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Historical note
ÅƕƝƕƔɯȬInstitut für Radiumforschung Ɂɯ

Å1st institute ÖÍɯɁ*ÈÐÚÌÙÓÐÊÏÌɯ ÒÈËÌÔÐÌɯËÌÙɯ

6ÐÚÚÌÕÚÊÏÈÍÛÌÕɂȮɯBoltzmanngasse3

ÅStefan Meyer was first director

Å2 Nobel prizes

ÅV. Hess (physics): cosmic rays

ÅG.v. Hevesy (chemistry): tracer method

Å1987 RenamedtoȬInstitute for Medium 

Energy PhysicsɁ

Å2004: Institute renamed toɁStefan Meyer 

Institute for Subatomic Physicsɂ

www.oeaw.ac.at/smi E. Widmann SMI NuPECC Mini WS Wien 11 Dec 2022 2

A. Zeilinger

Nobelpreis 2022



SMI ðSTEFAN MEYER INSTITUTE

Physics program overview
ÅLow energy precision experiments
ÅASACUSA @CERN: Antihydrogen hyperfine structure, H and 

D beams

ÅGRASIAN : GRAvity, Spectroscopy and Interferometry with 
ultra-cold Atoms and Neutrons

ÅPositron laboratory : molecular states involving positronium

ÅVIP-2@LNGS (Violation of the Pauli principle, discontinued)

ÅHadron physics
ÅKaon-nucleon interaction (SIDDHARTA -2 Kɬd atomic X-

rays, E15@J-PARC Kɬpp nuclear bound state)

ÅALICE @LHC

ÅAdvanced Instrumentation
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Matter -antimatter symmetry
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atomic
fountain

atomic
beam

maser
ALPHA (@B~1 T)

Nature 557, 71ï75 (2018).

ALPHA Nature 548, 66ï69 (2017).

P. Crivelli et al, PRD 94, 52008 (2016).

BASE  Nature 601, 53ï57 (2022).

ALPHA Nature 578, 375ï380 (2020).

Comparison of CPT tests
ÅMass & frequency

ÅSynopsis: CPT violating
interaction appearsat the 
level of Lagrangian
ÅRelevant scale: absolute energy

ÅPlot
ÅRight edge: value

ÅBar length: relative precision

ÅLeft edge: absolute sensitivity

ÅSource: PDG
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EW, Phys. Part. Nuclei 53, 790ς794 (2022).
arXiv:2111.04056 [hep-ex]
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ASACUSA Antihydrogen beam for HFS
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ASACUSA Antihydrogen beam for HFS
Å(production 1st time in 

2010in nested Penning trap
ÅThree body recombination

( ROydberg states)
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ASACUSA Antihydrogen beam for HFS
Å(production 1st time in 

2010in nested Penning trap
ÅThree body recombination

( ROydberg states)

Å1st observation of beam in 
field free region 2014
ÅnȀ43: 6 Ὄ/15 min

ÅnȀ29: 4 Ὄ/15 min
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N. Kuroda et al, 
Nat. Commun. 5,
3089 (2014).
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ASACUSA Antihydrogen beam for HFS
Å(production 1st time in 

2010in nested Penning trap
ÅThree body recombination

( ROydberg states)

Å1st observation of beam in 
field free region 2014
ÅnȀ43: 6 Ὄ/15 min

ÅnȀ29: 4 Ὄ/15 min

ÅMeasurement of n
distribution 2021
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N. Kuroda et al, 
Nat. Commun. 5,
3089 (2014).

B. Kolbinger et al.
EPJ D75, (2021) 91.
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Recent milestones
ÅQuantum number distribution 

of (beam in field -free region
Å100 K colder electron plasmas compared to before
ÅMeshes to block RF interference, better cooling
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Low density

Compressed Evaporative
Cooling:
T =8 K

B. Kolbinger et al. άMeasurement of the principal quantum number 
distribution in a beam of antihydrogen atomsέ 
Eur. Phys. J. D 75, 91 (2021)

E. Hunter et al. EPJ Web Conf. 262 01007 (2022).
C. Amsler et al. Physics of Plasmas29, 083303 (2022).

arXiv:2203.14890 [physics.plasm-ph]

1st(interaction with microwaves expected 2023
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s-transition in H using ἒsetup

11

Error 2.7 ppb: 18x improvementover
Kush, Phys. Rev. 100, 1188 (1955) 
Deviation from maser(ɲf/f~10ς12) :
3.4 Hz < 1serror

Line width ~ 6 kHz:
4 ppm
(v~900 m/s)
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Extrapolation to(: 8000atomsneeded
to achieve1 ppm
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B

Further beam experiments
ÅB-field orientation dependence of H HFS
ÅPredicted by Standard

Model Extension1

ÅBases CPTV on Lorentz
invariance variation

ÅD HFS: siderial variations
ÅResonance at ~300 MHz: split ring 

resonator
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1D. Colladayand V.A. Kostelecky, PRD 55, 6760 (1997)
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Positron Lab at SMI

ÅA new Ne moderated positron beam and 
buffer gas trap are under construction at SMI 

ÅBy the end of 2022 we will be producing pulses 
of positrons with thermal energy spreads for 
experiments here at the institute 

ÅThe first planned experiments will look for the 
formation of molecular states involving 
positronium such as positronium hydride 
(PsH), positronic water ( PsHO) and 
positronium sulphide ( PsS)

ÅThe binding energy of these systems will be 
investigated using ion spectroscopy to identify 
the production of dissociation fragments 
below their formation energy
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GRASIAN GRAvity , Spectroscopy and Interferometry with ultra -cold Atoms and Neutrons

ÅQuest for coldest hydrogen source
ÅLonger interaction time ᴼ higher precision in 

laser or microwave spectroscopy

ÅLowest energies: gravitational quantum 
states (analogy neutrons): v~cm/s

ÅQuantum reflection from van der 
Waals/Casimir-Polder potential

ÅHighest reflectivity: superfluid He

ÅBouncing H: Ramsey hyperfine spectroscopy, 
1s-2s laser spectroscopy 

ÅAlso possible for antihydrogen

ÅOther applications: short-range forces
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Crépin, P. P. et al. EPL119, 3301ς3301 (2017).

https://grasian.eu/
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Antikaon -nucleon interaction
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SIDDHARTA -2@LN Frascati: Kɬd X-rays
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Kɬp & K ɬd: isospin -dependent scattering lengths
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E15 at J-PARC ɬsearch for K-pp bound systems
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Physics Letters B 789 (2019) 620ï625 
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ALICE@SMI
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New Junior Group

ÅStart in 2023

ÅQGP physics in close 

contact to theory 

groups in Austria

ÅALICE will become 

focus of strong 

interaction activities 

at SMI

M.Awadein
28.09.2016 ALICE-FIT collaboration

T0 & V0 plus 

Fast Interaction Trigger:
ÅALICE upgrade in LS2 

(2019/2020)
ÅDetector for multiplicity, 

centrality, event plane
ÅNeed fast timing 

detectors (SiPMΣ Χύ
ÅR&D at SMI
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Advanced instrumentation

www.oeaw.ac.at/smi E. Widmann SMI NuPECC Mini WS Wien 11 Dec 2022 23



SMI ðSTEFAN MEYER INSTITUTE

JRA 8 ASTRA Advanced ultra -fast solid STate detectors for high 

precision RAdiation spectroscopy

ÅLow energy CdZnTl detector up to 100 keV

ÅPixel structure: 

Åvery good timing (drift time < 20 ns) 

Åhigh rate capability
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Advanced instrumentation

Å3D 

ÅLaser sxstem for hydrogen 
detection

ÅASACUSA cold bore, 
hodoscope

ÅALICE FIT

ÅStrong2020
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Thank you

www.oeaw.ac.at/smi E. Widmann SMI NuPECC Mini WS Wien 11 Dec 2022 26



SMI ðSTEFAN MEYER INSTITUTE

Spares
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Funding
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STRONG2020
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Laser system for H/D detection
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ASACUSA Antihydrogen beam for HFS
Å(production 1st time in 

2010in nested Penning trap
ÅThree body recombination

expected to produce Rydberg
states

Å1st observation of beam in 
field free region 2014
ÅnȀ43: 6 Ὄ/15 min

ÅnȀ29: 4 Ὄ/15 min
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N. Kuroda et al, 
Nat. Commun. 5,
3089 (2014).

B. Kolbinger et al. EPJ D75, ( 2021) 91.

ÅMeasurement of n
distribution 2021

Å2022 major improve -ment
of temperature, stability of 
plasmas
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High energy detector up to MeV

Frisch-grid design: 

very good timing (drift time < 2 µs)

energy resolution (~1% at 511 keV)

JRA 8  - ASTRA 1275 

keV

1275 

keV

511 keV
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VIP ɬVIolation of thr Pauli principle (LNGS)

ÅTests the Pauli Exclusion Principle (PEP) and thereby the Spin-
Statisticsconnection

ÅPEP governs the behaviour of fermions

ÅSearch for atomic statesin copper, which violate PEP
ÅThese statesare not completely antisymmetric , but have a 

symmetric admixture with respect to the exchangeof two
particles

ÅThe statescan be identified by PEP-forbidden transitions , 
which have a slightly different energy than normal transitions

ÅPhotons form thesetransitions are recorded by Silicon Drift 
Detectors

ÅThe VIP2 experiment will lower the upper limit on the
probability that the PEP is violated by two orders of magnitude
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Advanced instrumentation
ÅAsacusa hodoscope
ÅScintillators , scint. Fibers, SiPM

ÅCentral BGO disk

ÅMachine learning: 
ÅCosmics rejection

99,7%

ÅFalse positive rate:
0.0039 sɬ1

ÅÐefficiency ~ 80%
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collaboration
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*co-spokesperson


