
The ORIGINS 
Cluster of Excellence

– Torsten Dahms –

Excellence Cluster Universe - TUM


KHuK Jahrestagung 2018

December 7th, 2018



From the Origin of the Universe 
to the First Building Blocks of Life 



Max Planck Institute 
for Extraterrestrial
Physics (MPE)

Max Planck 
Institute for 
Physics (MPP)

Leibniz Supercomputing
Centre (LRZ)

Max Planck Institute 
of Biochemistry 
(MPIB)

Max Planck Institute 
for Plasma Physics
(IPP), MPG, Helmholtz

European Southern 
Observatory 
(ESO)

Max Planck Institute for
Astrophysics (MPA)

Deutsches Museum 
Munich

From the Origin of the Universe 
to the First Building Blocks of Life 



Origins Motivation and Basis

3

What is the structure of  the Universe? 

How did it form and evolve? 

How did life emerge? 

Are we alone in the Universe?
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Conjecture:

The Universe and life unfolded from initial conditions laid out in the Big Bang

What is the structure of  the Universe? 

How did it form and evolve? 

How did life emerge? 

Are we alone in the Universe?
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RUs are strongly interlinked 
by the

hierarchy

• Backbone of ORIGINS
• Fundamental nodes with focused research
• Subareas joined by researchers from 

different communities
• Milestones
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RU-D
Formation of stars and planets
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Diversity of planet-forming environments,
best suited for life to emerge

S
S

S
S

S S
S

R
SS

S

R

R
SR S

SS
R

SRS



Origins Research Units

8

RU-D
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The cosmic web

Cosmological parameters

Magneticum simulation

Precise determination of cosmological 
models and cosmic acceleration
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 RU-A
New physics: TeV—GeV scale

Planck Scale: spacetime
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New physics: TeV—GeV scale

Planck Scale: spacetime

Fine-tuned Universe

Is life inevitable?

Origin of
spacetime
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• Addressing complex interlinked processes
• Collaborations beyond single disciplines
• Out-of-the-box thinking

Understanding the Universe requires
   At present 9 connectors

The Interconnected Universe

• Contains strictly interdisciplinary connectors
• Addresses overarching scientific questions

                               +
• Triggers new technologies and concepts
• Trains a new generation of scientists
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Details of ODSL
and

Two Connectors

ODSL

On What Follows
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Origins Data Science Laboratory (ODSL)

A resource for all cluster scientists and a source of innovative developments in data science
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Cosmological simulation: record 2 109 
elements, area of 12.5 billion light years global analysis of SM parameters (CKM)

http://www.magneticum.org

A resource for all cluster scientists and a source of innovative developments in data science

A significant extension of the successful C2PAP from the Excellence Cluster Universe
2 ⋅1011

Origins Data Science Laboratory (ODSL)

Bayesian Analysis 
Toolkit
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Science Case #3: Indirect Dark Matter Detection
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Origins Laboratory for Rapid Space Missions

• Develop experiments for cube sats and 
balloon missions

• Indirect dark matter detection via 
antiprotons or antideuterons
‣ Big advantage of antideuteron: negligible 

production in SM processes

(1) Direct Production
! + # → ! + ! + !̅ + &

#: (60% Hydrogen
40% Helium

kinematic threshold (lab frame): 9: = 6<: ≈ 5.63 GeV

(1a) prompt hadronization
(1b) weak decay of hyperons (C~10FGH s)

JΛ → !̅ + LM (Br: 63.9 ± 0.5%)
SΣM → !̅ + LH (Br: 51.6 ± 0.3%)

Uhyp
Uprompt

= 0.2 − 0.3

(2) Decay of Antineutrons (CRANbarD)
S[ → !̅ + \M + ]^

Science Case #2: Radiation-Belt Antiprotons
Page 42 Technical University of Munich  |  M.J. Losekamm  |  ORIGINS LRSM Overview

• Unknown low-energy antimatter inelastic scattering cross sections 
→ crucial input to determine flux
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Origins Laboratory for Rapid Space Missions

• Develop experiments for cube sats and 
balloon missions

• Indirect dark matter detection via 
antiprotons or antideuterons
‣ Big advantage of Antideuteron: negligible 

production in SM processes

(1) Direct Production
! + # → ! + ! + !̅ + &

#: (60% Hydrogen
40% Helium

kinematic threshold (lab frame): 9: = 6<: ≈ 5.63 GeV

(1a) prompt hadronization
(1b) weak decay of hyperons (C~10FGH s)

JΛ → !̅ + LM (Br: 63.9 ± 0.5%)
SΣM → !̅ + LH (Br: 51.6 ± 0.3%)

Uhyp
Uprompt

= 0.2 − 0.3

(2) Decay of Antineutrons (CRANbarD)
S[ → !̅ + \M + ]^

Science Case #2: Radiation-Belt Antiprotons
Page 42 Technical University of Munich  |  M.J. Losekamm  |  ORIGINS LRSM Overview

• Unknown low-energy antimatter inelastic scattering cross sections 
→ crucial input to determine flux

• Idea: Measure antimatter annihilation in detector material of ALICE
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Connector 6: Cosmic Accelerators — 100-Year Old Puzzle



Record particle: 3×1020 eV –              
equivalent to a baseball thrown at 160 km/hr
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Connector 6: Cosmic Accelerators — 100-Year Old Puzzle
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Blazars (Active Galactic Nuclei with jet pointing towards us)
 populate the gamma-ray sky. 

Are they also sources of cosmic particles?

LHC energy scale
↑

↑
Photon 

attenuation ↑Neutrino 
window

Connector 6: Multi-Messenger Astronomy
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CN-6.1: Multi-Messenger; Resconi-TUM, Paneque-MPP, Padovani-ESO

Credit: IceCube/NASA

RESEARCH ARTICLE SUMMARY
◥

NEUTRINO ASTROPHYSICS

Multimessenger observations of a
flaring blazar coincident with
high-energy neutrino IceCube-170922A
The IceCube Collaboration, Fermi-LAT, MAGIC, AGILE, ASAS-SN, HAWC, H.E.S.S.,
INTEGRAL, Kanata, Kiso, Kapteyn, Liverpool Telescope, Subaru, Swift/NuSTAR,
VERITAS, and VLA/17B-403 teams*†

INTRODUCTION: Neutrinos are tracers of
cosmic-ray acceleration: electrically neutral
and traveling at nearly the speed of light, they
can escape the densest environments andmay
be traced back to their source of origin. High-
energy neutrinos are expected to be produced
in blazars: intense extragalactic radio, optical,
x-ray, and, in somecases, g-ray sources
characterized by relativistic jets of
plasma pointing close to our line of
sight. Blazars are among the most
powerful objects in the Universe and
are widely speculated to be sources
of high-energy cosmic rays. These cos-
mic rays generate high-energy neutri-
nos and g-rays, which are produced
when the cosmic rays accelerated in
the jet interact with nearby gas or
photons. On 22 September 2017, the
cubic-kilometer IceCube Neutrino
Observatory detected a ~290-TeV
neutrino from a direction consistent
with the flaring g-ray blazar TXS
0506+056. We report the details of
this observation and the results of a
multiwavelength follow-up campaign.

RATIONALE:Multimessenger astron-
omy aims for globally coordinated
observations of cosmic rays, neutri-
nos, gravitational waves, and electro-
magnetic radiation across a broad
range of wavelengths. The combi-
nation is expected to yield crucial
information on the mechanisms
energizing the most powerful astro-
physical sources. That the produc-
tion of neutrinos is accompanied by
electromagnetic radiation from the
source favors the chances of a multi-
wavelength identification. In par-
ticular, a measured association of
high-energy neutrinos with a flaring
source of g-rays would elucidate the
mechanisms and conditions for ac-
celeration of the highest-energy cos-

mic rays. The discovery of an extraterrestrial
diffuse flux of high-energy neutrinos, announced
by IceCube in 2013, has characteristic prop-
erties that hint at contributions from extra-
galactic sources, although the individual sources
remain as yet unidentified. Continuously mon-
itoring the entire sky for astrophysical neu-

trinos, IceCube provides real-time triggers for
observatories around the world measuring
g-rays, x-rays, optical, radio, and gravitational
waves, allowing for the potential identification
of even rapidly fading sources.

RESULTS: A high-energy neutrino-induced
muon trackwas detected on22 September 2017,
automatically generating an alert that was

distributed worldwide
within 1 min of detection
and prompted follow-up
searchesby telescopesover
a broad range of wave-
lengths. On 28 September
2017, theFermiLargeArea

Telescope Collaboration reported that the di-
rection of the neutrino was coincident with a
cataloged g-ray source, 0.1° from the neutrino
direction. The source, a blazar known as TXS
0506+056 at a measured redshift of 0.34, was
in a flaring state at the time with enhanced
g-ray activity in the GeV range. Follow-up ob-
servations by imaging atmospheric Cherenkov
telescopes, notably the Major Atmospheric

Gamma ImagingCherenkov (MAGIC)
telescopes, revealed periods where
the detected g-ray flux from the blazar
reached energies up to 400GeV.Mea-
surements of the source have also
been completed at x-ray, optical, and
radio wavelengths. We have inves-
tigated models associating neutrino
and g-ray production and find that
correlation of the neutrino with the
flare of TXS 0506+056 is statistically
significant at the level of 3 standard
deviations (sigma). On the basis of the
redshift of TXS 0506+056, we derive
constraints for the muon-neutrino
luminosity for this source and find
them to be similar to the luminosity
observed in g-rays.

CONCLUSION: The energies of the
g-rays and the neutrino indicate that
blazar jetsmay accelerate cosmic rays
to at least several PeV. The observed
association of a high-energy neutrino
with a blazar during a period of en-
hanced g-ray emission suggests that
blazarsmay indeed be one of the long-
sought sources of very-high-energy
cosmic rays, andhence responsible for
a sizable fraction of the cosmic neu-
trino flux observed by IceCube.▪

RESEARCH

The IceCube Collaboration et al., Science 361, 146 (2018) 13 July 2018 1 of 1

The list of author affiliations is available in the full
article online.
*The full lists of participating members for each
team and their affiliations are provided in the
supplementary materials.
†Email: analysis@icecube.wisc.edu
Cite this article as IceCube Collaboration et al.,
Science 361, eaat1378 (2018). DOI: 10.1126/
science.aat1378

Multimessenger observations of blazar TXS 0506+056.The
50% and 90% containment regions for the neutrino IceCube-
170922A (dashed red and solid gray contours, respectively),
overlain on a V-band optical image of the sky. Gamma-ray sources
in this region previously detected with the Fermi spacecraft are
shown as blue circles, with sizes representing their 95% positional
uncertainty and labeled with the source names. The IceCube
neutrino is coincident with the blazar TXS 0506+056, whose
optical position is shown by the pink square. The yellow circle
shows the 95% positional uncertainty of very-high-energy g-rays
detected by the MAGIC telescopes during the follow-up campaign.
The inset shows a magnified view of the region around TXS 0506+056
on an R-band optical image of the sky. IM
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Read the full article
at http://dx.doi.
org/10.1126/
science.aat1378
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Credit: Alexey Petrenko/CERN.

Artists impression of the AWAKE protons (red) micro-bunched by the plasma wakefield (blue).  

AWAKE (CERN) = proof-of-principle plasma wakefield accelerator experiment 

CN-6.4: Acceleration Mechanisms Validation: Caldwell-MPP, Muggli-MPP
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CN-7: Extreme Matter: Brambilla-TUM, Fabbietti-TUM, Janka-MPA



ALI-PREL-144801
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CN-7.1: Equation of state of Neutron Star Matter

Valentina Mantovani Sarti (TUM Physics Department – E62)04.12.2018 – ZIMÁNYI WINTER SCHOOL (Budapest)

Neutron Stars

7

• Very high density in the interior
• Rotating object emitting Synchrotron radiation in 

Radio-Frequency (Pulsar character)
• Mass measured in binary systems with White 

Dwarfs (Shapiro Delay, WD Spectroscopy)
• Radius Measurement very difficult

What is inside Neutron Stars??

density

Outer Crust:
Ions, electrons Gas, 
Neutrons

Inner Core: ??
Neutrons ?? Protons ??
Hyperons  ??
Quark Matter ??

Courtesy of Shutterstock

What is inside a neutron star? Radius-mass relation strongly depends on EOS

only interact via the two-body ΛN potential. As a matter of
fact, within the AFDMC framework hypernuclei turn out to
be strongly overbound when only the ΛN interaction is
employed [34,35]. The inclusion of the repulsive three-
body force [model (I)], stiffens the EOS and pushes the
threshold density to 0.34ð1Þ fm−3. In the inset of Fig. 1 the
neutron and lambda fractions are shown for the two
HNM EOSs.
Remarkably, we find that using the model (II) for ΛNN

the appearance of Λ particles in neutron matter is ener-
getically unfavored at least up to ρ ¼ 0.56 fm−3, the largest
density for which Monte Carlo calculations have been
performed. In this case the additional repulsion provided by
the model (II) pushes ρthΛ towards a density region where
the contribution coming from the hyperon-nucleon poten-
tial cannot be compensated by the gain in kinetic energy. It
has to be stressed that (I) and (II) give qualitatively similar
results for hypernuclei. This clearly shows that an EOS
constrained on the available binding energies of light
hypernuclei is not sufficient to draw any definite conclusion
about the composition of the neutron star core.
The mass-radius relations for PNM and HNM obtained

by solving the Tolman-Oppenheimer-Volkoff equations
[62] with the EOSs of Fig. 1 are shown in Fig. 2. The

onset of Λ particles in neutron matter sizably reduces the
predicted maximum mass with respect to the PNM case.
The attractive feature of the two-body ΛN interaction leads
to the very low maximum mass of 0.66ð2ÞM⊙, while the
repulsive ΛNN potential increases the predicted maximum
mass to 1.36ð5ÞM⊙. The latter result is compatible with
Hartree-Fock and Brueckner-Hartree-Fock calculations
(see for instance Refs. [2–5]).
The repulsion introduced by the three-body force plays a

crucial role, substantially increasing the value of the Λ
threshold density. In particular, when model (II) for the
ΛNN force is used, the energy balance never favors the
onset of hyperons within the density domain that has been
studied in the present work (ρ ≤ 0.56 fm−3). It is interest-
ing to observe that the mass-radius relation for PNM up to
ρ ¼ 3.5ρ0 already predicts a NS mass of 2.09ð1ÞM⊙ (black
dot-dashed curve in Fig. 2). Even if Λ particles appear at
higher baryon densities, the predicted maximum mass will
be consistent with present astrophysical observations.
In this Letter we have reported on the first quantum

MonteCarlo calculations for hyperneutronmatter, including
neutrons andΛ particles. As already verified in hypernuclei,
we found that the three-body hyperon-nucleon interaction
dramatically affects the onset of hyperons in neutron matter.
When using a three-body ΛNN force that overbinds hyper-
nuclei, hyperons appear at around twice the saturation
density and the predicted maximum mass is 1.36ð5ÞM⊙.
By employing a hyperon-nucleon-nucleon interaction
that better reproduces the experimental separation energies
of medium-light hypernuclei, the presence of hyperons is
disfavored in the neutron bulk at least up to ρ ¼ 0.56 fm−3

and the lower limit for the predicted maximum mass is
2.09ð1ÞM⊙. Therefore, within the ΛN model that we have
considered, the presence of hyperons in the core of the
neutron stars cannot be satisfactorily established and thus
there is no clear incompatibility with astrophysical obser-
vations when lambdas are included. We conclude that in
order to discuss the role of hyperons—at least lambdas—in
neutron stars, the ΛNN interaction cannot be completely
determined by fitting the available experimental energies in
Λ hypernuclei. In other words, the Λ-neutron-neutron
component of the ΛNN force will need both additional
theoretical investigation, possibly within different frame-
works such as chiral perturbation theory [63,64], and a
substantial additional amount of experimental data, in
particular for highly asymmetric hypernuclei and excited
states of the hyperon.

We would like to thank J. Carlson, S. C. Pieper, S.
Reddy, A.W. Steiner, W. Weise, and R. B. Wiringa for
stimulating discussions. The work of D. L. and S. G. was
supported by the U.S. Department of Energy, Office of
Science, Office of Nuclear Physics, under the NUCLEI
SciDAC grant and A. L. by the Department of Energy,
Office of Science, Office of Nuclear Physics, under
Contract No. DE-AC02-06CH11357. The work of S. G.
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FIG. 2 (color online). Mass-radius relations. The key is the
same as of Fig. 1. Full dots represent the predicted maximum
masses. Horizontal bands at ∼2M⊙ are the observed masses of
the heavy pulsars PSR J1614-2230 [18] and PSR J0348þ 0432
[19]. The grey shaded region is the excluded part of the plot due
to causality.

TABLE II. Fitting parameters for the function f defined in
Eq. (4) for different hyperon-nucleon potentials.

Hyperon-nucleon potential c1½MeV& c2½MeV&
ΛN −71.0ð5Þ 3.7(3)
ΛN þ ΛNN (I) −77ð2Þ 31.3(8)
ΛN þ ΛNN (II) −70ð2Þ 45.3(8)

PRL 114, 092301 (2015) P HY S I CA L R EV I EW LE T T ER S
week ending

6 MARCH 2015

092301-4

D. Lonardoni, et al. PRL 114 (2015) 092301
EOS depends on particle interactions 
→ study strange–nucleon and hyperon–nucleon 
interactions using femtoscopic methods in pp 
collisions in ALICE
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only interact via the two-body ΛN potential. As a matter of
fact, within the AFDMC framework hypernuclei turn out to
be strongly overbound when only the ΛN interaction is
employed [34,35]. The inclusion of the repulsive three-
body force [model (I)], stiffens the EOS and pushes the
threshold density to 0.34ð1Þ fm−3. In the inset of Fig. 1 the
neutron and lambda fractions are shown for the two
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repulsive ΛNN potential increases the predicted maximum
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(see for instance Refs. [2–5]).
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threshold density. In particular, when model (II) for the
ΛNN force is used, the energy balance never favors the
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ing to observe that the mass-radius relation for PNM up to
ρ ¼ 3.5ρ0 already predicts a NS mass of 2.09ð1ÞM⊙ (black
dot-dashed curve in Fig. 2). Even if Λ particles appear at
higher baryon densities, the predicted maximum mass will
be consistent with present astrophysical observations.
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neutrons andΛ particles. As already verified in hypernuclei,
we found that the three-body hyperon-nucleon interaction
dramatically affects the onset of hyperons in neutron matter.
When using a three-body ΛNN force that overbinds hyper-
nuclei, hyperons appear at around twice the saturation
density and the predicted maximum mass is 1.36ð5ÞM⊙.
By employing a hyperon-nucleon-nucleon interaction
that better reproduces the experimental separation energies
of medium-light hypernuclei, the presence of hyperons is
disfavored in the neutron bulk at least up to ρ ¼ 0.56 fm−3

and the lower limit for the predicted maximum mass is
2.09ð1ÞM⊙. Therefore, within the ΛN model that we have
considered, the presence of hyperons in the core of the
neutron stars cannot be satisfactorily established and thus
there is no clear incompatibility with astrophysical obser-
vations when lambdas are included. We conclude that in
order to discuss the role of hyperons—at least lambdas—in
neutron stars, the ΛNN interaction cannot be completely
determined by fitting the available experimental energies in
Λ hypernuclei. In other words, the Λ-neutron-neutron
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the heavy pulsars PSR J1614-2230 [18] and PSR J0348þ 0432
[19]. The grey shaded region is the excluded part of the plot due
to causality.

TABLE II. Fitting parameters for the function f defined in
Eq. (4) for different hyperon-nucleon potentials.

Hyperon-nucleon potential c1½MeV& c2½MeV&
ΛN −71.0ð5Þ 3.7(3)
ΛN þ ΛNN (I) −77ð2Þ 31.3(8)
ΛN þ ΛNN (II) −70ð2Þ 45.3(8)
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Neutron stars: extreme isospin asymmetry 
→ large effects from symmetry energy
Study in few-GeV heavy-ion reactions with HADES and 
R3B based on measured charged pion and kaon ratios

EOS depends on particle interactions 
→ study strange–nucleon and hyperon–nucleon 
interactions using femtoscopic methods in pp 
collisions in ALICE
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CN-7.4: Monte Carlo Applications and Development Center

Synergy?!

Bring Monte Carlo methods
from transport simulations of heavy ion collisions 
(e.g. UrQMD) 
to simulations of Super Novae explosions

Credit: Scheck, MPA
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