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BOREAS beamline

Scientific case

> Apple II undulator (full polarization control) + VLS grating mono � 80-

4500 eV energy range

> 2 endstations : XAS/XLD/XMCD cryomagnet & RXS chamber + 2 T 

magnet

> HECTOR: Cryomagnet up to 6 T (2 T in sphere mode) with sample

preparation chamber

> MARES: Resonant soft X-ray scattering chamber with in-vacuum

detectors sample prep. chamber and in-situ deposition possibility
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detectors sample prep. chamber and in-situ deposition possibility

(metal/organic evap) (endstation under commissioning)

BL highlight:

• Extended soft X-ray energy range

• High flux/High resolving power (3 gratings x 

2 mirror combinations)

• Variable spot size with KB mirror system

• State-of-art XAS/XMCD/XRS endstation

equipment



BL Energy range
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• High flux at optimum resolution (measured at 100mA ring current) 

• Considerable flux in the high energy range (>1.5 keV) 

• Typically 1st ID harmonic 100-1100 eV ; 3rdh : 1000-2500 eV approx. ; 3rd, 5th , … for 

E>2000 eV

Linear polarization Circular & elliptical polarization



X-ray absorption/scattering
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• XAS chemical sensitivity due to core-level absorption 

+ dipole selection rules

• XRS scattering enhancement in correspondence with intermediate excited 

state formation � resonant process

• XAS orbital sensitivity due to light polarization direction 



X-ray magnetic circular dichroism

Transition sensible to final state spin

Circular dichroism
3d/4f 3d/4f
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Absorption spectra

M=0 M≠0



Accessible absorption edges

L2,3 edge 2p->3dL2,3 edge 2p->3d

400 – 1000 eV

M 4,5 edge 3d->4fM 4,5 edge 3d->4f

900 – 1600 eV
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L2,3 edge 2p->4dL2,3 edge 2p->4d

2300 – 3500 eV

K edge 1s->p/vac.K edge 1s->p/vac.

180 – 4000 eV



The endstations
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The endstations
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HECTOR – Vectorial superconducting magnet

HECTOR – High magnetic field XMCD endstation:

• Up to 6 Tesla along beam

• 2 T sphere mode

• 2-370 K variable sample temperature

• 4 electrical feedthrough available on sample 

holder

• Signal detection: total electron yield, fluorescence 

yield and transmission
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yield and transmission

HECTOR – UHV preparation chamber:

• Fully equipped surface science prep. Chamber: 

sputtering/annealing, metal/organic evap, mini 

LEED/AES, quartz balance and fast exchange user 

equipment  

• Cleaver/scraper for single crystal/pellet

• Fast entry load-lock with up to 4 places + 4 places 

UHV buffer chamber



Interstation sample transfer
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• UHV sample transfer between the two enstation

• Docking port for user-brought chamber/system 

• Docking port for smalle UHV “suitcase”

• All compatible with “standard” omicron/specs like sample plates



MARES – soft x-ray diffractometer

Two in-vacuum detector arms
(IH-designed, manufacturing)

>  Final assembly late 2014
>  Open to users starting from feb. 2015
>  Availability : reflectometry exps. without applied magnetic
field
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2 T magnet in/out tool 
with rotary stage 
(manufacturing)

scattering
endstation

• Surf. science prep chamber  (up to now sputtering/annealing stage gas line)

• In-situ deposition with metal/organic molecules evaporator (..with x-ray) 

• Variable temperature 17-350 K, 6-DOF sample manipulator

• In-vacuum detector mounted on top rotary stage



MARES detectors
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> Arm 1 – channeltron, 
microchannel plate, diodes, slits

> Arm 2 – XCAM CCD 
(SAT OK, june’14)



Example results

FeFeFeFe CoCoCoCo
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• Element specific magnetic moments 
measured with XMCD

• Per-atom magnetic moment measured 
with XMCD applying sum rules 
analysis



Example results

J. Padilla-Pantoja et al (PhD thesis in prep.)
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• Element-specific oxidation state investigation (Co and Pr) via XAS across magneto structural 
phase transition

• No change in valence of both Co and Pr ions suggests a more complicated mechanism 
involving LS/HS mixture of Co ions to explain magnetic phase transition



Example results
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Separation of different dichroic contribution with exp/simulation 
comparion:
• Uncompensated rotatable Co2+ spins in nominally AFM CoO shell 

stabilized by MgO matrix. 

• Metallicity cancels CoO FM contribution

• 30% Co metal + 70% ferromagnetic Co2+ in dichroic spectrum. 

• Larger part of ferromagnetic signal stems from CoO shell



Example results
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• LAO/STO interface crystal orientation dependent orbital 
hierarchy resolved by XLD at Ti L2,3 edge

• High resolution/high energy reproducibility needed to 
perform such experiment



MARES – first results
[CoSi(5nm)/Si(3nm)] Multilayer test sample reflectivity

March 2013 in-house/commissioning time

Diode detector mounted on a “temporary” support
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Remarks

• Two endstation beamline for X-ray absorption, 

magnetic circular dichroism and X-ray magnetic 

resonant scattering

• Element specific magnetic properties: orbital/spin 

moment, magnetic anisotropy

• X-ray resonant magnetic scattering experiment for 
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• X-ray resonant magnetic scattering experiment for 

element specific magnetic/structural properties

• Peculiar energy range allowing 4d elements 

magnetic studies and intermediate K-edge 

elements (Sulphur, Calcium..)

• Very good instrumentation available for sample 

preparation and surface science experiments
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