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Introduction

Primary beam (8 x 107 p/bunch)
Resonance excitation in subsystem leads 
to higher radial excitations

➢ Tool for small statistical uncertainties
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Introduction

Secondary beam (8 x 105 π/bunch)
S-channel resonance excitation with 
minimal reaction energy spread

➢ Tool for small systematic uncertainties
DOI: 10.1103/PhysRevD.110.030001

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.030001
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Main Goals of the Program

emTFF measurements  Can be measured via differential decay rate

– dΓ / dMe+e− ∝ ∣ GT(q2) ∣2 × phase space 

– ∣ GT(q2) ∣2 : combination of squared electric, magnetic and 
coulomb form factors (model-dependent)

 and via the differential cross section

– dσ / dMe+ e− ∝ (dσ / dMe+ e−)QED × (∣ GT(q2) ∣2 / ∣ GT(0) ∣2) 

– (dσ / dMe+ e−)QED : point-like Baryon

– ∣ GT(q2) ∣2 / ∣ GT(0) ∣2 : Form factor correction

 as well as the spin-density-matrix via polarisation/PWA

– ρij ∝ GT(q2) 

– ρ11 = 0.5 : real photons, ρ11 > 0.5 : virtual photons

The transition rate for a reaction is given 
by the product of the absolute square of 
the amplitude and a phase space factor

F  G  Rermis olden ule
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 Studying in-medium modifications (here e.g. „ρ-melting“)

Vacuum spectral function

In-medium spectral function (widening)

With Γρ * = Γρ,vacuum + Γρ,coll + Γρ,pion cloud 

Dalitz decay with modified ρ

Main Goals of the Program
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https://doi.org/10.1016/j.physletb.2026.140338
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 Studying in-medium modifications (here e.g. „ρ-melting“)

Vacuum spectral function

In-medium spectral function (widening)

With Γρ * = Γρ,vacuum + Γρ,coll + Γρ,pion cloud 

Dalitz decay with modified ρ
“effective-model”: A=Breit-Wigner(M)+Pion Cloud(M)+Interference(M) 
broadening: fixing Γ=250 MeV/c2

pion cloud and interference: additive exponential terms

Main Goals of the Program
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 Studying strange quark dynamics 

π-QCD Whitepaper

Main Goals of the Program

https://hades.gsi.de/sites/default/files/web/media/documents/proposals/HADES_Proposal_Pion_Update-1.pdf
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Energy Scan (Approved)

 Scan from pπ
  = 1.007 to 1.228 GeV/c

 Target strategy: Polyethylene (CH2), carbon

 Physics case: Hadronic spectroscopy, „probing the landscape“

● Baryonic resonances
● Strangeness production
● Vector meson studies

DOI: 10.1103/PhysRevC.93.045206 

Expected statistics (pπ
  = 1.115 GeV/c, 7 shifts (2 days, 8 hours), Polyethylene target):

https://doi.org/10.1103/PhysRevC.93.045206
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Preparative Study

 Systematic study of setup parameters based on 
key physics channels

– Magnetic field

– Trigger

– RICH & iTOF

– Forward tracking

– Target geometry and START

 Prepared for and handed to CB and TB

 Github Repo for transparency

 Baseline: Feb22 Setup

https://git.gsi.de/mkohls91/pion-beam-sim-studies
https://git.gsi.de/mkohls91/pion-beam-sim-studies
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Magnetic Field Settings 

 Using INCL, we see a weak magnetic 
field dependence for the overall 
single pion and proton final state 
acceptance x efficiency
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K0

 S [π+ π−] , difference becomes more 
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Magnetic Field Settings 

 Using INCL, we see a weak magnetic 
field dependence for the overall 
single pion and proton final state 
acceptance x efficiency

 When reconstructing π− p → Λ [p π−] 
K0

 S [π+ π−] , difference becomes more 
pronounced, especially when looking 
at the reconstructed Lambdas

– A magnet current setting of 
2500 A appears to deliver the 
best trade-off between 
precision and raw yield
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Trigger Studies

 Iza & Pavel compiled possible set of 
triggers 
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Trigger Studies

 Iza & Pavel compiled possible set of 
triggers 

 One of the main issues:

– iTOF presence causes additional 
multiple scattering (later more)

– With iTOF, main trigger could be HADES 
multiplicity ≥ 1 with high purity 
(negligible accidental coincidences)

● No numbers here, due to uncertain 
beam conditions

● Based on current estimates we still 
expect ~1 kHz of rate for each setting 
with about 30% chance coincidences
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Multiple Scattering in RICH and iTOF

 Problem: more than 90% of charged 
pions and more than 50% of protons 
have momenta < 800 MeV/c, with 
charged pions peaking at around 200 
MeV/c ( pπ

 −= 1 GeV/c )

– In p+p, p < 200 MeV/c was 
problematic!

 Idea: iteratively replace RICH and 
iTOF with volumes of air, comparing 
it to full setup
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Multiple Scattering in RICH and iTOF

 PLUTO Simulation π− p → Λ [p π−] K0
 S 

[π+ π−]
 pπ

 −= 1.16 GeV/c
 Using Lambda reconstruction as 

proxy for influence of multiple 
scattering for pointing precision

– ΔX0: residual for reconstructed Lambda 
decay vertex vs generator ground truth



GSI Helmholtzzentrum für Schwerionenforschung GmbH 19Marvin Kohls

Multiple Scattering in RICH and iTOF

 PLUTO Simulation π− p → Λ [p π−] K0
 S 

[π+ π−]
 pπ

 −= 1.16 GeV/c
 Using Lambda reconstruction as 

proxy for influence of multiple 
scattering for pointing precision

– ΔX0: residual for reconstructed Lambda 
decay vertex vs generator ground truth

– Separated in longitudinal and transverse 
component



GSI Helmholtzzentrum für Schwerionenforschung GmbH 20Marvin Kohls

Multiple Scattering in RICH and iTOF

 PLUTO Simulation π− p → Λ [p π−] K0
 S 

[π+ π−]
 pπ

 −= 1.16 GeV/c
 Using Lambda reconstruction as 

proxy for influence of multiple 
scattering for pointing precision

– ΔX0: residual for reconstructed Lambda 
decay vertex vs generator ground truth

– Separated in longitudinal and transverse 
component

– DCA between proton and pion from 
Lambda



GSI Helmholtzzentrum für Schwerionenforschung GmbH 21Marvin Kohls

Multiple Scattering in RICH and iTOF

 PLUTO Simulation π− p → Λ [p π−] K0
 S 

[π+ π−]
 pπ

 −= 1.16 GeV/c
 Using Lambda reconstruction as 

proxy for influence of multiple 
scattering for pointing precision

– ΔX0: residual for reconstructed Lambda 
decay vertex vs generator ground truth

– Separated in longitudinal and transverse 
component

– DCA between proton and pion from 
Lambda

 iTOF significantly worsens quality
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Forward Tracker

 Essential for channels at energetic 
threshold

– π− + p → Λ K+ π− (1.23 GeV/c)
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Forward Tracker

 Important for channels at energetic 
threshold

– π− + p → Λ K+ π− (1.23 GeV/c)

– π− + p → K0
 S + Σ0 [ Λ + γ ] (1.16 GeV/c)
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Summary

 Pion beam program essential to enhance understanding of structure and 
dynamics of baryonic resonances

 Report produced to deliver recommendations on the basis of physics 
considerations

– Many more details in the report

– Now that we have some time: in-beam detector for beam momentum measurement?
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Summary and Outlook

 Pion beam program essential to enhance understanding of structure and 
dynamics of baryonic resonances

 Report produced to deliver recommendations on the basis of physics 
considerations

– Many more details in the report

– Now that we have some time: in-beam detector for beam momentum measurement?

 Paper in preparation regarding upcoming beam energy scan (systematic 
performance studies and baseline estimation)

– Official simulations currently in preparation by Jochen
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BACKUP
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 Density matrix in QM is projection operator on state |ψ > 

– ρ = ∑i pi |ψi><ψi| 

– ∑ipi = 1 probability for state

– for pure states i = 1 (and p = 1)

– Spin orientation, phase relations, etc encoded

 For a spin-s-system ρ is a (2s+1)x(2s+1) matrix

– Diagonal elements show probabilities for spin states

– Non-diagonal elements show phase relations between spin states

– Example Spin ½:

Spin-Density-Matrix Formalism
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 For a spin-s-system ρ is a (2s+1)x(2s+1) matrix

– Diagonal elements show probabilities for spin states

– Non-diagonal elements show phase relations between spin states

– Example Spin ½:

 To measure it one can use polarisation measurements

– For a spin ½ particle decaying spin density matrix is then 

– With vector P polarisation vector

– And vector σ the pauli matrices

 In PWA: comes from amplitude and Clebsch-Gordan-Coefficients

Spin-Density-Matrix Formalism
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 Low-momentum-transfer reactions (e.g., π p → K Λ) offer high sensitivity to hyperon ⁻ ⁰
polarization 

 Why is it important?

– PWA separates scattering wave functions into their components defined by the quantum 
numbers

● Oribtal angular momentum (ℓ)

● Parity (P)

● Isospin (I)

● Spin (S)

– Polarisation indicates which partial wave dominates and helps to discern resonances with 
similar mass but different spin/parity (resolving ambiguities)

● S-wave (L=0) has no polarisation

● P-wave (L=1) would show an angular dependence

Probing the Non-Perturbative QCD Regime
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https://doi.org/10.1017/9781316995433
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 Low-momentum-transfer reactions (e.g., π p → K Λ) offer high sensitivity to hyperon ⁻ ⁰
polarization 

π-QCD Whitepaper

Lambda Polarisation

π-
p

K0

π-

π+

Λ

π-

p

θ: Λ emission angle in the reaction system c.m. frame

https://hades.gsi.de/sites/default/files/web/media/documents/proposals/HADES_Proposal_Pion_Update-1.pdf
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 Low-momentum-transfer reactions (e.g., π p → K Λ) offer high sensitivity to hyperon ⁻ ⁰
polarization 

Lambda Polarisation

In the Lambda c.m. frame:

β: angle between p vector and polarisation 
axis
PΛ: polarisation (inclination/α)
α ≈ 0.750: asymmetry parameter of Λ-decay

Polarisation term phase-space term

π-QCD Whitepaper

https://hades.gsi.de/sites/default/files/web/media/documents/proposals/HADES_Proposal_Pion_Update-1.pdf
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DOI: 10.1103/PhysRevD.102.096017

https://doi.org/10.1103/PhysRevD.102.096017

	Slide 1
	Asf
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33

