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HADES in a nutshell
… versatile experimental setup!

▪Outstanding in dilepton spectrometry

▪Excellent tracking & PID capabilities

▪Modular at forward angles

▪Additional photon detection

▪Good angular coverage

▪Designed for various SIS18 beams

▪…including pions! 
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This talk…

▪Perspectives of physics with pion beams exploiting exclusive 
reactions

▪Emphasis on cold matter applications —> Beatrice Ramstein

▪Note: synergetic topics bringing lots of cross fertilisation!
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Case study: “exclusive reactions”
… to stay close to my field of interest

Why “exclusive reactions”?

▪Provide “elementary” input for heavy-ion studies

▪Study the couplings of baryons with mesons

▪Study the internal properties of short and long-lived hadrons

▪Study hadron-hadron interactions using “elementary femtoscopy”

▪Overall philosophy: stay close to QCD and avoid phenomenology
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Case study: “exclusive reactions”
… to stay close to my field of interest
A successful campaign depends on…

• Choosing controllable reactions avoiding ambiguities in 
interpretation!  

• At least complementary to other data/experiments

• Excellent S/ S+B√  preferably with high S/B

• Kinematically complete measurements

• Sufficient phase space coverage (partial wave analysis)

• Versatile detector with “the right probe to do the right job”
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… its conceptual features

2025-20xx?
2014

Shklyar, Lenske, Mosel, PRC93, 045206 
(2016)
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• √s coverage up to ~2 GeV
• ‘Simple’ initial state with spin-zero 

(Goldstone) pion, s-channel
• ‘Simple’ final states, 2/3-bodies
• Sizeable xsecs for strangeness 

production w.r.t. light hadrons
• Promising tool for precision PWAs & 

probing (e.m.) decay properties of 
various baryons/mesons/…

2025-20xx?
2014

Shklyar, Lenske, Mosel, PRC93, 045206 
(2016)
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N* → Ne +
e −

The “2014” pion success story
… some key aspects

• Selectivity of baryon resonances 
in s-channel formation 

• Focus on “2nd resonance region” 
( s√  = 1.46 - 1.55 GeV)

• Study baryon-meson reaction 
dynamics via 2-pion production
 

• Time-like electromagnetic 
structure of baryons via  

N(1420, 1520, 1535)

N* → N e+ e−
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Time-like electromagnetic form factors
• Sensitive probe to study 

electromagnetic structure of 
photon-baryon coupling, f.e. 
role of vector mesons, pion 
cloud, … 

• Powerful in combination with 
the PWA of hadronic decay 
mode 

Validity VMD?
Role meson 
cloud?
…?
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Time-like electromagnetic form factors
• Sensitive probe to study 

electromagnetic structure of 
photon-baryon coupling, f.e. role 
of vector mesons, pion cloud, … 

• Powerful in combination with the 
PWA of hadronic decay mode

• Deep insight into photon-baryon 
coupling

• Polarization analysis of the 
virtual photon -> extract spin-
density matrix elements

• Complementary in study of 
emissivity of baryonic matter

Joachim Stroth, p@SIS100 workshop, 
Wuppertal
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Conceptual long-term pion program
Stage 1: “N/*Δ spectroscopy, dynamics and structure”

• Scan various c.m. energies at moderate luminosities (~105 -106 π/spill)
• Physics: precision data in S=0, e.g. πN  ππN/ηN/ωN/KY→ ; eTFF with 

N*/Δ; Cold matter studies
• Energies range √s = 1.4  2.0 GeV−  (including 2014 & 2025 runs)

Stage 2: “Y(|S|=1) spectroscopy and dynamics”
• Selected c.m. energies at high luminosities (~106 -107 /spill)
• Physics: precision data in |S|=1 sector with hadronic final states; 

radiative transition studies (γ/e+e−) of (excited) hyperons
• Energies points selected within √s = 1.8  2.0 GeV−

Stage 3: “Y(|S|=1) structure”
• Precision di-lepton spectroscopy with high q2 sensitivity in Y* e.m. 

decays

Ye
ar s

2014 
data
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