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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 coiTect 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 waiTanty, 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. Approximately 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 char.acteristics of magnetic materials, and 
the development of new materials with greatly increased magnetic storage capacities. 

A synchrotron light source can p.roduce elliptically-polarized radiation in the VUV and 
soft-x-ray regions of the spectrum in many ways. Choices include: use of ben:d-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-dimensional 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. · 

A degree of circular polarization of approximately 80% or higher was deemed to be 
sufficient for most applications. The accepted figure of merit (JP2) for maximizing the signal-to­
noise ratio in an experiment is the square of the 'polarization multiplied by the flux. Th~ table 
on the next page shows the figure of merit for an ALS bend magnet, an ALS elliptical wiggler, 
and the EPU undulator at SSRL. 

A general overview of elliptically-polarized radiation was presented; including bend 
magnets, helical and crossed undulators, and asymmetric and elliptical wigglers. A 



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 ~ndulator 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 ke V 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 1Hz 
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 
lOOeV 500eV 1000eV 5000eV 

FLUX I 

ALS Elliptical Wigglerl 3 X 1014 4 x to14 5 X 1014 9 X 1013 

ALS Bend Magnei3 2 X 1013 2xto13 1 X 1013 3 X 1011 

SSRL EPU (Undulator)4 •3 X 1014 8 X 1013 

CIRCULAR POLARIZATION5 

ALS Elliptical Wiggler 0.79 0.79 0.82 0.83 
ALS Bend Magnet 0.94 0.91 0.90 0.85 
SSRL EPU (Undulator) 1.0 1.0 

IP2 

ALS Elliptical Wiggler 2 X 1014 3 X 1014 3 x 1014 · 6x 1013 

ALS Bend Magnet 2 X 1013 2 X 1013 1 X 1013 2 x 1011 

SSRL EPU (Undulator) 3 X 1014 8 X 1013 

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

2 The angular acceptance for the elliptical 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). 
5 The circular polarization degree is expressed in terms of the Stokes parameters: S3/SQ. 

2 

... 



Welcome to the ALS 

Alfred S. Schlachter 

Lawrence Berkeley Laboratory 
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ELLIPTICAL WIGGLER WORKING GROUP: 
APRIL 19, 1993 

., ALS 

• General objective: discuss production and use of elliptically polarized radiation at 
the ALS 

• Specific objective: discuss scientific and technical cases for an elliptical wiggler at 
the ALS . 

• Scientific areas of application include: 

- magnetic materials 
-biological materials 
-atoms 
-molecules 

working group participants will present ideas for experiments 

• Technical issues to discuss include: 

~ choice of wiggler, undulator 
- parameters: energy range, flux, spot size, degree of polarization, modulation 
- beamlines: grating monochromator, double-crystal monochromator· 

,. .. 



Lawrence Berkeley Laboratory- April 10, 1993 

Lawrence ·Berkeley Laboratory Scores 
Engineering Triumph 

A full week ahead of schedule, 

the Advanced Light Source (ALS) 

at Lawrence Berkeley Laboratory (LBL) exr 

undulatormagnetscause the electron beam 

to produce synchrotron radiation, making 

the ALS the world's brightest ultraviolet and 

ceeded the baseline performance require- soft x-ray light source. 

f!!entfor project completion while remaining The most remarkable aspect of com-

within budget. The ALS achieved 65 milliamperes (rnA) of missioning the ALS storage ring is the speed with which it 

electron-beam current in its storage ring, well above the so- progressed (see taple ). For a project as _large and complex as 

rnA milestone set by the Department of Energy (DOE). On the ALS, this timetable would have been impossible if not for 

. March 31, 1993, the actual deadline, the beam current far the high quality of the engineering that turned the ideas of 

surpassed all expectations, reaching 290 rnA. By April 9, the physicist planners into reality. The fact that electron beam was 

current exceeded the 400-mA design goal, reaching 407 rnA. stored on the same day the if system was turned on clearly 

This performance is a testimony to the team of engineers, attests to this quality. 

physicists, and' technicians 

working on the project, whose 

near-perfect work in design, 

assembly, alignment, and elec­

tronic control enabled the ALS 

to operate as soon as it was 

turned on. This is a rare occur­

rence in high-tech projects as 

complex as this one. 

Built with $100 million in 

DOE construction funds, the 

ALS is a national user facility 

providing high-brightness 

beams of ultraviolet and soft x­

ray light It has been eagerly 

Once the conceptual de­

sign was estabtished, pemaps 

·the greatest engineering ch~­

lengewas the requirement for 

extremely tight tolerances in 

building and aligning compo­

nents. For instance, the typi­

cal tolerance for aligning the 

magnets around the storage 

ring was 150 JllTl (barely the 

thickness of two human hairs), 

and the tolerance f6r machin~ 
ing the 1 0-meter aluminum 

sectors that make up the stor­

age-ringvactJum chamber was 

awaited by researchers in the about the same. 

physical, chemical, materials, At a time when some say 

and life sciences. Its principal U.S. expertise in science and 

component is a storage ring technology is slipping, theALS 

200 meters in circumference. proves we have the knowi-

A stored electron beam circulates in the ring at nearly the edge, skill, and dedication to build a world-class scientific 

speed of light. The beam is guided and focused by hundreds facility on time, within budget, and to a level of perfection rarely 

of precision electromagnets situated around the ring. Special achieved on a comparable scale. • 

5 



THE SECRETARY OF ENERGY 
WASHINGTON. D.C. 

March 30, 1993 

Dr. Charles Shank 
Director 
Lawrence.~erkeley Laboratory· 
.university of California 
Berkeley, California 94720 

Dear Dr. Shank: 

Congratulations on the successful completion of the new· 
Advanced Light Source. Please convey my appreciation · 
to the Lawrence Berkeley Laboratory staff members who.· 
contributed to this effort_, especially Drs. Brian 
Kincaid and Jay Marx who· guided the project. Achi·eving 
the first stored beam in the storage·ring with all 
systems operating was a crucial milestone.· 

We. are proud that this project will soon contribute to 
the Nation's technology base. 
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ADVANCED LIGHT SOURCE:. RESEARCH P~OGRAM 
--~------------~--------~------~----------ALS 

• Operations begin now 

Construction project completed: Aprll1993. 

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

Research program ~eglns: August 1993 

• Six user beamlines for FY93 and FY94 

Beamllnes 

7.0 --US Undulator-----materials 

8.0 --US UnduJator --·surfaces & materials 

9.0-US Undulator .. __ atomic physics & chemisty 

9.3.1- Bend Magnet ·-.. soft x-ray beamline 

9.3.2- Bend Magnet .. ____ surfaces and materials 

10.3 -Bend Magnet --·microprobe 
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OPERATING PLANS FoR FY93 AND FY94 
----~----------~--~----------~~-----------ALS 

1 Oct. 1 Jan. 1 Apr. 1 Jul. 1 Oct. 1 Jan. ·1 Apr. 1 Jul. ,, 1 Oct. 
~ ~ ~ H N. M M M M 
I I I I I I I I 'I I .··.I I '.1 I I I I I I I I I 

Construction ~ 

Accelerator Accelerator . 

~~.!!'!!.t~ ~ratio~~~ •I• Operations l• •( Operations • 

Shutdown Shut 
down 

3.1, 8.0, 
~ 9.3.2, 10.3 .. , . ~ 8.0, 9.3.2, 1 0.3 ~ 

Research Operations. ~ .. 7.0 ... , I 1.0 ~ . 
J~ 9.0, 9.3.1 • 

r 6.1, 6.3 • 

Beamlines Additional Bend-magnet Beamlinea 

7.0 
8.0 
9.0 
9.3.1 
9.3.2 

10.3 

US Undulator-materials 
US Undulator-surfaces & materials 
US Undulator-atomic physics &t chemistry 
Bend Magnet -soft x-ray beamline 
Bend Magnet -surfaces and materials 
Bend Magnet -microprobe 

3.1 ........... Diagnostic 

6.1 ........... Microscopy 

6.3 ........... Metrology 

;' 
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Beamlines and Insertion Devices Funded for 1993-1995 

• 

• Wol! change 1o UlO in 1995 

~Beamline Source Research 

. i 3.1 Bend magnet Diagnostic beamline 

: 
l 6..1 Bend magnet Biolog_ical microscopy 
[ 6~3 Bend magnet Metrology and standards 
• 7.0 US.O und ulator Surfaces and materials 
·s~e US.O undulator Surfaces and materials 
9~0~1 US.O undulator Atomic physics and chemistry 

.. 9~0~2 (willbecome UlO in 1995) 
'9~3~] Bend magnet Atomic and materials science 

(double crystal) 
~.93.2 Bend magnet Chemical and materials science 

(SGM) -
:103.1 Bend magnet Materials science 
1~.3.2 

' 
(white light microprobe) 

11.0 W20 elliptical wiggler Materials science and biol~gy_ 
12.0 US.O undulator X-ray lithography 

9 
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Brief Scientific Presentation 

Francois Wuilleumier 

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

Circular Dichroism in Double Photoionization 

J:J.mal Berakdar and Hubert Klar 
Fakulriit fiir Physik. Unit·ersitar Freiburg. 7800 Freiburg. Federal Rt!public of Germany 

(Received I June 1992) 

One-photon two-electron ionization of an atom by circularly polarized light yields triply differential 
cross sections different for left and right circular polarization. N.:cessary 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 ..-cry different for left and 
right circular polarization such that the effect should be observable in a coincidence experiment. 

/ 

d n = 4;r 1 - 2 f3P2 (k· P> l ' s, .. ~\e f loMl-.. k.,., da O"o 'r , ... ~ 

( ~ 'j'..e""'Y!, r,..._ L . t~ ""'J,:-.f~) 
For double phototoniza­

·tion the triply differential cross section (TDCS) for the 
pair of photoelectrons detected in coincidence including 
energy analysis is then given by [2-4]. 

Jn ~;dE =c.L 21I+ 1 LI<'~-P.P•I.?· Dl<t>;>l 2 
(2) 

a b a M1 1 M 1• 

with the constant C =4n-2aaJE-,PaPb- Here. energies E 
and momenta p of the photoelectrons are labeled by in­
dices a and b., a is the fine-structure constant. a 0 is the 
Bohr radius, E., is the incident radiation energy~ D 
= Ln rn is the dipole operator in length form. ~nd ~ is the 
polarization vector. Equation (2) averages over the ·ini­
t!al magnetic sublevels M;, and sums over the ma2:netic ._ 

sublevels Mr of the photoion. 

12 
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FIG. I. Coordinate framea~GI ex-J!)eri;mentaJ: setup~ Circular­
ly polarized light is incideR.t <doa;g tihe z·d~irection. :One electron 
cou~ter (b). is in the x directio:a: v..ilereas the 9ther 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 Ea of 
th~ electron escaping in the y direction. The other electron es­
~..tpcs in the x direction; ~ee Fig. I. The total excess energy is 
50 c=V. Land R stand for left and right circular polarization. 

C) 

-oi 
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t:p 

FIG. 3. Angular dependence of the TDCS for He. One elec­
tron with energy £11 =45 eV is detected in the x direction, the 
other one with energy Ea -5 e V is detected at the angle '(J in the · 
x-y plane; see Fig. I. L and R stand for left and right circular 
polarization. 
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PHOTON ENERGY (eV) 

Fig 30. - Section efficace de double photoionisation de He~ Ces 
valeurs ant JHe obtenues a partir des mesures de photoeledrons 
de Wuilleuriiier et Krause ·(1972) et de Bizau eta/ (1981c), de 
photoions de Schmidt et al (1976) et Holland et Codling (1979), 
normalisees a Ia section efficace totale de photoabsorption. Les 

. caJculs MBPT de Carteret Kelly (1981) iont en accord etonnant 
avec les donnees expenmentales (WuiUeumier 1982a) 

- 4 
.0 
~ -
c:: 
0 -0 
Q) 2 en 
en 
C/J 
0 
'-
0 

0 
79 81 83 

Photon energy (eV) 

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 e V above 

C-,t~$ ~\·~ ~o4 
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Cl) 
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"C 
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Figure 24. Spectral distribution of the photon flux emitted by 
the SU6 rmdulator (N = 16) ofSuper 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 [h_ ]. 
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E '-g 
0 -«J 
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hv=33.2eV 
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200 Q ... 
< 
-g 4oo (W.·A .... 
a:s ... 
~ .... 
c 
:J 100 

O~L-------------~~----------~~~----------~~~~ 

GAP(mm) 

Figure 25. Variation, as a function of the undula­
tor gap, of the photon flux emitted by the SU6 
wuiulator of Super ACO, at a fixed photon ener-
gy, 33~i eV here { 1 ]. · 
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FIG. 1. Coordinate frameand experimental setup. Circular­
ly polarized light is incident along the z.direction.: One electron 
counter (b) is in the x direction whereas the Qther one (a) can 
be rotated in the x-y plane. 
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Brief Scientific Presentation 

. Dennis W. Lindle 

University of Nevada, Las Vegas 
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ORIENTED ATOMS+ CIRCULAR POLARIZED SR 
. A Pt:fit f ~ ,_, -

normal PES <J( ~i) ; {3( MI: MI-lMI+llcosLll ) 

PES from aligned atoms d cr I dQ = LtLJ at PiJ( cose) 
2 

Ut( MI; M1; lcos..1.1 ) 

Oriented atoms 
Example Sodium 

circular oolarized SR · 

2 iliDJ=-1 . Puz 

2 sl/2 

cSuz 

+112 

Laser radiation 

a). We are able to switch on and off different electron wav~s 
b) Angular distribution depends only on one 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 beyond normal PES with circular oolarized SR => 

22 
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..,Experiment 

Sy ncllrotr on 
Radiation 

Bessy 

12 

TGM6 (undulato'r) 
Ep=30-70 eV 
E/6E=130 

0 ven 

1=5•1012 6E•y/E•s-100 rnA 

P>98% 
~=00 

l0-7-10-8 torr 
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71 

Laser 

CR699.-21 
670.8/589 nm 
E/6E=107 
1=100 mW/mm2 
T)=tunable 
10 % excit. atoms 

\ 

r 
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Brief Scientific Presentation 

Chien-Te Chen 

AT&T Bell Laboratories 
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WHAT ,-c;, DO we•.f..h E/J,·pre~·C'41 IJ);!~le.~ 

~ /IL.S? 
• 

-If- f.t4_9Het;C.. C.·.-eu.fa ... PtcJ..a-o,·s.... ~f 

l>i"(ute ~tlj..e,~'c. s-yste ... c. ( lconcllJ -l-8i'o.) 

J1. '-"Oj"e-1-•c: p\tG.~e tyc.u-.. ~•~·o.., s 
{( ~ Tc j 6X./:x. ~ o) 

• 

* CoYkpl~te l:Jtpe.,._·.._e.-.t lpJ.oto" f­

El~e~"'o"' ~f't·" -v-e~DtveJ pt-.o+oe ... tS!'·P~tJ; 

if c."""' IG7f»la"')ed V"'~.-~+.:' ~e~~w"t­

S'cait~rc'" j { RfJ.~~ w I· ~~(I 1:) 

• pu~r d- probe -ex f~lri*l"'e ~r .. 
( L.fi.~E"' ~ +- ~~ 1-\ t'ka-ot-.-o'"') 

* M'-I; @ M.ict-o~copy ( /)ot"'a.tn;-~al/ P/aa~ic..S) 

~· ~Afttv~t C/...-Cv 'O..r 1)tChY6 ··~ h1-
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Brief Scientific Presentation 

James G. Tobin 

Lawrence Livermore National Laboratory 
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Magnetic Circular Dichroism in X-Ray Absorption 
and Core-Level Photoemission of Fe/Cu{001) 

Ll 
J.G. Tobin 

Chemistry and Materials Science Department 
Lawrence Livermore National Laboratory 

Collaborators 
G.D. Waddill, LLNL 
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Magnetic Ultrathin Films · • L~ 

• · Complicated chemistry 

Overlayers vs alloys vs clusters 

• Need information on electronic and spin state. population . 
I 

• Need exact positions .as input for calculations of magnetic 
properties. · 

• "Magnetic" structure 

Magnetic effects 
--7 low ke f--

--7 small .effect f-
Need spin dependent multiple scattering theory ... 
Need ALS ..... . 

• Prototype system 
· Fe/Cu (001) 
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. 
Fe/Cu(001) - Structure at Low Coverage L . 

Overlayers versus surface-alloy versus cluster-on-surface versus 
cluster-in-surface F~t:.-i> Dec 

c•v 't 
• XPD - S.A. Chambers, et. al., Phys. Rev. 8 ~' 8992 (1987) . 
• XPD - Steigerwald and Egelhoff, Phys. Rev. Lett., §Q, 2558 (1988) ~~~" ;,l ~ 
• STM - D.Chambliss,et.al. -Mtt:~RCH AP5 ,c..,EEri,Jt.1 1'7~3 ..J-_,1 
• SMOKE ~ Liu, Moog, and Bader, Phys. Rev. Lett., §Q, 2422 (1988) cov 1" 
• SEXAFS - Magnan, Chanderis, VIllette, Heckmann, and Lecante, Phys. 

Rev. Lett., §Z, 859 (1991) 

Overlayer Surface Alloy Cluster on Surface Cluster in Surface 

... ~.A . 

e 
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;. 

MCD-NEXA~1_S ·and photo·emission of· ~ 
Fe/Cu(001).. ~ 

X- R ~'I c::: I~ c ,. t A li PIJ't..,.-ltl~ If r1DAl 

• Giant effect in NEXAFS MCD 

• . Simplified approximate analysis: BRr··H := 3. +: 2(~1- a)p + 2(1- ~)a _ _: _ ;:_ (7 ~ 
- ,... -.~ 61\. 

' 

• Perpendicular moment at low coverage-NEXAFS+ ~ . 
. . , F~-tP. o 4 ~ 

• Parallel moment at high-coverage-NEXAFS 

• Core~level photoemission ~ exchange splitting 
Ultrathin. film value < bulk Fe 

~~ . PHo TD ElEC771o ,J 0 l,r~tt, A C1'1o AJ: 

~ o· ~~' ~Eo;. E l ,.,C ~AI 0 

Nlfl &.NErlc trlt. ~t~crwA~ ••• 
. . 

P'- ~~t s 
S"P IN-

DE rGcnoJ ,, 

,-



X-Ray Magnetic Circular Dichroism - Near Edge 
X-Ray Absorption Fine Structure · ~ 
El~ctric dip.ole selection rules 
right circular pol : t.m1 = +I, b.mJ = +I, b.m s :: 0 
left circular pol: 6m1 = -1, b.mJ = ·1, b.m s = 0 

. ' 

Fe 2p -1 3d 

Experiment 
~ giant effect 

Iii jleft·ha.nded 
·g t- Hel.tclty 
:I 

-P.os Mag. -:. 
-Nog. Mag.+ 

Minority spin 
valence bands 

Majority spin 
valence bands 

Fermi energy 

I(2p312)_ . 
~ BR = I(2p3/2) + I(2pl/2) 

p M PvsM BRexp 

L 0 1- 0.64 

L I - 0.83 

.R I + 0.65 

R 0 - 0.83 

LIN 0.74 

BR'• /JR.*..$_· 
{J/( LIN 

E~P 

/ 
BRexp 

0.58 

0.75 

0.59 

0.75 

0.67 

lil!Right·handed 
·g t- Hellcity 
::J 

Absorption of 8 
photon 

690 700 710 720 730 740 I Core level 

L Photon energy (eV) 

No »~,..q ~A NIP t-t(." TlfJJ i)( c EP r 
SGr PltE- Eo'E 11JT-6 At 1TY t!O~ttAt. 

Tobin, Waddill, and Pappas, Phys. Rev. Lett. 68, 3642 (1992) 
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Magnetic Ultrathin Films: ,-

Spin-Dependent Effects· in Photoemission M 

-C/) .... ·c: 
:::> 

.0 .... 
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C/) 
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.Q 
(/)• 
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a.. 

Fe3s 

Fe 3s Exchange. Splitting 

1.6 ML Fe/Cu(001) 
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Binding Energy (eV) 
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!! 
.£ 
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0 ... .. ·e 
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Fe3p MCD* 

I 
2 ML Fe/Cu(001) Fe 3p 
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(B) 
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~ ~ 0 2 
BHlding _Energy (eV) 

* Requires circularly-polarized x-rays 
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•· 

/ Magneto -- PD Imaging ~ 

• Local magnetic structure 

• Distinguish similar nelghbor·s (.e .. g., ·Fe and c~u) 
I 

• Multiple scatterlng ealeulations of S. Y. Tong (with· spin-dependence 
~ and at low ·Ke ... .) 
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Brief Scientific Presentation 

]ames L. Erskine 

University of Texas 
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8 RIEF HISTORY OF MCD 

(Key Publications} 

Theoretical 

J.L. Erskine and E.A. Stern, PRB 12, 5016 (197!?) 
Prediction of strong MCD at p ~ d core absorption 

J.B. Goedkoop eta/., PRB 37, 2086 (1988) 
- Atomic MCD calculation (3d ~ 4f) for 4f rare-earth 

H. Ebert, P. Strange, and B.L. Gyorffy, Z Phys. B 73, 77 (1988) 
Rrst principle caJculation for hard x-ray MCD 

C.T. Chen, N.V. Smith, and F. Sette, PRB43, 6785 (1991) 
Relativistic tight binding MCD. calculation (2p ~ 3d) of Ni 

T. Jo and G.A. Sawatzky, PRB 43, 8771 (1991) 

F~c. 6~~V\ 
J. t., E-r~~t~ 
Tl\ tJI ~LtJ5 

E k. v = tz.t M e tJ1"' 

Atomic multiplet, configuration interaction MCD calculation (2~ 3d) of Ni 

G. van der Laan and B.T. Thole, PRB43, 13401 (1991) 
Atomic MCD calculation (2p--) 3d) for ed transition metals (brief history) 

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

Experimental 

G. SchUtz eta!. PRL 58, 737 (1987) 
The first hard x-ray MCD; Fe K-edge absorption 

C.T. Chen eta!., PRB 42, 7262 (1990) 
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Journal of Magnetism and Magnetic Materials 109 (1992) 2&\-292 
North-Holland 

Soft-X-ray magnetic circular dichroism: a new technique 
for probing magnetic properties of magnetic surfaces 
and ultrathin films 

LH. Tjcng a, Y.U. Idzcrda b, P. Rudolf a; F. Sette a and C.T. Chen a 

a AT&T Bell Laboratories, Murray Hill, NJ 07974, USA 
b NaL•al Research Laboratory,. Washington, DC· 20375; USA 

Received 12 July 1991; in revised form 10 October 1991 

UL T~,.1'tt·r-i t-\~N6.IlG 
pe L~S {Sur&&LAtTlC. ES · 

We demonstrate the feasibility of applying the novel soft-X-ray magnetic circular dichroism (SXMCD) technique to 
investigate the magnetic properties of m:agnetic surfaces and ultrathin films. Measurements have been carried out on Ni 
films of various thicknc.o;s on a Cu(IOO) substrate at the Ni Li.1 abso.rpilon edges. The SXMCD data exhibit strong 
temperature and thickness dependence, giving film thickness dependent Curie temperatures and suggesting that a single 
monolayer of Ni on a Cu(IOO) substrate may be non-magnetic. · 

L~1 

-It 
t l 

~ ~----------------------------------, 

840 850 860 870 880 890 

PHOTON ENERGY (eV) 

P'ig. :2. L2 . .1 X-r:ay absorption spectra (XI\S) and the m:1gnetic 
circular dichroism (MCD) of a thick Ni film taken with the 
spin directions of the photons and that of the majority 3d 
electrons parallel and anti-parallel to each other. Peaks ob­
served at 853 and 871 eV arc the L 3 and the L 2 white lines. 
TI1e sum of the average L3 XAS peak height is set at 100. The 
MCD spectrum shown in the power panel is obtained from 
the difference of the two XAS spectra shown in the upper 
panel. Fine features labeled as A, X and B, B' are discussed 

in the text. 
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Surf.ice Scieno: 208 {1989) :Z45..::166 
North-Holl::and. Amslcrd::am 

COORDINATION NUMBER AND SURFACE CORE-LEvEL SHIFT 
SPEcrROSCOPY: STEPPED TU1'fCSTEN SURFACES 

245 

K.G. PURCELL •. J. JUPILLE • • and D.A .. KING • • • 
Th~ Donnan Laboratori~$. Uniucrsity of Lio~rpool. Lio~rpool L69 JBX. UK 

Received 5 lvby 1988: accepted for publication 14 ·October 1988 

ADD M,~Nffl' 
SEtJS tTt\1 rry 
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IJ. Pb • 
0.3 
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0.2 

VI (310} 

~TEff .< 5.\lo (SuKf'C\CEJ 
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Dependence of binding energy sh.ifl on effective atomic coordination. 
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Magnetic X-Ray Dichroism in Core-Level Photoemission from F~rromagnets 

L. Baumgarten and C. M. Schneider 

Frcie Unit·ersitiit Berlin. lnstiwtjiir Expuimentalphysik. Arnimallu 14. D-!OOQ Berlin 33. West Germany 

H. Petersen and F. Scha.fcrs 
Berliner £/ektronenspciclzcrring-Gesellsclzajt fur Synclzrotronstralzlung (BESSY) GmbH. 

Lentzea/lee /00. D-1000 Berlin 33. West Gern:any 

J. Kirsc.hner 

Freie Unit•ersitiit Berlin. lnstitut fiir Experimental physik. Arnimallu 14. D-1000 Bulin 33. West Germany 
(Received 16 Aprill990) 

We report on the novel effect of magnetic x-ray dichroism in core-level photocmission from fcrromag-
. nets with circularly polarized radi:~tion. Depending on the relative orientation of photon spin and sample 

magnetization (parallel or antiparallcl), a single emission line may· be resolved into two lines, due to ex~ 
change splitting of the core level. The mechanism is explained in terms of spin-selective dipole transi­
tions in the presence of spin-orbit coupling. Possible applications of magnetic x-ray dichroism in photo­
emission from magnetic samples arc pointed out. 

PACS nuinbcrs: 79.GO.Cn. 75.50.nti. 78.20.ls 
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.. --··········.... - helicity n-) .... / .\~~:: .. 
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fiG. 2. Schematic c:<planation of the origin of magnetic x­
ray dichroism in photoemission. The effect comes from the in­
terference of spin-orbit interaction in the core levels and cx­
ch:lnge interaction with the 3d valence electrons, together with 
the dipole selection rules for circularly polarized light. From 
top to bottom the figure shows the expected relative intensities 
of Lorentz-type photoelectron lines when excited by circularly 
polarized light in the presence of spin-orbit splitting only (top), 
and with additional exchange splitting (bottom). The low­
intensity satellite in the 2pj/l is not resolved in the experiment.· 
For details sec text. 
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FIG. l. The effect of magnetic x-ray dichroism in photo­
emission. (a) The upper part shows the total intensity spec­
trum in the region of the spin-orbit-split Fe 2p levels. The 
lower curves show, on enlarged scales, the partial intensities in 
the peak regions for photon spin parallel (solid lines) and anti­
p:uallcl (dashed lines) to the sample magnetization. N;;lclhc 
apparent energetic peak shift in opposifC. directions (intensiiy 
zc;:osuppressed). (b) Asymmetry A of the measured intensity 
for photon spin and sample magnetization parallel (/ +) and 
antip:uallcl (/-). A-(J+-1-)/(l++J-). The asymmetry 
curve was obtained from two separate runs with opposite pho­
ton helicity. 



Ni, Co, and Fe 3s Core-Level Lineshapes 

Poor Statistics - Fe 3s 
Spin Resolved 

. 
.,0 

~ -

110 100 90 80 
Binding Energy (eV) 

[Hillcbrccht. et al., PRL 65, 2450 (1990)] 
. ~ ... :·. 

With High Quality Statistics can: 

Good Statistics- Na 2p 

-:s 
·m . 
~ -

31 30.5 
. \ BINDING ENERGY (eV) 

[Riffe. et al., PRL 67. 116 (1991)] 

1) Deterrhine Spin-Dependent Lineshapes: 
a) Lifetime, 
b) Screening, 

· c) Phonon Coupling- determine contribution to core-level 
lineshapes from magnetostriction~induced softening of 
phonon modes. [Benedek, et al., PRL 68, 2644 (1992)] 

2) Quantatively investigate Temperature-Dependent Magnetism 
a) Probe extraordinary-peak contribution to core-level lines, 

· b) Study loss of short-range order above Tc and concurrent 
collapse of exchange splitting. 
*thin films have lower Tc than bulk. 
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. Brief Scientific Presentation 

Charles S. Fadley 

I 

Lawrence Berkeley Laboratory 
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-Subgroup members {from original sxjvuv wiggler IDT): 

T.-C. Chiang-Illinois . 
C. FadleyfC. Westphai-UCD/LBL 
z. Hussafn .. LBL 
G.J. Lapeyre-Montana 
P.N. Ross-LBL 
J.G. Tobin-LLNL 
K. Sattler--Hawaii (Clusters) 
D.A. Shirley-Penn State 

-Primary interests: 

+Angle-resolved core and vatence photoelectron 
spectroscopy with linear 1 ~ircular polarizatiorJ and 

;.;. ·- . . 

(optional) spin resolution: 50 eV to 2000 eV 

+Photoelectron diffraction and photoelectron 
holography 

+Application to variety of surface/interface problems: 
Adsorbates on metals/semiconductors 
Meta II ic overlayers I supertattices f clusters 
Metal/semiconductor and oxide/semiconductor 
••• 
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Useful hv range depends on experiment. 
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Undulator Type Period Kincaid Number of Flux 
Length Parameter Periods Watts/100mA 

Halbach Single 6.9 1.72 27 7.95 
Elleaume Single 7.6 1.57 24 5.32 
Elleaume Chicane 7.6 1.57 10 2.22 
Walker Chicane 7.4 1.67 10 2.58 

. Sasaki Single 6.5 1.79 28 9.49 
Sasaki Chicane 6.5 1.79 11 3.73" 
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Insertion Devices for Variable 
Polarization 

• Bending Magnet 
Off plane ·observation('!' -:t 0 ). BESSY, SRC, ~. 

• Wiggler 
Asymetric wiggler (Goulon, Elleaume, Rauox), 

HASYLAB, LURE, .. 
Elliptical wiggler (Yamamoto, Kitamura), KEK 

• Undulator 
Devices producing helical field: 

·Helical U .. bifilar windindgs(Madey), 
permanent magnet(Halbach) 

Tilt-pole U(Halbach) 
Onuki, ETL 
Elleaume, ESRF 
Diviacco & Walker, Elettra 
Sasaki, JAERI 

Device based on. interference effect: 

Crossed U(Moissev,Nikitin, Fedorov), (Kim) 
BESSY, SRC 

Issues: . 
Modulation versatility 
Vacuum chamber constraints( achievable K) 
Sensitivity to electron beam emittance 
Effect on electron trajectory 
Use of higher harmonics 
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In order to satisfy the desire for elliptically polarized light sources, an 
electromagnet elliptical wiggler has been designing at ALS and a crossed 
undulator has been proposed as well. This talk will describe the 
performance of these two devices. 

1. Elliptical wiggler (EW) 

Goal: To provide elliptically polarized photons over a rather wide energy 
range from 50e V to 1 Oke V with high flux and degree of polarization. 
Its best performance is over several hundreds e V to a few ke V. 

a) Panoramic view of the radiation properties 

b) Optimization of EW perform~ce · 

c) Horizontal . angular distribution and beam line setup 

2. Crossed undulator 

Goal: To provide elliptically polarized VUV and extra-soft X-ray photons 
(say, a few tens eV to several hundred eV) with reasonable degree 
of polarization, flux comparable to the EW but brightness 3-4 order 
of magnitudes higher than the EW. 

a) Basic principle and general properties. 

b) Degree of polarization and depolarization due to electron beam 
emittance. 

c) Comparison with the EW. 

3. Summary of what we can obtain 

? . User's suggestion. 
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plane ra_diation fro~ a ~nd sou:ce. This is beca~se each 
half penod of the smusotdal .orbtt due to the verttcal field 
can be regarded as the arc in a bending magnet, and is 
tilted up or down alternately by the horizontal field by 
the angle K.Jr. where r is the relativistic energy of the 
electron. The angular flux density, JJ, which is defined 
here as the photon flux per unit solid angle and stored 
current in the ring, and the degree of circular polariza­
tion, Pc. can be obtained with this bend-source approxi­
mation 6 for the wiggler radiation. 

Immediately after the commissioning of EMPW (e.g;, 
optimization of the electron orbit in the ring), the radia­
tion in the hard-x-ray region with K,. =-15 was character­
ized at the beam line BL NE1 (Ref. 7) in the 6-GeY 
operation of AR. Fig~re 2 shows the first direct observa-

. tion of photons produced by EMPW. It is an image pro­
jected on a fluorescence screen right after a Cu attenua­
tor with a thickness of 7 mm placed at 35 m from 
EMPW. Since the highest-energy portion of the photons 
is radiated along the tangential direction from the orbit, 
the bright line on the fluorescence screen is a locus of in-

. - . 
--"7':--:.·!:...-.-..:.=.,.__.:-_. -·. 

• . ··---'"< ,~·.;,-=:~_,_-_: c:'-
----~""~-.:-- ·--::-<--·. -

(a:) 

(c) 

1 em 

FIG. 2. Images on the fluorescence screen with K,. -15; (a) 
K' =o. {b) K, ~ 1.3. and (c) K., = 3.0. with the stored current 
or 0.5 mA. Fattening of.the bright pattern on the screen from 
a single segment (a) to ellipses (b) and (c) corresponds to vari­
ation of an electron orbit from a plane sinusoidal type to a 
deformed-helix type with the increasing horizontal field B.o. 
The elliptically polarized radiation is obtained on the axis, 
Where it is interrupted by a Cu attenuator. 

1.11 

tersections of the orbital tangent and the screen. There­
fore, the radiation obtained on the bright line has linear 
polarization, and the circular polarization of the radia­
tion inside the bright elliptic line has an opposite sense to 
that outside the line. The elliptic patterns on the screen 
[Figs. 2(b) and 2(c)] prove that the electron orbit forms 
a deformed helix when the horizontal magnetic field is 
applied. The reason why the pattern is not a complete 
ellipse but separated into upper and lower parts is that 
the energy radiated towards the missing parts of the el­
lipse is not high enough to penetrate the Cu attenuator, 
since the vertical magnetic field at the corresponding 
point on the electron orbit is not so strong. Fattening of 
the elliptic pattern with increasing K, shows the varia­
tion of the electron orbit from a plane sinusoidal type 
(i.e., an orbit in the usual plane multipole wiggler/ 
undulator with vertical field only) to a deformed-helix 
type. In the present st~dy the case with K, -Ky ~ 3 is 
not shown, since an appropriate attenuator for the radia­
tion for this case was not available. 

The quantitative evaluation of Pc and :D was made by 
Compton-scattering measurements with ·a: magnetized 
polycrystalline Fe specimen. The measuring system for 
the evaluation is substantially the same as that QSed by 
Sakai, Terashima, and Sekizawa. 10 The radiation morio­
chromatized by Ge 400 Bragg diffraction, was directed 
to the specimen inserted in an electromagnet which con­
trols the spin vector, S, of the Fe specimen. The Comp­
ton-scattered x rays were detected by a Ge solid-state 
detector. Pc can be derived from the equation given by 
Lipps and Tolhoek. 11 

I.;.-I-[nl-nl]-1 <l>Q(Eo,O) (3) 
Pc- l++I- nl+nl <l>spin(Eo,O,S,Ko,K)' 

where I+ and I - denote the intensities of scattered x 
rays from the specimen magnetized up (S) and down 
( -S), respectively. n 1 and n 1 are the averaged electron 
numbers of the spin-up state and spin-down state, re­
spectively. ¢>spin and <l>o are the spin-dependent and ordi­
nary Compton-scattering cross Sections, respectively. Eo 
is the incident x~ray energy and e is the scattering angle 
between Ko. the wave vector of the incident x ray, and· 
K, that of the scattered one. Pc is evaluated by the mea­
sur~d I+ and I- with the value of (n 1 -n 1 )/(n 1 +n 1) 

-0.080 (Ref. 12) since <l>o and ¢>spin are well known, 
·whereas JJ is evaluated by (/ + -1- )/2. The sense of 
either right- or left-handed circular polarization should 
be able to be predicted based on the electron trajectory 
deduced from the magnetic field of Eq. (I). The predic­
tion was confirmed using Eq. (3) while changing the 
phase difference. 

Figure 3 shows the dependences of P, and JJ of the 
wiggler radiation on ·the vertical observation angle 'i' in 
the cases of (a) K., ~I and (b) K., ~ 1.5 with K,. fixed at 
15. The radiation for these cases (critical en.ergy =- 24 
keY) is characterized at 60 keY, since the magnetic 
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• Energy and vertical angle dependence of Flux and Polarization degree 
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Horizontal distribution of current 20 em EW 
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tUniversal optimization 
if Pc 
0.500 
0.525 
0 .. 550 
0.575 
0.600 
0.625 
0.650 
0.675 
0.700 
0.725 
0.750 
0.775 
0.800 
0.825 
0.850 
0.875 
0.900 
0.925 
0.950 
0.975 
0.990 

Kx 
0.353 
0. 37-6 
0.401 
0.426 
0.453 
0.482 
0.512 
0.545 
0.581 
0.621 
0.664 
0.713 
0.769 
0.833 
0.912 
1.006 
1.128 
1.302 
1.580 
2.171 
3.290 

O.S*E/Ec 
0.366 
0.3:60 
0.352 
0.346 
0.339 
0.330 
0.322 
0.312 
0.302 
0. 290 . 
0.279 
0.266 
0.250 
0.234 
0.213 
0.194 
0.172 
0.143 
0.109 
0.066 
0.032 

table for ellipitical wiggler £.~ =-I·S · Gr,~V 
Total Flux density ·(one .period, 1mA,mrad"2, 0 .1%) 

8.39El0 
8.33El0 
8.2:6El0 
8.19El0 
8.10E10 
8.01Elo"' 
7.90El0 
7.78E10 
7.64E10 
7.48E10 
7.30El0 
7.08E10 
6.82El0 
6.52E10 
6.15E10 
5.70El0 
5.13E10 
4.38E10 
3.35E10 
1.85E10 
6.01E9 
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Motivation for an Elliptical· Wiggler 

Outcome of informal meetings during Feb., 1992 with 
Hassenzahl, Hoyer, Marks & Schlueter, lead to the 
these requirements for a radiation source with elliptical 
polarization: 

- Photon energy range: 50 eV to 8 keV 

- Frequency of polarization handedness change: 

For an insertion device on the ALS (1.5 GeV), this implies 
a wiggler with: 

· - Critical energy = 8 keV/ 3 = 2.67 k~V 

-.Peak Field= 2.67 keV/ 0.665 * (1.5 GeV)**2 = 1.78 T 
\ 

Ill • 

~10Hz 
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High Field Wiggler with Rapid Handedness Change -. 1 n 
Options ~ 

- Assymetric Wiggler 

II I arsrTerrif fi~~ler I 

-~R·~ R __ 
- - ·~ 

~~---~-~ L 

I' I I I I.~ I I I I I I 

- Requires using off-midplane beams at near 
+1- ~/gamma. 

- Source distributed. 

- Requires a chopper to achieve rapid handedness 
change. · 

- Requires special optics to combrne the beams. 

• 

' 
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High Field Wiggler with Rapid H~ndedness Change -
Options ( #1 cont.) 

- Modulated Assymetric Wiggler 

----
11 I II I ~I I I I I I 

.c. steering 
magnets 

Requires A/C electromagnets to steering the 
beam above & below the midplane at either end of 
the w'iggler to achieve rapid handedness change. 

- Beam is emitted parallel to the wiggler axis both 
above & below the midplane resulting in a large 
vertical beam size.-

Ill • 
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High Field Wiggler with Rapid Handedness Change­
Options ( #2 cqnt.) IB 

/ 

I 
/ 

- Hybrid - Electromagnet Elliptical Wiggler · 

1, ,. r~b~i~ iigelr, , I 
~-----'-~ ./~ L,R 

horiiontal field 
structure 

- Elliptically polarized beam is emitted on the mid-plane. 

- Uses a conventional hybrid permanent magnet wiggler 
structure. 

- Requires a A/C horizontal field structure to steer the beam 
above and below the midplane. 

• 
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Hybrid Electromagnet Elliptical Wiggler Schematic 11Jl . 
• 

... 

Hybrid Structure 

Electron Beam 

Kx/gamma 

c J f ) 'czQ: , ·Oa rn r- htitid .. + ~ 

• • 

Vertical Section thru the Center 

Photons 

Horizontal Pole 
& Coil 



HEEW Photon Parameters - April, 1993 1!1 • 
Critical Energy 3.0 keV 

Maximum Photon Energy 10 keV 
. 

Minimum Photon Energy 50eV 

Horizontal Field Frequency 1Hz 

..... Vertical Deflection Parameter (Kx) 1.5 max . 
w 
00 

Vertical Orbit Angles( +1- /Gamma) 0.51 mrad 

Horizontal Opening Angle +1-'9.65 mrad 
. ' 

Wiggler Period Length 20cm 

Number of Periods 13 
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Hybrid. - Electromagnet Elliptical Wiggler IJI 

Vacuum· 
System 

..... 
w 
~ 

Support 
Structure 

r , 

· Vertical Magnetic 
Structure 

Horizontal 
Magnetic 
Structure 
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HEEW Side Sectional View 
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HEEW Sectional View at (Horizontal 

Magnetic Structure 

• 

Nd-Fe~B-- Vertical Pole 

Ill r , 

..... Horizontal Pole 

.j:> ..... 

NEG Pump 
. 
: :· 
!. ............................. . 

Vacuum Chamber Coil 



_. 
~ 
IV 

HEEW Horizontal Field Structure Parameters 

Horizontal beam aperture 

Maximum Field Integral between Poles 

Peak Field 

Peak Pole Flux Density 

Core Loss per Pole 

Structure Core Loss 

~ 

• 

5.0 em 

5300 Gem 

1306 G 

2.05 T 

0.10 w 
5.6 w 
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Horizontal Field Coil Parameters 1.11 • 
Number of coils required 56_+ 4 1/2 size coils 

Conductor 1/8 OD X 1/1610 Copper 

Number of turns /coil 12 

Current 500 A 

Coil Resistance 1.56 mOhm 
..... 
~ 

DC power/coil ~ 387W 

DC voltage/coil 0.78 v 

AC power/coil 194 w 
Coil inductance 244 microHenry 

AC voltage/coil 0.76 v 

Coil time constant 0.156 s 

• • 
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Horizontal Field Coil Parameters { cont.) 1.11 • 
Total DC power/ coils 22.4 kW 

Total DC voltage 45.0 v 
Total AC power/coils 11.3 kW. 

..... Total AC voltage 44.1 v 

.!:> 
V1 

Coil cooling: 

Available pressure drop 60 psi 

Flowrate/coil 0.105 gpm 

Water temperature rise 7.0 deg. C 
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Vertical Field Structure Requirements 1!1 
- Structure must achieve 2.0 Tat the 1.4 em minimum gap 
to achieve the 10 keV photon energy. 

- Horizontal fan cannot exceed 9. 7 mrad otherwise the photon 
beam will strike the inner wall of the sector vacuum chamber . 

-Good photon flux for the side branch (between 2.5 and 7.5 
mrad) -this implies reducing the 3rd harmonic of the field. 

- Must accomodate the horizontal field structure. 

• 

• 
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HEEW Longitudinal Sectional View 
of the Vertical Magnetic · Structure 

..... 
-'=" ...... 

Nd-Fe-8 

Vacuum Chamber 

• • 

-Ill r · , 

Vertical Pole 

· Pumping Slots 



!:aJ 
L J .. 

c: 
ID 

0 ·-...., 
::l 

u e 
u 

f 

.c 

~ 
·- I 
~ 

:z:: 

...., 
en ·-c ~ ca 

"C 
.Q 

>< 
::l 

E 
ca u:: 

(1). 
N 

l § ~ 

u 
::l ...., 
0 
::l 
~ ...., 
en 
"'C Q) - -0 C1) 

a. a:l ·-
I LL 

ca Q) 
u.. (.) 0 

I ....., 
"'0 ·- ~ 

z 
...., 

Q) C1) 
> c: 

0) 
ca 
:a:. 
-ca 
0 ·-...., 
~ 

C1) 

> 
148 



~ .. *" 

Vertical. Field Structure Parameters liB 
~ 

Peak vertical field 2.0053 T 

1/4 period field integral 48,230 Gem 

Normalized harmonics: 

1st 1.0 
_. 

3rd -0 .. 254 ,J::. 
1.0 

5th 0.0286 

7th 0.0296 

9th 0.0263 

Pole width 8.0 em 

Pole thickness 4.2 em 

Pole height 14.9 em 
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Vertical Field Structure Parameters ( cont.) 

Number of full-field poles 

Per pole eddy current heating @ 1 Hz 

Nd-Fe-8/pole eddy current heating @ 1Hz 

Vertical magnetic structure eddy current 
heating @ 1 ·Hz 

54 

0.03 w 
0.01 w 

2.35 w 
Overall length of vertical magne~ic structure 3.03 m 

• 
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Vacuum System design 

Beam aperture 

Vacuum chamber construction 

1.0 em X 5.0 em 

5083•H321 Aluminum 
-welded 

Vacuum chamber eddy current 
heating @ 1 Hz 

Gradient magnet synchrotron light 
power impinging on the vacuum chamber 

Gradient magnet synchrotron light 

40W 

33W 

absorbed on ups,tream photon stop 274 W · 

Elliptical wiggler beam impinging on the 
sector vacuum chamber slot lips 
( Kx = 1.0, By= 2.0 T) 176 W 

Slot temperature rise with external vacuum 
chamber water cooling . 3 deg. C 
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Plan for Elliptically Polarized I. D. Development 

- Establish requirements. 

- Evaluate design options. 

- carry out spectral. calculations. 

- develop conceptual designs. 

- Select approach & parameters and 
document (CDR). · 

- Carry out necessary modeling. 

- Proceed with detail design and fabrication. 
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HEEW - Desired Users Input for Requirements 11!1 

-Energy Range (present design for 50 eV to 10 keV): 

-Wiggler horizontal opening angle ( present design is 
for +I- 9.65 mrad): 

- Frequency of polarization handedness change (present 
design is for 1 Hz): 
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3-D Magnetic Calculations 

Ross Schlueter 

Lawrence Berkeley Laboratory 

157 



0 
0 

0 

"' 0 

"' " 

0 

0 

-· ~-

0 
0 

- ~-

• 

158 



..... 
1.11 
1.0 

r f, .. 

... 
on·D-XIs B vs. O.)(l'a.l position 

llllli06pn.l~ 

1~t1:01:1o Pill 3:c 

'·, 
\ 

\ 

f!> t:G) ., 

,., 

'. / \ . . 
\ ,I 

\ ,/~ 
\/ 

i' •. 

/' '-... 

~·""~ ....... ,.,...... \ 

, '~ 
./ '\'' ··' ·.,, 

\., 
\, 

~, ... 
·, 

'·c. 

'· ,.,/ ......... . ' I _ _....- . .._, 
U •· . I I ............ I ........... . ..... , I ,,.,&4,_ I 

X CDOitl 
y CDOitl 

z coorf 

.u 

·1.0 

·U 

·tO 
O.D 0.0 0.0 
OD 00 00 

..£0 ·U ·1.0 
•••••• ~: BVnoooo. .,......, • .o. D00811.t 

••• ~: BX/1000, .,.. ... • I.MI 

' ., 
....... 

o.o 
0.0 
1.0 

. ,., 

1! (Gim) 

"' \~ \ 

0.0 
0.0 

u 

\ 
\ 

\ 
\ .. -····· 

0.0 
0.0 . 
5.0 

VF/OPERA·3d 

. 3 
. Bx /to 

51/to" 

{G] 

[G] 

OJ I: ,.2t<A 
~t. 

5 Bx d~ = ,.Cf ~eG·c 
·o 



...... 

160 



Beamlines for the Elliptical Wiggler 

Phil A. Heimann 

Lawrence Berkeley Laboratory 
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Beamlines for the Elliptical Wiggler 

1 Grating Monochromator and Crystal Monochromator 

- Operating Beamlines at the same time or in time 
sharing 

- Effect of Optical Reflectivities on Circular·· 
Polarization Degree 

2 Bring BL 1 0-1 from SSRL to ALS 

- Layout of the Beamline 

- Mod 1: Collecting Mirrors, 2 mrad -> 5 mrad 

- Mod 2: Refocus Optics, sub-mm spot 

- Flux and Resolution 

3 .Crystal Monochromator based on BL 9.3.1 

- Layout in Sector 11 

- Power: Multilayer Premonochromator 

- Rotation of the Crystal Monochromator 

- Flux and Resolution 

4 Discussion 
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ALS Elliptical 
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Power Considerations 

Total Power 
Power in. 5 mrad x 0.3 mrad 
Absorbed by M1 Mirror 
Reflected by M1 Mirror 

6.3 kW. 
325 w. 

67W 
258 w. 
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Protect Crystals with Multilayer Premonochromator 
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. Crystal Monochranator Flux 
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4. Beamline Questions for Discussion 

- Is it worthwhile operating both beamlines at the same 
time if the spot size for the grating monochromator 
beamline will be large? 

- Is the IBM Beam line 10-1 or a similar SGM the ideal 
grating monochromator beamline for experiments using 
circular polarization 

- What is minimum distance between last refocus mirror 
and sample? 

- Is it necessary to reach 10 keV? 
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