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Hyperon Puzzle

* Neutron stars among the most enigmatic objects in the Universe

* Extreme conditions: Masses of up to 2 solar masses, but radii as low
as approx. 10 km

* Formation and fate determined by Equation of State (EoS)

* Gravity, strong force, and Pauli principle compete
* Rapid increase of chemical potential at centre
* Conversion of nucleons to hyperons energetically favourable

» Relief of Fermi pressure softens EoS, reducing maximum mass to 1.4 solar
masses

» Contradiction = Hyperon Puzzle
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Experimental approaches to hyperon few-
body interaction

* Hypernuclei
* 2+3-body forces
* High-precision y-ray spectroscopy
* Spin-dependent forces
» Significant contribution to solving hyperon puzzle

* Hyperon femtoscopy
* Low-energy scattering parameters

* NY and YY pairs &
* E.g. ALICE and HADES f /
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High Energy Storage Ring (HESR)

* Anti-protons with
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PANDA — full setup
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PANDA is a strangeness factory

e Simulation studies of single- and double-strange hyperons*
* Exclusive measurements of
e pp > AMA > pr~,A > prt
e pp - XA A - p~, 2% 5 AY,A - prt
« pp > ETE,ET > An,A>prn,ET > Ant,A - prt
* |deal pattern recognition and PID
e Background using Dual Parton Model

Pheam Reaction o(ub) £(%) Events /
(GeV/c) day

1.64 pp = AA 64.0 16.0 44 114 3.8-10°
- **90% C.L.
1.77 pp — A 10.9 5.3 2.4 >11%* 207000
6.0 pp — ZOA 20 6.1 5.0 21 432000
4.6 pp —» EYE~ ~1 8.2 0.3 274 260000
7.0 pp — EYE” ~ 0.3 7.9 0.1 65 86000
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Antihyperons in nuclei

* Baryon-antibaryon interaction can be studied
by correlation functions (e.g. ALICE)

* PANDA: effective optical potential of A by
exclusive 20Ne(ﬁ, AA) reaction

 Abundant production of YY pairs near
threshold

* Probe transport models for heavy ions, e.g.
combining relativistic mean field models with
momentum dependent interactions




Antihyperons in nuclei
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Probing neutron skin

* Many different approaches
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Probing neutron skin

e AAonlyinpp, X" Aonlyinpn
* Double ratlo of probabilities

DR = p): A/pAA 1+Dpabs
pz A/pAA 1- pabs

* Daps: antiproton absorption probability, related to
integrated skin density

e Study evolution of neutron skin thickness for
isotope chains, e.g. 127713%Xe

e Adds to systematic uncertainties of hyperatom
observables

* Preprint: arxiv:2209.03875
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Hyperatoms and hypernuclei

=- production
PN— =-

[1]]

P
.
rescattering in

primary target nucleus

deceleration in
secondary target

capture of =

atomic cascade of =-
=Zp—->AA conversion
fragmentation

— excited AA-nucleus

y-decay of AA hypernuclei

weak pionic decay

Josef Pochodzalla 13 UPPSALA
UNIVERSITET



Hyperatoms and hypernuclei

vacuum primary Pb Target target piezo antiproton
chamber targets motors beam
A
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z-piezo motor reflector light guide slide
BG suppressio Crystals
Cold head/ P X

DCS e

 Target positioning resolution: 5um

* Repeatibility: +18um (14000
measurements, requirement: 300um)

* Preprint: arxiv:2303.13359
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Hyperatoms and hypernuclei




X-ray spectroscopy of =~ hyperatoms

* Observe nuclear cascade | = TP hyperatoms | 413 kevfm’lzm

* Shift of low atomic level _ - 412kev(11’10) _
sensitive to ZA potential 5 (10,%/Y1
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Sensitivity to nuclear structure

 Systematic uncertainties due to uncertainty of neutron skin thickness
* Best known nucleus: “°°Pb
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AA hypernucle

* Active secondary target
* Boron-uStrip sandwich

* Form excited AA hypernuclei by =~
capture

* Measure ,,X y-transitions and
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Summary

* PANDA excellent tool for hypernuclear physics from the start
* Explore strong interaction in the nuclear periphery
e Observables relate to equation of state of neutron stars

* Key topics
* Antihyperon potential in cold baryonic matter
* Hyperatoms: Z~ potential in neutron-rich environments
 Structure of AA hypernuclei
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Thank you for your attention!
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PANDA — Phase One setup
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Prospects
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Components in EOS

 Strong interaction in the confinement domain

* Three-body forces
* Nucleon-nucleon-hyperon (NNY)
* Nucleon-hyperon-hyperon (NYY)
» Could be repulsive = counteract softening of EoS

* Two-body force
* Nucleon-hyperon (NY)
* Hyperon-hyperon (YY)
» Repulsive core would stiffen EoS or make hyperon presence energetically
unfavourable

e Data on hyperon interaction too scarce to constrain theoretical
models
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HADES / PANDA Phase O
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e 2022 beam time: p+p@4.5 GeV

* Data analysis ongoing
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* Opportunity for YN and YY interaction studies ,

* High sensitivity in low energy region
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