
APE*-HIVE

Three APE beamlines are the offer of NFFA and our contribution to 
the upgrade of the Elettra 2.0 suite of user facilities along with 
SPRINT for 50-200 fs / >200 kHz  time resolved spectroscopy

*Advanced Photoelectric-effect Experiments – APE in Italian is also “bee” as well as 
the most versatile utility vehicle ever!

APE
LE+HE

APE
TX

NFFA SPRINT HHG
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www.trieste.nffa.eu
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European Spin-OFF NRRP Italian  Spin-OFF

23 partners + 12 TP

186 methods
650 instruments

SR, Neutrons, EM

4 partners – 9 nodes
Polimi: nanofab
AREA: TEM, hydrogen
Unimi: surf. Magnetism
CNR: nanofabs, ultrafast
Optics, TEM

Ongoing 
discussion at CNR 
for optimal 
investments on 
Elettra 2.0



www.trieste.nffa.eu
Info.ts@nffa.euAPE-LE
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-----------------------------------------------------------------------------------------------
2002               2012               2017     2018    2019   2020   2021    2022

User proposals:

365 proposals (> 30 per 
semester; max 73 per year)

137 allocated 
(oversubscription 2.7; 
acceptance 37.5%)

Allocated days

MAJOR UPGRADES

since 2016:   93 papers on international journals, 29 with  IF >9 , 7 theses (Master, PhD)

http://www.trieste.nffa.eu/
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SCIENCE at APE-LE
Spin Texture of Topological Matter

Electronic states in anomalous metals, low dimensional materials (graphene, topological insulators, transition metal 
dichalcogenides), highly correlated metallic oxides and 2D electron gases confined on surfaces/interfaces

Magnetic ordering and coupling in diluted magnetic systems, magnetic topological insulators; interfaces with ferromagnets; 
electronic/ magnetic properties of complex oxides and “out of equilibrium” systems

Fundamental aspects of photoemission spectroscopy, matrix element effects, dichroism

Growth morphology, electron states and magnetism of hybrid organic/inorganic interfaces, charge transfer at the interfaces, 
doping effects on the molecular layer

http://www.trieste.nffa.eu/
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Info.ts@nffa.euENHANCED PERFORMANCE: APE-ELE
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Terminations on cleaved PdCoO2 @ IO5-Diamond
30X50 mm2  < APE-LE vs.  1mm as APE-ELE 
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ARPES: Micro, Nano, SPIN VLEED commissioning, SPIN VLEED operational, SPIN Mott

+

http://www.trieste.nffa.eu/
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---------------------------------------------------------------------------------------------
2002               2012                   2017   2018   2019   2020   2021   2022    

User proposals:

186 proposals (> 15 per 
semester; max 43 per year)

84 allocated 
(oversubscription 2.2; 
acceptance 45%)

Allocated days

MAJOR UPGRADES

since 2016:   91 papers, 26 with  IF >9 , 6 theses (Master, PhD)

http://www.trieste.nffa.eu/
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Surface and Interface Magnetism / Multiferroism In-operando Ambient Pressure Spectroscopy

Voltage control    Strain control
Light control
Magnetocalorics
Hybrid-Spinterface

In operando
Up to 5 bar
Temperature control 
100-800K
Photocatalysis

http://www.trieste.nffa.eu/
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ENHANCED PERFORMANCE: APE-EHE

First harmonic will cover up to 1keV full 
polarization control

Achromatic fosussing 

Single domain XMCD/PES on 
Ferromagnets/multiferroics 
Magnetic dichroism in PES 
(LMDAD)

Esfoliation facility with
transfer

SR-facility beamline XAS/XMCD in operando AP-XAS

Diamond i10 XMCD, XMLD, 0.5-420 K, 14 T

B07 -

versox XAS, XPS, 120-1250 K

AP XAS for gas and liquid cells (300-450 

K), AP-XPS up to 30 mbar, 250-750 K

SLS Xtreme

XMCD, XMLD, 2-350 K, 7 T, prep 

chamber

Soleil Deimos

XMCD, XMLD, 0.2-370 (1000) K, 

7 (30) T, in situ liquid cell for ferrofluids in FY

Tempo

XMCD (10 mT), XMLD, XPS, prep 

chamber, 50-1200 K, time 

resolved

ESRF ID32

XMCD, XMLD,  3-325 K, 9 T, prep 

chamber

Alba Boreas

XMCD, XMLD, 3-350 K, 6 T, prep 

chamber

Bessy Vekmag

XMCD, XMLD, 0.3-500 K, 9 T, 

time resolved 

ALS 4.0.2 XMCD, XMLD, 15-750 K, 4 T

9.3.2 200-900 eV, XAS 200-900 eV, ambient pressure XPS

H-cell setup: in situ X-ray and IR 
spectroscopy

http://www.trieste.nffa.eu/
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RATIONALE:   1) electron mean free path varies from 0.5 to over 5 nm 
energy range favourable for PES/ARPES with depth sensitivity

- extending ARPES and core level photoemission spectroscopy from surface to bulk or buried layers 
allowing to probe electron states, graded compositions, multilayered devices

- access to 3rd and 4th period core edges (resonant photoemission and XAS/XMCD)
- in-operando setups

2) Elettra 2.0 can host a dedicated short insertion with performances well adapted for 
bridging the soft-X to hard-X ranges (as IO9 of Diamond, but with a unique – short – undulator) 

2 x  > 2m  undulators

Benchmark IO9 vs. APE-TX

500 eV  ~4x10ˆ12 photon/s (slit 20um)
1000 eV ~ 3x10^12 photon/s (slit 10um)

2.5 keV ~1x10ˆ13 photon/s (Si(111) DCM)
2.5 keV ~ 3x10^12 photon/s (Si(111) DCM)
6 keV ~ 1.5x10^12 photon/s (Si(111) DCM)

http://www.trieste.nffa.eu/


www.trieste.nffa.eu
Info.ts@nffa.euCore Level PES from Soft-X to Tender-X
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Example: critical thickness of ‘metallic’ bulk screening attenuation of bulk hybridization, localization of surface 
electrons.

T. Pincelli et al. Nat. Comm. 8, 16051 (2017)    IO9 – Diamond + BL19LXU Spring 8  

http://www.trieste.nffa.eu/
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ARPES with 3.4 keV measured @ Spring-8 

Large x-sec changes

http://www.trieste.nffa.eu/
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1. Identify chemical state distribution

2. Identify electronic character and bonding nature

YH2-x TiH2-x

HAXPES @ Petra III 

P22 

3. Chemical states of titanium 

for all the resistive states

HAXPES @ SOLEIL

Galaxy

HAXPES FOR MATERIALS SCIENCE
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1. Identify chemical state distribution

2. Identify electronic character and bonding nature

YH2-x

HAXPES @ Petra III 

P22 

3. Chemical states of titanium 

for all the resistive states

HAXPES @ SOLEIL

Galaxy

TiH2-x

http://www.trieste.nffa.eu/
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Concept and 
construction by 
Bruno Diviacco

Preliminary concept under development by CNR and 
Elettra + international collaboration (IO9-like)

NFFA Prototype for AP-HAXPES 
experiment (collab. with I09) 
The sample volume is separated 
from the UHV by 2 SiN
membranes (summer 2023).

http://www.trieste.nffa.eu/
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• FIGURES OF MERIT OF THE APE-HIVE UPGRADES:  

• APE-ELE : exploit beam brilliance for microfocussing, expand hv-range

• APE-EHE : exploit beam brilliance for for microfocussing and optimized 1st 
Harmonic source 

• APE-TX : exploit Elettra 2.0 lattice (short section) and undulator technology 
to realize a continuous photon energy range for photoelectric effect 
measurements with variable (0.5 – 5 nm) depth sensitivity

• FAIR-by-design metadata acquisition -> towards ARWs in NFFA

• ONGOING DISCUSSION (2023) at CNR level for optimizing overall 
institutional investments on Elettra 2.0
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http://www.trieste.nffa.eu/


Nanoscience research @ Elettra 2.0 



DigiMAT - Probing and controlling the electronic properties of 
materials by taking advantage of thin films technology

PLD-I
PLD-II

PLD – I
(operational)

PLD – II
(2021)

KrF laser

UHV suitcase 

UHV transfer tube


