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1. Setting the scene 

2. Gudrun’s questions 

3. New ideas
A. Increase SM precision, Gradient Flow 
B. Charm Physics 
C. Collider Flavour connection 
D. New methods 
E. Multi-body hadronic decays/CPV/Dalitz

A. Current projects and papers 
B. Referees comments 2nd period 
C. Particle physics future plans 
D. New structural developments in Aachen, Karlsruhe, Siegen and Heidelberg 
E. Hot flavour topics in Community

  
1) What was the overall impact of the CRC research in this area? 
2) What goals have been achieved or will/should be achieved until early 2026? 
3) What synergies have been exploited? 
4) What is the perspective of the projects in this research area for FP3? 
5) Does the part of the cover story related to this research area need to be modified? 

Outline
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 Flavour Physics
Setting the scene

Discussed here

Discussed by Michael K.



Setting the scene: Entscheidungsschreiben 7.12.2022 
 Flavour Physics

C1a: exzellent 
C1b: gut bis sehr gut 
C1c: sehr gut

C2a: sehr gut 
C2b: sehr gut bis exzellent

C3a: sehr gut 
C3b: gut
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 Flavour Physics
Setting the scene: future particle physics plans

LHC

Funding period 3: 
• Harvest Run 3 
• Prepare for Run 4 
• Prepare for Run 5? 
• Prepare for FCC?

now
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 Flavour Physics
Setting the scene: future particle physics plans

LHC

Funding period 3: 
• Harvest Run 3 
• Prepare for Run 4 
• Prepare for Run 5? - LHCb U2 
• Prepare for FCC?

INSTALL LHCb upgrade 2 —-   LHCb upgrade 2

 LHCb upgrade 2

now
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 Flavour Physics
Setting the scene: future particle physics plans

LHC
• Harvest Run 3 
• Prepare for R4 
• Prepare for R5 LHCb U2 
• Prepare for FCC?

Belle II
• Harvest/prepare for 30 ab-1 
• Prepare for 60 ab-^
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Setting the scene: future particle physics plans

LHC
• Harvest Run 3 
• Prepare for R4 
• Prepare for R5 LHCb U2 
• Prepare for FCC?

Belle II
• Harvest/prepare for 30 ab-1 
• Prepare for 60 ab-^
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BESS III

Super tau charm

• data taking till 2030/32

• Operation from 2033 onwards
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Setting the scene: structural developments at sites

• 1.1.2026 Excellence cluster: Color meets Flavor - Siegen, Bonn, Dortmund, Jülich 

• 1.1.2026 New W3 Computational Physics in Siegen 
• New W3 Theoretical Physics Karlsruhe in Karlsruhe 
• 1.1.2026 New W1 Cosmology? In Karlsruhe 
• Oliver Witzel permanent in Siegen 

• What else?
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Setting the scene: hot topics in flavour communities



O IE  Flavour Physics
Setting the scene: hot topics in flavour communities

Start of a new series: 

2023: Trento (Harlander, Witzel) 

2025: Zürich (Fabian Lange -> PhD Aachen, post-doc KIT) 

2026: Edinburgh (Matthew Black -> PhD Siegen)



O IE  Flavour Physics
Setting the scene: hot topics in flavour communities

• Origin of anomalies:  

• Match experimental precision: 

• Conceptual issues 

• Elephants in the room? , D-mixing 
• What else? 

ΔACP : D0 → π+π−, K+K−

LHCb upgrade II documents….

• Hadronic contributions to  
•  puzzle 
• Precision of QCD factorisation in B decays/LCSR

b → sℓℓ
Vcb − Vub

• Mixing:  limited by dim 6 Bag parameter  
•  limited by dim 7 contributions 
• Penguin pollution in gold-plated modes 
• Lifetimes limited by dim 6/7 Bag-parameter

ΔMs
ΔΓs

• Convergence properties of HQE: charm 
• Quark mass concepts  
• Gradient-flow

• BSM interpretation of 
potential anomalies
• Connection to collider physics

See talk by Michael K.
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 Flavour Physics
Overall impact
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Heavy Quark Expansion:  for total decay rates (sl&nl), lifetime ratios and mixing Γ12

with perturbative coefficients      
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 Flavour Physics
Overall impact

Γ(Bq) = Γ3 + Γ5
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HQE: state of the art dominated by CRC-TRR 257 contributions

Already on the arxive/published

 for non-leptonic decays:

Should be done by the end of 2026
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Overall impact

Γ(Bq) = Γ3 + Γ5
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HQE: state of the art dominated by CRC-TRR 257 contributions

 
KIT
Γ(2)

3

 for non-leptonic decays:

 
SM - tree-level op 

Siegen

Γ(1)
5

 
penguins+ BSM 

Siegen

Γ(0)
5

 
penguins+ BSM 

Siegen

Γ(0)
6  

KIT
Γ̃(2)

6  
HQET - SM/BSM  

Siegen

⟨𝒪̃6⟩Bq

 
GF-matching  

Aachen/ 
Siegen

⟨𝒪̃6⟩Bq
 

GF-lattice 

Aachen/ 
Siegen

⟨𝒪̃6⟩Bq
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Overall impact

Γ12 = 16π2 Γ̃6
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HQE: state of the art dominated by CRC-TRR 257 contributions

 for mixing:
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 HQET-SR: Siegen  

           + different lattice groups, including Siegen 
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Overall impact
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 for semi-leptonic decays:
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 Flavour Physics
Overall impact
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HQE: state of the art dominated by CRC-TRR 257 contributions
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 for rare decays:

 
Aachen/ 
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 interference for Q1,2 − Q7 b → sγ

 
Siegen
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3 Hadronic mass spectrum for B̄ → Xsℓ+ℓ−

Phenomenology



 Flavour Physics
Overall impact

HQE: state of the art dominated by CRC-TRR 257 contributions
Phenomenology:

Reviews:

Γ(Bd) = 0.63+0.11
−0.07 ps−1 → 0.636+0.028

−0.037 ps−1
world-leading precision in lifetimes&ratios

world-leading precision in mixing

TRR 257 is the HFLAV theory reference 

KIT/ 
Siegen

KIT/ 
Siegen

world-leading precision in baryon lifetimes



 Flavour Physics
Overall impact

HQE: state of the art dominated by CRC-TRR 257 contributions
Phenomenology:

Γ(Bd) = 0.63+0.11
−0.07 ps−1 → 0.636+0.028

−0.037 ps−1
world-leading precision in lifetimes&ratios

world-leading precision in mixing

KIT/ 
Siegen

KIT/ 
Siegen

world-leading precision in baryon lifetimes

New, dominant uncertainties 

Bag parameters  
already done with HQET sum rule 
gradient flow/lattice: Aachen/KIT/Siegen

⟨𝒪̃6⟩Bq

Dimension 7  

: will be done by KIT 
: will be done with HQET-SR: Siegen

Γ̃7⟨𝒪̃7⟩Bq

Γ̃(1)
7

⟨𝒪̃7⟩Bq



 Flavour Physics
Overall impact

HQE: state of the art dominated by CRC-TRR 257 contributions
Phenomenology:

b → sγ

crucial constraint on  
BSM Models, e.g. 2HDM:

B̄ → Xsℓ+ℓ−

Independent cross-check of  
anomalies in exclusive decays

Combined semi- 
leptonic & 
Lifetime fit
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 Flavour Physics
Overall impact

C2a hadronic matrix elements relevant for exclusive b-decays. 
- mesonic & baryonic transition form factors in the framework of QCD light-cone sum rules (LCSR) 
- improve understanding of light-cone distribution amplitudes (LCDA) for light & heavy hadrons 	


1. QCD factorisation and light-cone distribution amplitudes


2. QCD sum rules and related methods


3. New Channels and multi-hadron final states


4. Inclusive rates and sum over exclusive channels, semi-inclusive decays

 

For semi-leptonic and non-leptonic decays

For semi-leptonic and non-leptonic decays



 Flavour Physics
Overall impact

1. Overall impact of the CRC research in this area? 

• Better understanding of hadronic input functions 
in factorisation-based approaches to exclusive  
decays 

• Extension/generalisation of sum-rule methods to 
new channels

b

 anomalies 

Charm physics 

Hadronic anomalies 

 puzzle

B

Vcb

/ lattice / LCSR

ψ



 Flavour Physics
Overall impact

3. Synergies 
• C2b  impact of hadronic input 

functions on non-leptonic/rare decays 
• C2b  rescattering effects in multi-body 

channels 
• C1a  inclusive rates vs. Orbitally 

excited -states

↔

↔

↔
D

5. Modification of cover story? 
• Less emphasis on sum rules - more 

emphasis on latte



 Flavour Physics
Overall impact

C2b: Exclusive non-leptonic and rare semi-leptonic and radiative -quark decays  
        (theoretical predictions and phenomenological implications) 
- use factorisation and effective-field-theory methods to understand hadronic uncertainties 

- phenomenological updates for angular observables and partial decay rates

- extend our studies to possible flavour structures of physics beyond the Standard Model.


1.  NNLO QCD corrections: two loop corrections to scalar penguin amplitude in non-leptonic decays;                                   
higher-order corrections to annihilation topologies


2. QED corrections in the factorization framework:                                                                           
Semi-leptonic operators in  ;   hadronic operators in  −and non-leptonic decays;                                                                                                        
QED corrections to heavy-to-light form factors;    isospin-violating observables and violation of lepton-flavour universality.


3. Power corrections in exclusive B meson decays:                                                                  
factorization of endpoint divergencies in  form factor; extension to non-leptonic and rare decays


4. Phenomenology of non-leptonic Decays:                                                                               
comprehensive NNLO analysis of  decays;  combination of QCDF with flavour-symmetries of the light quarks; 
two-body decays beyond the quasi-particle approximation;


5. Phenomenology of rare semi-leptonic and radiative decays:                                                       
precision phenomenology for  ℓat large hadronic recoil realistic parametrization of hadronic resonances beyond 
factorization, rare radiative decays of ,  and . 

b

B → K*ℓℓ B → K*ℓℓ

B → π

B → PP, VP, VV

B → K*ℓℓ
Bs Bc Λb



 Flavour Physics
Overall impact

1. Overall impact 
• New insights in flavour anomalies 
• Improved estimates of the non-

factorising QCD & QED effects 
• Pheno studies on potential BSM effects 

in non-leptonic and rare decays



 Flavour Physics
Overall impact

3. Synergies 
• C2a  hadronic input functions  
• C2a  rescattering effects in multi-body 

channels 
• B1e  factorisation and endpoint 

divergencies

↔
↔

↔

5. Modification of cover story? 
• QCD precision in rare and non-leptonic 

decays: how much room for 
improvement? 

• Phone of flavour anomalies: future 
prospects (to be self-critically discussed) 

• BSM flavour structure: what can we learn 
from bottom-up/EFT approaches? 



 Flavour Physics
Overall impact: conceptual developments in C1 & C2

Gradient flow: 

• Develop formalism to calculate Bag 
parameter for lifetimes on the lattice - here 
any development was dormant for about 25 
years despite huge experimental progress 

• Develop the program ftint to calculate 
Feynman integrals that occur in the gradient 
flow formalism numerically 

Quark masses: 

• Quark masses plus gradient flow 

• Replace  by observables 

• Quark hadron duality violations 

mq
Aachen/ 
Siegen

Aachen

Aachen/ 
Siegen

Siegen

Siegen



 Flavour Physics
Overall impact: conceptual developments in C1 & C2

Perturbation theory: 
• Expand and match 

• four-loop massless form factors 

•  2 → 2 processes with massive 
internal particles                     
application to  

• Massive three-loop form factors: 
Anomaly contribution                    
Heavy to light 

H → bb̄

KIT

KIT

KIT

KIT

KIT/ 
Siegen

KIT/ 
Siegen
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 Flavour Physics
A. Increase SM precision - continue to to provide world-leading precision develop new concepts like Gradient Flow 

B. Charm Physics - test applicability of the B physics tools in the charm sector 

C. Collider Flavour connection 

D. Multi-body hadronic decays/CPV/Dalitz 

New ideas

Gradient Flow 
• Continue lifetimes and mixing (eye-contractions) 
• Conceptual issues like quark masses? any connection between cut-off 

of kinetic mass with flow-time (cut-off) in gradient flows - Matching  
already done by Robert and Oliver and friends 

• Robert: most GF matching calculations might be done with technology 
of Matthias one order higher

MS

• C1 obvious 
• : revisit form factors and non-local contributions/charm-loops 

Include more lattice? - how? In what collaborations? 
•  decays - polarisation for FCC and  determination from 

 (form factors, lattice?) 
• LCSR for non-leptonic decays

b → sℓℓ

Λb Vub
Λb → pℓν

Re-think: was an important part of the cover story

• Lifetimes 
• Inclusive, Semi-leptonic 
• Mixing 
• . —— Connection with multi body CPV  (Methods by Kubis)ΔACP B → Kππ

• Thorsten/Robert/ Tom Tong -> collaboration with SMEFT fitte - bring 
structure in the 2499 operators 

• Uli: Connection to single top FCNC-  and  
• Uli: 3b more general and bottom-up; additional PI from  Aachen and/or  

Siegen

t → bW, cZ, uZ, . . . Bs → μμ

  methods by Kubis B → Kππ
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 Flavour Physics
New ideas

Let’s work hard to get a referee feedback in the style of  

…the internationally outstanding PIs managed to give their successful 
and impactful full project “Particle Physics Phenomenology after the 
Higgs Discovery”  a new, exciting twist which deserves unconditional 
funding… we actually suggest to increase the requested number of 
positions by….


