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Description of neutron stars

A Neutron stars ‘
described by EOS 2
A EOS mustreach : “
2 mg,, threshold 1

A Models vary in

composition and 0

Interaction

Demorest, R. et al. Nature 467 (2010)
Antoniadis, J. et al. Science 340.6131 (2013)
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Yagi, K. et al. Phys Rep. 681 (2017)
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Hyperon puzzle
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A Hyperons offer a new 05|~ ‘. -
degree of freedom at 2*r . I | | | = -|- - = -
A Softening Of EOS 010 I 12 I 14 | 1 1 ]6 I 18 I 20
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to be Compatlble Wlth 2 msun fnotz)nnizgis,l :]].Pet alt.)gci:rrlc():(t:e ?%10(61;?(2013)

Negreiros, R. et al. Astrophys. J. 863 (2018) 104
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Panda Collaboration, Physics Performance Report for PANDA
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PANDA at FAIR
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https://www.gsi.de/forschungbeschleuniger/fair/bau_von_fair/bilder_und_videos.htm
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PANDA detector

! Target Spectrome
Muon Detector /

1
er (TS) ! Forward Spectrometer (FS)

( pand=

Solenoid
Dipole
TOF/DIRC
RICH TOFWall EMC  Muon Detector LMD

Cluster Jet-target

i i — ‘E 4 Calorimeter
— forward endcap

¥ ¥

W%lmmmumuw-, ,

- R

7
5
b - o,
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A Fixed target setup

A Target + forward |
spectrometer : L
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Luminosity detector
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Strangeness nuclear physics at PANDA

l."

(Anti)hyperon X Hyperatoms
propagation

Phase 1 (~2026) Phase 2 (2027+)

Pochodzalla et al. Nuclear
Physics A 954 (2016)

Sanchez Lorente et al.
Physics Letters B 749 (2015)
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Hyperatom/nuclear setug
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A Dedicated two-step target system l e W
A PANda GErmanium Array "
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Hyperatom/nuclear setug

Primary target Secondary target A Primary target Constructed
. and tested

" 4// A Secondary target designed
& and shape optimized for

== ."' /120 cher
maximum efficiency ,,/ ‘

Crystals
Cold head/ BGQ veto 4

Co<‘>lerv “ D?S\.. g I =

Support electronics 3 x HV/Preamp —

A Radiation hardness of
PANGEA tested

A First detectors constructed in
collaboration with NUSTAR
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Production of hyperatoms

A Primary target
i Production of X 0 /
DAA X X0+ AB o= So
i K* from X*° decay as tag ’31? o

A Secondary target
I Stopping of X before decay
I Atomic cascade of X X-ray
I Nuclear conversion '

hyperatoms
A PANGEA ;
i X-ray spectroscopy of \ \
h lei 9 ' _
heavy X hyperatoms (0.1 - 1 MeV) . Y p

I gspectroscopy of
light L Lhypernuclei (0.1 - 10 MeV)
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X-ray spectroscopy of X~ hyperatoms

— (n=12,1=11)
=- 208Ph hyperatoms
o 313 keV
«w? (11,10)
> 27 ) o 412 keV >
S ’ (10,9) 5 foensy
@ 3 Al
o — | . R
5 ~559 keV / : I SRS
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Energy shift A s T :
AERY€ {*Width rabs. =
98) : i — miieigl
Nuclear absorption Pot Pb
, : Lo SEPIORGRE |
M//////ﬂ///. e

Nucleus

Measurement of energy shift and width
-> complex 6 In neutron-rich nuclear periphery

Succesful method for p, K-, p, S atoms
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Observables

Nuclear
(11,10) absorption
/ "Hi 5

/
h
r /9 H

Observables calculated for various possible hyperatoms

Calculations performed with code by Eli Friedman
based on Batty, C. J. et al. Phys. Rev. C 59 (1999)
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Observables of X -208pPp

- 2 l T T I <
= S 1 1.8 keV s
e [ *pp @ = 1[I 2
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1_ o AE 3 =
: A r i _Isp = U(r) = (pn(r) + pp(r))
A A 6% O |
20
0.5 — Radius [fm]
: Observables influenced by
o = m .- o A X - nucleus interaction
(1312) (1211) (1110) (109)  (98) A X-wave form (QED)
192.8 keV 243.2keV 312.7keV 411.5keV 558.6 keV

A Nucleon distribution

(n), E

(n+1,1+1)—=(n,l)

Calculations performed with code by Eli Friedman
based on Batty, C. J. et al. Phys. Rev. C 59 (1999)
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Systematic uncertainties
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Full simulation in PandaRoot
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Complementary experiments
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K.Tanida et al. Proposal J-PARC EO3

hyperatom transitions (n

] J-PARC E07 A8NT0) O X
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Atomic number Z
H. Ekawa et al. Prog. Theor. Exp. Phys. 2019, 2 (2019)

Details on J-PARC hyperatom activities:
Talk of T. O. Yamamoto (wednesday)
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Take-home message

A Strangeness nuclear physics at PANDA can help to
understand the inner structure of neutron stars.

A X-ray spectroscopy of heavy X hyperatoms at PANDA is
uniqgue and complementary to J-PARC E03/07.

A Work on the simulations is progressing (background
suppression, K* efficiency, more channels?)

A Development of hardware is ongoing
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