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Neutron stars

« Extremely dense stellar objects
— Mys ~ 1-2 Mg |
L R ~ 12 km s MR ARIRE T
- Pcore = Pruc i .

+ Glant nucleus

« Evolution of neutron'stars described by
| Equation of state (EOQS): P = P(p,T)
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Composition of neutron stars
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® up quark
@ down quark ? ?
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Neutron-only star

outer core (3-4 km)

superfluid neutrons and inner crust (1 km)
deep core (5-6 km)  \vortices superconducting  suPerfluid neutrons and vortices
hyperons and/or deconfined quarksf vortex pinning and nuclear

strange quark

Quark star  Neutron+Hyperon star

Watts, A. et al. PoS AASKA14 (2015) 053
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Comparison of various compositions
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Demorest, R. et al. Nature 467 (2010) Yagi, K. et al. Phys Rep. 681 (2017)

Antoniadis, J. et al. Science 340.6131 (2013)
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Neutron stars

Nuclear
structure
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Abbott, B. P. et al. Astr. Phys. J Lett. 848 (2017)
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Hyperon puzzle
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Bombaci, | JPS Conf. Proc. 17 (2017)
Antoniadis, J. et al. Science 340.6131 (2013)
Negreiros, R. et al. Astrophys. J. 863 (2018) 104
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="-nucleus Interaction
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Future
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Strangeness nuclear physics at PANDA

Strangeness nuclear physics
at PANDA




PANDA at FAIR

i SIS 100300

ST
v .

30-°GeV Protons

https://www.gsi.de/forschungbeschleuniger/fair/bau_von_fair/bilder_und_videos.htm
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Panda Collaboration, Physics Performance Report for PANDA
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(anti)hyperon hyperatoms
propagation

Physics Topic

antihyperon
potential in cold
baryonic matter

Observable
YY momentum
correlations at H I M
threshold
Sanchez Lorente et al. Pochodzalla et al. Nuclear
Physics Letters B 749 (2015) Physics A 954 (2016)
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PANDA schedule

2027
e R R RN © o <+
.

—

a

*  Pre-Commissioning

Phase-0 HE m s
Design 7 -k ]
Construction . y -_J '
Installation- ;
j Commissipning
PANDA Hall Physics
assumed available N
Q1/2022 - —
Design 1Y AAIn “°Ne Day-One
p— Construction > >
Full Setup —— v -
Installation Hyperatoms
Physi~s
e
Phase 3:

- Hypernuclei
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PANDA detector
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Hyperatom/nuclear setup will
be installed here

« Fixed target setup e B<2T
» Target + forward « Solid angle ~41r
spectrometer
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Hyperatom/nuclear setug
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« Dedicated two-step target system '
« PANGEA
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Production of hyperatoms/nuclel

 Primary target
— Production of =- 5 /
PAD> ZEHO+ A o= So
— K* from E*° decay as tag "q =

Secondary target
— Stopping of =-
— Atomic cascade of =- X-ray
— Nuclear conversion

PANGEA ‘
— X-ray spectroscopy of ) [
i/ ; )
heavy E- hyperatoms (0.1 - 1 MeV) e Vo 2
— v spectroscopy of
light AA hypernuclei (0.1 - 10 MeV)
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Target system

Primary target Secondary target
S / Hyperatoms

208Pb

_—

Hypernuclei
UB+Tracker

CTz- = 5cm \

/
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PANda GErmanium Arra

Collaboration of PANDA (HIM) with NuSTAR (DEGAS) __ |
20 triple HPGe detectors
Electro-mechanical cooling (~LN2 temp.)
Full energy efficiency ~5 % @ °Co

BGO veto

Fully integrated design

High hadronic background at PANDA

Cold head/
Cooler DCS

BGO veto Crystals

Support electronics 3 X HV/Preamp =

18 Marcell Steinen 20.5.2020



HPGe Irradiation test

Active neutron

detector 7\A

Germanium
detector

Passive neutron

Target

Beam outlet

50Co source
-

« Irradiation test at COSY using single crystal prototype

« 5.5 days at COSY
— 94 days at PANDA
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experimental conditions £ g O \
= | COSY o PsA corrections i
I 0 |
Irradiation worsens 6l o © 0 c0®® 4
resolution - PP I -
— Pulse shape analysis Ae Lab (no PSA) §
allows partial recovery -A - small dynamic range [
| - high detector temperatures Annealing l:
N
. L 2+ =
Annealing recovers initial - Lab -
crystal performance Il | | | | | i
— Detector withstands % 1+ 2 3 &  5_.,
irradiation Number of neutrons [%]
| L 111 | | | | L1 I I | [ | 1111 | (| | | ] | | 1] | L1
0 10 20 30 40 50 60 70 80
Additional test at TRIGA Days of PANDA beam time
planned
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PANGEA — Prototype

Test of HEX82, 2700 V

s Test setup with
"%y prototype of preamplifier

4000

Resolution: 2.8 keV
while not fully biased

Courtesy of I. Kojouharov
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=- hyperatoms at PANDA

=- hyperatoms at PANDA




=~ hyperatoms

« Exotic atoms with heavy S e
negatively charged particle <
* Mypeqz = 2570 Myred,e T
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. 3
« Shrinking of states: < r >« =
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— Probing of nuclear potential

—1

. . P 208|:)b
In periphery o &0
0 5 10 15 20
— Measurement of ) Radius [fm]
complex Vz In Pnp(D) = Pop —
. 1+exp<a—n‘p>
neutron-rich matter np

Calculations performed with code based on
Batty, C. J. et al. Phys. Rev. C 59 (1999)
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Observables

Nuclear
(Ny+2) Iabsorption

/ N Fabs

! Y np+1
Y — 2 — 0

" ,'I Y2 Ny, T?f(’,h +lho+1
Y2
(ng) =======g=--- Energy shift AEq}®
*

and width T2
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Calculations performed with code based on

Batty, C. J. et al. Phys. Rev. C 59 (1999)
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Possible secondary targets
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Calculations performed with code based on

Batty, C. J. et al. Phys. Rev. C 59 (1999)
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Systematic uncertainties

m  experiment 124 130,90 7

linear average 106 116, ,50° M52 1€ ~

0.2 of experiment Cd o,,Cd o e B
) A prediction Eq. (2) o
o  FSUGold N é -

- 20# 238
—= 7T UL

83
20 -
lQGI.el 2&Tc SPb

n skin thickness Ay, [fm]
o

=
'—l

-
1 I Al I'\I 1 I 1 I I 1 1 I 1 1 I

1 I L1 1 [ 1

0 0.1 0.2
I=(N-Z)/A
Centelles et al. Phys.Rev.Lett. 102 (2009) 122502
* Neutron skin Ay, in 2°5Pb well-known

 Present uncertainty of A,, 2 Systematic uncertainty in observables
+ 8(AE{{5o)(0g) _~ E 100 eV

Sys

27 Marcell Steinen 20.5.2020



Full simulation in PandaRoot
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Signals after cuts and efficiencies: 1237
— 180 days at 2 MHz pC
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Estimation of V=
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Complementary experiments
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Take-home message

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

« Development of PANGEA and the target system is on
schedule - promising results from prototypes.

» X-ray spectroscopy of heavy = hyperatoms at PANDA is
unique and complementary to J-PARC EO03/07.

Thank you for
. your attention

DAAD S HIM
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