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BACH — Beamline for Advanced diCHroism

Performances and first experimental results of BACH,

the beamline for dichroism and scattering experiments at
ELETTRA
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Scientific case:

*Complex materials physics

(fullerenes, manganites, HTSC, silicides, dilute magnetic semiconductors, etc.)
*Physical processes in the meV-energy scale (magnetic, e-phonon and many-particle

interactions) studied for critical phenomena like phase transitions and/or low

dimensionality systems

|

high brilliance, circular polarization, broad energy range, high spatial and energy resolution
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BACH @@ ELETTRA

» Energy range: 25 - 1600 eV
» Polarization control: linear H or V, circular R or L
* High flux: = 10" photons/s
» High resolution: %nin = 5000 @ 1500 eV; Fonar= 30000 @ 160 eV
» Small spots: ~ 200x12 pim? (branch A 2 Spectrometer);
~ 35040 pim? (branch B);
~ 50%50 nm? (microscope)
» “Easy” optical design (alignment, reproducibility...)

* 3 separate endstations can be set up
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Beamline layout

Exit Slit (52) PEM1A 4

Entrance Slit (S1) Vertical focus

Focus in both pMq  SG1-4 =
directions PEM1B
SM2
| - : —
U1 U2 S y im
B = 6m
4m
15.5m 1.65m o
Top View

Technical specifications

* 2 APPLE II taperable undulators optimized
in the LE (35— 200 eV) and HE (150 — 1600 V) ranges
* Kirkpatrick-Baez pre-focusing and post-focusing mirror systems
* Padmore monochromator (variable included angle)
* 4 spherical gratings: 3 = high resolution (35 — 1600 eV)
1 2 high flux (300 - 1600 eV)
* Critical parameters of all the optics (pitch, roll and Z) = motorized

* Beamline control software developed in LabVIEW =2 fully customizable

9.25m 275m |
6.5m PEM2B B
Microscope
PEM2A A
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BACH undulators

Twin 8-axis multilayer polarimeter (F. Schafers et al., Appl. Opt. 38, 4074 (1999))
APPLE II elliptical undulator ' Photon source size: Courtesy of Evgueni Meltchakov - Marseille

(Sasaki-type undulator) 250 x50 um?
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Variable included angle Monochromator (Padmore)

Monochromator

PM1

Gratings

Technical specifications

Combined movement of mirror and grating(s)
Remotely controlled grating change
0.21 prad-resolution angular movements

Maximum scanning speed = 1°/s

Mirror rotation axis

Grating length: 100 mm Outcoming beam

Incoming Ream

Mirror length: 380 mm
PM1

Future developments

New software for the control of the energy scans:
*Better precision and reproducibility

*Turboscan

In collaboration with “Sincrotrone Trieste”
electronics and software group (R. Tommasini)
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BACH resolving powers
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Resolving Power
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40x10°

SG2 - Ar: 2p,, — 4s
1 Voigt curve

=116 +2 meV
FWHM =20 + 3 meV

R > 12000 (10 pm — slits)
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Fluxes in experimental chamber
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BACH experimental capabilities

Techniques Instrumentation

XAS - XMCD LHe cryostat with SC coil: T, . =2K (soon upgraded to 300mK), H=+7T
XES - RIXS ComIXS spectrometer @ BACH experimental chamber (T, = 10K)

Spin Resolved Scienta 200 (AE = 5 meV, A8= 0.3°) + Spin detector (-, 1, 1) + Cryostat (10K)
ARPES

SPEM - STXM  Zone Plates microscope: 50x50 nm? spot; T, . = 50K

XAS - PES BACH experimental chamber: T

min

= 10K, VSW CLASS 150 (AE = 40 meV),
surface preparation
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XAS — XMCD: Cryostat

* Temperature range: from 300 to 0.3 K

* Magnetic field range: from -7 to +7 T

» Absorption measurements

* Photodiode for transmission measurements
* Photodiode array for fluorescence

» Sample preparation chamber

J.P. Kappler (Univ. Strasbourg),

G. Krill (Univ. Paris Sud, LURE),
Ph. Sainctavit (IPCMS Strasbourg)
and INFM (BACH) collaboration
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XAS — XMCD: performances (vanadium complexes)
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Courtesy of Jean Louis Gallani - ICPMS-GMO Strasbourg
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XES - RIXS: CH]

* Energy range: 20 - 1200 eV
* Polarization control
* Low temperature measurements (10 K)

 High efficiency: = 8 - 80 counts/pixel/s (800 eV)
=1 - 10 counts/pixel/s (100 eV)

* High resolutions: 22 > 1000 on the entire energy range

* Compactness: < 1 meter

Topics:

TM silicides (FeSi, MnSi, CoSi) — collaboration with D. van der Marel (Groningen)
Manganites (Na-doped) — collaboration with University of Pavia (Italy)

Iron oxides and sulphides — collaboration with D. Cocco, K.C. Prince, M. Matteucci (Elettra)
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Spin Resolved ARPES: main features

*Low energies (30 — 70 eV) and medium energies (1000 — 1600 eV) accessible
*Polarization control (circular right and left)

*Low temperature (10K), high energy and angular (AE =5 meV, ABG = 0.3°) resolution
*Spin resolution (3 components)

Instrumentation: L Ak 1F RN

|| ] soienta ses100 | | | [ [[]
Scienta 200 Fatary =

Laser ' T i |

3-components ( -, [J, 1) spin detector \ ‘ \ H
LHe cryostat (10 K) W A - A

e e Be ol
Topics: .

OpIES First Arrangement: Second Arrangement:

* Fermi surfaces (spin resolved) of strongly Measures Pg, and Py Mcaeres Fyiand B

correlated and molecular materials Stanford University (Z.X. Shen),

* e-phonon interactions ALS (Z. Hussain) and

» Time reversal symmetry INFM (BACH) collaboration
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See also the Poster Session 3 on
Wednesday 27 — Poster 10.28 by
Y.Chen et al.
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SPEM — STXM: BACH microscope (MICROBACH)

» Nanometric spatial resolution: 50x50 nm? ™ SIDE VIEW

1 . Exit 34 cm v\B'ram:h lines
* Low temperature experiments: 50 K ont T e pipes

* Polarization selectivity Focus Fzp DISTANCES
580 cm 158.3 cm Exit Slit— TM = 190cm
* Fluxes = 10° photons/s on the sample TM - Foous = 190cm
° Exit
TO QlCS 3 Srlt ™ T75 om — Zga;:h lines
X
Manganites in-homogeneities T A .
(phase separation) Focus TOP VIEW

Mirror Figure —  Source Image Angle of Radius of Useful area
Focalisation arm(cm) arm(cm) incidence (°) curvature (cm)  (cmxcm)
Toroidal
™ Horizontal 940 190 25 4355.9 3x1.5

Vertical 190 190 13.8
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SPEM — STXM: layout

Optical scheme of the BACH x-ray microscope end-station
for scanning transmission, phote-emission and

x-ray fluorescence microscopy Stage characteristics

UHY ensironm ert(1e-10 mbar) Coa_rse (stepper) and fine movement
Hray fluorescence Coarse (stepper) Coarse (steppery by piezo scanner for sample
detectar

@ Rotation of sample stage
by +30%around center
Optics part retracted for sample exchanoe
. k' 30 rrim
Fone plate optic
forming a microprobe Coarse (stepper)
= | D etectar for \|
Coherert part = transmitted x-ravs =} =)
of monochromatic beam I W @ ’_/_///l_/_/_—
—_— n =P Sample Transmission
= | DSA ctage cletector
=
Orroder sorting X H
aperture ] .
—20rmm s
Sample stage +-2mm, ) - 5mm 5 H
scanned across H 2w oM .
P hotoelectron the microprobe " . - ) |
analyzer (with He cooling H 1-60mm | » Motyetdefined
B
stage to 4 K

Before the final realization and installation of MicroBACH, another microscope
(TwinMIC by B.Kaulich, M.Kiskinova et al.) will be installed on the microscopy
branchline tentatively at the beginning of 2004.
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XAS — PES chamber: layout

Sample
He lamp manipulator
Flectron :"? Cleaver
analyzer pa
\i flx Thickness
Al : i monitor
i L iy = Transfer line
i i -3 & * o H] e /
HI ||” |:| A N L g o a_x\
MG
BEAM IV
] Technical specifications
ComlIXS
mm a 10K

VSW CLASS 150 (AE = 40 meV)

Surface preparation
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People involved in BACH project — collaborations

CRYOSTAT

SPECTROMETER
ARPES

MICROSCOPE

SILICIDES
MANGANITES
FULLERENES

BEAMLINE
DEVELOPMENT

J.P. Kappler, Ph. Sainctavit — Univ. and IPCMS Strasbourg (France)
G. Kirill — Univ. Paris Sud (France)

D. Cocco, K.C. Prince, M. Matteucci — Sincrotrone Trieste (Italy)

Z.X. Shen, K.M. Shen, Y. Chen, T. Pardini — Stanford University (USA)
Z.. Hussain — ALS (USA)

M. Kiskinova, B. Kaulich — Sincrotrone Trieste (Italy)
E. Di Fabrizio — TASC-INFM (Italy)

D. Van der Marel, F. Carbone — RUG, Groningen (The Netherlands)
M. Plate, L. Malavasi, G. Flor — University of Pavia (Italy)
A. Goldoni — Sincrotrone Trieste (Italy)

M. Finazzi — Politecnico di Milano (Italy)
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Status of the BACH project

BEAMLINE — officially open to external users since January 2003
XAS-XMCD Cryostat - operative in February 2004

ComlIXS Spectrometer — operative and available

Spin-Res. ARPES — operative at the end of 2003

MicroBACH — designing and (a part of it) under realization
XAS-PES Chamber - operative and available

Deadline for submitting proposal for the first semester of 2004: August 315t



