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Gamma-ray Astronomy
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Gamma-ray Astronomy
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RS Ophiuchi: White Dwarf matter accretion 
leads to recurrent nova from thermo-
nuclear explosion every 9-26 years

H. E. S. S. Collaboration et al., Science 376, 6588, 77-80, 2022

Efficient particle acceleration in a recurrent nova

https://doi.org/10.1126/science.abn0567
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H. E. S. S. Collaboration et al., Science 376, 6588, 77-80, 2022

Efficient particle acceleration in a recurrent nova

Gamma-ray Astronomy

• 2021: Discovery of VHE gamma rays  
(> 100 GeV) with H.E.S.S.


• Observation of acceleration over time scale 
of a month


• Spectral evolution with time points to 
cosmic hadron (not lepton) accelerator


• Particle acceleration at theoretical limit in 
astrophysical shocks, support for supernova 
remnant paradigm of cosmic rays

more time  ! higher energies

T0 + 1 day

https://doi.org/10.1126/science.abn0567
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CTA: The future global open observatory

Gamma-ray Astronomy

• La Palma (N) and Paranal (S), 5-year construction to start in 2023


• The funded Alpha Configuration meets many of the original requirements


• Low-energy extension of Southern array recently funded (Corona recovery funds, Italy)

• Science Data Management Center under construction 
at DESY Zeuthen (from 2024 on: up to 30 persons)


• SDMC hosts data and software services of CTA  
and will provide user support and data access
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Ultraviolet Transient Astronomy Satellite
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© IAI

• 200 deg2 field of view

• 5 min transients published 

within < 30 min

• Mission by Israel Space 

Agency, Weizmann Institute, 
DESY (camera) and NASA 
(launch)


• In orbit for O5 of LIGO-VIRGO-
KAGRA (2025)

See > 50% of the sky at any time, rapid 
localisation of NS mergers and SNe for alerts

UV sensors 
ULTRASAT 
camera:

Exploring the dynamic ultraviolet sky
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Neutrino Astronomy
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IceCube & Multimessenger Astronomy
Highlight: Tidal Disruption Events (TDEs)

Candidate Tidal Disruption Event AT2019fdr Coincident with a High-Energy Neutrino

• Recap: First TDE discovered in 
coincidence with an IceCube neutrino 
(Stein et al., Nature Astronomy, 2021). 


• Now: Second TDE in coincidence with a 
high-energy neutrino ➜ data from 
IceCube & Zwicky Transient Facility 
(ZTF), along with AMPEL multi-
messenger framework operated at DESY. 


• Close collaboration between theory and 
experiment (see MU Days 2021).

Reusch et al., PRL 128 (2022) 221101
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• Seven new, densely instrumented strings inside the 
DeepCore volume:


• GeV neutrino physics (unitarity of PMNS matrix, 
search for sterile neutrinos, neutrino mass ordering)


• Improved calibration for re-analysis of 10+ years 
of IceCube data


• R&D for IceCube-Gen2


• Field seasons 2020/21, 21/22, and 22/23 canceled due 
to COVID, but the project has been successfully re-
baselined for deployment in 2025/26.


• Main sensor (mDOM) now being produced in 
a collaboration of German Universities with  
DESY and KIT.  

IceCube Upgrade
Extending the GeV neutrino physics programme

10

See talk by Summer Blot (Fri)
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IceCube surface instrumentation
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Goals:

• Improve cosmic ray physics (0.1 PeV – 1 EeV)

• Calibrate IceCube and improve veto capabilities 

• Test hadronic interaction models

• R&D surface array for IceCube-Gen2 


• Plan 30 stations: each 8 scintillation detectors, 
3 radio antennas and hybrid DAQ


• Fully funded; one third now produced


• First station in operation at South Pole, 6 further 
stations are on site 


• Due to COVID delays we installed one station at the 
Pierre Auger Observatory in Argentina and one 
station at the Telescope Array in Utah, US.

Enhancing IceTop with hybrid stations of scintillation detectors and radio antennas



Topic MU-MRU

Radio Neutrino Detection
RNO-G - now already the world’s largest neutrino detector
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• A “small” project (for astroparticle physics): < 70 authors


• Lead institutions: U Chicago, DESY, VU Brussels


• Pathfinder mission for IceCube-Gen2 

Progress as of now:

• Second installation season just finished, 7 stations (of 35) running


• 2 stations equipped with wind-turbines, very  
promising, success will add 35% more live time


• Hardware availability will determine schedule for  
2023 and onwards, 35 stations anticipated for 2025


• Factor 10 sensitivity gain over current instruments! 

RNO-G will have the sensitivity to detect high-energy 
neutrinos at ~1018 eV
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Cosmic Rays

13© Lorenzo Caccianiga
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CORSIKA 8 – the next-generation simulation framework
Complete rewrite of CORSIKA in modern C++
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• Community effort coordinated by KIT

• ~35 on-site participants at recent workshop

• for details see GitLab webpage


• Many milestones have been reached, such as

• full hadronic and electromagnetic cascades

• radio-emission simulation

• Cherenkov-light simulation

• cross-media showers

• multi-threaded simulations


• Experts are very welcome to join us already now, 
first beta release ideally before ICRC2023

https://gitlab.iap.kit.edu/AirShowerPhysics/corsika/-/wikis/home
https://gitlab.iap.kit.edu/AirShowerPhysics/corsika/-/wikis/home
https://gitlab.iap.kit.edu/AirShowerPhysics/corsika/-/wikis/home
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AugerPrime
The upgrade (= phase II) of the Pierre Auger Observatory
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TeVPA 2022, Kingston (ON, Canada), August 2022Fred Sarazin (fsarazin@mines.edu)
Physics Department, Colorado School of Mines

AugerPrime (Phase II): the upgrade of the Pierre Auger Observatory

PHASE I: (ended in 2021)
• Exposure: 80,000 km2.sr.yr (q<60º)

PHASE II (8 years of operation starting 2022/23):
• Projected exposure: 40,000 km2.sr.yr (q<60º)
• Use the SD (100% duty factor) more effectively 

for mass composition information on an event by 
event basis

PHASE II detector upgrade:
• Two detector additions to every SD stations:

• Scintillator detector (SSD) - q<60º
• Radio antenna – q>60º

• Plus: 
• New electronics
• Small PMT (1’’ diameter) to increase the 

dynamic range of each WCD
• Buried muon counters in the in-fill array

radio

TeVPA 2022, Kingston (ON, Canada), August 2022Fred Sarazin (fsarazin@mines.edu)
Physics Department, Colorado School of Mines

AugerPrime (Phase II): the upgrade of the Pierre Auger Observatory

PHASE I: (ended in 2021)
• Exposure: 80,000 km2.sr.yr (q<60º)

PHASE II (8 years of operation starting 2022/23):
• Projected exposure: 40,000 km2.sr.yr (q<60º)
• Use the SD (100% duty factor) more effectively 

for mass composition information on an event by 
event basis

PHASE II detector upgrade:
• Two detector additions to every SD stations:

• Scintillator detector (SSD) - q<60º
• Radio antenna – q>60º

• Plus: 
• New electronics
• Small PMT (1’’ diameter) to increase the 

dynamic range of each WCD
• Buried muon counters in the in-fill array

radio

Water Cherenkov Detectors enhanced by

• Surface Scintillation Detector (SSD, <60°)

• Radio antenna (RD, inclined showers >60°)

• Small PMTs to increase dynamic range

• New electronics (faster, more channels)

Plus:

• Underground muon counting array

• Increased duty cycle of Fluorescence Detectors

Key goal: Event-by event primary mass information

• Composition-enhanced anisotropy studies

• Improved test of hadronic interactions
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AugerPrime
Goal: 8 years of operation starting in 2022/23

16

Legend: 
 
Scintillator deployed 
+ acquiring data 
 
Radio array (not shown): 
full 3000 km2 

(1660 antennas) 
to be completed in 2023

Status MU Days 2021 Status MU Days 2022
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Anisotropies
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PoS(ICRC2021)335

Large-scale and multipolar anisotropies at the Pierre Auger Observatory R. M. de Almeida

⇢ (EeV) # 3? 3I 3 U3 [�] X3 [�] P(� AU1 )
4-8 106, 290 0.01+0.006

�0.004 �0.012 ± 0.008 0.016+0.008
�0.005 97 ± 29 �48+23

�22 1.4 ⇥ 10�1

8-16 32, 794 0.055+0.011
�0.009 �0.03 ± 0.01 0.063+0.013

�0.009 95 ± 10 �28+12
�13 3.1 ⇥ 10�7

16-32 9, 156 0.072+0.021
�0.016 �0.07 ± 0.03 0.10+0.03

�0.02 81 ± 15 �43+14
�14 7.5 ⇥ 10�4

�8 44, 398 0.059+0.009
�0.008 �0.042 ± 0.013 0.073+0.011

�0.009 95 ± 8 �36+9
�9 5.1 ⇥ 10�11

�32 2, 448 0.11+0.04
�0.03 �0.12 ± 0.05 0.16+0.05

�0.04 139 ± 19 �47+16
�15 1.0 ⇥ 10�2

Table 1: 3D dipole reconstruction. Shown are the number of events # , dipole components in the equatorial
plane 3? and along the rotation axis of the Earth 3I , the total 3D amplitude 3, dipole direction (U3 , X3) and
the probability to get a larger amplitude of AU1 from fluctuations of an isotropic distribution.

Figure 1: Left panel:. Distribution of the normalized rate of events with energy above 8 EeV as a function
of the right ascension. The first-harmonic modulation obtained through the Rayleigh analysis is shown by a
black solid line. Right panel: Map of the flux of cosmic rays above 8 EeV in equatorial coordinates averaged
on top-hat windows of 45� radius. The location of the Galactic plane is shown with a dashed line and the
Galactic center is indicated with a star.

bin, averaged on top-hat windows of 45� radius is presented in the right panel of the same figure
in equatorial coordinates. The dipole direction points ⇠ 115� away from the direction of the
Galactic centre indicating an extragalactic origin for these cosmic rays, in agreement with previous
publications [6, 7].

The dipole amplitudes as a function of energy are presented in the left panel of Fig. 2. The
evolution can be described as done in [6] by 3 = 310(⇢/10 EeV)V with 310 = 0.050 ± 0.007 and
V = 0.98 ± 0.15. The reconstructed direction of the dipolar anisotropy for the di�erent energy bins
is shown in the right panel of Fig.2 with corresponding 68% C.L. contours of equal probability per
unit solid angle, marginalized over the dipole amplitude. There is no clear trend in the change of
the dipole direction as a function of energy considering the present accuracy. The growth of the
dipole amplitude as a function of energy can be a consequence of the larger relative contribution
from nearby sources to the flux at higher energies with respect to the integrated flux from the
more distant and isotropically distributed sources [10–18]. This suppression in the flux of sources
at larges distances is expected to result from the interaction of UHECRs with the background
radiation [19, 20]. Interpretation of the reconstructed dipole directions for the di�erent energy
bins requires taking into account the magnetic deflections of the particles during their trajectory

4

• Increase of the dipole amplitude as function of energy.  
No evidence for quadrupolar structure.


• Dipole structure remains centered in same region.

• Location of the dipole is consistent with mixed  

composition deflected by galactic magnetic fields.

Dipolar anisotropy at 6.6 σ (E > 8 EeV)           Composition-enhanced anisotropy using FD data

E. Mayotte for the Pierre Auger Collaboration, ICRC 2021 #321

Paper to be submitted to JCAP

PoS(ICRC2021)321
Indication of a mass-dependent anisotropy above 1018.7 eV Eric Mayotte

is expected to be both deeper in h-maxi and wider in f (-max), this correlated di�erence in the first
two moments indicates that the on-plane region has a heavier mean mass than that of the o�-plane
region above 1018.7 eV. This behavior over a wide range in energy is in line with the prediction from
the hypothesis and would be highly unlikely to occur by chance in this many independent bins.
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Figure 7: The -max moments of the on- and o�-plane regions.

Composition map In Figure 8, a map of the relative composition of cosmic rays above 1018.7 eV
is shown. The I-axis of the map is a new TS which describes the degree to which the composition of
primaries measured within a 30� top-hat centered at that point di�er from those measured over the
rest of the sky. In this map, positive values (red) indicate a lighter mean mass than the surrounding
sky, while negative values (blue) indicate a heavier mean mass. The specific TS is obtained by
applying Welch’s t-test [21] to the distributions of - 0

max formed by the in-hat and out-of-hat events.
The energy normalization of - 0

max removes the e�ects of spectral features, and, because Welch’s
t-test naturally includes the statistics of each sample, the e�ects of exposure are accounted for.

In contrast to the on/o� analysis, the mapping technique analyzes small, distinct regions of the
sky. Because the corrections for n , ', and ⌫ need to apply equally well to all arrival directions,
the on-/o�-parameterizations from Section 2 are not used. Instead, since the local geometry has a
time independent relationship with arrival declination, declination dependent parameterizations of
n , ', and ⌫ are used�. Therefore the visible galactic plane in Figure 8 is not due to n , ', ⌫ or their
correction, as declination dependent e�ects appear as radial patterns centered on �57� ✓,�27� 1.

Discussion The result is principally a model independent verification of a mixed composition
above the ankle. The analysis provides an indication that the galactic magnetic field could have
an observable impact on mass-dependent anisotropies. Nonetheless, the presented analysis does
not necessarily support a causal relationship with the galactic plane, as the di�erent horizons
probed with di�erent nuclear species at a given energy could also result in composition-dependent
anisotropic patterns. Along this line of thought, alternative scenarios are being explored.

�Declination dependent corrections result in larger systematic uncertainties due to an additional dimension in the
parameterization and low statistics at high/low declination. This makes them ill suited to the on/o� study. Regardless,
the usage of these corrections only changes the on/o� comparison by +0.1 g/cm2

7
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Indication of a mass-dependent anisotropy above 1018.7 eV Eric Mayotte
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Figure 8: Sky map of comic ray composition for ⇢ � 1018.7 eV

It is important to note that information relating to the longitudinal development of showers is
available from the study of data from the surface detector. From the most detailed study carried
out thus far, which uses the mean rise-time of the surface detector stations participating in an event,
the precision of the -max measurement for an individual event is much poorer (±60 g/cm2) than
from the fluorescence technique (⇠ 16 g/cm2) [22]. However, current work using the concept of
Universality[23] and/or deep-learning techniques [24] can produce resolutions as low as 25 g/cm2.
Tests of the on-/o�-plane di�erence with these methods are planned and will be reported elsewhere.
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• Indication of lighter composition far from galactic plane (|b|>30°).

• Interpretation is likely complex. Local source distribution,  

mass-dependent horizons, propagation effects may all play a role.

4,9σ stat; 

3.3.σ incl. syst.
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Photons and neutrinos and super heavy Dark Matter
Auger is also a UHE photon and neutrino detector, placing competitive limits 

18

• Unambiguous detection of one UHE photon or neutrino can be a game changer

• Photon and neutrino limits strongly constrain pure proton models in particular

• SHDM limits derived from photon limits

Photons: Pierre Auger Collaboration, Astrophys. J. 933 (2022)

Neutrinos: Aab et al., JCAP 10 (2019), JCAP 11 (2019)

SHDM: Pierre Auger Collaboration, JCAP 23 (2022)

emerge from proton-proton interactions in the halo of the
Galaxy or from the decay of SHDM.

The recent observation of photons above 2× 1014 eV from
decaying neutral pions from the J1825-134 source reported in
Albert et al. (2021), in a direction coincident with a giant
molecular cloud, provides evidence that cosmic rays are indeed
accelerated to energies of several 1015 eV, and above, in the
Galaxy. Interestingly, the flux of this source could extend well
beyond 2× 1014 eV, as no cutoff is currently observed in its
energy spectrum measured up to this energy. As an example of
the discovery potential with increased exposure, we show as
the green curve the flux from such a putative source
extrapolated to the highest energies. Note that this flux, which
is directional in essence, is here for simplicity calculated by
converting it to a diffuse one, assuming the flux was distributed
over the full sky. We observe that the extrapolated flux for this
source is higher than the cosmogenic ones below 1018 eV. The
upper limits determined here exceed the extrapolated flux of
this single, specific source by two orders of magnitude. They
nevertheless limit the effective number of similar sources in the
Galaxy. Improved tests of the abundance of such putative
sources will be possible by further increasing the sensitivity of
photon searches in this energy region or decreasing the energy
threshold.

The origin of the bulk of the high-energy neutrino flux
observed at the IceCube observatory (see, e.g., Aartsen et al.
2020) is still debated. However, their production mechanism is
conventionally considered as that of high-energy hadronic or
photohadronic interactions that create charged pions decaying
into neutrinos. These same interactions produce neutral pions

that decay into photons. Therefore, there is an expected
connection between high-energy photons and high-energy
neutrinos. Since the horizon of photons is much smaller than
that of neutrinos, they can trace the local sources in a way that
could facilitate the differentiation between different scenarios.
In Figure 5, we reproduce in olive green the expectations for
cosmic-ray interactions with the hot gas filling the outer halo of
the Galaxy up to hundreds of kiloparsecs, as estimated in
Kalashev & Troitsky (2014) by requiring that this photon flux
is the counterpart of the neutrino one. The width of the band
reflects the uncertainties in the spectral shape of the neutrino
flux. We observe that the limits derived in this study are already
constraining.
Finally, UHE photons could also result from the decay of

SHDM particles. We note that previous upper limits on the
incoming photon flux already severely constrained non-accel-
eration models in general, and SHDM models in particular,
trying to explain the origin of cosmic rays at the highest energies
(see, e.g., Abraham et al. 2008; Aab et al. 2017a). Still, the
production of super-heavy particles in the early universe remains
a possible solution to the dark matter conundrum because of the
high value of the instability energy scale in the Standard Model
of particle physics, which, according to current measurements of
the Higgs-boson mass and the Yukawa coupling of the top
quark, ranges between 1010 and 1012 GeV (Degrassi et al. 2012;
Bednyakov et al. 2015). The Standard Model can, therefore, be
extrapolated without encountering inconsistencies that would
make the electroweak vacuum unstable up to such energy scales
(and even to much higher ones given the slow evolution of the
instability scale up to the Planck mass (Degrassi et al. 2012)),

Figure 5. Upper limits (at 95% C.L.) on the integral photon flux above 2 × 1017 eV determined here (red circles). Shown are also previous upper limits by various
experiments: Pierre Auger Observatory (hybrid: blue circles, taken from Savina & Pierre Auger Collaboration 2021; SD: cyan circles, taken from Rautenberg & Pierre
Auger Collaboration 2019), KASCADE/KASCADE-Grande (orange triangles, taken from Apel et al. 2017), EAS-MSU (magenta diamonds, taken from Fomin
et al. 2017), and Telescope Array (green squares, taken from Abbasi et al. 2019). The red band denotes the range of expected GZK photon fluxes under the assumption
of a pure-proton scenario (Kampert et al. 2011). The green band shows the expected GZK photon flux assuming a mixed composition that would fit the Auger
data (Bobrikova et al. 2021). In addition, the expected photon fluxes from the decay of SHDM particles are included (decay into hadrons: dashed violet line, based on
Kalashev & Kuznetsov 2016; decay into leptons: dotted–dashed gray line, based on Kachelriess et al. 2018; the exact lines have been obtained through personal
communication with one of the authors). The photon fluxes that would be expected from pp interactions in the Galactic halo (Kalashev & Troitsky 2014, olive-green
line) or from cosmic-ray interactions with matter in the Milky Way (Bérat et al. 2022, blue band) are shown as well. Also included is the expected flux of photons from
a single, putative source without a cutoff in its spectrum (dotted turquoise line, modeled after HAWC J1825-134, Albert et al. 2021, where we extrapolated the
measured flux to the highest energies), ignoring its directionality as if its flux were distributed over the full sky.
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The Astrophysical Journal, 933:125 (11pp), 2022 July 10 Abreu et al.

JCAP10(2019)022

Figure 6. Pierre Auger Observatory upper limit (90% C.L.) to the normalization k of the di↵use flux
of UHE neutrinos �⌫ = k E�2

⌫ as given in eqs. (4.2) and (4.3) (solid straight red line). Also plotted
are the upper limits to the normalization of the di↵use flux (di↵erential limits) when integrating
the denominator of eq. (4.2) in bins of width 0.5 in log10 E⌫ (solid red line — Auger all channels
and flavours; dashed red line — Auger Earth-skimming ⌫⌧ only). The di↵erential limits obtained
by IceCube [35] (solid green) and ANITA I+II+III [34] (solid dark magenta) are also shown. The
expected neutrino fluxes for several cosmogenic [20, 60–62] and astrophysical models of neutrino
production, as well as the Waxman-Bahcall bound [63, 64] are also plotted. All limits and fluxes are
converted to single flavor.

nuclei in the CMB. The highest fluxes of cosmogenic neutrinos are then expected for injec-
tion of protons, while those expected for injection of iron nuclei are down typically by about
an order of magnitude [20, 23, 24] (cf. figure 6). We note, however, that the possibility of
pure proton (or iron) primaries in the energy range of interest is disfavored by recent results
on the composition of UHECR [12, 13, 66–68]. Instead, a gradually increasing fraction of
heavier primaries is observed with increasing energy up to at least E ⇠ 5⇥ 1019 eV [66]. In
addition to this, adopting a simple astrophysical model fitting the energy spectrum and the
mass composition suggests that the observed flux suppression is primarily an e↵ect of the
maximum rigidity of the sources of UHECR rather than only the e↵ect of energy losses in
the CMB and EBL [73, 74]. In consequence, cosmogenic neutrino fluxes would be reduced
much further and may escape detection for the foreseeable future [21, 22, 75]. Thus, fluxes
of cosmogenic neutrinos provide an independent probe of source properties and of the origin
of the UHECR flux suppression at the highest energies.

In table 2, we show the expected number of events in the present lifetime of the Ob-
servatory for several cosmogenic neutrino models and the associated Poisson probability of
observing no events. Scenarios assuming sources that accelerate only protons and that have

– 13 –
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Figure 3. Simulated integral flux of GZK photons as a function of the energy for an alternative
scenario with subdominant proton component [40]. Continuous lines show the rejected LIV scenarios.
The arrows show the flux determined by analysis of the Pierre Auger Observatory data [19, 20].

6 LIV limits on the hadronic sector

In this section, we investigate LIV signatures in the hadronic sector. During propagation,
UHECRs interact with the background radiation and the kinematics of the dominant energy
losses, photopion production and photodisintegration, are modified under LIV assumptions.
We consider only positive LIV coe�cients (”had > 0). Less significant changes are found if
negative coe�cients (”had < 0) are considered as the photopion production and the photo-
disintegration cross-sections prevent a significant decrease in the attenuation length, even if
the energy threshold decreases significantly.

In this section, instead of assuming an a priori scenario, we fit the source parameters
and the LIV coe�cients to the energy spectrum and composition from the Pierre Auger

– 7 –

Photons Neutrinos Estimated photon fluxes for particular  
SHDM model assumptions

Phase II: Event-by-event primary mass information  
                allows for tighter cuts for photons especially.
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KATRIN

19© KATRIN Collaboration
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Direct neutrino-mass measurement at endpoint of tritium β-spectrum
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2022: analyzed first 91 days  ➜  

KATRIN Coll., Nat. Phys. 18 (2022) 160

𝑚𝜈 < 0.8 eV (90% CL)

Karlsruhe Tritium Neutrino experiment (KATRIN)

34 d 57 d 28 d 73 d 71 d 87 d

35.8 Mio 
β-electrons

Now: Combining runs 1-5 (total 263 days) 
for expected sensitivity ~0.5 eV

+ more data already on disk …
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Physics program beyond the neutrino mass

• Test of light (eV scale) sterile neutrino hypothesis: 
Phys. Rev. D 105 (2022) 072004


• Probe of local overdensities of cosmic relic neutrinos: 
Phys. Rev. Lett. 129 (2022) 011806


• Test of Lorentz invariance violation in weak decays: 
arXiv:2207.06326


• Probe of non-standard neutrino interactions (in prog.)


• Search for keV sterile neutrinos in first KATRIN data: 
arXiv:2207.06337

21

Karlsruhe Tritium Neutrino experiment (KATRIN)

Snowmass report - “KATRIN: Status and prospects for the neutrino mass and beyond”, J. Phys. G 49 (2022) 10050114 

KATRIN search for keV sterile neutrinos 
● TRISTAN project in KATRIN:

– novel multi-pixel Silicon Drift Detector array 

– large count rates

– excellent energy resolution

– Prototypes installed as monitoring devices @ KATRIN

– Target sensitivity: 

segmented Si-PIN wafer

S. Mertens et al., J.Phys.G 46 (2019) 6, 065203; T. Brunst et al.,JINST 14 (2019) 11, P11013, T. Houdy et al.,J. Phys.:C.Ser. 1468 (2020) 012177 

sin
2θ<10−6

KATRIN with 
TRISTAN

9 modules

How to think about Lorentz violation? 

Rotations: - anisotropies ⇔ preferred directions 
        → parametrization by 
        (more generally: 3-tensors) 

Lorentz transformation (rotations+boosts): 
-    generalized rotations in 4-dim Minkowski space 
→ 4-dim anisotropies ⇔ preferred 4-directions 
→ parametrization by 
more generally: 
4-tensors 

Immediate consequences of this idea: 

KATRIN example: direction of acceptance cone 

experiments with intrinsic direction desirable 

2025+: detector 
upgrade.  “TRISTAN”

“oscillation-free” parameters 
only accessible through  
kinematics:
search for sidereal oscillation of endpoint E0
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© H. Schulze-Eißing, XENON Collaboration

Dark Matter Search



Topic MU-MRU

Direct Dark Matter Search
Search for new physics in electronic recoil data from XENONnT

23

(2020)

(2022)

XENON Collaboration, PRL 129 (2022) 161805

• First science run of XENONnT demonstrates lowest background ever reached by a xenon 
TPC in low-energy electronic recoil region (5x lower compared to XENON1T)

• New results do not confirm low-energy excess seen in 2020 and set stringent constraints on 
solar axions, enhanced neutrino magnetic moment, bosonic dark matter

Research News, 13.10.22
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Towards the future observatory for rare-event searches
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Direct Dark Matter Search

The challenge: go from ~6 tonnes active xenon mass to 40+ tonnes at ultra-low background  
to extend sensitivity down to the “neutrino fog”

DARWIN: First-stage research 
infrastructure proposal submitted  
to Helmholtz in July 2022

Meeting of the XLZD Consortium 
at KIT, June 2022

Community white paper (600+ authors), 2203.02309, acc. in J. Phys. G
“A Next-Generation Liquid Xenon Observatory for Dark Matter and Neutrino Physics”
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Theory

25
image found on wallpapersafari.com

http://wallpapersafari.com
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Evidence for new gamma-ray burst physics
Detection of a local GRB (d < 350 Mpc) by H.E.S.S. over 3 days

26

… demands a change to the one-zone 
acceleration/emission description used for 
GRB physics

H.E.S.S. Collaboration, A. Taylor et al., Science 2021

D. Khangulyan, A. Taylor, F. Aharonian, Astrophys. J. 2021 

New results appear consistent with an 
extension of the synchrotron emission up to 
the VHE range, possible if the magnetic field 
possesses small-scale structure

Synchrotron + SSC
Ee > 400 GeV

Synchrotron  only
Ee > 1 PeV



Topic MU-MRU

Theoretical Astroparticle Physics (cont’d)
Recent research highlights:

• Axion/ALP dark matter 
Axion minicluster in our galaxy:  
Dandoy, Schwetz, Todarello, JCAP’22 
ALP DM freeze-in from lepton-flavor violation:  
Panci, Redigolo, Schwetz, Ziegler, arXiv:2209.03371


• Neutrino oscillations  
Model-independent test for T-violation:  
Segarra, Schwetz, PRL’22, PRD’22


• Neutrino cosmology  
Mass measurements & relic neutrinos:  
Alvey, Escudero, Sabti, Schwetz, PRD’22 
Neutrino mass ordering:  
Gariazzo, Gerbino, Schwetz, et al., JCAP’22

27

Ex.: potential of neutrino mass 
measurements and future relic 
neutrino search ideas in a non-
standard cosmological scenario

adapted from Alvey et al.,

PRD 105 (2022) 063501

predictions in 
standard cosmology
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Gravitational Wave Astronomy

28© Max Planck Institute for Gravitational Physics
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Gravitational Wave Astronomy
Science case - very interdisciplinary!

29

• Formation of Black Holes at the center of galaxies? 

• Is General Relativity (GR) right or do we need new physics? 

• Is Dark Energy the cosmological constant? 

• Understanding the dynamics of ultra dense matter! 

• … and many more questions!

Recent works by GW Theory Group (R. Porto, DESY)

• Discovery potential: High-precision waveform 
models for present and future detectors

• Transfer of methods from high-energy physics 
(ERC grant “LHC to LISA and ET”)

• Physics programme raises experimental 
challenges: luminosity and frequency frontiers
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Gravitational Wave Astronomy
Towards the Einstein Telescope
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• ESFRI Roadmap: ET is listed in the June 2021 Update (I, NL, B, E, Pl).

• Organisation:


• Due to science case, the interest on ET is rapidly growing.

• Boards have been formed: Instrument Science (ISB), Observational Science (OSB), Site Preparation 

(SPB), E-Infrastructure (EIB).

• The ET collaboration had its kick-off meeting in July 2022 (79 Research Units).

• KIT is one of the RU with activities in all four boards (cryo & vacuum; seismic; computing; MM), 

DESY is about to join ET.

• R&D:


• Helmholtz active in adv. Virgo (I) and ETpathfinder (NL)

• MoU with CERN on common vacuum R&D 

• Foreseen cooperative activity with the DZA (D)

http://www.et-gw.eu

More news on Fri, live from the ET meeting in Hannover!
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D. Berge

A. Haungs

T. Huege

M. Kowalski

A. Nelles

R. Porto

M. Roth
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M. Schlösser

Th. Schwetz-Mangold

W. Schubotz

M. Steidl

A. Taylor

W. Winter

Thank You!

This presentation was built with 
input from many people, including:

Find out more in the Flash Talks 
on Friday:

Dennis Soldin

Pavlo Plotko

Francesco Zappon

Martin Schimassek

Tim Holch

Maksym Ovchynnikov
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Supplementing material
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• Topics: Gamma rays, neutrinos, gravitational 
waves, and theory 


• … spanning from fundamental physics to particle 
acceleration to plasma physics, compact objects, 
dark matter, particle cosmology, …


• Core partners: DESY, Weizmann Institute of 
Science (WIS), HU Berlin, U Potsdam


• Associated partners since 2021: 
U Erlangen-Nürnberg and U Bochum

- up and running!

The Multimessenger School

The German and Israeli research school offers 
PhD students optimal conditions in the rapidly 
growing field of multimessenger astronomy:

•  Connecting neutrinos, gravitational waves
 and electromagnetic radiation

•  Strong experimental, observational, 
 and theoretical programme

•  Joint PhD topics and lively exchange
 programme between the partner institutions

•  Accompanying courses for scientific 
 and personal development

APPLY ONLINE
For more information  
multimessenger-school.de

Application period: 
September 26 - 
November 6, 2022

IceCube ULTRASATH.E.S.S.

RNO-G CTA
LAST
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The Multimessenger School

• Key elements:  
	 i) supervision by international group of supervisors 
	 ii) research stays at WIS 
	 iii) broad range of transferable skills courses 
	 iv) many scientific and social events


• 4 application rounds concluded: currently 34 doctoral candidates and 5 alumni


• Call for applications for new PhD projects open until Nov. 6, 2022 ! web link


• 2019-25: Funded through Helmholtz Initiative and Networking Fund (1.8 M€)  
Agreement on keeping the established structures after funding ends


• Future plan: extension to international partners that meet the scientific scope of the 
school (especially gravitational wave physics)


• For questions, contact Wiebke Schubotz (DESY)

https://www.multimessenger-school.de/application/

