SPRINT and T-ReX Labs:
user facilities for time, angle, spin
resolved photoemission experiments
in the extreme ultraviolet regime
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&) SPRINT HHG Lab (FERMI Exp. Hall)

'Elettra Sincrotrone Trieste (In CO”aboration Wlth T_Rex group)
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(courtesy of Elettra-Sincrotrone Trieste)

Generation: 10 cm lens
Ar or Ne gas

generation chamber

monochromator

SPRINT

slits refocalization chamber
v
SPRINT lab /3



q The Laser System

Elettra Sincrotrone Trieste
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PHAROS: Yb based laser,
20 W, pulse duration: 300 fs
rep.rate: 50-1000 kHz,
400ul/pulse@50 kHz

ORPHEUS-ONE-HP — Mid-infrared
1350 — 2060 nm + 2060 — 4500 nm +
4000-16000 nm (DFG)

Intensity >20% of pump

ORPHEUS-HP — Near-infrared to Visible
630-1020 nm + 1040-2600 nm
Intensity >10% of pump
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The Laser System
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The Generation Chamber
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High
efficiency
pumping

Laser beam
inlet and
IR+HHG outlet

Gas Capillary
Nozzle
30 um ID

Micrometer
precision
manipulator
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q The Monochromator
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1. 8-30eV, harmonic separation 4.8 eV, resolution ~2 eV, < 200 fs
2. 30-50 eV, harmonic separation 4.8 eV, resolution ~2 eV, < 200 fs
3. 50-100 eV, harmonic separation 4.8 eV, resolution ~2 eV, < 200 fs
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q Results, low-energy range

Elettra Sincrotrone Trieste
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Results, high-energy range
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Photons/sec @ 500 Hz, 400/uJ/pulse
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40 45 50 55 60 65 70 75
| v T T I d I y I I | T
6.0x10° 53th -
55th
ﬂ 57th
4.0x10° 51ﬂth -
47th
59th
2.0x10° _
61th
63th |
00 | | L | L | L |
40 45 50 55 60 65 70 75

Energy (eV)

1.2x10*

8.0x10°

4.0x10°

0.0

1200 lines/mm grating

Max flux @ 63 eV, 50kHz, ~6x108photons/s
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q First Full-scale operation run results
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Fit Function: gauss
Coefficient values + one s.d.
yo =14.849 + 1.45 arb. unis
A =121.87 + 3.22 arb. units
@ x0 =-0.81424 + 2.28 um
g width =111.06 + 3.72 um
- FWHM =185+ 6 um
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Endstation positioned to match
electron analysers and HHG focus
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q First Full-scale operation run results

Elettra Sincrotrone Trieste
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Measured first spectrum of
valence band photoemission
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q First Full-scale operation run results

Elettra Sincrotrone Trieste
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Observed effects of space charge
due to the high peak photon flux

Count rate (arb. un.)
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Polycrystalline Au
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Intensity (arb. units)

hv=168eV, T=300K

— 100 pJ/pulse (20 kHz)
—— 50 uJ/pulse (40 kHz)
50 pJipulse (200 kHz)

Binding energy (eV)

Peak flux reduction by detuning optimal
HHG conditions (average flux decrease)

Peak flux reduction by increased rep. rate
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q First Full-scale operation run results

Elettra Sincrotrone Trieste
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Measured first signal of spin
polarization of the secondary electrons
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The T-ReX TR-ARPES Endstation
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Spin-split Au(111) S5
hv=21.2 eV, T=100 K

Specs Phoibos 225
Hemispherical Analyzer

6 Axis Manipulator

Double LEED
(main & prep)
For sample orientation

LN Cooling

Fast Entry
Sample Garage

Preparation
Chamber

T-Re¥ Ressamcs Grous

= Chamber

TR-ARPES setup at
the T-ReX laboratory
(FERMI, Elettra)

Preparation Chamber:

* Cleaving

* Annealing (1000 C) * Simple evaporation

Laser (non-equilibrium):
* Probe: 6.2 eV (Ti:Sa FHG)

8.5eV, 9.3 eV (6HG)

HHG, 15-35 eV (new addition)
* Pump: 1.5eV,3.1eV, 0.5-1.2 eV

SPECS Phoibos 225
Photoelectron Analyzer

~20 meV energy resolution
+18° acceptance (‘SWAM’)
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q The TR-ARPES Endstation, a real view...
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MAIN CHAMBER

SPECS Phoibos 225 hemis. analyzer
(angular res. 0.1°, energy res. 20 meV)

* DelayLine Detector (DLD), low noise

* Six DOF cryo-manipulator (T>35 K)

* <1019 mbar

* LEED

* He-llamp, 21,2 eV

T-ReX Ressancn Gaovy

PREPARATION CHAMBER

* Sputtering and annealing (T<1000°C)
* LEED

* RGA

* Cleaving in UHV via scotch tape or pin
* <10 mbar

* Fast entry (107 mbar in 30’)

* Users sample growth possible

LASER SOURCES

* FHG at 6.2 eV (up to 700 kHz)

* 8.5-9.3 eV in Xe (up to 250 kHz)
* HHG (>50 kHz)

* TR-OPTICS on same crystal

» 2PPE

* Polarization control

* OPA pumping up to mid-IR
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Driven by RegA (250 kHz), 6HG of 800 nm: 133 nm (9.3 eV)
Driven by Pharos+OPA (50 kHz), 6HG of 870 nm: 145 nm (8.5 eV)
Under development: 9HG of 1035 nm: 115 nm (10.8 eV)

BBO Gas Cell
800nm . 400nm
1.55 eV 3.1eV
Xe
g 4
SHG THG

f=+25cm BBO f=+25cm

DM, N N () M
M V | V M
<>
E,=3.10eV PBS
7,=400 nm Delay Stage M W2
M
N M
w2 M E,=1.55eV
M 4f\/| 74=800 nm
DM ; ;
Hemispherical
f=+36 mm G I [=+75em ’
asce Analyzer
RegA
Pump, Gas ports ‘.' (Oscillator,
Pirani, Piezo gauges K ; Stretcher, Amplifier,
K / Compressor)
f=+20mm /
) ,' i ! ~6 ul/pulse, 250 kHz
LiF Prism ; CEM (L.5W), 800 nm, 50 fs
=+55cm / _
f J E;=9.30 eV Sample
H /5=133 nm
Pumping Experimental
port Chamber

T-ReX Ressancn Gaovy
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Results by TR-ARPES at T-ReX
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Electronic-temperature dynamics on Bi,Se; Tl
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Full BZ mapping of Bi2212 HTSC (by 8.5 eV)
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q The Laser Hutch
3 complementary sources are available for users Treste

Elettra Sincrotrone Trieste

\/ LightConversion Pharos \/ Coherent RegA \

Coherent Legend
1 or 5 kHz rep. Rate 0-1 MHz operation 100-700 kHz rep. Rate
8 mJ/pulse at 1 kHz, 2.5 m)/pulse at 5 kHz 400 u)/pulse at <50 kHz ;Z?ﬁ)surl‘srz'a:SZOSgskHz 4 ul/pulse at 700 kHz
7L=ngf”m 20 W for >50 kHz OPA (1150-2600 nm + DFG)
<40fs A=1030 nm, 290 fs Synchronizable

Synchronizable /KZ OPAs (630-2600 nm, 1350-4500 nm)/\ SPRINT /ab/gz/
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&Y  The T-ReX TR-OS Setup at T-ReX
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Setup for tlme resolved optlcal spectroscoplc measurements with broadband detection
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Energy (eV)

Mainly driven by RegA (up to 700 kHz)

Probe:
* 800 nm, 400 nm
* OPA Probe: 1100-2500 nm and its SHG
* Supercontinuum (VIS, IR):
350-1000 nm with Si detectors
500-1700 nm with InGaAs detectors

Pump:
* 800 nm, 400 nm

* OPA Pump: 1100-1450 nm

High S/N: >10°
Fast pump modulation (125 kHz)
Cryostat 4-325 K
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q On going developments
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Pump—probe spectroscopies
Currently:
— Transient grating setup
(software for acquisition on progress)
< A2 Application:
pol .
SHG == * Magneto-elastic waves:
Fel-xGax on SrTiO3
/ / 1030 nm
2j2 * Electron dynamics on TCO
pol .
Other possible setup:
515 nm
Exchangeable / 7 Time Resolved Magnetic Optical Kerr effect
setups
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SPRINT Group

SCIENTIST IN CHARGE

COORDIMATOR " )
Giancarlo Panaccione

Giorgio Rossi

»

POST-DOC CNR

\ SCIENTIST IN CHARGE . .
Tommaso Pincelli

| Riccardo Cucini

TECHMOLOGIST
Andrea Fondacaro

POST-DOC CMR
Gian Marco Pierantozzi

- UNIVERSITA DEGLI STUDI DI MILANG MASTER
STUDENT
Alessandro De Vita

IFN — CNR Group

(optics and monochromator design)

Luca Poletto (coorpinaTOR)
Fabio Frassetto (scientist N cHARGE)
Federico Miotti (pHp sTupenT)

T-ReX Group

Fulvio Parmigiani (cooroinaTor)
Federico Cilento (scienTisT IN CHARGE)
Simone Peli (post-poc)

Damir Kopic (php student)

Davide Soranzio (php student)
Andrea Sterzi (post-poc, former)
Daniel Payne (rost-poc, former)

IOM — CNR Group

Aleksander De Luisa (ENGINEER)
Damjan KrizmancicC (soFTwARE DEVELOPER)
Federico Salvador (technotoaisT)
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