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Motivation for measuring baryonic resonances
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After more than 60 years studying baryonic resonances, the accurate constraint of
In-medium (density & isospin dependencies) properties of baryonic resonances is
still needed for a better understanding of:

& not yet solved quenching problem of the Gamow-Teller strength

W Equation Of State of asymmetric nuclear matter (neutron stars)
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Motivation for measuring baryonic resonances
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After more than 60 years studying baryonic resonances, the accurate constraint of
In-medium (density & isospin dependencies) properties of baryonic resonances is
still needed for a better understanding of:

& pion production on relativistic heavy ion collisions (fragmentation and spallation
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Baryonic resonances excited in light nuclei
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Isobaric charge-exchange reactions investigated in inverse kinematics allow for the

direct observation of in-medium excitation of the A resonance for the (p,n) and (n,p)
channels
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In the inelastic charge-exchange process the pion must The momentum recoil induced by the pion
scape in order to preserve the isobar character of the reaction €mission proves the excitation of the resonance
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Observables and investigated reactions
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To investigate the baryonic resonances excited in isobar charge-exchange reactions
we use stable tin projectiles covering a large range in mass number

z Te
O 121
Sb b Sb b Sb
112 123 124
Sn Sn Sn Sn Sn Sn Sn
109 110 111 113 6 8 9 0 121 123 4 125
In
Reactions investigated at 1A GeV
v’ 1243n + targets of CH,, C, Cu, Pb — 12Sh Proton target data obtained
v 1128 + targets of CH,, C, Cu, Pb — 112Sb 112|n from CH_2 tar_get by subtracting
contributions of C target

Observables
v’ Isobaric charge-exchange cross sections (isospin dependence)
v Missing-energy spectrum (properties of A resonance in nuclear medium)
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Experiment at GSI
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FRagment Separator FRS
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High-resolution magnetic spectrometer

Beam of 12Sn Scintillator
——— Reaction target 47

lonization

Dipoles . chambers
. > Position
o> detectors

Intermediate -
focal plane -

: P : / """ Residues
- Full identification in atomic (Z) and mass Final f '/I I
number (A) of the nuclear residues Inal Tocal plane
- Momentum spectra Energy loss measurements: AZ/Z ~ 0.5%

Magnetic rigidity and time of flight

3= H. Geissel et al., NIMB 70, 286 (1992) ABp/Bp < 0.1% AA/A ~ 0.1%
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Identification of isobar charge-exchange reactions at FRS
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12Sn (1A GeV) + “C (~100 mg/cm?)
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X Full identification in atomic and mass number of >Sb and "?In nuclear residues
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Identification of isobar charge-exchange reactions at FRS
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X Full identification in atomic and mass number of >Sb and "?In nuclear residues

X Missing-energy spectra with a resolution of 10 MeV
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U S C Future perspectives at FAIR
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Future measurements at FRS
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- Exclusive measurements of the resonances measuring the pions in coincidence
with the isobaric charge-exchange fragments

- The target and the detectors to measure the pions will be installed in the intermediate
focal plane of the FRS
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U SC Future measurements at FRS
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WASA (Wide Angle Shower Apparatus) detector will be used to measure the pions
in coincidence with the isobaric charge-exchange fragments in 2021-2022

X Plastic scintillator barrel (PSB) and Mini

drift chamber (MDC) covering polar
MDC angles from 18° to 170°
- Both detectors tested at GSI (2018)

// - Time of flight resolutions of 100ps
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- Also installed at GSI to be tested
between September and December 2019
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Future measurements at FRS
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WASA (Wide Angle Shower Apparatus) detector will be used to measure the pions
in coincidence with the isobaric charge-exchange reactions in 2021-2022
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U S C Summary and outlook
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Excitation of the A-resonance was investigated within isobaric charge-exchange
reactions identified with the Fragment Separator FRS at GSI

e Full identification of the isobaric charge-exchange residues
e Missing-energy spectra obtained with a resolution of around 10 MeV

Total isobaric charge-exchange cross sections are sensitive to the abundance of
neutrons and protons in the nuclear surface, we could extract information about the

neutron skin thickness

Missing-energy spectra show

e Energy shift in the inelastic peak between proton target and the other ones
e Comparison with elementary process proves that the mass of the A-resonance changes with
the nuclear density, but all the RMF models overestimate the observed variation

Exclusive measurements will be performed in 2021-2022 using the WASA detector

® |mproving missing-energy resolution by optimizing the FRS dispersive mode

& Tagging of pions will allow to separate the quasi-elastic and inelastic components

u |nvariant mass could be used to distinguish between projectile and target excitations
s |dentification of other resonances, like Roper(1440), A(1600) ...
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