,\hag Ao $s S-echon.. ~ 0.1- 0.2 K4
- Lo ’z’“t‘* 0.1 ﬁl'o’i - Hﬁ?
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Brief Scientific Presentation
Dennis W.‘ Lindle

University of Nevada, Las Vegas
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Brief Scientific PreSeritation

_ Markus Pahler
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ORIENTED ATOMS + CIRCULAR POLARIZED SR
A Pah (e
2 2 ,
normal PES G( M) ; B( Mi, Mi-1Mi«1lcosAl )

PES from aligned atoms d 6/dQ= X2 Ol Pij(cose)
ou( N[lz; Mi; IcosAl )

Oriented atoms
o Example Sodium
1s22522p63s 2Sy/2 ----> 1s22s22p63p 2Py/2 ----> 1s22522p33p 1,3Lj + es;ed

rcular 7 lariz R’ L
--Amj=+1

Amj=+1

’p., ame1 § |

2} «
Sl/Z

et - Laser radiation

-1/2 ooy 4172

a) We are able to switch gn and off different glectron waves

- b) Angular distribution depends only on gne matrix element.
c) Photoionization from a pure quantum mechanic state (mj).
d) Present: alkalis, alkaline earth. '

" Future: transition metalls, rare earth giant resonances.

e) Going bevond normal PES with circular polarized SR =>
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| Exger'iment

Spectrometer
Synchrolron '

Rodistion WS =

Bessy Laser

TGM6 (undulator) CR699-21
Ep=30-70 eV : ~ 670.8/589 nm
E/AE=130 E/AE=107
I=5+1012 AE«Y/Ess+«100 mA I1=100 mW/mm2
‘P>98 %% v N=tunable

A=0°

10 % excit. atoms
_ 10-7-10-8 torr ’
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Brief Scientific Preéentation
Chien-Te Chen

' AT&T Bell Laboratories
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WHAT TS DO weHy Ell. Phca, We‘ggler
@ ALs 7 -

* Maguetic Creular Pichrodsm of
Pilute maghetic rys{-emé. C kondo + 8:0.)
% Majhe'@'fc Phace transvlons
(T~Te; 2%a~0) B
* Complefe Experiment (P‘WH’“ + |
Elechon S“mn—v-eo:alved .P‘vb‘\_"oe”‘""-&“}
#* Co‘m(a7pblé&}ed _vkajne'h‘c ?e:oqu’i“’
Scattering ( largew, Swall L)
* Punp ¢ probe expevinewts
(Leser + Synchrotron)

¥ MCD P Microccopy (pa.""-a’;"'""/a” I_.)/HQM&S)

=4 M&‘fﬁﬂfﬁ.‘ CfrCu ‘O.f Dl'C!'“‘"& !‘S ¥y
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Brief Scientific Presentation
James G. Tobin

Lawrence Livermore National Laboratory
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Magnetlc Circular Dichroism in X-Ray Absorption
~and Core-Level Photoemission of Fe/Cu(001) |

&
J.G. Tobin

Chemistry and Materials Science Department
Lawrence Livermore Natlonal Laboratory

Collaborators L¥./0 POT
G.D. Waddill, LLNL ‘/‘Ué" %:/S Pm
D.P. Pappas, NRL
P.A. Sterne, LLNL
- T. Gouder, LLNL |
A. JankowskKi, LLNL ,42 AMCD  Fe Pt muce7:
Kl ¥./0
THUR  1).45 Q4+
1993 Sprmg Meetmg of the Materlals Research Socuety |
San Francisco, CA - April 12-16, 1993 .
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Magnetic Ultrathin Films

Complicated ch‘emiStry |
Overlayers vs alloys vs clusters

. | Need lnformatlon on electromc and spin state. populatlon

. ‘Need exact posmons as lnput for calculations of magnetic
propertles -
e "Magnetlc struycture

‘Magnetic 'effect's
— low ke «

— small effect «

Need spin depende"nt multlple scattermg theory
~Need ALS......

. Prototype system

‘Fe/Cu (001)
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Fe'/Cu(001) — Structure a‘t Low'Coverage | &y

Overlayers versus surface- alloy versus cluster-on surface versus

cluster-in-surface - Fce—d Bee

| | | - _— __ Cov‘t
« XPD — S.A. Chambers, et. al., Phys. Rev. B 36, 8992 (1987)  mach |
« XPD = - Steigerwald and Egelhoff Phys. Rev. Lett., 60, 2558 (1988) “
-« STM — D. Chambliss, et. al. — 7*79R¢cH APS A—.égf/)¢ a3 L=P Ul
« SMOKE - Liu, Moog, and Bader, Phys. Rev. Lett., 60, 2422 (1988) C_’»V?

SEXAFS — Magnan, Chanderis, Villette, Heckmann, and Lecante, Phys.
Rev. Lett,, 67, 859 (1991) | ._

Overlayer Surface AllOy Cluster on Surface  Cluster in Surface |

eeee [ Q8




+ Giant effect in NEXAFS MCD

e

MCD NEXAFS and photoemlssmn of o |
Fe/Cu(OO1) o - i

X-RAY ¢ ircucar PoLAfe/e_a T 10N

'3+2(1 a)B+2( B).

,-Simplified approximate_ana’lysis BRTH =2 Y _:;-- fé(i\?
| - 6

© P dic I tatl ~NEXA
erpendicular moment at low coverage~NEX FS+ TEmp, OER

. Parallel moment at hlgh-coverage-;NEXAFS | - o o

. Core level photoemlssmn — exchange sphttmg S
— Ultrathln film value < bulk Fe | P_L “ B
M e A¢ﬂ0d°  SP i -
— P o 70 elé’cﬂuad OIFFR OeTECTION

toencv GCEOMETNRIC ANO
/«,n 5..057‘/: | :r&‘acrqne._.‘_._,_ ?f
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X-.Ray Magnetic Circuiar Dichroism - Near Edge
X-Ray Absorption Fine Structure

Electric dipole selection rules
r@htdmmbrpm:Ann=+LAmj=+LAms=0
left circular pol: Amj = ~l, Amj=-l, Amg=0

- Minority spin
valence bands

Majority spin

Experiment
valence bands

-~ giant effect

2 ML Fe/Cu (oo1) NEXAFS Fermi energy.

, ollefte handed P
Fe _ L1 w2 Pos Mag. -
2p — 3d g Hellglty wmee Nog. Mag. 1 ??
'é - -
12p*%) g 2
BR=——p 72 - -
I2pY )+ 1(2p"*) @
f_:z’ - Lip- 7
| | L. |
& |Righthanded o '
[ " wsmin- Pos M : . :
, Z - Hellcity s N g, Maagg ] Absorption of a
P PvsM BRexp BRexp ; i N phOton
L ¥ 0.64 10.58 L
L - 0.83 0.75 2
: _ , gl Ly y
‘R + 0.65 0.59 - ) ! ! . .
A | 690 700 710 720 730 740 Core level
R - 0.83 0.75 Photon energy (eV)
LIN 0.74 0.67 No DaTY AAQMP LA r/od EXCEPT

SE7T" PRE=-CO6E 10T ENLTY COuac,
Tobin, Waddill, and Pappas, Phys. Rev, Lett, 68, 3642 (1992)

BR'= BR % 2/r

eIN
BRgxp
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Magnetlc UItrathm Films:

- Spin-DependentEffects in Phbtoemnssuon

Photoemission Intensity (arb. units)

Fe3s

1 v L MR

Fe 3s Exchange'Splitt'ing

1.6 ML Fe/Cu(001)

“ 1

) 100
~ Binding Energy (eV)

90 g5

105

Photoemission Intensity (ub units) -

L (A) : Parallet 3
) Antiparaliel

Fe3p MCD*

‘ ' /-
2 ML Fe/Cu(001) Fe 3p

* Requires circularly-polarized x-rays

Photoemission Intensity (arb. units)

LR e R L

1<
‘Fe2p MCD*

PR3 - PAPIQ CcomAg,
J“tY 72

4 ML Fe/Cu(OO1) Fe 2p

e e

— Paraliel

L A ) ST Ad_

“Right Circular |
Polarization
hv=900 eV 4

-4

PO WP S |

700

Ao
705 710 715 720 725 .

~ Binding Energy (eV)
USE

P 0
A~NO

- Fofl

" PpIT
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, Magneto - PD Imaging | _ - o Ll

. Local magnetic structure

| . DIStIﬂgUlSh srmllar neighbors (e.9-; Fe and Cu)

e Multiple scattering calculatlens of S. Y Tong (with spln dependence

and at low Ke...)
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Brief Scientific Presentation
James L. Erskine

University of Texas
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BRIEF HISTORY OF MCD
(Key Publications)

‘Theoretical

J.L. Erskine and E.A. Stern, PRB12, 5016 (1975) F.€. Beguwn
Prediction of strong MCD at p — d core absorption j -~ '
Lo Brtkive
J.B. Goedkoop et al., PAB 37, 2086 (1988) : L,
Atomic MCD calculation (3d — 4f) for 4f rare-earth TANTALUS
H. Ebert, P. Strange, and B.L. Gyorify, Z Phys. B73,77 (1988) Ex PERIMENT

First principle calculation for hard x-ray MCD

-C.T. Chen, N.V. Smith, and F. Sette, PRB 43, 6785 (1991)
' Relativistic tight binding MCD; calcu,latio‘n (2p — 3d) of Ni

T. Jo and G.A. Sawatzky, PRB 43, 8771 (1991) ‘
Atomxc multxplet conflguratlon interaction MCD calculation (2— 3d) of Nl

G. van der Laan and B.T. Thole, PRB 43, 13401 (1991)
Atomic MCD calculation (2p — 3d) for ed transition metals (brief history)

N.V. Smith, C.T. Chen, F. Sette, and L.F. Mattheiss, PRB (in press)
Detail of the Fe and Ni relativistic tight binding MCD calculations

Experimental

G. Schiitz et al. PRL 58, 737 (1987)
The first hard x-ray MCD; Fe K-edge absorption

C.T. Chen et al., PRB 42, 7262 {1990)
The first soft x-ray MCD; Ni Lz 3 absorption

T. Koide et al., PRB (1991 or 1992)
The first VUV MCD; Ni M 3 absorption
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Journal of Maguaetism and Magnetic Materials 109 (1992) 286-292 M magnetism
Norlh-Holland Mmc
materials

Soft-X-ray magn-etic circular dichroism: a new technique
for probing magnetic properties of magnetlc surfaces
and ultrathm films

L.H. chng 3 Y.U. Idzerda ®, P. Rudolf 3, F. Settc and C.T. Chen ?

Z’&ZZZ,’ifiiiii”,i‘;’f’.;i‘;’;oﬁ,’,’f’{;’;;ﬁiﬁw’i’ D657, USH DLTRA TN MAGNETIC
PILMS [SUPERLATTICES

Received 12 July 1991; in revised form 10 October 1991

We demonstrate the feasibility of applying the novel soft-X-ray magnetic circular dichroism (SXMCD) tcchaique to
investigate the magnetic propertics of magnetic surfaces and ultrathin films. Measurements have been carried out on Ni
films of various thickness on a Cu(100) substrate at the Ni L,3 absorption edges. The SXMCD data exhibit strong
temperature and thickness dependence, giving film thickness dcpcndem Curie temperatures and suggcslmg that a single
monolaycr of Ni on a Cu(100) substratc may be non-magnetic.

N\ Ln

in the text.

Vol " r* <
CoMLeal 2Lopd ENTS
T .
S5 8- — 1 Ni on Cu(100)
g ¥ © ,
= ]
Lol -t ° oM
= : o 5ML
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Z a .
o [&]
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=
T 2
Q
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< © A
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) TEMPERATURE (K) '
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Z g :
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=
o R -
' . o
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i_.
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Fig. 2. L, 3 X-ray absorption spectra (XAS) and the magnetic 3
circular dichroism (MCD)vof a thick Ni film taken with the o~
spin dircctions of the photons and that of the majority 3d ! -
clectrons parallcl and anti-parallel to each other. Peaks ob- - ! L
served at 853 and 8§71 eV are the L3 and the L, white lines. od 7
The sum of the average L3 XAS peak height is set at 100. The T 7 T L ! T
MCD spectrum shown in the power panel is obtained from o 2 4 6 8 10 -
the difference of the two XAS spectra shown in the upper 39 n (fayers)
panel. Fine features labeled as A, A" and B, B’ are discussed m——
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Norsth-Holland, Amsterdam

COORDINATION NUMBER AND SURFACE CORE-LEVEL SHIFT
SPECTROSCOPY: STEPPED TUNGSTEN SURFACES

K.G. PURCELL *, J. JUPILLE ** and D.A, KING ***

The Oannar: Laborarorics, Ul.i_ivtfxiq of Liverpool, Liverpool L69 38X, UK 'A A D D M % M E T‘ c
Received S May 1988: accepted for publication 14 October 1988 ’ -
SENS TVITY
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- 05t
4F7/2_, e?% S\\Q (SU&FQCE)
febe g \2 \J
eV T g ° ' y M/ 1060
01: | §\l |
o015 32'6 |
ocoordiration NJ' /rj
J=

Dependence of binding encrgy shift on cffective atomic coordination.

40



INTENSITY (arb. units) =

—

L

. wmoz 4f NORMAL EM!SSION e '-f_“
P - Polarized l!ght a=70° '

SURFACR-TO-

........
--------------
.
.
ass
tiea entevatacsatett
-e®
......
....................
(oY
.
....................
......
.....................
.
..........
.....................

.a®
.o

.
..........................

.......
......................

......
......................

.......
..........................

LSV PUTPY ST PO L R LT XAk b

.et®
. e, oo « e®eetue
ey, eoos PUIPPS A%

I'__L!'l-

guik Ratio

0.

2.

0

0 |

i L/ \\ MAGNETC
- .::::0//’_‘:—‘/' . ¢ y j_'m_ ‘i ?f
:7 . - R .\’w . : E

—t () - (f)

PRoPOSE
RARE EAemi§
(mhaweTYE [4F)
NOVEL SURFAcE

o as
e

IIJIIl

.
. .
., D
s
-t
A
IO
. A

| S . |

SURFACE
4.

g0 {00 110 120

'PHOTON ENERGY (V) ~ .| -
hv (eV) N

120
weenee 115
110
' 104
100
Sl
92
- 88

84
80

76

72
68

.....
--------------------------

LLY
RARLLI LYY TR VPP P TP P

.o,
.. c
Rbdadl TET VIR TE SIS pii

L2
..
e eea P .
bl AL ZT LT FUT NPT PR R

.ee
SO enrsstssnsantattctaatgae

.o
e
.......................

Seae
......
.....................

------
........................

-
----------------

Loooeew o b v v 1oy g 4y

32.5

1 32.0 -

31.5

31.0 30.5 . 30.0 - 29.5

ELECTRON BINDING ENERGY (eV)
| 41

PROPGRTY



VOLUME 65, NUMBER 4 PHYSICAL REVIEW LETTERS 23 JuLY 1990

Magnetic X-Ray Dichroism in Core-Level Photoemission from Ferromagnets

L. Baumgarten and C. M, Schrcider
Freic Universit@t Berlin, Iustitut fur Experitmentalphysik, Arnimallee 14, D-1000 Berlin 33, Wc.\'l Germany

H. Pctersen and F. Schifers

Berliner Elcktronenspeicherring-Gesellschaft fur Synchrotronstrahlung (. BESSY) GmbH,
Lentzeallee 100, D-1000 Berlin 33, West Gcrn‘any

J. Kirschner

" Freic Unicersitét Berlin, Institut fur Experimentalphysik, Arnimallee 14, D-1000 Berlin 33, West Germany
(Reccived 16 April 1990)

\We report on the novel cffect of magnetic x-ray dichroism in core-level photoemission {rom ferromag-
nets with circularly polarized radiation. Depending on the relative oricntation of photon spin and sample
magnectization {paralicl or antiparalict), a single emission line may-be resolved into two lines, duc to ex-
change splitting of the corc level. The mechanism is explained in terms of spin-sclective dipole traasi-

tions in the prescnce of spin-orbit coupling. Possible applications of magncuc x-ray dichroism in photo-
emission from magactic samples are pointed out.

PACS numbers: 79.60.Cn, 75.50.1'!!). 78.20.Ls

szZ Zpyz w
spin-orbit

splxthng \
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i : 8 4 (b)
i1 exchange splzthng > K
g - iy
$ it £ 14 I
HoL ”’ & = oéaﬂlﬁﬁﬁﬁ‘*"ﬁi’\ﬂ o
Pl N j[ i {H{}ﬁ
«helicity (I*) \ =, ;‘\W
i 2 15
: P <
=y
: : ; 1 N § 1 2
A - helicity(rm) F -0 -1 0. 0°
Ea e relative binding energy (eV)
i F: FIG. 1. The effect of magnetic x-ray dichroism in photo-
/\ asymmetry HY e : cmission. (a) The upper part shows the total intensity spec-
i\ - v i trum in the region of the spin-orbit-split Fe 2p levels. The
L I A=ﬁ:‘ H lower curves show, on enlarged scales, the partial intensities in
- ] the peak regions for photon spin parallet (solid lines) and anti-
FIG. 2. Schematic cxplanation of the origia of magnctic x- " paralicl (dashed lines) to the sample magnct:zﬂxon ote the
ray dichroism in photocmission. The cffect comes from the in- apparent cnergetic peak shift in oppositc diréctions (intensity
terference of spin-orbit interaction in the core levels and ex- zcro suppressed). (b) Asymmetry A of the measured iatensity
change intcraction with the 3d valence clectrons, together with for photon spin and samplc magnctization parallcl (I*) and
the Qipolc sclection rules for circularly polarized light. From antiparaliet (7 7). A=U¥—717)/U*+17). The asymmetry
top to bottom the figure shows the expected relative intensities curve was obtained from two scparate runs with opposite pho-
of Lorentz-type photoclectron lines when excited by circularly ton helicity.

polarized light in the presence 