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Historical note

- 1910, Institut fiir 2021 > Kegelgasse
Boltzmanngasse 3 Radiumforschung”
SEEN=N=TT—— ] |- * Boltzmanngasse 3
= * e * Stefan Meyer was first director
’ * Nobel prizes

* V. Hess (physics): cosmic rays

* G.v. Hevesy (chemistry): tracer
method

* A. Zeilinger, IQOQI (physics):
Stefan Meyer quantum physics

* 1987 Renamed to ,, Institute for
Medium Energy Physics”

e 2004: Institute renamed to

“Stefan Meyer Institute for
Subatomic Physics”

* 2024: Symposium 20 years

[EUROPAISCHE PHYSIKALISCHE GESELLSCHAFT (EPS)
INSTITUT FUR RADIUMFORSCHUNG

Viktor fronz Hess
Nobelpreis 1936

Wien -
28.Mai1 2015

Georg v. Hevesy

Nobelpreis 1943

A. Zeilinger
Nobelpreis 2022
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Beginning of SMI: renaming ceremony 29 Oct 2004

* Symposium in Theatersaal * Unveiling of Honour Plaque in

* In presence of Pierre Radvanyi, Hélene Boltzmanngasse 3
Langevin-Curie and many colleagues
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SMI Physics Programme

Fundamental Interactions and Symmetries

E. Widmann Wien 11 Nov 2025
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New knowledge in subatomic physics
* High energies

e Direct
observation

* Low energies

* Precision
experiments

Www.oeaw.ac.at/smi E. Widmann Wien 11 Nov 2025 5
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Strong interaction in the non-perturbative regime

» Kaonic atom e *Phase diagram of strongly interacting
highly-excited state Auger Electron
matter

%‘ 200 o

= | Quarks and Gluons
(- §

2 2

8_ 100F l

£

kS

e Kaon nucleon

bound states
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SMI: exotic atoms to study fundamental symmetries and interactions

Antiprotonic helium Antihydrogen Kaonic hydrogen

highly-excited state Auger Electron

Three-body matter-antimatter system  Two-body pure antimatter system Two-body matter-antimatter system
Easy to make, difficult to calculate Difficult to make, easy to calculate Easy to make, difficult to calculate
No strong interaction: QED Laser & microwave spectroscopy X-ray spectroscopy

laser spectroscopy: m;/m,, CPT CPT, QED QCD

www.oeaw.ac.at/smi

E. Widmann Wien 11 Nov 2025
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International accelerator labs

ALICE
@CERN-LHC

AD/ELENA
@CERN

SMI - STEFAN MEYER INSTITUTE

DADONE
@LNF
Frascati

Nuclear

J _ P A RC ' Transmutaton

Www.oeaw.ac.at/smi E. Widmann Wien 11 Nov 2025
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Neutrino to
Bt Kamiokande

- RUAOY

-

\ ~ %
3 GeV Rapid-Cycling u = 7
Synchrotron, RCS 50 GeV Main Ring
25 Hz, 1MW) Synchrotron (0.75 MW)

J-PARC = Japan Proton Accelerator Research Complex
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Since move to Kegelgasse: on site experiments

* Positron lab * Hydrogen and deuterium beams
* Still located in Kegelgasse

AL

www.oeaw.ac.at/smi

E. Widmann Wien 11 Nov 2025
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Advanced instrumentation: infrastructure

Mechanical workshop Additive manufacturing

BN CNC mill

vvvvv

SMI equipment

Still in Boltzmanngasse 3
to move 2025 to PSK

Www.oeaw.ac.at/smi E. Widmann Wien 11 Nov 2025 10
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Advanced instrumentation: detectors and experimental setups

SiPM SiPM electronics SDD

Hodoscope ASACUSA cold bore ASACUSA Penning trap

Www.oeaw.ac.at/smi E. Widmann Wien 11 Nov 2025 11
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Advanced instrumentation

* Asacusa hodoscope
 Scintillators, scint. Fibers, SiPM

e Central BGO disk

* Machine learning:

* Cosmics rejection
99,7%

* False positive rate:
0.0039 s~

* p efficiency ~ 80%

Www.oeaw.ac.at/smi E. Widmann Wien 11 Nov 2025 12
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Physics program overview

* Low energy precision experiments EW, D. Murtagh, M. Simon (50%)

« ASACUSA@CERN: Antihydrogen hyperfine structure, H and D beam:s:
CPT & Lorentz invariance tests ERC 2012

2017~ * GRASIAN: GRAvity, Spectroscopy and Interferometry with ultra-cold Atoms and
Neutrons: ultra-cold H: short-range forces, precision laser and microwave spectroscopy

2018~ ¢ Positron laboratory: molecular states involving positronium, move to PSK in Dec 2024
* Hadron physics D. Dobrigkeit Chinnellato, P. Biihler

2015~ * ALICE: Quark Gluon Plasma, NFG 2015
* SIDDHARTA-2@LNEF, strong interaction studies at low energies,  ]. Zmeskal T

« E57@]-PARC: K*d X-rays,
* J-PARC E31 A(1405), E15 Kpp finished, ES0@]-PARC KNNN

* Advanced Instrumentation (service unit) M. Simon (50%) TE N e
|
Projects since 2004, others (PANDA, VIP, NoMoS NFG 2015 discontinued) §- ’ w M o
W
E. Widmann Wien 11 Nov 2025 T PR S ] 13
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ASACUSA: antiprotonic He hyperfine spectroscopy

» p*He: determination of p magnetic  Limits on 5th force
moment (2009) it
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- pHe (2011)

M. Germann et al., Phys Rev Research 3, L022028 (2021)
 Limits on spin-dependent exotic forces

F. Ficep et al., PRL 120, 183002 (2018)

Www.oeaw.ac.at/smi E. Widmann Wien 11 Nov 2025 14
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ASACUSA antihydrogen beam for HFS
* H production 1st time in ' v (i

2010 in nested Penning trap

* Three body recombination
(»Rydberg states)

e 1st observation of beam in | ey 1
field free region 2014 ’
e N<43: 6 H/15 min

e Measurement of n
distribution 2021

* N<29: 4 H/15 min | e e o
: l
a
— Mixing (n< 43) 1 : 1
w 10E [ ] Background : :
g E : :
N. Kurodaetal, 2 ! : I
Nat. Commun. 5, § 1E ' i i
3089 (2014). g i l — e
E. .0 ! : i E (V/cm)
o 10 .
< W double cusp ! cavity !sextupole! detector B. Kolbinger et al.
EPJ D 75, (2021) 91.

_\II‘III \II‘Illl\llll\ll\llll\ll\\Ill\l
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WWW.0 E (MeV) E. Widmann Wien 11 Nov 2025 15
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Recent milestones

* 100 K colder electron plasmas e Quantum number distribution of H
compared to before

—— ——— / ' T : I |
100 ¢ . 250 | <. -
— C d ] i - . @
g ompresse LR e Factor 100 % : A lx:
E " | . ol n ] 1
2 Increase o0 i n X
S W * . e T T = 200 % xoz%c:-xoxo C o i
3 " Low density 1 ¢ Clear beam o oy m o) )
ﬁ" ) )4 X (o]
T SDREVC —=— Component % . » X ’95 2° -
= 0p ARSI observed g DO = US| |
Trap (6 K) . = i QQ-o o DS
I R = < FEI| ]
1 10 100 00fF= T A
Number of electrons (10°) 20 30 40 =0 60
E. Hunter et al. EPJ Web Conf. 262 01007 (2022) n limit

C. Amsler et al. arXiv:2203.14890 [physics.plasm-ph]

Www.oeaw.ac.at/smi E. Widmann Wien 11 Nov 2025 16
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Hydrogen and Deuterium beam experiments

Hydrogen beam: orientation dependence

Deuterium beam: W simeCoren B URNSILS
sidereal variations

PHYSIQUE

Deuterium hyperfine

structure

* Increased sensitivity due to
relative momentum p-n in d
Important for coefficients at
higher order in momentum
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Nowak, L., et al. Physics Letters B 858 (November 1, 2024): 139012.
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GRASIAN GRAwvity, Spectroscopy and Interferometry with ultra-cold Atoms and Neutrons

* Quest for coldest hydrogen source Z $
: & -
* Longer interaction time — higher precision in & . @
S &g shitl slit 2 > & L &
laser or microwave spectroscopy N TS U s S el
. . . Py lalsg:rment | i ﬁ al E Q‘(\&ob@
* Lowest energies: gravitational quantum L= === k-1------ aiatel ke it u*{;"
e MW
states (analogy neutrons): v~cm/s di;:;;ge . [ d 3 j{ Z
o b2 TMP 2 TMP 3
e Quantum reflection from van der TP 1 e T™PS
Waals/Casimir-P’older potential Cryogenic _ betection
source Beamline chamber
* Also possible for antihydrogen
velocity interval [m/s]
* Other applications: search for short-range e === =8 BAEETG —
5.%10-10] e 5 _ — 110
forces g eI Py e ST T ,
S a0 e RN TR TRE N S S S °
'ci)n 3_x1071o£ t 4i 11111 e R " ‘; % 1.x107"2F {102
:% 2.x10'10§ . - signal | 1+ Eé g-} 1.x1073F 140-3
Killian, Carina, et al. ) 1-><10’1°§I Crries af s 2 JRRRRTa! * Signal-BG L1o¢
The European Physical Journal D 78(2024): 132. of . . . . . o, | 108 . ‘
0.01 0.015 0.02 0.025 0.03 0.035 : 50 100 200 500

7 7 delay [s] velocity [m/s]
GR[\SI/\H /\ https://grasian.eu/ E. Widmann Wien 11 Nov 2025 18
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A bright future ahead
at the LHC

 Run 3: detector redesigned for very high rates

« 500 kHz in pp
« 50 kHz Pb-Pb

« Completely redesigned software: O2

* Necessary to meet new challenges

* Powering the next generation of

analyses!
* SMI has leading roles:
» Paul Buhler: PWG-UD convener

| T R 1 1 e | « David Chinellato: Analysis
- TeVleraugustzoz (£ [ | T O\ N\ O\ Coordinator

~ ITS2 system close-up el Y My s | B . : :
F — et A S Ve * Fully silicon-pixel-based inner tracker system

irey ~ ALICE 3
i —r— —t LS3 ~———— RunQPEAS-LP-R2YW PrEQiSIPN €8 «— Run 5 -
9 cemesres | 1T | TNERHE FRIRRRE VORRRD ARV i "=

(] Physics run

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

SMI/SAB Meeting - 20th July 2023 - D_.D. Chinellato 6 ALICE

Www.oeaw.ac.at/smi E. Widmann Wien 11 Nov 2025
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ALICE 3: a next-generation experiment for the 2030s

All-silicon, large-acceptance tracker
* High rate: 5x bigger luminosity, exploit LHC
* Momentum precision of a,/p ~1%

« ~10% X, overall material budget
« State-of-the-art particle identification
» Silicon-based TOF and RICH
* Muon identification
* Very high vertexing precision
* First layer at 5 mm from interaction point
* Impact parameter resolution:
e ~10 um at py ~200 MeV/c
« ~3umatpy >1GeVic
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The heavy flavour angle: new frontier
o b srtier beyond simple thermalization

 — Required: state-of-the-art detector and
' analysis techniques 2 new

opportunities!
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SIDDHARTA: X-ray measurement of K p and K-d
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s [(a) K-p Ko N
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l
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Bazzi, M., et al. Physics Letters B 704,

(2011): 113-117

F. Sgaramella, talk at

EXA/LEAP2024
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SIDDHARTA-2

—— Data

+ K-Csa

—— Kaonic deuterium transitions
— K-C, K-0, K-N, K-Al and K-Ti transitions

—— background
—— global fit function
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PANDA@FAIR: discontinued at SMI Start delayed to 203«

e
— ‘: ! o 3 "- ~—
B . ;.“ g

ER T —— * Barrel TOF detector:

* Time resolution < 100 ps
* TDR written at SMI, approved
 Construction funding pending

Sensor board (single sided)

& i Sensor board (double sided)

P Mom
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EXA and other conferences after 2021
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Vienna, Austria

W (")r]\-sh(')p on i Exo-"c ATO | . ' ; \ . : September 16-19, 2008

Tests of QED, QCD & CPT
Anfiprotonic Atoms ' Advisory Committee:
Anfihydrogen f M. Alberg (Seattle)
Nuclear & Hadron Physics J. Ellis (CERN)
with Antiprotons G. Gabrielse (Harvard)
Atomic Collisions with Anfiprotons 1 248 1. W. Hansch (Munich)
Future Facilities R. 5. Hayano (Tokyo)
" P. Indelicato (Poris)

PUBLIC LECTURE AT THE 5P 2022

DIE UNTERWELT DER
ELEMENTARTEILCHEN
DIE BEDEUTUNG DER KLEINSTEN FFK 2023

A L PR VHEERE XIS TENE INTERNATIONAL CONFERENCE ON PRECISION PHYSICS

J. Jastrzobski (Warsaw)

Deeply Bound States — Antimatter Atoms e~ y § Jokiansson ftlppeoks)
Kaonic Atoms — Pionic Atoms ) \ : b SSP 2022
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Facilities and icato. M. iwasaki. K. Jungmann, P. Kienle. H. Koch, J. Marton. K. Nagamane. = 2 ad g . A 7 . E. Widmann (Vienna)
. W. Oelert, S Paul LL Ponomarev, H. Rauch, L Simonz, AN. Skrinzky, U. Wiedner (Bochum)

Instrument Y. Yomazoki (Tokyo)

E. Widmann

J. Zmeskal

M. Cargnali, H Fuhmann A Hirf, T khiw: . P Kienia,

J. Marton, P. Parzzrbick, J. Zmeskal

Stefan Meyer Inshitist for subatomare Physik — Austnan Academy of Scences
1060 Viesna, Bokzmanngazse 2
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541~ STEFAN MEYER INSTITUTE FOR SUBATOMIC PHYSICS.
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Staff members 2004 and 2024
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What's next

* ASACUSA * ALICE
* 15t sign of antihydrogen beam * Current experiment runs
* Rabi hyperfine spectroscopy until L.54
» Ramsey hyperfine spectroscopy * Upgrade to ALICE-3
* New beam creation schemes
* GRASIAN * Institutional
* First experiments with slow beam imminent * Fusion of HEPHY and SMI, *iimu”'u”ﬂlﬁ 15
 Towards ultra-cold hydrogen (v <1 m/s) * Synergies in technologie§ T o,
» Precision spectroscopy and gravity and physics AL L OEEL o
* Application to antiyhdrogen et %f ﬁ“‘gv
R
www.0eaw.ac.asmi E. Widmann Wien 11 Nov 2025 o T
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Hadron Physics at Belle

(b) o
@ X7 scattering lengths based on * Goal: Xm scattering T
" Cabibbo’s method” length e
f1¢ i l
@ Measure the B(Xnm) relative to * 1st step: determination
K_T['—'_ b ;'+mole | |
p Of B(ZTCTC) 5 _(- -)a=+1.28 fm (Virtual) -
e Study intermediate resonances. T | aSoo0m
- -
Visible decay modes at Belle: = .
= _
. M. Berger at al. arXiv:1802.03421 -
Ae — XToaT(4.57£0.29%)* (submitted to PRD) .
0_+.0 * . . .
Ac — Z T (23:|:09%) 10320 1330 1340 1350
A, = ST7%7%(unknown) W [MeV]
K. Miyahara, T. Hyodo, E. Oset, Phys. Rev. C.
) 92, 055204 (2015)

E. Widmann Wien 11 Nov 2025 28
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NoMoS - Beyond the Standard Model in Neutron Decav (FRM-
II/ILL)

* Comprehensive physics programme: NFG G. Konrad

» Study structure of weak interaction
* Test unitarity of CKM matrix

* Search for new physics beyond Standard Model
* Test Lorentz invariance

——
\ e o e /
D - ’l\\ |

* : Separator Coil ~
Goal. (optional) N
* Electron and proton spectroscopy on l, \\\
* 10%- respectively 10--level = \\\
* Further activities: \

* aSPECT experiment @ ILL Grenoble
* PERKEO III-C experiment @ ILL Grenoble

* New PERC facility @ FRM II Munich (under
construction)

* Proposed ANNI instrument @ ESS Lund
(resubmission planned)

Tilted Coils
B=150 mT

Aperture

Neutron decay prOducts MOmentum Spectromter

Www.oeaw.ac.at/smi E. Widmann Wien 11 Nov 2025 29
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VIP - Vlolation of thr Pauli principle (LNGS

* Tests the Pauli Exclusion Principle (PEP) and thereby the Spin-
Statistics connection

* PEP governs the behaviour of fermions

* Search for atomic states in copper, which violate PEP

* These states are not completely antisymmetric, but have a
symmetric admixture with respect to the exchange of two
particles

* The states can be identified by PEP-forbidden transitions,
which have a slightly different energy than normal transitions

* Photons form these transitions are recorded by Silicon Drift
Detectors

* The VIP2 experiment will lower the upper limit on the
probability that the PEP is violated by two orders of magnitude

E. Widmann Wien 11 Nov 2025

www.oeaw.ac.at/smi

1E-24

1E-25

1E-26

-
m
N
~l

1E-28

PEP violating parameter
m m
& )
o [{e}

1E-31

1E-32

SMI - STEFAN MEYER INSTITUTE

Ramberg-Snow (1990)
T’

VIP1-LNF (2006)

R4

S.R. Elliott et al. (2012)

n
VIP1-LNGS (2011)

r

VIP2

Experiment
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Highlights

*2012: ERC AdG HbarHFS for ASACUSA
* 2015: 2 NFG Groups: ALICE, NoMos

* One became a permanent topic of SMI

www.oeaw.ac.at/smi E. Widmann Wien 11 Nov 2025 31
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Time lines

« 2004 - 2011 « 2004 - 2018
* ASACUSA: antiprotonic helium spectroscopy  PANDA, BELLE, FLAIR
« SIDDHATA: Kp * AEgIS

 After

* ASACUSA: antihydrogen
« SIDDHARTA-2

e 2015 —
« ALICE
* NoMoS till 2020

Www.oeaw.ac.at/smi E. Widmann Wien 11 Nov 2025 32
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ASACUSA: antiprotonic He laser spectroscopy

Frequency comb <—{—3—

Femtosecond laser

0.7 W, 200 MHz

cw Nd:YV04 laser
532 nm, 10 W (A)

Microstructure
optical fiber
- -bStabiIizEIion
v CW dye laser

€

<

- s
'-‘ 574-673 nm, 1 W
% y ‘*l CWTi:S laser

CW Nd:YVOQ, laser
532 nm, 10 W (B)

\agr i

Seed beam

Vew -
s EOM chirp
compensation

Pulsed Nd:YAG laser
532 nm, 200 md (C) ¥ % &

Pulsed Nd:YAG laser

Mp—Mp 95 — 9

723-941 nm, 1 W __Heterodyne
chirp measurement
2 ’"]
Vew+400 MHz “3
CW pulse amplifier To target
— 1C1C 1+~ ty
” BBO +LBO
&% V4 % crystals
Pulse stretcher
To target
»>| Dye laser 372 nm,5mJ (E) 9 ;
1
100-
355 nm, 200mJ (D) |—T oy —>| Dye laser 372nm,5mJ (F) s

< 2x107°
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Current level (2016): 5x10~1°
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A (40,35)=5(39,34)

(39,35)=(38,34)
(37,35)=(38,34)
(37,34)=(36,33)
(36,34)=(35,33)
(35,33)=(34,32)
(32,31)=(31,30)

(Vth — Vexp )/ Vexp (ppb)

PRL 96, 243401 (2006)

(38,34)=(37,33)
(36,34)=(37,33)
(36,33)=(35,32)
(34,32)—(33,31)

[ | |_._| A (32,31)=(31,30)

0

50

(Vth — Vexp )/ Vexp (ppb)

PHYSICAL REVIEW LETTERS

week ending
23 JUNE 2006

Determination of the Antiproton-to-Electron Mass Ratio

by Precision Laser Spectroscopy of pHe ™

M. Hori,l’2 A. Dalx,2 T Eades,2 K. Gomikawa,2 R.S. Halyano,2 N. Ono,2 W. Pirkl,2 E. Widmann,3 H.A. Torii,4
B. Juhdsz,> D. Barna,®? and D. Horvath®

E. Widmann Wien 11 Nov 2025
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Narrative
* History * Define phases?
* Umbenennung  Exotic atoms
* IMEP: SIDDHARTA, PANDA, piH * Exotic nuclear matter
* New: ASACUSA, KNN, FLAIR * Stop of PANDA
 Later more ... * ERC grant for ASACUSA: move to Hbar
 J-PARC, FOPI, AEgIS, NoMoS, Hydra, * H D beams
GRASIAN, * Positron lab
* Physics - GRASIAN
* Start: exotic atoms - > slide o LT ah1:
* Fundamental symmetries: pbarHe, Hbar, Hydra, nghllghts
* Strong interaction mp, Kp,Kd * 2015 2 NFGs, 1 remained

* Later: higher energy strong interaction
* ]-PARC, PANDA®@FAIR, ALICE

Www.oeaw.ac.at/smi E. Widmann Wien 11 Nov 2025 34
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Experimental infrastructure

* Activities at partner institution * Local activities at PSK
* Hbeam at E

Detector lab TP Laser lab TP

Cryolab with HEPHY OK

Www.oeaw.ac.at/smi E. Widmann Wien 11 Nov 2025 35
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Matter-antimatter symmetry

* Baryon Asymmetry in the observable
universe: almost everything we see is

matter. Where did all the antimatter go? ~
» Standard Model: CPT and Lorentz
Symmetry HYDROGEN W3DOAAaYH

» Antihydrogen: H is one of the best
measured matter systems

WWW.0eaw.ac.at/smi E. Widmann Wien 11 Nov 2025 VHF 36
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Fundamental symmetries C, P, T

* C: charge conjugation particle - antiparticle

Charge transformation
matter is replaced
with antimatter

* P: parity: spatial mirror

e T: time reversal

* CPT theorem: consequence of
* Lorentz-invariance
* local interactions
* unitarity

e Luiders, Pauli, Bell, Jost 1955
e all QFT of SM obey CPT <
* not necessarily true for string theory: CPT tests

are sensitive tests of BSM physics

LU S UE L]

PO B8

SUEILO00 [Eeds £ e

<

=1
3
= |
=
—_
o
=
= 0
"
=

O LG SUB T AjUEd

CPT — particle/anitparticle: same masses, lifetimes, g-factors, |chargel,...
wWww.oeaw.ac.at/smi E. Widmann Wien 11 Nov 2025 37
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ASACUSA@CERN-AD

e Test of CPT and Lorentz invariance

* Antihydrogen hyperfine structure measurement in a
beam

* No stray fields: highest precision

» H production greatly improved, beam production, rate
and quantum state needs improvement

* e+ conditions essential, recent progress

* H-HFS done with same apparatus with 2.7 ppb
accuracy

» st goal for H: ppm measurement

* Continuation of H,D beam spectroscopy D O gte s
» Standard Model Extension (SME) LRl ;_’_f_ &.’.; z

.«"
w=r

Www.oeaw.ac.at/smi E. Widmann Wien 11 Nov 2025 38
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GRASIAN GRAwvity, Spectroscopy and Interferometry with ultra-cold Atoms and Neutrons

* Quest for coldest hydrogen source 5

08¢

* Longer interaction time — higher precision in
laser or microwave spectroscopy =

06

Silicon
» Lowest energies: gravitational quantum Gold P
states (analogy neutrons): v~cm/s ok - .% =
* Quantum reflection from van der Crépin, P. P. et al. EPL ffigth3(§61—3301 (2017). | .\
Waals/Casimir-Polder potential . .
* Highest reflectivity: superfluid He /
* Bouncing H: Ramsey hyperfine spectroscopy, N\/\Z
1s-2s laser spectroscopy % PV
* Also possible for antihydrogen *IIA

* Other applications: short-range forces

—~
Magnetic shielding

GR /\Sl/\" /\ https://grasian.eu/ E. Widmann Wien 11 Nov 2025 39
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ALICE@CERN-LHC

* High-density QCD matter studies using the large hadron
collider (LHC)

* Do we understand the strongest force in the universe and how
it confines quarks and gluons?

* Under which conditions do we recover a primordial soup such
as the one created in the big bang?

* ALICE@SMI expertise:

* Identified particle production measurements from light to
heavy flavour hadrons allow to understand system evolution
and hadronisation

* Ultraperipheral collisions literally shine light inside protons
and lead nuclei and allow for direct studies of nuclear inner

structures of gluons at energies never seen before, testing
nuclear PDFs, perturbative QCD and Beyond Standard Model

m%&%&l%ﬂ E. Widmann Wien 11 Nov 2025 40
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HISTORY OF THE UNIVERSE DK 7

accelerated
expansion

Structure

Cosmic Microwave :
formation

RHIC & Background radiation
Accelerators |LHC is visible
b eavy
| 'LHC ions
protons T/ -
| _\ Size of vis!
l

High-energy
cosmic rays

ble universs

d

L

O
fozd
(%]
5]
o
am
o
>
P
=
=
=l

Z
WYO4 131NN

@

t = Time (seconds, years)
E = Energy (GeV)
Ke

vark
- (V) neutrino “,‘, i * star

= gluon

W4k bosons
electron ‘ ‘ .o_ atom w galaxy
meson -

muon d f black
(9,0) baryon photon Q{ hole

tau

Particle Data Group, LBNL © 2014 Supported by DOE
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Exotic kaonic bound states: strong interaction

* Kaonic atom: X-ray spectroscopy » Kaonic nuclear bound states

s f

/ / shift and width of states

n > 1 are negligible

K, ~ 63keV

€15 = E’Zp-ls (meas.) — E-zp_ls(e.m.) return y°ke
lsls n counter -...| RTINS
' —1 E outer-CDC--1..{. N, T 44 T,
s polarimeter: B —
due to the strong interaction kaon-proton (n counter)
the 1s level is shifted and broadened inner-CDC ﬂ

K‘U

Www.oeaw.ac.at/smi E. Widmann Wien 11 Nov 2025
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Positron Lab at SMI Kegelgasse (untzl May/ ]une)

* Anew Ne moderated positron beam
and buftfer gas trap apparatus have
been constructed at SMI

* We will soon be producing positron
bunches with thermal energy spreads

* The first planned experiments will
measure the binding energy of
molecular states involving positronium

atoms (e.g. PsH, PsOH) Trap stack
* For this measurement an ion

spectrometer is currently under final Sodium-22

simulation and will be constructed Source

SOOMN.

www.oeaw.ac.at/smi E. Widmann Wien 11 Nov 2025 43
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Mechanical workshop Additive manufacturing

|-

Still in Boltzmanngasse 3

Detectors and experimental setups

SiPM SiPM electronics SDD

Hodoscope ASACUSA cold bore ASACUSA Penning trap
Www.oeaw.ac.at/smi E. Widmann Wien 11 Nov 2025
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1.3 The standard model

 fundamental fermions

* Leptons
* e: stable
* u: 2.2 us
* T: 2.9x10 13
* v: m=0 (not true!)

* quarks

* fractional charges

* 3 colors
* no free quarks

* p: uud, n: ddu
e universe: e, u, d

WWW.oeaw.ac.at/smi

—

SMI - STEFAN MEYER INSTITUTE

mass = =23 Me\//c®

charge — 2/3

spin — 1/2 w

up

=4 B MeV/c?

-1/3
12

down

0.511 Mewic?

-1
» &

electron

=22 eVict

0

LEPTONS

142 -I)J

electron
neutrino

=1.275 GeV/c?

213
1/2 9
charm

=05 MeV/c?

-1/13

- &
strange

105.7 MeV/c?

-1

1/2 w

muon

=0.17 Mev/ic*

o
1/2 w

muon
neutrino

=173.07 GeV/c?
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. &

top

=4 18 Ge\ic?

-1/3

. b
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-1

v &
tau

<15.5 MeV/c*

0

tau
neutrino

M{ bogrr o
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T = | -

photon

L

91.2 GeV/c®

0
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+1

1

:
L§

0

0

GAUGE BOSONS

H
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Antimatter

 Matter definition

Proton
* Positive hadron
Mgy U & t
up charm top

6 N N
moiiod down strange bottom
1 Uy, L

€ neutrino 4 neutrino T neutrino .
* For this lecture:
e Neutral antimatter
electron muon tau

Www.oeaw.ac.at/smi E. Widmann Wien 11 Nov 2025 46
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* Negative lepton

Anti-Proton
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AS: ASACUSA, GR: GRASIAN, tt: tenure track

www.oeaw.ac.at/smi

Scientists permanent / third-party funded

Feb 2024

AUSTRIAN
OAW scomwror SMI - STEFAN MEYER INSTITUTE
SCIENCES
|
IPAdW Senior scientists/GL |3 3 permanent, EW — EoS
rasidaium
T JGL (tenure track) 2 Positron group, ALICE
Scientific Advisory Board :
Y Postdoc 7 1 JG positron (open), 1 JG ALICE, 5
Director Adminigtration FWF
Mitarbeiter- E. Widmann . % Dll(?;’é‘f)/)
versammlung Vice Director ~ — Admin. Manager > K-ug‘l):: T 20%) Ph.D. students 7 5 intern (2 finishing 2024), 1 FWF, 1
P. Biihler - P. Szokol A. Bindeus (CLIP) CERN
I :
| | | M.Sc. Students 2 Number fluctuates, from both Uni
Antimatter Positron Hadron Physics Advanced & TU Wien
Instrumentation
GL E. Widmann JGL D. Murtagh (tt) ALICE (Service unit) B.Sc. Studentsand | 3 Number fluctuates
SAS M. Simon (50%) PD E. Hunter -> N.N. JGL D. Chinellato (tt) .
PD A. Gligorova (AS) PhD M. Bumbar (CERN) |PD R. Schotter GL M. Simon (50%) Interns
PhD C. Killian (GR) A. Weiser PhD J. Gumprecht icians: . . .
M. Cerwenka (AS)  |Int/BN.N. SRS P. Biihler Tedﬁgﬁféer (CAD) Administration 2.5 FTE
V. Kraxberger (AS) PD E. Mennino M. Friedrich (Mech .
MS F. Sterkl (GR) PD R. Lavicka e IT support 1.4 FTE |1 firstlevel, 1 CLIP
M. Lackner (AS) PD D. Samitz G. Kaiser (Elektr) . . . .
Int/B.]I\fi/\l/?clllnzZiann (GR) Kaonic atoms and nuclei | L. Stohwasser (Mech, Technicians 4 2 mechanical, 1 electronics
. Wallar PM |. Zmeskal (Em) part time) '
g engineer, 1 drafts(wo)man
Em C. Amsler (Consultant) Em. J. Marton Emeriti, Consultants | 3 1 PI FWF grant (JZ)

25 FTE without undergrad students, emeriti

E. Widmann Wien 11 Nov 2025
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Infrastructures: CERN

The CERN accelerator complex
Complexe des accélérateurs du CERN

SMI - STEFAN MEYER INSTITUTE

' ALICE
LHC
ALICE LHCb
\ TT40 TT41
SPS TT42
le‘ \/AKE
HiRadMat L — ATLAS
D
, 1150 N MEDICIS
AD ELENA
1S
[y : >
n REX/HIE- i EastArea
0N ~ ISOLDE ' :
2001/2015 H /"IC '
n_TOF \ M, " < '
Em K PS A
; 4 1959 (626 m) frmmmmmmmmmmmesees !
' LINAC 4
> CLEAR
wer ) ([ ) ER —— | f , A
lons — ‘ y E = ) &
W | % \O ] SACUSA
P H (hydrogen anions) ) ions ) RIBs (Radioactive lon Beams) P n (neutrons) ) p (antiprotons) P e (electrons) P p (muons) /

LHC - Large Hadron Collider // SPS - Super Proton Synchrotron // PS - Proton Synchrotron // AD - Antiproton Decelerator // CLEAR - CERN Linear
Electron Accelerator for Research // AWAKE - Advanced WAKefield Experiment // ISOLDE - Isotope Separator OnLine // REX/HIE-ISOLDE - Radioactive
EXperiment/High Intensity and Energy ISOLDE // MEDICIS // LEIR - Low Energy lon Ring // LINAC - LINear ACcelerator //
n_TOF - Neutrons Time Of Flight // HiRadMat - High-Radiation to Materials // Neutrino Platform

AD/ELENA
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Big open questions in particle physics

Mysteries

Driven by new puzzies in our understanding of the physical world, particle physicists are following paths 1o new wonders and startling
discoveries. Expenments may even find extra dimensions of space, microscopic black holes, and/or evidence of string theory

Why is the Universe Accelerating? Why No Antimatter? What is Dark Matter? Are there Extra Dimensions?

f ; | . . \~\
;: - ' ; = oY,

3
.
-

CPEPphysics.o

U.S. Department of Energy, U.S. National Science Foundation, & Lawrence Berkeley National Laboratory
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Situation of experiments, labs, workshop

* Move to Kegelgasse during Covid * Move to PSK
* slow setup of labs due to restrictions *Two H/D beam setups needed to be

of people present, delivery times installed outside SMI
* Delay in installation of new laser * ETH: Laser system for H detection,
system and laser hut return 2024
* 22Na source availability delays * LAC Paris-Saclay: D beam, longer
ASACUSA and positron lab lasting collaboration envisaged
*Ps lab to stay in KG — end 2023 * Mechanical workshop to stay in

Boltzmanngasse (IQOQI) until
HEPHY moves (end 2024/25)

www.oeaw.ac.at/smi E. Widmann Wien 11 Nov 2025 50
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Laser system for H/D detection

Www.oeaw.ac.at/smi E. Widmann Wien 11 Nov 2025
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Office layout

i

Ll L

www.oeaw.ac.at/smi

E. Widmann Wien 11 Nov 2025

SMI - STEFAN MEYER INSTITUTE

* GL/JGL/PDs in 2-room
offices

* Two offices with 12+
persons each

* Acoustic separation needed
(“zoom boxes”)

* Only one social / meeting
room, others shared

52
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LHC Timeline

today

SMI - STEFAN MEYER INSTITUTE

start HL-LHC

2021 2022 203 2024 2025 2026 2027 2028 2029
J/FMAM3[1|A'SIOINID| 3| FIM/AIM 3|1 ]A[S|ON D 3| FIMAM D{J|FMAM 3| 1|A/SIOINID{ 3| FiMAIM 13 |As|oN|D|J[FIMAM 1| J|AlS|OINID| 3| FM|AIM 3| 3| Als|oln(D) 3| FiMlalM| 3| 3|l S|O[N[D] M J|3As|oN[D
LHC harad Run 3 -' LS3: Upgrade HL-
0 arato WTTTTT] LHC and Phase |l
and de 0 ATLAS&CMS
INJECTOR i } ----------------- J
North Area consolidation
2030 2031 2032 2033 2034 2035 2036 2037 2038
J|FMiAaM[3|1]als|oNiD| 3 |FMAIM[ 1|1 |A[S|ONID| 3| FiM|AIM| 3| 3 |A[S|OIN|D| 3| FiM[AlM 3] 3 |Als]o|N[D 3| F[MalM] 3| 2|l s|o[N|D] 3| FimaiM] 3| 3| Al s|ojniD) [ FiMAlM] 2 JAS?‘%DJ FIMAM 1|1 |als|oNID{3|FMiAM[1|3]A[S|ONID
LHC EI I. Run 4 |I' i| 4 nharade gII' .Run5 ‘ DiI E':
= D |! [T
INJECTORS
. North Area consolidation phase 2 (tbc) |
2039 2040 2041 Shutdown/Technical stop HL-LHC target:
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of the next large CERN project, e.a. FCC
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New grant scheme excellent = austria

excellent = austria

* Custers of Excellence * SMI contributions
» Cosmic Matters: * ASACUSA: RA A
« OAW, Uni Wien, TU Wien, U Graz, U * ALICE: RA B
Innsbruck * GRASIAN: RAA, B, C
* 35 M€/ 5 years, additonal 5 years possible e Infrastructure
after evgluation | | + Cryolab
* All particle physics and astrophysics groups + Austrian Silcion Lab (CMOS det.)
in Austria
* 30+ key researchers * Procedure
« CERN, ESO, ESA * 15 Dec 2021 pre-proposal

* If successfull
* 17 Oct 22 tull proposal
* Final decision end of Mar 2023

* Director of Research EW
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Physics program overview

e Introduction

* Low energy precision experiments
* ASACUSA@CERN
* NoMoS (in collaboration with ATI)
* VIP@LNGS

* Hadron physics
« Kaon-nucleon interaction
* Belle (in collaboration with HEPHY) and PANDA
« ALICE

 Advanced Instrumentation
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Positron Lab at SMI

< X
Coldhead
* Anew Ne moderated positron beam and | —
butter gas trap are under construction at SMI i,

* By the end of 2021 we will be producing pulses
of positrons with thermal energy spreads for
experiments here at the institute

* The 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)

* The binding energy of these systems will be
investigated using ion spectroscopy to identity
the production of dissociation fragments
below their formation energy

www.oeaw.ac.at/smi E. Widmann Wien 11 Nov 2025
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SMI - STEFAN MEYER INSTITUTE

Hadron physics in non-perturbative regime

,Chiral” condensate

e Hadrons: first level of
complexity

* Mass generation by
dynamic processes

hadron

* Not all predicted states . = 1000 Mev
are Observed PO b o L S

* New states so far L L S
unexplained e |

quark flavour
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Summary
* Subatomic physics at accelerators and * Funding scheme for

underground labs contributions to large

* Mostly long-term projects experiments missing
e OAW: commission

* Subjects in NuPECC LRP GROFO

* Funded by
- OAW
* FWF
« ERC
* Marie Curie (IF, ITN)

* IA HadronPhysics 1-3 (FP6,7), Strong2020
(H2020, submitted)

e bmbwif{
e ffg, COST
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Grants — active others
 FWF * Planned
* FWF stand-alone projects « FWF Stand-alone project for J-PARC (Zmeskal)
« SIDDHARTA-2, E57 (Zmeskal) —11/24 * FWF Schrodinger Fellowship (F. Hechenberger, theory TU Wien)
* ASACUSA p annihilation (Gligorova) —»06/24 « FWF Stand-alone project ALICE (Chinellato)
* ALICE dileptons (Meninno) ~10/25  FWF Stand-alone project for Ramsey spectroscopy with
» ALICE tau magnetic moment (Biihler) —»07/25 hydrogen and antlhydrogen (Simon)
* Horizon2020 « FWF Stand-alone project ALICE (Biihler)
* Strong2020 (Zmeskal) -07/24 * ERC Synergy Grant GRASIAN (EW)
e OAW Innovation Fund * 2019 approved but not funded, resubmission planned for 2024/2025

« ERC Consolidator Grant (Chinellato, 2024/2025)
* Cryodppp infrastructure call FFG together with HEPHY

* once on reserve list but not selected, resubmission planned

 D-Rabi approved (Simon, one-time invest)

* In evaluation e PhD student cotutelle SMI/LKB Sorbonne funded, 2nd
* FWF Start QGP (K. Boguslavski, theory TU Wien) cotutelle in preparation (GRASIAN)
« ANR-FWF joint project GRASIAN (EW) e Graduate school
e Marie Curie Doctoral Network ALICE (Chinellato) » Vienna Doctoral School in Physics VDSP (EW)
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. D 1 i 1 hi T b 1 T'i e 1 T _D_ .
* Moved in Sep 2023 L P
* Offices on 3rd floor g G e et—l ¢
« Electronics lab, small mechanica N &/ el F AN
workshop ajd g R ] e R R Tt
/) - P e e 28 -6
* Labs on ground floor I AR 33
« Same as Kegelgasse N vy W o NP PV ?
v - ; e - g._ “_h 3 ;# -

* Common workshop with HEPHY

(during 2024) s e | B
+ Cryolab in b t fEm panes e i
yolab in basemen Sre A Wl B g
» New; jointly used with HEPHY | Gl =R i Bty
* Main issues i S mmE=SS =SS % L .
» Acoustic cross-talk between offices | = .
* Seminar room infrastructure ; e e e ‘5 ==
* Financing of safety installations in labs, STl "6 ocone (BN BT
zoom boxes (solved?) R s A S = - i
» Workshop stays in BG till middle 2024 I A s e SR ===t
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¢ LabS = y : t .
* Mechanical workshop v 8 N ISR RN
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p = s
TWERKSTATT = = [

e Offices of technicians TS ) el ey

* Basement (Oberkeller) L, = *—i

* CNC milling machine I B I i = sty 31y
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CLIP

* High Performance Data Analysis
infrastructure: CLIP — Center for Life
Science and Physics

* GMI, IMBA, IMP, HEPHY, SMI

* Grid (CMS, Belle, ALICE) working since
summer 2020

* Non-grid usage still weak

* Usage will increase because of ALICE
expansion
 Additional invest: disks, CPPUs

No. of jobs

ed A

SMI - STEFAN MEYER INSTITUTE

ALICE grid jobs (predominantly)

Active jobs in Vienna

o

25 .
L ]

LY
' [ ]
I 1 vl t fa | I|
” | |I I I| \ VLS ,.s'.l [
’t A gl IR S S L VY AT S
\ | 'V . \ | | | |

Voot o |/ \ | L | |
» R P A [FE

£ i » / \ |
PP Al A N VY| I | | L YRR ¢

a5 |% = T T . Y . ) \g W € (IR - * | . \ we |

" e beed g e wed e e peeed ¥ - L reesd  bened  bewa | L . ]

w [ #
4]
Jan | Feb | Mar | Apr | May | Jun | Jul | Aug Sep Oct
2021 |
- RUNNING ASSIGNED = STARTED - SAVING -== ZOMBIE = Queued JA '.
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Renaming ceremony 29 Oct 2004

* Jean-Pierre Blaser, Cooperation of the
Austrian Academy of Sciences and the Swiss
Institute for Nuclear Research

e Carlo Guraldo, Kaon Physics at Laboratori
Nazionale di Frascati (LNF)

* Carlo Guaraldo, The DEAR-SIDDHARTA
Prﬁ%ect at Laboratori Nazionale di Frascati
(LNF)

* Sydney Gales, The FAIR-Project at GSI-
Darmstadt - A European Perspective

* Volker Metag, Perspectives of Hadron Physics
at FAIR

e Paul Kienle, Our fields of research
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