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Norbert Pietralla, TU Darmstadt

Nuclear Physics at TU Darmstadt
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University Profile

Medium Size University of Technology: 25,000 students, 300 professors

50% Engineering, 35% Natural Sciences, 15% Humanities and Social Sciences

Profile Areas of Research Excellence at TU Darmstadt

Cyber Security

Energy Systems of the Future

Future Internet 

Matter and Radiation Science

Thermo-Fluids Interfaces

From Materials to Product Innovation
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Matter and Radiation Science 

Institute for
Nuclear
Physics

Photo:
Magnets at the

S-DALINAC

• Radiation Biophysics

• Nuclear Structure Physics

• Nuclear Astrophysics

• Dense Nuclear Matter 

• Atomic and Plasmaphysics

• Nuclear Photonics

• Accelerator Physics

• Accelerator Electrical Engineering

• Radiation Material Science
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Faculty – Strategic Appointments

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Jens Braun, Theoretical Nuclear Physics             (W2-Heisenberg/2018)

Wilfried Nörtershäuser, Experimental Nuclear and Atomic Physics  (W2)

Thomas Aumann, Experimental Nuclear Physics                                                                          (W3)

Achim Schwenk, Theoretical Nuclear Physics                                                                               (W3)

Hans-W. Hammer, Theoretical Nuclear Physics          (W2)

Gabriel Martínez-Pinedo, Theoretical Nuclear Astrophysics                           (W3)

Tetyana Galatyuk, Exp. Heavy-Ion Physics         (W2/2016)

Guy Moore, QCD                                 (W3)

A. Obertelli    (AvH-W3)
strongest university

development
in nuclear structure

and nuclear
astrophysics in 

Germany  
Almudena Arcones, Theoretical Astrophysics (W2/2016)

Verena Spatz, Phys. Edu.      (W1) 
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Institute for Nuclear Physics

250 Members

55 permanent

~135 third-party fundg

55 students working
on graduation theses

special profile:

Electron linear 
accelerator
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Superconducting Darmstadt Electron
Linear Accelerator (S-DALINAC)

Since 1991:
First superconducting recirculating linear accelerator in Europa
Significant third-party funding (> 42 Mio.€)             
(GRK 410, FOR 272, SFB 634, SFB 1245, GRK 2128) 

Since 2017:
First Energy-recovery linac in Germany
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N. Pietralla, 

Nuclear Physics News 
28 (2), 4 (2018).
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S-DALINAC 
Superconducting-DArmstadt-LINear-ACcelerator

Thermionic 
Gun

5 m
Spin-Polarized 
Electron Gun

Injector

LINAC

DHIPS

Recirculation Beam Lines

NEPTUN

QCLAM Magnet 
Spectrometer

169° LINTOTT Magnet 
Spectrometer

180° Setup@ 
QCLAM

Beam current:  20 µA (@130 MeV)

Thrice recirculating operation
Energy gain injector:
Energy gain LINAC:

7.6 MeV (10 MeV)
30.4 MeV
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S-DALINAC 
Superconducting-DArmstadt-LINear-ACcelerator

Particle current: 1014 pro sec.
1012 pro sec.

Fastest particle beams with highest fluence in Darmstadt
S-DALINAC:
GSI / FAIR:

99,999% c
99,875% c

Thermionic 
Gun

5 m
Spin-Polarized 
Electron Gun

Injector

LINAC

DHIPS

Recirculation Beam Lines

NEPTUN

QCLAM Magnet 
Spectrometer

169° LINTOTT Magnet 
Spectrometer

180° Setup@ 
QCLAM
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Nuclear Physics at TU Darmstadt

A few examples from

• Accelerator Physics
• Radiation Physics
• Nuclear Structure Physics

• Experiment

• Theory

• Nuclear Astrophysics
• Dense QCD Matter
• Nuclear Photonics
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S-DALINAC‘s third recirculation 2015/16
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2016: Completion and fit for ERL

New beam line
including 360° path length

adjustment system

New separation
dipole

330 mm
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Overview Operation Modes / Commissioning

Injector

1x recirculating

3x recirculating

Single pass

1x ERL

2x ERL

December
2016

December
2016

in preparation

August 2017

November 
2018

May
2017

• Modification lattice 2015/2016
• Refurbishment cryoplant 2018

• Commissioning of modes
following beam time schedule
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Data taken in four phases:

• Phase 1 (ERL Operation): one accelerated and one decelerated beam

• Phase 2 (no beam): RF operation of cavity without beam

• Phase 3 (1x acc.): one accelerated beam

• Phase 4 (2x acc.): two accelerated beams

2017: First ERL in Germany

A1SC01 ERL-Cup

E0F1-Cup

Thermionic GunInjector LINAC

Main LINAC

Recirculations

• Energy gain injector:
• Energy gain LINAC:
• Current (Iin):

2.5 MeV
20.0 MeV

1.2 µA



30.9.2019  |  EPS Nucl. Phys. Div., GSI  |  Nuclear Physics @ TU Darmstadt  |  Professor Dr. Norbert Pietralla |  TU Darmstadt                               16

Once-Recirculating ERL Operation

M. Arnold et al., First Operation of the S-DALINAC as an Energy Recovery Linac, Phys. Rev. Accel. Beams, submitted (Sept. 2019).

K. Sonnabend, Physik Journal 10, 7 (2017).
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Nuclear Physics at TU Darmstadt

A few examples from

• Accelerator Physics
• Radiation Physics
• Nuclear Structure Physics

• Experiment

• Theory

• Nuclear Astrophysics
• Dense QCD Matter
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First Order Radioactive Decay Processes

~ 1900:    Henri Becquerel, Marie Curie, 
Ernest Rutherford, Paul U. Villard, ...

α-decay β-decay γ-decay 
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Radioactive decay: Second order

double β-decay
2νββ (0νββ)

competitive double γ-decay 
“γγ/γ”

First discussed by Maria Göppert-Mayer 
in her doctoral thesis (with Max Born)
“Über Elementarakte mit zwei
Quantensprüngen” (1930)

first evidence in the laboratory:
S. Elliot, A. Hahn, and M. Moe, 
PRL 59, 2020 (1987)

Nobel-prize
Physics 1963
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Discovery of the
Competitive Double-γ Nuclear Decay

A2γ(72o) = 693(95) counts

Γγγ/Γγ(72o) = 1.56(23) 10-6

7.3 σ

γγ/γ – angular distribution
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Ca

O

• Establish connection to QCD 
via chiral EFT

• Develop ab initio approaches 
for medium-mass nuclei

• Enable precision 
calculations with 
fully quantified 
uncertainties 

Structure of light and medium-mass nuclei

Theory

Experiment

• Precision experiments 
for electromagnetic 
observables

• Laser spectroscopy plus 
precision atomic theory 
for charge radii

Strong
experiment–theory 

synergies

Ni

Sn
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Hot and Dense QCD Matter
Galatyuk group, Moore group

QCD phase diagram
Electromagnetic probes of the stages of HICs 
Complete excitation function of dilepton production
HADES, CBM @ GSI, FAIR
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Nuclear Physics @ Darmstadt: FAIR
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Profile Area: Matter and Radiation Science –
Research Environment

Heavy Ion Research
(State Funds) RTG 2128 AccelencE Humboldt Professorship

LOEWE Focus Area
(State Funds)

- EUROPIUM
- PUMA
- GreatMoves (GSI)

Strategic Cooperation
with GSI

Heisenberg Professorship

NUSTAR.de
Coordination of German 

Nuclear Structure Community 
CRC/TRR 211 Strong-interaction

under extreme conditions
Max Planck Fellowship
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