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The HADES Spectrometer
High-Acceptance Di-Electron Spectrometer
Versatile detector operating at GSI at SIS18 since 2001 allowing to study both hadron
and heavy-ion physics

• Precision spectroscopy of e+e− pairs and charged hadrons and calorimetry
• Perfect for hyperon structure studies

• pp, heavy ion (e.g. Ag-Ag, Au-Au) and pion induced reactions
• Hyperons are produced and used as probes for in-medium properties

• Acceptance of detector: ∼15-85◦ + extended with a forward detector at lower angles for
pp data @ Tbeam = 4.5 GeV

• Important for detection of hyperon decay products
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(I) Status analysis p+p 4.5 GeV

o Second generation DST production available (updated alignment and calibrations) 

o Integrated luminosity   

o  reconstructed in  channel – advanced analysis including ECAL ongoing 

o Lambda k+ ~50 mub

ℒ = 6.4 pb−1

18.000 ω e−e+

5

double strangeness inclusive dileptons

Joachim Stroth |  Research Retreat  |  DarmstadtJuly 17–18, 2023

Dalitz Decay of Σ0

• Decay not yet observed
• Challenging analysis due to small branching

fraction (< 5×10−3)
• HADES excellent for identifying e+e−

• Need to reject conversion electrons
• Future activities to identify Σ0(1385) and

Λ(1520) via lepton decay channels
• Analysis by J. Rieger (Uppsala University)
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Recent p+p studies at T=4.5 GeV

Analysis in progress!


[EPJA57, 138 (2021)]
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See talks at this conference:


• Szymon Harabasz, Monday 13:30

• Iza Ciepal, Tuesday 9:30

• Jana Rieger, Tuesday 14:25
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V. SHKLYAR, H. LENSKE, AND U. MOSEL PHYSICAL REVIEW C 93, 045206 (2016)

In addition, several meson exchange models have also
been used to attack the problem [43,44]. The authors of
Ref. [43] apply a tree-level parametrization to evaluate two-
pion production. It is interesting that the authors do not use
the Breit-Wigner parametrization but obtain the vertices and
the propagators at the tree-level diagrams by solving dynam-
ical equations. In addition to N∗(1440), several additional
states have also been included into the calculations. Close
to threshold the findings of Ref. [43] demonstrate a nice
agreement with experiment. These results also support a large
contribution from the Roper resonance to the π−p → π+π−n
and π−p → π0π0n reactions, which is in line with the
conclusions of Refs. [33,37]. Though the authors of Ref. [43]
do not give their decay branching ratios for resonance decays,
one might expect a sizable N

1
2 +(1440) → σn decay fraction

from the large gσNN(1440) ≫ gπ#(1232)N(1440) coupling constant
in Ref. [43].

Another dynamical approach to solve the coupled-
channels problem for the two-pion production is presented
in Refs. [45,46]. This approach is close in spirit to that in
Ref. [36]. The model aims to go beyond the isobar approxi-
mation having both dispersive contributions and unitarity cuts
under control.

Because the full calculations require large computation
efforts, only a limited amount of γ /πN → ππn experimental
data has been analyzed; see Refs. [47,48] and references
therein. One of the complications reported in Ref. [45] is
the appearance of the moving singularity in the scattering
amplitude. Presently it is not clear whether the phenomena has
a physical origin or is related to the treatment of the scattering
problem in the Euclidean space.

III. COUPLED-CHANNELS UNITARY MODEL FOR
π N → 2π N SCATTERING

A. The issue of unitarity

Unitarity is a one of the important key issues in the partial-
wave analysis. This constraint is maintained in a coupled-
channels treatment of the scattering problem. The requirement
that the sum of all transition probabilities should be 1 leads to
the condition SS+ = 1 for the scattering S matrix. This gives

− i(T − T +) = T T + (1)

for the T matrix in the operator form. On the amplitude level
it leads to a relation between the imaginary part of the elastic
scattering amplitude and the transition probability summed
over all elastic and inelastic asymptotic channels,

ImTii =
∑

j

TijT
+
ij =

∑

j

|Tij |2, (2)

where indices i,j denote incoming and outgoing asymptotic
final states, e.g., πN , 2πN , etc., and their quantum numbers.
The summation in Eq. (2) stands for summation over spin,
isospin, and integration over intermediate particle momenta.
From the form of relation Eq. (2) follows that the scattering
amplitude T is a matrix of dimension N × N , where N is
the number of all open channels and independent spin-isospin
combinations.

For the sake of simplicity we consider here πN scattering
below the 3πN threshold. Then only πN and 2πN final states
are important on the right side of Eq. (2); the electromagnetic
processes can be neglected. The quantity Tii denotes a
scattering amplitude for elastic transitions where all quantum
numbers (including momenta) of the particles in the in state
are identical to those in the out state. This can only take
place for the elastic scattering at forward directions. Then, for
the elastic πN scattering one can write Tii = T els.

πN (0), where
T els.

πN (0) is the πN elastic scattering amplitude for forward
angles. Equation (2) can be rewritten in the form of the optical
theorem

ImT els.
πN (0) = k2

4π
(σπN→πN + σπN→2πN ), (3)

where k is a c.m. momentum of the initial πN state and
σπN→πN and σπN→2πN denote the total πN → πN and
πN → 2πN cross sections, respectively. For higher energies
the right-hand side of Eq. (3) can include contributions from
other open channels. The importance of the optical theorem
for the data analysis can be seen after the partial-wave
decomposition of Eq. (3),

ImT JP
πN = k2

4π

(
σ JP

πN→πN + σ JP
πN→2πN

)
, (4)

where the subscripts J and P stand for the total spin and
the parity. As a consequence, the imaginary part of the
given elastic πN partial wave is a sum over all elastic and
inelastic total partial-wave cross sections. The results of GiM
calculations [5–9] are shown in Fig. 1. All reactions turn out
to be linked via Eq. (3) and its PWA version, Eq. (4). The
largest inelastic contribution to the left-hand part of Eqs. (3)
and (4) comes from the πN → 2πN reactions. Hence, it is
very important that the 2πN channel is included in the PWA
for the baryon resonance analysis. In our earlier work the
2πN final state was treated as a “generic” channel to control
inelasticities associated with the πN → 2πN reaction; see
Refs. [3,4]. Here we discuss the extension of the model to
incorporate the 2πN channel within the isobar approximation.
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FIG. 1. Total cross sections for pion-induced reactions calculated
in Giessen model [5–9] vs experimental data.
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FIG. 2. (a) d�/dMe+e� for the ⇡�+CH2 reaction integrated
in the HADES acceptance over the missing mass range [900-
1030] MeV/c2. Full triangles: total yields, full squares: after
subtraction of the ⇡0 Dalitz decay contribution (⇡0[�e+e�]).
The curves display the simulations for point-like baryon Dalitz
decay (”QED reference”, orange dashed-dotted curve), ⇡0

Dalitz decay (black dotted curve) and the sum (black solid
curve). (b) d�/dMe+e� for the quasi-free ⇡�p! ne+e�

reaction integrated over the missing mass range [900-1030]
MeV/c2after normalisation by the number of e↵ective protons
and acceptance corrections. Gray triangles up (blue triangles
down): e+e� yields deduced from the ⇡�p ! ⇢n PWA con-
tribution [36] using VMD2 (VMD1). Orange dashed-dotted
curve: QED reference (d�/dMe+e�)QED, gray dashed area:
VMD2 model with d-wave contribution varied from 0 (full
curve) to 10% (dashed curve), blue colored area (cyan curve):
same for VMD1 models with constructive (incoherent) sum of
⇢ and � contributions, long dash-dot-dot-dashed blue curve:
⇢ contribution to the VMD1 model. Calculations using the
timelike Form-Factor model (red solid curve) and the La-
grangian model (green long dashed curve) are also shown. (c)
Ratios (d�/dMe+e�)/(d�/dMe+e�)QED. The same marker
and curve styles apply as in panel (b). Symbols with vertical
and horizontal bars show the data with total and systematic
point-to-point errors, respectively and curves display simula-
tions with absolute normalisation in all panels.

Our results are also compared to the microscopic calcu-
lation of [46] based on an e↵ective Lagrangian approach,
taking into account various resonant and non-resonant
amplitudes in a coherent way using the N?N⇢ couplings

derived from the PWA [36]. A salient feature of this
model is the application of the two-component VMD1
model to all baryon-photon couplings. Choosing a rel-
ative phase of 90� between the resonant � and ⇢ am-
plitudes, a good description of the e+e� production is
achieved, as shown by the green long dashed curve in
Figs. 2b and c. The calculation was performed for the free
⇡�p! ne+e� reaction which might explain the peak-like
structure at large invariant masses. One has however to
consider that these calculations have not yet been con-
fronted with the measured two-pion production. More-
over, this model accommodates a strong contribution of
non-resonant Born terms in the dilepton production, in
contrast to the PWA analysis of the ⇡�p ! n⇢ channel
[36], where the main contributions are due to N(1520)
and (to a smaller extent) to N(1535) excitation in the
s-channel.
Simulations based on the eTFF model [47, 48] for

these resonances also give a satisfactory description of
the data, which demonstrates that the dominant meson
cloud contribution is taken into account in a realistic
way. As the evolution of the e↵ective eTFF is mainly
driven by the pion electromagnetic form factor, this cal-
culation provides an independent VMD approach for the
⇡�p! ne+e� reaction.
The measured e+e� cross section for Me+e� ⇡ 500

MeV/c2 is more than two orders of magnitude larger than
the calculations of [51], which were based on a very low
o↵-shell ⇢ cross section and strong destructive interfer-
ences with o↵-shell ! production. The calculations of
[52], which were performed for

p
s larger than 1.6 GeV,

also predicted large negative interferences between ⇢ and
!, though with a larger ⇢ yield.
The ”QED reference” model was used to extrapolate

the experimental di↵erential cross section at small in-
variant masses (Me+e� < 100 MeV/c2). In this way, a
total cross section for the free ⇡�p! ne+e� reaction of
� = (2.97 ± 0.07data ± 0.21acc ± 0.31Zeff )µb can be de-
duced, where the errors are due to uncertainties of the
measurement, the acceptance correction and the e↵ective
number of protons, respectively. The ratio of the inte-
grated experimental and ”QED reference” cross sections,
which can be attributed to an e↵ective eTFF, amounts
to 1.35 ± 0.03 (data) ± 0.02 (acceptance).
Angular distributions. Further information on the

nature of the timelike electromagnetic transitions in the
⇡�p! ne+e� reaction can be obtained from the angu-
lar distributions. A convenient parameterization of the
di↵erential cross sections d4�/d⇥�⇤dMe+e�d cos⇥ d� /
|A|2 is provided by the density matrix formalism [46, 53,
54] with the relevant dependencies of the mod-squared
amplitude at given value of Me+e� and polar angle (⇥�⇤)
of the virtual photon in the center-of-mass frame:

|A|2 / 8k2
⇥
1� ⇢11 + (3⇢11 � 1) cos2 ⇥.

+
p
2Re⇢10 sin 2⇥ cos�+Re⇢1�1 sin

2 ⇥ cos 2�
⇤
. (3)

“2014” highlights: 
• PWA  
• 8 PDG entries on N(1440,1520,1535) 

• E.m. transition form factor 



• Unique test of VMD models!

π−p → Nππ

N(1520) → Ne+e−

arXiv:2205.15914 + PRC102, 024001
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The HADES Spectrometer
High-Acceptance Di-Electron Spectrometer
Versatile detector operating at GSI at SIS18 since 2001 allowing to study both hadron
and heavy-ion physics

• Precision spectroscopy of e+e− pairs and charged hadrons and calorimetry
• Perfect for hyperon structure studies

• pp, heavy ion (e.g. Ag-Ag, Au-Au) and pion induced reactions
• Hyperons are produced and used as probes for in-medium properties

• Acceptance of detector: ∼15-85◦ + extended with a forward detector at lower angles for
pp data @ Tbeam = 4.5 GeV

• Important for detection of hyperon decay products

ΛK0
S analysis by S. Pattnaik (GSI)

Jenny Taylor (GSI) Exclusive Hyperon Reconstruction at HADES Winter Meeting, 2024 2 / 14

π, p, d…(SIS18)
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In addition, several meson exchange models have also
been used to attack the problem [43,44]. The authors of
Ref. [43] apply a tree-level parametrization to evaluate two-
pion production. It is interesting that the authors do not use
the Breit-Wigner parametrization but obtain the vertices and
the propagators at the tree-level diagrams by solving dynam-
ical equations. In addition to N∗(1440), several additional
states have also been included into the calculations. Close
to threshold the findings of Ref. [43] demonstrate a nice
agreement with experiment. These results also support a large
contribution from the Roper resonance to the π−p → π+π−n
and π−p → π0π0n reactions, which is in line with the
conclusions of Refs. [33,37]. Though the authors of Ref. [43]
do not give their decay branching ratios for resonance decays,
one might expect a sizable N

1
2 +(1440) → σn decay fraction

from the large gσNN(1440) ≫ gπ#(1232)N(1440) coupling constant
in Ref. [43].

Another dynamical approach to solve the coupled-
channels problem for the two-pion production is presented
in Refs. [45,46]. This approach is close in spirit to that in
Ref. [36]. The model aims to go beyond the isobar approxi-
mation having both dispersive contributions and unitarity cuts
under control.

Because the full calculations require large computation
efforts, only a limited amount of γ /πN → ππn experimental
data has been analyzed; see Refs. [47,48] and references
therein. One of the complications reported in Ref. [45] is
the appearance of the moving singularity in the scattering
amplitude. Presently it is not clear whether the phenomena has
a physical origin or is related to the treatment of the scattering
problem in the Euclidean space.

III. COUPLED-CHANNELS UNITARY MODEL FOR
π N → 2π N SCATTERING

A. The issue of unitarity

Unitarity is a one of the important key issues in the partial-
wave analysis. This constraint is maintained in a coupled-
channels treatment of the scattering problem. The requirement
that the sum of all transition probabilities should be 1 leads to
the condition SS+ = 1 for the scattering S matrix. This gives

− i(T − T +) = T T + (1)

for the T matrix in the operator form. On the amplitude level
it leads to a relation between the imaginary part of the elastic
scattering amplitude and the transition probability summed
over all elastic and inelastic asymptotic channels,

ImTii =
∑

j

TijT
+
ij =

∑

j

|Tij |2, (2)

where indices i,j denote incoming and outgoing asymptotic
final states, e.g., πN , 2πN , etc., and their quantum numbers.
The summation in Eq. (2) stands for summation over spin,
isospin, and integration over intermediate particle momenta.
From the form of relation Eq. (2) follows that the scattering
amplitude T is a matrix of dimension N × N , where N is
the number of all open channels and independent spin-isospin
combinations.

For the sake of simplicity we consider here πN scattering
below the 3πN threshold. Then only πN and 2πN final states
are important on the right side of Eq. (2); the electromagnetic
processes can be neglected. The quantity Tii denotes a
scattering amplitude for elastic transitions where all quantum
numbers (including momenta) of the particles in the in state
are identical to those in the out state. This can only take
place for the elastic scattering at forward directions. Then, for
the elastic πN scattering one can write Tii = T els.

πN (0), where
T els.

πN (0) is the πN elastic scattering amplitude for forward
angles. Equation (2) can be rewritten in the form of the optical
theorem

ImT els.
πN (0) = k2

4π
(σπN→πN + σπN→2πN ), (3)

where k is a c.m. momentum of the initial πN state and
σπN→πN and σπN→2πN denote the total πN → πN and
πN → 2πN cross sections, respectively. For higher energies
the right-hand side of Eq. (3) can include contributions from
other open channels. The importance of the optical theorem
for the data analysis can be seen after the partial-wave
decomposition of Eq. (3),

ImT JP
πN = k2

4π

(
σ JP

πN→πN + σ JP
πN→2πN

)
, (4)

where the subscripts J and P stand for the total spin and
the parity. As a consequence, the imaginary part of the
given elastic πN partial wave is a sum over all elastic and
inelastic total partial-wave cross sections. The results of GiM
calculations [5–9] are shown in Fig. 1. All reactions turn out
to be linked via Eq. (3) and its PWA version, Eq. (4). The
largest inelastic contribution to the left-hand part of Eqs. (3)
and (4) comes from the πN → 2πN reactions. Hence, it is
very important that the 2πN channel is included in the PWA
for the baryon resonance analysis. In our earlier work the
2πN final state was treated as a “generic” channel to control
inelasticities associated with the πN → 2πN reaction; see
Refs. [3,4]. Here we discuss the extension of the model to
incorporate the 2πN channel within the isobar approximation.
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FIG. 1. Total cross sections for pion-induced reactions calculated
in Giessen model [5–9] vs experimental data.
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Pion beam facility @ GSI

 reaction N+Be,  8-10*1010 N2  ions/spill (4s) 

 secondary ⌃� with I ~ 2-3 105/s  

 p = 650, 685, 733, 786 (+/- 1) MeV/c 

 PE (CH2 )n   and C targets 

Eur. Phys. J. A 53, 188 (2017) 

polyethylen 

(CH2)n  and C

 selectivity: producion of resonance with given mass in s-channel
 2-pion channels: ⌃-p→ n⌃+⌃-,  ⌃-p→ p⌃�⌃0 (                               )

- complete the very scarce pion beam data base for hadronic                 

  couplings
 dilepton channel R→ Ne+e-,  never measured in pion induced 

reactions -  time-like electromagnetic structure of baryons 

√s=1.46−1.55GeV

2nd resonance region

Pion-beam facility!
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FIG. 2. (a) d�/dMe+e� for the ⇡�+CH2 reaction integrated
in the HADES acceptance over the missing mass range [900-
1030] MeV/c2. Full triangles: total yields, full squares: after
subtraction of the ⇡0 Dalitz decay contribution (⇡0[�e+e�]).
The curves display the simulations for point-like baryon Dalitz
decay (”QED reference”, orange dashed-dotted curve), ⇡0

Dalitz decay (black dotted curve) and the sum (black solid
curve). (b) d�/dMe+e� for the quasi-free ⇡�p! ne+e�

reaction integrated over the missing mass range [900-1030]
MeV/c2after normalisation by the number of e↵ective protons
and acceptance corrections. Gray triangles up (blue triangles
down): e+e� yields deduced from the ⇡�p ! ⇢n PWA con-
tribution [36] using VMD2 (VMD1). Orange dashed-dotted
curve: QED reference (d�/dMe+e�)QED, gray dashed area:
VMD2 model with d-wave contribution varied from 0 (full
curve) to 10% (dashed curve), blue colored area (cyan curve):
same for VMD1 models with constructive (incoherent) sum of
⇢ and � contributions, long dash-dot-dot-dashed blue curve:
⇢ contribution to the VMD1 model. Calculations using the
timelike Form-Factor model (red solid curve) and the La-
grangian model (green long dashed curve) are also shown. (c)
Ratios (d�/dMe+e�)/(d�/dMe+e�)QED. The same marker
and curve styles apply as in panel (b). Symbols with vertical
and horizontal bars show the data with total and systematic
point-to-point errors, respectively and curves display simula-
tions with absolute normalisation in all panels.

Our results are also compared to the microscopic calcu-
lation of [46] based on an e↵ective Lagrangian approach,
taking into account various resonant and non-resonant
amplitudes in a coherent way using the N?N⇢ couplings

derived from the PWA [36]. A salient feature of this
model is the application of the two-component VMD1
model to all baryon-photon couplings. Choosing a rel-
ative phase of 90� between the resonant � and ⇢ am-
plitudes, a good description of the e+e� production is
achieved, as shown by the green long dashed curve in
Figs. 2b and c. The calculation was performed for the free
⇡�p! ne+e� reaction which might explain the peak-like
structure at large invariant masses. One has however to
consider that these calculations have not yet been con-
fronted with the measured two-pion production. More-
over, this model accommodates a strong contribution of
non-resonant Born terms in the dilepton production, in
contrast to the PWA analysis of the ⇡�p ! n⇢ channel
[36], where the main contributions are due to N(1520)
and (to a smaller extent) to N(1535) excitation in the
s-channel.
Simulations based on the eTFF model [47, 48] for

these resonances also give a satisfactory description of
the data, which demonstrates that the dominant meson
cloud contribution is taken into account in a realistic
way. As the evolution of the e↵ective eTFF is mainly
driven by the pion electromagnetic form factor, this cal-
culation provides an independent VMD approach for the
⇡�p! ne+e� reaction.
The measured e+e� cross section for Me+e� ⇡ 500

MeV/c2 is more than two orders of magnitude larger than
the calculations of [51], which were based on a very low
o↵-shell ⇢ cross section and strong destructive interfer-
ences with o↵-shell ! production. The calculations of
[52], which were performed for

p
s larger than 1.6 GeV,

also predicted large negative interferences between ⇢ and
!, though with a larger ⇢ yield.
The ”QED reference” model was used to extrapolate

the experimental di↵erential cross section at small in-
variant masses (Me+e� < 100 MeV/c2). In this way, a
total cross section for the free ⇡�p! ne+e� reaction of
� = (2.97 ± 0.07data ± 0.21acc ± 0.31Zeff )µb can be de-
duced, where the errors are due to uncertainties of the
measurement, the acceptance correction and the e↵ective
number of protons, respectively. The ratio of the inte-
grated experimental and ”QED reference” cross sections,
which can be attributed to an e↵ective eTFF, amounts
to 1.35 ± 0.03 (data) ± 0.02 (acceptance).
Angular distributions. Further information on the

nature of the timelike electromagnetic transitions in the
⇡�p! ne+e� reaction can be obtained from the angu-
lar distributions. A convenient parameterization of the
di↵erential cross sections d4�/d⇥�⇤dMe+e�d cos⇥ d� /
|A|2 is provided by the density matrix formalism [46, 53,
54] with the relevant dependencies of the mod-squared
amplitude at given value of Me+e� and polar angle (⇥�⇤)
of the virtual photon in the center-of-mass frame:

|A|2 / 8k2
⇥
1� ⇢11 + (3⇢11 � 1) cos2 ⇥.

+
p
2Re⇢10 sin 2⇥ cos�+Re⇢1�1 sin

2 ⇥ cos 2�
⇤
. (3)

“2014” highlights: 
• PWA  
• 8 PDG entries on N(1440,1520,1535) 

• E.m. transition form factor 



• Unique test of VMD models!

π−p → Nππ

N(1520) → Ne+e−

arXiv:2205.15914 + PRC102, 024001

Joachim Stroth | EMMI – Physics opportunities with proton beam | WuppertalFebruary, 2024
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In addition, several meson exchange models have also
been used to attack the problem [43,44]. The authors of
Ref. [43] apply a tree-level parametrization to evaluate two-
pion production. It is interesting that the authors do not use
the Breit-Wigner parametrization but obtain the vertices and
the propagators at the tree-level diagrams by solving dynam-
ical equations. In addition to N∗(1440), several additional
states have also been included into the calculations. Close
to threshold the findings of Ref. [43] demonstrate a nice
agreement with experiment. These results also support a large
contribution from the Roper resonance to the π−p → π+π−n
and π−p → π0π0n reactions, which is in line with the
conclusions of Refs. [33,37]. Though the authors of Ref. [43]
do not give their decay branching ratios for resonance decays,
one might expect a sizable N

1
2 +(1440) → σn decay fraction

from the large gσNN(1440) ≫ gπ#(1232)N(1440) coupling constant
in Ref. [43].

Another dynamical approach to solve the coupled-
channels problem for the two-pion production is presented
in Refs. [45,46]. This approach is close in spirit to that in
Ref. [36]. The model aims to go beyond the isobar approxi-
mation having both dispersive contributions and unitarity cuts
under control.

Because the full calculations require large computation
efforts, only a limited amount of γ /πN → ππn experimental
data has been analyzed; see Refs. [47,48] and references
therein. One of the complications reported in Ref. [45] is
the appearance of the moving singularity in the scattering
amplitude. Presently it is not clear whether the phenomena has
a physical origin or is related to the treatment of the scattering
problem in the Euclidean space.

III. COUPLED-CHANNELS UNITARY MODEL FOR
π N → 2π N SCATTERING

A. The issue of unitarity

Unitarity is a one of the important key issues in the partial-
wave analysis. This constraint is maintained in a coupled-
channels treatment of the scattering problem. The requirement
that the sum of all transition probabilities should be 1 leads to
the condition SS+ = 1 for the scattering S matrix. This gives

− i(T − T +) = T T + (1)

for the T matrix in the operator form. On the amplitude level
it leads to a relation between the imaginary part of the elastic
scattering amplitude and the transition probability summed
over all elastic and inelastic asymptotic channels,

ImTii =
∑

j

TijT
+
ij =

∑

j

|Tij |2, (2)

where indices i,j denote incoming and outgoing asymptotic
final states, e.g., πN , 2πN , etc., and their quantum numbers.
The summation in Eq. (2) stands for summation over spin,
isospin, and integration over intermediate particle momenta.
From the form of relation Eq. (2) follows that the scattering
amplitude T is a matrix of dimension N × N , where N is
the number of all open channels and independent spin-isospin
combinations.

For the sake of simplicity we consider here πN scattering
below the 3πN threshold. Then only πN and 2πN final states
are important on the right side of Eq. (2); the electromagnetic
processes can be neglected. The quantity Tii denotes a
scattering amplitude for elastic transitions where all quantum
numbers (including momenta) of the particles in the in state
are identical to those in the out state. This can only take
place for the elastic scattering at forward directions. Then, for
the elastic πN scattering one can write Tii = T els.

πN (0), where
T els.

πN (0) is the πN elastic scattering amplitude for forward
angles. Equation (2) can be rewritten in the form of the optical
theorem

ImT els.
πN (0) = k2

4π
(σπN→πN + σπN→2πN ), (3)

where k is a c.m. momentum of the initial πN state and
σπN→πN and σπN→2πN denote the total πN → πN and
πN → 2πN cross sections, respectively. For higher energies
the right-hand side of Eq. (3) can include contributions from
other open channels. The importance of the optical theorem
for the data analysis can be seen after the partial-wave
decomposition of Eq. (3),

ImT JP
πN = k2

4π

(
σ JP

πN→πN + σ JP
πN→2πN

)
, (4)

where the subscripts J and P stand for the total spin and
the parity. As a consequence, the imaginary part of the
given elastic πN partial wave is a sum over all elastic and
inelastic total partial-wave cross sections. The results of GiM
calculations [5–9] are shown in Fig. 1. All reactions turn out
to be linked via Eq. (3) and its PWA version, Eq. (4). The
largest inelastic contribution to the left-hand part of Eqs. (3)
and (4) comes from the πN → 2πN reactions. Hence, it is
very important that the 2πN channel is included in the PWA
for the baryon resonance analysis. In our earlier work the
2πN final state was treated as a “generic” channel to control
inelasticities associated with the πN → 2πN reaction; see
Refs. [3,4]. Here we discuss the extension of the model to
incorporate the 2πN channel within the isobar approximation.
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FIG. 1. Total cross sections for pion-induced reactions calculated
in Giessen model [5–9] vs experimental data.
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Hyperon Correlations

Femtoscopy studies via correlation function

C(p1, p2) ≡
P (p1, p2)

P (p1) · P (p2)

Need low relative momentum, k < 50 MeV
• Λp potential inferred from correlation

function at HADES in p+Nb @√
SNN = 3.18 GeV [*] (right upper

plot)
• Need further studies in p+p and

p+Ag reactions with HADES
• HADES operates at energy range

close to production threshold which is
beneficial for interaction studies

• Current work by N. Rathod (Warsaw
University of Technology) to extract
p-Λ correlations at HADES (lower
plot)

[*] Phys. Rev. C 94, 025201 (2016)

Jenny Taylor (GSI) Exclusive Hyperon Reconstruction at HADES Winter Meeting, 2024 10 / 14

Hyperons electromagnetic decays Y→Λγ* and Y→Λγ.  electromagnetic Transition Form Factors (eTFF)

 eTFF are sensitive probes oh hyperon internal structure

Space-like region |Q2|>0 is inaccessible for excited hyperons (as target or beam)

Time-like high |Q2| is probed by electron-positron annihilation (BaBar, CLEO_C, 

BESIII)

Time-like low |Q2| available via Dalitz decays in HADES, sensitivity to Vector 

Meson (//) – Vector Dominance Model  → pion/kaon cloud contributions

Thermal dilepton measurements

Tetyana Galatyuk  |   pp physics at SIS100  |  Krakow l21 June, 2023

• Decisive parameters for data quality:

- interaction rates (IR) and signal-to-combinatorial background ratio 
('/)*): effective signal size: '+,, ~ ,- × '/)*

• Mid-rapidity, low-Oℓℓ, low-PT coverage (acceptance correction)

• Isolation of thermal radiation by subtraction of measured decay 
cocktail, “Resonance continuum”, Drell-Yan, > ̅> (A:A)

à Measure ℓ + ℓ −
production in pp and pA collisions

in Beam Energy Scan 

• Inclusive production cross section of R/, S, S1, T, U, V and Z2
• Mass and polarization of Drell-Yan process

• “Resonance continuum” (ℓ + ℓ −
from multi-pion process)

*+ = <!/ + <!0 +
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➥ challenge: rare probe (in particular at few GeV collision energy)
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• Bring together experts from both theory 
and experiment


• Form a community connecting the 
common interest among different QCD-
driven scientists


• Identify promising topics as a basis for a 
proton-driven physics program


• Evaluate its complementarity with 
programs at other facilities


• Prepare towards a white-paper
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and experiment


• Form a community connecting the 
common interest among different QCD-
driven scientists


• Identify promising topics as a basis for a 
proton-driven physics program


• Evaluate its complementarity with 
programs at other facilities


• Prepare towards a white-paper

Towards white-paper
Tetyana Galatyuk |  17. FAIR and GSI JSC Meeting  |  C.B.M.  |  GSI, Darmstadt

• Preparations for a “white-paper” beginning
⤳ aim for peer-reviewed publication

• Editors: F. Nerling, J. Messchendorp

• 30 people contributing
⤳ more highly welcome!

• Complete draft by the end of 2024

May 13, 2024

We appreciate the JSC support and 
endorsement of the initiative
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• Eds: Frank Nerling & J.M.



Hyperon factory with CBM@SIS100
…providing a basis for interaction, spectroscopy, and structure studies

•CBM designed for:

• p+p, p+A, A+A studies

• Identification of variety of hadrons, 

particularly with strangeness+charm

•High-rate capabilities


•Production of hyperons in exclusive 
NN reactions:

• 5 cm LH2 target,Dipole,STS,RICH, 

TRD,TOF,FSD(+NCAL)

• Luminosity: 1011 - 1012 p/spill (10 s)

• Interaction rates 1-10 MHz

• Angular coverage ~2.5-25o

• Angular resolution ~2 mrad

• Momentum resolution 1.5-2.0%

• Tracking efficiencies 90%

SIS100
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Picture credit: N. Herrmann, 
FAIR seminar, Krakow

Possibilities with Strangeness and Charm

 Currently available channels at SIS18 up to T
lab

 = 4.5 GeV

 SIS100 up to T
lab

 = 29 GeV

 Many interesting hyperon channels (S = -1,-2,-3 and C = 1) 

opens up at larger T
lab

 Anti hyperons

 pp interactions important for understanding effects in heavy ion 

data

 Hyperon Production

 Baryon Spectrum

– Line shape

 Structure i.e. via 

eTFFs or FSI

 Polarization

 ….

SIS18

SIS100

Au+Au

SIS100

T. Galatyuk, NPA 982 (2019), update 2023 
https://github.com/tgalatyuk/interaction_rate_facilities

SIS100 Au+Au
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S=-2 Prospects at SIS100

  Polarization (hyperons+antihyperons)
 Ξ- yield is an important indicator of chiral symmetry 

restoration in dense matter (heavy ion reactions)

 Measurements in pp important for understanding the 

fundamental production at similar energies as heavy ion 

reactions

 High inclusive acceptance and expected count rates for Ξ-

– Promising for line shape studies 

pp → pK+K+Ξ-

Ξ- → Λπ- (BR ~ 100%)
Λ → pπ- (BR = 64%)

FastSim

A
c
c
e

p
ta

n
c
e

Expected reconstructed inclusive / 
Day @ 30 GeV/c, σ = 40 μb

1 MHz 1.2·109

10 MHz 1.2·1010

Jenny Taylor

Ξ

Ω

Jenny Taylor, FastSim studies
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Topics in the strange sector
…and complementary to JLAB (KL), JPARC, …



Topics in the strange sector
…and complementary to JLAB (KL), JPARC, …
• Y* composition: spectroscopy & structure 

• Excited  spectroscopy

• Line-shape measurements (~2 MeV resolution)

• Electromagnetic (& weak) transition form factors

Ξ*, Ω*

Feijoo, Valcarce, Magas UChPT with WT + Born term + NLO

arXiv:2303.01323v1

Coupled meson-baryon channels in neutral S=-2: π0Ξ0, π+Ξ−, K̄0Λ, K−Σ+, K̄0Σ0, ηΞ0

FAIR GmbH | GSI GmbH 11Possibilities with a Proton beam

Excited Baryon Spectrum

 Learn about the internal structure of baryons

– Line shape measurements of 

resonances(Possible at SIS100 with resolution 

better than width)

● Molecular states, pentaquarks ...

 Need more multi-strange excited baryon data for spin 

and parity assignments

– PWA

 Focus on excited Ξ* and Ω* states

 cm energy = 7.5 GeV enough to populate higher 

lying resonances

 Mass resolution CBM, from MC  ~2 MeV/c2

 One can resolve the shapes!

arXiv:2303.01323v1Picture credit: N. Herrmann, FAIR seminar, Krakow

UChPT with WT + Born term + NLO

Scaling factor f 
– free parameter

Scaling factor f 
– fixed
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Topics in the strange sector
…and complementary to JLAB (KL), JPARC, …
• Y* composition: spectroscopy & structure 

• Excited  spectroscopy

• Line-shape measurements (~2 MeV resolution)

• Electromagnetic (& weak) transition form factors

Ξ*, Ω*

• Production mechanisms 
• Isospin sensitivity via np and pp reactions

• Input to transport models

Ξ- hyperon, model comparison

Mini-symposium “Hyperons@FAIR” | HADES2021-10-25 11

Observations:
Double strange hyperon multiplicity above 

expectation of Statistical Hadronization Model 

(SHM)
o Not in equilibrium?
o Role of YY interaction, high mass baryonic 

resonances?

HADES p+Nb 3.5

HADES Ar+KCl 1.76

HADES, PRL 103 (2009) 132301

RVUU: F. Li et al., PRC 85 (2012) 064902

UrQMD: J. Steinheimer et al., J.Phys. G43 (2016) 015104

ART: C.M. Ko et al., PLB595 (2004) 158-164

Explanations:

UrQMD explains data by  Ξ- production 

via high mass baryonic resonances?

Spectroscopy of N*→Ξ+K+K in p+p is badly 

needed

p+p@4.5 GeV
sim

Projections for new data:

Sensitivity for signal with 200-400 nb 
 3.5 µb - extrapolation from Ξ/(Λ+Σ) 

at HADES
 0.35 µb - extrapolation from higher 

energy experiments

What happens if  
we replace one of the 

light quarks in the proton 
with one - or many - 
heavier quark(s)? 

proton 

Λ Σ0 

Ξ- Ω- 

Key question in hyperon physics: 

FAIR GmbH | GSI GmbH 11Possibilities with a Proton beam

S=-2 at SIS18

 Excess of sub-threshold Ξ− production measured at HADES in 

Ar+KCl Reactions at 1.76AGeV [*] and p(3.5 GeV)+Nb 

collisions [**]

 Could be explained by resonances with significant branching 

fractions into the Ξ− channel [***]

 Need experimental observation of N*→ Ξ−K+K+ in p+p reactions

[*] PRL 103, 132301 (2009)

[**] Phys. Rev. Lett. 114, 212301 (2015)

[***] J. Steinheimer et al., J.Phys. G43 (2016) 015104
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• Excited  spectroscopy

• Line-shape measurements (~2 MeV resolution)

• Electromagnetic (& weak) transition form factors

Ξ*, Ω*

• Production mechanisms 
• Isospin sensitivity via np and pp reactions

• Input to transport models

• Strangeness propagation in cold matter 
• Reference spectra for p+A, A+A

➡Nuclear modification factors RAA
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R. Del Grande

• Femtoscopy 
• Measure two-particle correlation function towards 

small relative momenta

• Source distribution known —> info about interaction

• Disadvantages: source size, feed-down contributions

• Advantages: @SIS100 less feed-down than @LHC, 

weak dependence on production 
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C.Hanhart
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• Measure two-particle correlation function towards 

small relative momenta

• Source distribution known —> info about interaction

• Disadvantages: source size, feed-down contributions

• Advantages: @SIS100 less feed-down than @LHC, 

weak dependence on production 

• Dalitz plot analysis 
• Mass-correlation study of exclusive final states (FSI)

• Advantages: controllable uncertainties, feed-down 

manageable (beam energy scan around threshold)

• Disadvantage: spin admixture knowledge requires 

polarised beam/target, dependence on production
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• Dalitz plot analysis 
• Mass-correlation study of exclusive final states (FSI)

• Advantages: controllable uncertainties, feed-down 

manageable (beam energy scan around threshold)

• Disadvantage: spin admixture knowledge requires 

polarised beam/target, dependence on production

Interaction studies in strange and charm sectors
YN & YY interaction studies, complementary approachesOPPORTUNITIES WITH PROTONS AT SIS100

The high initial energy (
p

smax = 7.5 GeV) promises access to

pp ! ppJ/ and the pJ/ interaction
p

s > 5 GeV

=) discovery channel of c̄c pentaquarks & role of ⇤cD(⇤) channels

pp ! p⌃(⇤)
c D̄(⇤) and the ⌃(⇤)

c D̄(⇤) interaction
p

s > 5.6 GeV

=) formation of c̄c pentaquarks

pp ! K̄ 0K̄ 0⌃+⌃+ and the ⌃+⌃+ interaction (S=0 only!)
p

s > 3.4 GeV

=) closely SU(3) related to pp scattering

.... certainly many more

Note: Measurements need to be well above threshold, but not too high ...

Challenge: Needs high resolution for small relative momenta and
high statistics

Slide 15 19
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Charm-nucleon interactions
 final statepp → ppJ/Ψ

Charm valuable probe in QCD: 
• Mass scale ~1.5 GeV > ~0.2 GeV

• Short formation times ~0.1 fm/c

• Narrow states, “QCD beacons”

• …

ΛQCD



• (Near-threshold) charm production 
in NN scattering contains rich info: 
PDFs, multi-gluon dynamics, …


• Search for “LHCb” pentaquarks

• Input to nucleon-structure studies 

(“controversial”):

• Role of intrinsic charm of nucleon? 

(claim LHCb, NNPDF)

• Trace anomaly contribution to mass of 

nucleon?

• Mass radius of the nucleon, 

“gravitational form factor”?

Charm-nucleon interactions
 final statepp → ppJ/Ψ
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J/ψ-p Interaction Studies

 Influence of internal charm on cross section close to threshold?

 J/ψ-N interaction with multiple gluon exchange with proton

 Gives information about proton mass radius (trace anomaly)

 J/ψ-N interaction related to pentaquark searches

 Important to measure in pp-reactions to explain effects in NN-reactions

Eur. Phys. J. C (2020) 80:507

Scattering amplitude, F, related to
r
0
: Bohr radius of charmonium

M
N
: nucleon mass

b: trace anomaly contribution (sensitive to r
0
)

d
2
: Wilson coefficient

SIS100

J. Aichelin

Charm valuable probe in QCD: 
• Mass scale ~1.5 GeV > ~0.2 GeV

• Short formation times ~0.1 fm/c

• Narrow states, “QCD beacons”

• …

ΛQCD
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• (Near-threshold) charm production 
in NN scattering contains rich info: 
PDFs, multi-gluon dynamics, …


• Search for “LHCb” pentaquarks

• Input to nucleon-structure studies 

(“controversial”):

• Role of intrinsic charm of nucleon? 

(claim LHCb, NNPDF)

• Trace anomaly contribution to mass of 

nucleon?

• Mass radius of the nucleon, 

“gravitational form factor”?

Charm-nucleon interactions
 final statepp → ppJ/Ψ

Validity of VMD and two-gluon exchange questionable 
(dominance of open-charm  / Pomeron exchange?)ΛcD̄(*)

Nature | Vol 608 | 18 August 2022 | 485

Our determination of intrinsic charm can be compared to theoreti-
cal expectations. Subsequent to the original intrinsic charm model of 
ref. 1 (BHPS model), a variety of other models were proposed5,35–38 (see  
ref. 2 for a review). Irrespective of their specific details, most models 

predict a valence-like structure at large x with a maximum located 
between x ≃ 0.2 and x ≃ 0.5, and a vanishing intrinsic component for 
x ≲ 0.1. In Fig. 1 (right), we compare our result to the original BHPS 
model and to the more recent meson/baryon cloud model of ref. 5.
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Fig. 2 | Intrinsic charm and Z + charm production at LHCb. Top left, the 
LHCb measurements of Z-boson production in association with charm-tagged 
jets, j

cR , at s = 13 TeV, compared with our default prediction, which includes 
an intrinsic charm component, as well as with a variant in which we impose  
the vanishing of the intrinsic charm component. The thicker (thinner) bands  
in the LHCb data indicate the statistical (total) uncertainty, while the theory 
predictions include both PDFU and MHOU. Top right, the correlation 
coefficient between the charm PDF at Q = 100 GeV in NNPDF4.0 and the LHCb 
measurements of R j

c for the three yZ bins. The dotted horizonal line indicates 

the maximum possible correlation. Centre, the charm PDF in the 4FNS (right) 
and the intrinsic (3FNS) charm PDF (left) before and after inclusion of the LHCb 
Z + charm (c) data. Results are shown for both experimental correlation models 
discussed in the text. Bottom left, the intrinsic charm PDF before and after 
inclusion of the EMC charm structure function data. Bottom right, the 
statistical significance of the intrinsic charm PDF in our baseline analysis, 
compared to the results obtained also including the LHCb Z + charm (with 
uncorrelated systematics) or the EMC structure function data, or both. The 
dotted horizontal line indicates the 3σ threshold.

NNPDF, Nature 608, 483, 2022

Duran et al., Nature 
615, 813 (2023)

LHCb, PRL128, 082001, 2022



Charm-nucleon interactions
 final statepp → ppJ/Ψ
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J/ψ-p Simulation Results

 Low cross sections at SIS100 energies but high 

reconstruction efficiencies

 Good phase space acceptance

 High expected count rates

Simulations by Ömer Penek
using FastSim

Expected reconstructed exclusive 
events / Day @ 30 GeV/c, σ = 10-3 μb

1 MHz 1.6·103

10 MHz 1.6·104
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1 MHz 1.6·103

10 MHz 1.6·104

• (Near-threshold) charm production 
in NN scattering contains rich info: 
PDFs, multi-gluon dynamics, …


• Search for “LHCb” pentaquarks

• Input to nucleon-structure studies 

(“controversial”):

• Role of intrinsic charm of nucleon? 

(claim LHCb, NNPDF)

• Trace anomaly contribution to mass of 

nucleon?

• Mass radius of the nucleon, 

“gravitational form factor”?



• (Near-threshold) charm production 
in NN scattering contains rich info: 
PDFs, multi-gluon dynamics, …


• Search for “LHCb” pentaquarks

• Input to nucleon-structure studies 

(“controversial”):

• Role of intrinsic charm of nucleon? 

(claim LHCb, NNPDF)

• Trace anomaly contribution to mass of 

nucleon?

• Mass radius of the nucleon, 

“gravitational form factor”?

Charm-nucleon interactions
 final statepp → ppJ/Ψ  to complete the picturepp → pD̄Λc, …+

Hadronic model with interaction Lagrangian based on SU(4) flavour symmetry

Good acceptance, low branching fractions and requires vertex detector

Liu, Ko, Lee NPA728 (2003) 457

Fast Simulations, J.M.

FAIR GmbH | GSI GmbH 8Possibilities with a Proton beam

2

2
2

2

Λ
C
-p and D0-p Interaction Studies

 SIS100 energies allow for charm production channels

 SU(4) estimates for exclusive charm hyperon production up 

to 1 μb @ SIS100

 All final state particles reconstructed

 Good phase space acceptance of the primary particles

 Detailed studies D-p and Λ
c
-pInteractions possible with 

femtoscopy

Nucl. Phys. A728 (2003) 457-470FastSim

Johan Messchendorp

Expected reconstructed exclusive 
events / Day @ 30 GeV/c,  σ = 1 μb

1 MHz 2.7·104

10 MHz ? 2.7·105 

Ab-initio calculations at low energies and 
perturbation calculations at high energies

Calculations describing interactions 
needed at intermediate energies!
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Pion- and (anti)proton-induced 
QCD studies at GSI/FAIR
…from SIS18 to SIS100

• Ambition: realise a long-term prosperous 
QCD-driven program @GSI/FAIR


• Exploit hadronic beams in the strong, 
“baryon-rich”, QCD regime


• Address questions in QCD connecting 
the interest and expertise of hadron, 
nuclear and heavy-ion communities


• White paper in preparation: you are 
welcome to join and contribute! 

Hadron spectroscopy

Heavy-ion dynamics Hadron production

“p100”QCD@FAIR

j.messchendorp@gsi.de



Backup material



Some of the topics

Hadron spectroscopy

Heavy-ion dynamics Hadron production

“p100”“p100”

•|S| = 2, 3 Hyperon Spectroscopy & Production  
•Ξ Hyperon Production: From pp to pA & AA 
•φ Production and K- Rescattering 
•Hyperon Interaction Studies 
•Hyperon EM&Weak-Structure  
•PP J/ψ Final State, Open Charm 
•Exotics  
•Hard Hadronic Processes: Transition GPDs 
•Forward Spectators and Neutrons 
•Input for pA and AA Physics, polarization

Strangeness 

Charm 

“Nuclei” 

…from light, to strange up to charm! 
…from quark & gluonic to hadronic up to cold matter studies!

Adapted from talk by J. Ritman



A comprehensive QCD program!
Hadron 
structure

Hadron 
spectroscopy

Heavy-ion 
dynamics

Hadron 
production

Few-body 
interactions

Emergent Hadron 
Mass

Intrinsic charm of 
the proton

Mass-radius of 
the proton

Line-shape 
measurements of 

hyperon resonances

E.m.+weak 
transition 

Form Factors 
of hyperons

Femtoscopy

SU(3) baryon-like 
spectroscopy

Final-state 
interactions 
using PWA

Nuclear modification 
factors

Production 
mechanisms axial 

and vector mesons

Search for 
exotic form of 

hadrons

Charm-nucleon 
interactions

Polarisation 
sources

Near-threshold 
(anti) strange and 
charm production

Dilepton 
production 

sources

 GPDs 
via 2->3 hadronic 

reactions

N → N/Δ

Hypernuclei 
via spallation

protons@SIS100

• Strange and charm

• High intensity

• Versatile detectors

• High-rate capabilities 

• …

Reference 
measurements 

for p+A,A+A

Microscopic study of 
hadron-hadron interactions

QCD dynamics within baryons

Production 
mechanisms 
of hadrons



Transition GPDs
p + p → p + π + B(n, Δ0, Δ++)

22

Kinematic Regimes of GPDs

Stefan Diehl, JLU + UConn Hadron Physics Seminar, GSI Darmstadt 04/10/2024

C. Mezrag, Particles 2023, 6(1), 262-296 

ξ ~ xB/(2-xB) 

Dokshitzer–Gribov–Lipatov–
Altarelli–Parisi (DGLAP) region

Efremov–Radyushkin–
Brodsky–Lepage
(ERBL) region

➔ Accessibel with hadronic reactions

Time linke region
➔ Annihilation reactions
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Stefan Diehl, seminar GSI
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Kinematic Regimes of GPDs

Stefan Diehl, JLU + UConn Hadron Physics Seminar, GSI Darmstadt 04/10/2024

C. Mezrag, Particles 2023, 6(1), 262-296 

ξ ~ xB/(2-xB) 

Dokshitzer–Gribov–Lipatov–
Altarelli–Parisi (DGLAP) region

Efremov–Radyushkin–
Brodsky–Lepage
(ERBL) region

➔ Accessibel with hadronic reactions

Time linke region
➔ Annihilation reactions

• GPDs provide 3D image in the transverse 
coordinate and longitudinal momentum space


• At the forward scattering limit ( ), 
GPDs become the usual PDFs; first moments of 
GPDs provide elastic form factor limit  


•  hadronic reactions access ERBL

• Meson-nucleon scattering at large angles good 

probe of short-distance effects (Color 
Transparency -> heavy-ion studies!) 


• Factorisation  (GPD) with  
may appear at ~ 90o


• High cross sections ( ) expected (meson-pole 
model)


• Complementary kinematics covered at CBM 
( ) and JPARC E16 ( )  

ξ = 0,t = 0

2 → 3

p → B h + p → π + p
θπp

μb

θπ,p < 25∘ θπ,p > 15∘



• GPDs provide 3D image in the transverse 
coordinate and longitudinal momentum space


• At the forward scattering limit ( ), 
GPDs become the usual PDFs; first moments of 
GPDs provide elastic form factor limit  


•  hadronic reactions access ERBL

• Meson-nucleon scattering at large angles good 

probe of short-distance effects (Color 
Transparency -> heavy-ion studies) 


• Factorisation  (GPD) with  
may appear at ~ 90o


• High cross sections ( ) expected (meson-pole 
model)


• Complementary kinematics covered at CBM 
( ) and JPARC E16 ( )  

ξ = 0,t = 0

2 → 3

p → B h + p → π + p
θπp

μb

θπ,p < 25∘ θπ,p > 15∘

Transition GPDs
p + p → p + π + B(n, Δ0, Δ++)

Wen-Chen Chang



Example topics in the strange sector
Hyperon structure studies

Gernot Eichmann

• Electromagnetic properties of hyperons 
• Study 

• Determine electric and magnetic time-like form factors

• Decay rates sensitive to structure, q2 dependence 

• Low branching fractions accessible at SIS100 energies with CBM


• Study of weak transition form factors ( )

• Many theoretical activities: Eichmann, Fischer, Leupold, Pena, …

Y* → Yγ* → Ye+e−

Ω → Ξ*ν̄ℓℓ−



Timeline
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Conceptual long-term pion program

2014 data



Conceptual long-term pion program
Stage 1: “N/ * spectroscopy, dynamics and structure” 
• Scan various c.m. energies at moderate luminosities (~105 -106 /spill)

• Physics: precision data in S=0, e.g. ; eTFF with 

; Cold matter studies

• Energies range  (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 ( ) of (excited) hyperons

• Energies points selected within 


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