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Karlsruhe School of Elementary ParTicle and Astroparticle Physics: 
Science and Technology  

or 
 
Karlsruher GraduiertenSchule für ElementarTeilchen- und 
Astroteilchenphysik: Wissenschaft und Technologie 

 

 
 

                KSETA is the doctoral school of the KIT Center KCETA. 
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Overview

Founding Scientific Coordinator (Spokesperson): 
 
Johannes Blümer  
  

Initial DFG funding 11/2012–10/2017 from German  
Excellence Initiative, extended to 10/2019. 

Since 11/2019 funded by local ministry (MWK) and KIT.

Additional funding by German Academic Exchange Service (DAAD) 
through Graduate School Scholarship Programme (GSSP) since 2017.

KSETA has been inaugurated on November 1, 2012. 


KARLSRUHE INSTITUTE OF TECHNOLOGY 

KIT – University of the State of Baden-Wuerttemberg and
National Research Center of the Helmholtz Association www.kit.edu

Karlsruhe School of Elementary  
Particle and Astroparticle Physics:  
Science and Technology

Karlsruher Graduiertenschule für  
Elementarteilchen- und Astroteilchen- 
physik: Wissenschaft und Technologie

KIT Graduate School
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Concept

KSETA’s distinguishing feature is the joint doctoral research of 
young physicists and engineers on thesis topics centered around 
large-scale projects of particle and astroparticle physics. 

Three categories of KSETA courses: 

DEEPER: scientific specialization in the doctoral researchers’ field  

BROADER: wider professional education in (astro-)particle physics, 
                    engineering and computing  

BETTER:  key competences, soft skills 
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Connect  

physicists             with    engineers, computer scientists    

particle physics    with    astroparticle physics and cosmology 

theory                   with    experiment 
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Statistics

All KSETA Fellows	     117

Directly paid by KSETA	 7

DAAD:	 8

International:	 45 %

Female:	    23 %

Theses 2017-2022:          135

116      
 
 

31%

20% 

Theses 2012-2017:  125

October 2022:                                     compare to October 2017: 

Participating institutes:   
                TTP, ITP, ETP, IAP, ITEP, ITIV, IMS, SCC, IPE, ITTK, IBPT 
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Distribution of Doctoral Fellows 

experimentalists
65 %

engineers
24 %

theorists
11 %

supervised by 43 
Principal Investigators
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Profile

physics                            

electrical engineering and  
information technology

chemical engineering and  
process engineering      

informatics                                                                    

Participating KIT Departments:

48% 
elementary 
particle 

physics 19% 

engineering 
and 
informatics

33%   
astroparticle 
physics

data from 
Nov 2019
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 annual event in Durbach, Black Forest 

 attended by Doctoral Fellows and Principal Investigators (PhD supervisors)

 main annual event with lectures by external scientists, talks and poster 

  presentations by Doctoral Fellows

9

Training program: Plenary Workshop

March 2022:
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Interns from IIT Bombay

2022: 2021:

2019:

2018:
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Highlights of PhD theses 2017-2022

 Stefan Maier (ETP), CMS

 Sebastian Wozniewski (ETP), CMS

 Ana Laura Müller (IAP), double-degree programme with UNSAM

 Nick Karcher (IPE)

 Martin Angerer (IPE)

 Nils Braun (ETP), Belle 

 Mustafa Tabet (TTP)           T  

 Matthias Linster (TTP)

 Dominic Hinz (IAP), KATRIN

 Andreas Pargner (IAP)
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Procedures and systems 
in CMS 2S module 
assembly and qualification

Development of a high-
rate test stand for the 
module readout chain 

CMS Detector Award 2019

Now: Postdoc at KIT

12

PhD Thesis of Stefan Maier

How to build silicon detector 
modules for the CMS Phase-2 

Upgrade

ETP-KA/2019-17 

https://doi.org/10.5445/IR/1000104680
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Precision tests of Higgs couplings with  decays: 

Multiclassification with neural networks  
for signal extraction

Differential measurement (12 bins)


Now: Postdoc at the University of Göttingen 

h → ττ

13

PhD Thesis of Sebastian Wozniewski
arXiv:2204.12957 [hep-ex], accepted by EPJC

6.3 Results

0.71

0.89

95% CLs upper limit

Figure 6.5: Results of the STXS stage-1 signal strength measurement. The central values are
shown together with the total 68 % confidence intervals. Furthermore, the uncertainties are
provided as four fractions: finite statistics of observed data (stat.), systematic uncertainties
from experimental sources (syst.), theory uncertainties (theo.), and finite statistics of the model
(bbb).

75

ETP-KA/2020-27

https://arxiv.org/abs/2204.12957
https://doi.org/10.5445/IR/1000128508
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PhD thesis of Ana Laura Müller
Acceleration and Propagation of Cosmic Rays in  
High-Metallicity Astrophysical Environments

Particle Acceleration in 
starburst galaxies

Particle Acceleration in the 
Broad-Line Region 

of Active Galactic Nuclei (AGNs)

Aim: Theoretical 
understanding of  
particle acceleration to 
the highest energies 

14
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Nick Karcher: How to readout magnetic 
microcalorimeters at cryogenic temperatures?

RF-Frontend

Converter board

FPGA board

Selected  
by ECHo  
neutrino  
mass  
experiment


Development of a scalable readout system for  
800 MMC sensors 

Transfer line with 4 GHz bandwidth and a single cable to 
the cryostat
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Goal

Realization of new ultrasound emitter/receiver arrays for 
next generation 3D ultrasound computer tomography 
(USCT) for early breast cancer diagnosis


Methods

• Design and automated production of arrays

• Accurate acoustic field characterization

• Design optimization via advanced modeling

• Exploration of alternative technologies such as single-

crystal piezos and micromachined transducers


Results

• Arrays for two 3D USCT systems produced

• Reliable and repeatable ultrasound performance

• First clinical tests show promising results

Martin Angerer: Transfer detector technologies to 
realize novel medical imaging methods

New 3D USCT system (a); measurement vessel with 128 trans-
ducer arrays (b); exploration of new technologies at UBC Vancouver 
(c); first clinical images with the new 3D USCT system (d) 

a) b)

d)c)c)
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PhD Thesis of Nils Braun

Japan

Belle

Tsukuba

 Implementation of a Combinatorial 
Kalman Filter for Belle II. 


 Novel data transport scheme for 
the High Level Trigger 
reconstruction.


 Optimization of online 
reconstruction code. 


 Core part of the Belle II                        
tracking paper.
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PhD theses of Mustafa Tabet and Matthias Linster
Ro-Vibrational spectroscopy of Hydrogen Isotopologues 

(= molecules H2,HD,D2,…T2 of hydrogen isotopes)

�� �. Ro-Vibrational Spectroscopy of Hydrogen Isotopologues

Figure 8.1.: Schematic energy level diagram of a molecular spectrum adapted from Ref-
erence [211]. The vibrational quantum number is denoted by n, and the
rotational quantum number by J. The splitting between the vibrational and
rotational lines within one electronic state is smaller than the splitting between
the electronic states. Hence, molecular spectra are sensitive to smaller energy
scales.

Equation (8.1) is not necessarily complete. But before we devote ourselves to the New
Physics analysis, which will be done in Chapter 9, we first lay the foundations.

In order to perform such an analysis, a thorough understanding of theory and experiment
is necessary. Thus, in Section 8.1 and 8.2, we review the theoretical and experimental status
of molecular spectroscopy, respectively.

8.1. Theoretical Status
The treatment of molecules in quantum mechanics is intrinsically difficult. Even the
simplest molecule, the dihydrogen cation H+

2 cannot be solved analytically. Thus, the
hydrogen molecule is even more involved. Although a theoretical description is chal-
lenging, a precise solution is rewarding as molecular spectra are much richer than atomic
spectra. As a result of the second nucleus, there are not only electronic excitations, but
also rotational and vibrational transitions, see Figure 8.1. Hence, each electronic spectral
line is split further into many lines corresponding to the ro-vibrational transitions. The
separation between the transitions within this band is much smaller than the electronic
transitions, and hence, molecules are sensitive to effects at lower energies.

First solutions to the hydrogen molecule started in 1927, where Heitler and London [212],
and Born and Oppenheimer [213] independently presented two approaches. Both ap-
proaches rely on the fact that the nuclei are much heavier than the electrons, i.e. mN � me.
For this reason Heitler and London neglected the motions of the nuclei. Born and Op-
penheimer, on the other hand, performed an expansion in the small mass ratio 4

p
me/mN .

However, it was clear that for a reliable and precise calculation one cannot rely on this
so-called adiabatic approximation [214]. Instead, it has been proposed in Reference [214]
to start with the exact Schrödinger equation, as it is done in the very same reference.

Information on hypothetical new particles 
with masses in the keV range�.�. New Physics� Potentials ��

Figure 9.2.: Upper limits at 3 s on the scalar nucleus–nucleus couplings as a function of
the new mediator mass m.

boson [196, 247], axion [191, 248–251], or majoron [252]. The Lagrangian for a new scalar
interaction reads

L = f y
⇣

gS
y + ig5gP

y

⌘
y , (9.11)

with the scalar and pseudoscalar coupling gS
y and gP

y, respectively, between the fermion y

and the new scalar f. Note that at the length scale we are considering⇠ 1 Å, the nuclei can
be considered as a fundamental particle. Hence, this interaction is absent for deuterons as
they are bosonic. The corresponding non-relativistic potential is obtained by calculating
the matrix element of the tree-level f exchange between the fermions y. Taking the non-
relativistic limit of the occurring spinor bilinears, and performing a subsequent Fourier
transformation, one obtains the well-known potentials in position space [246]

VS(~r) = � gS
ab

e�mr

4pr
,

VP(~r) = � gP
ab

m2

4mamb


(~sa ·~sb)

✓
1

m2r2 +
1

mr
+

4pr
3m2 d(3)(~r)

◆

� (~sa · r̂) (~sb · r̂)
✓

1 +
3

m2r2 +
3

mr

◆ �
e�mr

4pr
. (9.12)

Here m denotes the mass of the scalar mediating the new force between the fermions a
and b with masses ma and mb, respectively. Further, the vector ~sa,b contains the Pauli
matrices and the unit vector r̂ points from fermion b to fermion a. Inspecting the poten-
tials in Equation (9.12), one sees that contributions from VP are relatively suppressed by
m2/(mamb) compared to the scalar potential VS. Thus, we expect m2/m2

e ⇠ 10�6 weaker
bounds for a keV-scale mediator’s coupling to electrons, and m2/m2

N ⇠ 10�11 weaker
bounds for the coupling to nuclei.

E�������–E������� I���������� The upper limits on the electron–electron couplings
gS(P)

ee at 3 s are shown in Figure 9.1. For a scalar coupling gS
ee, the most stringent con-

straints come from the measurements of H2 and HD yielding an upper limit of O(10�8).

 Study suggested by 
Magnus Schlösser 
(TLK)


 Constraints on 
nucleus-nucleus 
interaction mediated 
by a new scalar 
particle
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• KATRIN is the world-leading directneutrino mass experiment


• its sensitivity to the neutrino mass 

   is limited by rare background 

   processes in the large spectrometer


• despite a quasi-perfect electro-

   magnetic shielding, a background

   of unknown origin filled the volume  

KSETA PhD Thesis: Dominic Hinz 
Background systematics and extensions to the KATRIN  
background model
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• In his thesis, Dominic Hinz performed

   a series of measurements with novel

   micro-structured units to determine the

   origin and energy scale of the background 

KSETA PhD Thesis: Dominic Hinz 
Background systematics and extensions to the KATRIN background model

pTEF-unit
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• Axion is an attractive candidate for 
DM


• The DM energy density is provided 
by coherent oscillations of the axion 
field in its potential


• large fluctuations in the DM density 
can arise, leading to the formation of 
„axion mini-cluster“

21

KSETA PhD Thesis: Andreas Pargner 
Phenomenology of Axion Dark MatterIV. Formation of Axion Miniclusters

  

Figure IV.1.: Vacuum Realignment in the post-inflationary Scenario. When Peccei-Quinn
symmetry breaking happens at temperatures T ≥ fa the complex scalar develops
its vacuum expectation value and it rolls down into the valley of the Mexican
hat potential. The axion field, identified as the phase ◊(x) = a(x)/fa of the
complex scalar, can take any value between ≠fi and fi in causally disconnected
regions since no specific value is energetically favored. This is sketched in the
first picture. In the snapshot of ◊(x), the dark blue colors might correspond to
negative values and the light blue colors to positive. However, it should simply
highlight that the axion field after Peccei-Quinn symmetry breaking basically
looks like white noise since its field values are completely uncorrelated from one
horizon to another. As long as the field is massless, at temperatures T > TQCD,
this picture does not change too much. While the universe keeps expanding
and cooling, the gradient terms in the evolution equation of ◊(x) will always
smooth the field on scales of the Hubble horizon dH . This is shown in the
second picture. Around the QCD phase transition, at temperatures T ≥ TQCD,
the axion potential is generated and it will make the field roll down to the CP

conserving minimum. The energy stored in the oscillations around the minimum
locally depends on the value from which the field started to roll down. Hence, the
inhomogeneous field leaves its imprint as large fluctuations in the energy density
fl(x). This is depicted in the bottom panel. Here, red colors might correspond to
high density and blue color to low density regions. The large overdensities can
decouple very early from the Hubble expansion to form gravitationally bound
axion miniclusters.

28

evolution of the U
nivers
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• In his thesis, Andreas Pargner could 
predict the mass and size 
distribution of axion mini-cluster

22

KSETA PhD Thesis: Andreas Pargner 
Phenomenology of Axion Dark Matter

IV. Formation of Axion Miniclusters

Figure IV.6.: Distribution of Axion Miniclusters in Mass and Size. Using the double di�eren-
tial mass function described in the text we calculate the relative abundance of
miniclusters as a function of mass and turnaround radius for di�erent Peccei-
Quinn breaking scales fa = 1010

, 1011
, 1012 GeV. We observe that the distribu-

tions are peaked around a characteristic mass and characteristic radius. In the
table IV.1 we summarize numerical results. Similar plots are shown in Fig. 5 of
Ref. [127].

48

Enander, Pargner, Schwetz, 
JCAP 1712 (2017) 038
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Team

Administrative  assistant: Barbara Lepold 2012-2022  
                                             Raquel Lujan    since 2022  
Fellow representatives: Kathrin Bismark, Lucas Kunz, Federico Bontempo, Robert Gartmann 
Equal-opportunity officer: Gudrun Heinrich
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Happy 10th birthday, KSETA!


