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Particle physics
 “Dass ich erkenne, was die Welt im Innersten zusammenhält”

Standardmodell (SM) of particle physics:

Matter: (Fermions, Spin 1/2)

                  Quarks                                      Leptons
       

Force carriers: (Bosons,  Spin 1 =  Gauge bosons)

        Photon                                                   
        Weak gauge bosons                       
        Gluons                            

Mass creation: (Boson, Spin 0) 
       
        Higgs particle H
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Large Hadron Collider

CPPS Center for Particle
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 Current research: 
SM explains thousands of observables, many with a high precision, 
but it leaves many questions unanswered, like the existence of matter in the Universe  
=> SM is low energy limit of a more fundamental theory (BSM) 

Direct search for BSM: 

Create new particles directly 
In a collider, like the Higgs-
Boson in 2012

Indirect search for BSM: 
Compare precision measurements 
with precision calculations 

    

Statistical significant deviations 
could give hints for BSM  
- Flavour anomalies

f Exp ± δExp = fSM ± δSM + fBSM ± δBSM

Theory hints for BSM: 

e.g. existence of matter requires 
• CP violation 
• 1st order phase transition. e.g. 
2HDM
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TP1at a glance
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History of TP1 
• Founded 2003: Mannel & Khodjamirian 
• 2006: Kilian  

• 2012: Feldmann 

• 2 permanent: Huber, Lange 
• 2 Long-term: Pivovarov, Uraltsev 

• 2015: Bell  

• 2020: Lenz 

CPPS Center for Particle
Physics Siegen
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TP1- senior staff
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TP1- post-docs
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TP1-PhD students
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TP1- Bachelor/master students

11

CPPS Center for Particle
Physics Siegen

Master Bachelor

Tobias Boer Alexander Breitenbach

? ?
xxx xxx



TP1at a glance
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CPPS Center for Particle
Physics Siegen

42 Members 
• 12 staff members 
• 11 post-docs 
• 13 PhD students 
• 2 Master students 
• 2 Bachelor students 
• 1+2 secretaries 

+1 honorary emeritus 



TP1at a glance
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*   QCD and jets" oder "Event shapes and jets *  Light cone distribution amplitudes

Field Theory
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Projects
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Funding period I   1/2019 - 12/2022 
Funding period II  1/2023 - 12/2026 
Funding period III 1/2027 - 12/2030 



Exzellenz-Strategie
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RA 1 RA 2 RA 3 RA 4

TP1 Theoretical
Particle Physics
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History: 

• Color meets Flavor: Name 2011 Symposium Alex K. @60 

• Siegen - Dortmund Theorie: QFET 2013- 2019 

• Siegen - Dortmund Experiment: Lehre Flavorphysik in Experiment seit 2018  

• Siegen - Bonn: 2016 semi-leptonische Zerfälle 

• Netzwerk NRW-Antrag 2019: Albrecht, Dingefelder, Mannel 

• 29.1.2021 Email: Th. Mannel to Albrecht, Dingfelder, Lenz, Spaan 



Color meets Flavor
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Projects
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AG Bell
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AG Feldmann
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*  QCD factorisation and SCET 
Daniel Vladimirov 



AG Feldmann

26

CPPS Center for Particle
Physics Siegen

Phenomenological applications



AG Feldmann
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Hadronic Input functions



AG Feldmann
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Effective Field Theory approaches



AG Huber

29

CPPS Center for Particle
Physics Siegen



AG Huber

30

CPPS Center for Particle
Physics Siegen



AG Huber

31

CPPS Center for Particle
Physics Siegen



AG Kilian

32

CPPS Center for Particle
Physics Siegen



AG Kilian

33

CPPS Center for Particle
Physics Siegen



AG Kilian

34

CPPS Center for Particle
Physics Siegen



AG Kilian

35

CPPS Center for Particle
Physics Siegen



AG Lenz

36

CPPS Center for Particle
Physics Siegen

Jan Paul Heinen

Tobias Boer

Alexander Breitenbach



AG Lenz
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Lifetime 
τ = 1/Γ

Mixing

Our SM predictions are the standard reference for HFLAG

CPPS Center for Particle
Physics Siegen



AG Lenz
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CRC work in progress: 

C1b: : Lang, Piscopo, Mohamed 
        : Reboud, Rusov 
       : Pivovarov, Wüthrich 

C1c:  with HQET sum rules 
                       Black, Lang, Wüthrich 
         with Gradient-Flow/Lattice 
                       Black, Witzel 

Γ(0),BSM
6

Γ(0),SM
7

Γ(1),SM
5

⟨�̃�6⟩BSM

⟨�̃�6⟩SM

Phenomenological Implications: 
• Constraints on Baryogenesis models: Mohamed, Wüthrich 
• Constraints on BSM in  
• Constraints on BSM in : Müller, Piscopo, Rusov 
• Constraints on BSM in non-leptonic decays: Tetlalmatzi-Xolocotzi

b → cc̄s
b → cūd

Non-leptonic decays with LCSR:

CPPS Center for Particle
Physics Siegen

CPV in up-sector



AG Lenz
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 2HDM: 
• Fits of flavour and collider data…: Black,  Rusov 
• Multi-loop to 2HDM: Lang

Lattice:

Rare b decays 
Form factors for  transitions  

Khodjamirian,Rusov
b → s, dll

CPPS Center for Particle
Physics Siegen

B and D physics phenomenology [RBC-UKQCD]
- Semileptonic decays with pseudoscalar final states
   e.g. , , , , 
- Semileptonic decays with vector final states (narrow width approx.)
   e.g. ,    Boushmelev
- Heavy neutral meson mixing and lifetimes Black

Gradient flow based renormalization [Aachen, Odense, Boulder]
- Short flow time expansion (application to mixing and lifetimes) Black
 - Relation of Gradient flow to RG flow
- New concept to determine , 

Strongly coupled Quantum Field Theories [Boulder, LSD]
- Onset of the conformal window
- Testing hypothesis of asymptotic safe theories or phases of symmetric
   mass generation

Models for physics beyond the standard model [LSD]
- Composite Higgs scenarios
- Composite stealth dark matter

Bs → Klν B → πlν Bs → Dslν B → Dlν

Bs → D*s lν B → D*lν

αs ΛQCD



AG Mannel
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International Visibility
• International co-authorships   

Glasgow (UK), Oxford (UK), Durham (UK), Warwick (UK), Manchester (UK), Hawaii (US), Oregon (US),  
Chennai (India), Turin (It), Amsterdam (NL), 
Maastricht (NL), Beijing (CHN), Jefferson Lab (US), Nanjing (CHN), Bern (CH), Triest (It), Lanzhou (CHN),  
Rome (It), Louvain (Be), Zürich (CHN), Edinburgh (UK), Zagreb (Kr),… 
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Opening/closing talks: 
LHCb Implications 22, FPCP 2020, 
Charm 2016,..

Maria Laach  

CPPS Center for Particle
Physics Siegen

The 5th edition of the workshop
”Beyond the Flavour Anomalies”

Siegen, Germany, 9 – 11 April 2024

Topics
? Anomalies in rare semileptonic decays
? Anomalies in tree-level semileptonic decays
? Anomalies in lepton universality ratios
? Anomalies in tree-level non-leptonic decays
? Anomalies in charm sector
? Hadronic e�ects
? Experimental overviews and prospects
? Beyond Standard Model

Organising Committee
? Alexander Lenz (Siegen University)
? Mitesh Patel (Imperial College London)
? Konstantinos Petridis (Bristol University)
? Aleksey Rusov (Siegen University)
? Danny van Dyk (Durham University)

Secretariat
? Arzu Ergüzel (Siegen University)



Presentation for Prof. Reese TP1 Theoretical
Particle Physics



Outreach

Teilchenphysikmasterclass seit 2006
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CmF meets arts

Pilotprojekt: 18.7.2023 
• 2 Stundenshow im Theater 
• Musik, Akrobatik, Vortrag   
• 500 Besucher 
Nächster Termin 12.4.2024 

Quantencomputing
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Never change a winning team vs. acting on new developments 
Computational physics: extend world center for sum rules with lattice + quantum computing

CPPS Center for Particle
Physics Siegen

color meets flavor

Increase student numbers

3rd funding period of SFB/CRC 257

Start 1/26: deadline 22.8.2024 

Start 1/27 

We have a new webpage 
advertise Master!
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