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‘JG|U FAIR strongly interacting matter on all scales G

* Nuclear Structure & Astrophysics (rare isotope beanﬁs)ﬁ = :
« QCD-Phase Diagram (HI beams 2 to 45 GeV/u) s
« Fundamental Symmetries & Ultra-High EM Fields (anti-protons & highly stripped ions)

« Hadron Physics (stored and cooled 15 GeV/c anti-protons)

 Dense Bulk Plasmas (ion beam bunch compression & petawatt-laser)
. Materlals Science & Radiation Blology @& anti-proton beams)
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sk High Energy Storage Ring HESR
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\ RF stochastic cooling ,

barrier bucket kickers
SPARC KOALA SPARC

Dipole magnet
Quadrupole magnet

Sextupole or steerer magnet
Solenoid magnet
0

Injection equipment

RF cavity, stochastic cooling devices

injection PANDA
kicker J

magnets
— L —H )

p,pbar,HI stochastic cooling
(from CR) pickups

Circumference 575 m
Momentum 1.5 - 15 GeV/c
Stochastic cooling

1011 antiprotons stored
Luminosity up to 2-1032 cm—2s-1
Ap/p < 2:10%




i The PANDA Detector

Target Spectrometer Forward Spectrometer

1: Cluster-Target 6a: Barrel-EMC 9: Forward Tracker
2: Mikrovertex-Detektor  6b: Forward-EMC 10: Dipole

3: STT-Tracker 6c¢: Backward-EMC 11: Forward TOF wall
4: DIRC 7: Solenoid Yoke with Muon Chambers 12: Shashlyk-EMC

5: Disc-DIRC 8. GEM-Tracker

not visible (downstream): Luminosity Detector

not visible: Hypernuclear Setup
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JG|u | Timeline B eerccnae

PANDA Pre-Commissioning
Phase 0 '

Design =
Construction >
“Installation >

o B Commissioning
PANDA PANDA Hall J Physics

assumed available
Phase 1 Q4/2021

" 4

PANDA ‘ Construction
Full Setup

Installation

PANDA Physics
Phase 2 I

PANDA
Phase 3:
RESR




W Strangeness Nuclear Physics at PAN [

= Strangeness in cold nuclei
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(anti)hyperons =" hyperatoms AA hypernuclel
In nuclei
PHASE-1 Phase-2 Phase-2

2025 SPAVPASES ~2026++






W G-Parity and NN Potential

» G=charge conjugation + 180° rotation around 2nd axis in isospin

(Lee und Yang 1956, L. Michel 1952 ,Isoparitat")

» G-parity of particle-antiparticle multipletts

G|ff)=(-1)'C|ff)=(-D)'""*|ff)

SV
I

> Hans-Peter Durr and Edward Teller,
Phys. Rev. 101, 494 (1956)

> sign change in coupling constant
when going from NN to NN

G|7Z_i0> _ (—1)1C|7Ti0> _ _|7[J_r0>
Glp)=(1Clp)=+|p)

G|a)> = (—1)0C|a)> =—|a)>

G|G>=(—1)OC|G>=—I-|CT>

V(NN)(r)=>V,, (r) = V(NN)(r)=>_G,V,, ()

» Caveat: meson picture will probably not work at small distance
» Chance to study transition from meson to quark-gluon regime
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Jaroslava Hrtankova, Jiri Mares, arXiv:1710.02045 [nucl-th].




skl Phase-1 Experiment: A Potential in NG

p,(A)—p, <§)>
p.(A)+p.(A)



sl Scan of A Potential with GiBUU

. U(A)= -449MeV, -225MeV, -112MeV, OMeV
- All other potentials unchanged PLB 749, 421 (2015)
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W Other |s|=1 channels @ 1000MeV

> p+p—o>A+A p+D—>I0+A
> p+n—oA+T P+n—oIt+A (x1/100)
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W Future Options

» Further options:
> Any other pair: Z-%, =-5, AA,
» Long lived resonances in nuclei
> A(1520) (I'= 15.6 MeV)
> Z(1530) (I'=9.9 MeV)
> AJ(2880) (I'=5.8MeV)
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sl EO3 and E07 @ J-PARC

> EOQ7

> Beam exposure has
successfully been
performed for all
emulsion stacks in
2016/2017

» auto-scanning has
started

» ground state masses
for AA-hypernuclei can
be determined

> Z-Ag and =-Br X-rays

> EO3
> Z-Fe X-rays (medium
mass targets)

Emulsion
Stack

Diamond
target

Diamond
('2C) Target

“Yray |

Ge detectors




sl =- atom X-ray spectroscopy

» Shift of ,,lowest™ atomic sensitive to Z-nucleus interaction
» Interpretation requires knowledge on

» the neutron and proton distribution

> the isospin dependence of the baryon-baryon force

Enet1+1—s(n) Enioii2)— (netl+1)

(W) pet 141] 2 (W) pe2 0] ©




b Isospin in =~ atoms

> It is important to measure both, light nuclei with I=0 (N=2) and
heavy nuclei (neutron skin)

» Goal at PANDA: study well known double-magic nuclei

W experiment
linear average
— of experiment
A prediction Eq. (2)
B FSUGold

0.1
I = {_H_?J} l'II J'ﬁ!l-.

M. Centelles, X. Roca-Maza, X. Vifias, and M. Warda
Phys. Rev. Lett. 102, 122502



W 208Pp - the known unknown

Model Experiment
NL3 O SkM#* @ This work

DD-ME2 [] SkP M (p.p) at 650 MeV

DD-PC1 ¥ Sly4 A antiproton

FSUGold > Skxs20 ¥ pigmy DR
O PREX

206
Mass Number

H.Sakaguchi and J.Zenihiro,
Progr. in Part. and Nucl.Physics 97, 1 (2017)



sl Sensitivity to 208Pb structure

» changing thickness of neutron skin artificially in calculation

A Enuc,(10,9)—> (9,8)
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M. Steinen and Eli Friedman




W Strange Systems at PANDA

=" production
PN— = +X D
.

rescattering in
primary target nucleus

Y
° M hyperatoms

Y

hypernuclei

atomic cascade of =-

=Zp—-AA conversion

fragmentation

— excited AA-nucleus
v-decay of AA hypernuclei

weak pionic decay



W Primary Target

» Task: maximize slow = production

Primary target
carriage . .
Light barrier as

. . interlock
Light guide for

positioning

Vacuum chamber Secondary target
:{ 20 mm

» Target material: C filament 5um
> production cross section
> slow down process
> beam losses...

ultra high vacuum
magnetic field

radiation hardness
eg paSSIVe pOS|t|On Contr0| 500 1000 1500 2000 2500 3000 3500
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sk PANDA Setup for Hyperatoms

» Shape of absorber optimized by GiBBU+GEANT4 simulations

Stopped = in iron absorber, yz view

Entries 52274

» Vvery thin primary target
» primary and secondary target separated
» relative thin secondary target
— moderate X-ray absorption
— detection of cacades possible
= heavy targets possible
» tracking secondary particles also possible = reduced background

Count rate: x100 double hypernuclei = ideal for initial phase of PANDA
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sl PANDA-HYP setup




sl Secondary target

» Task: stopping of & and tracking of 2 =~ from weak decay of double
hypernuclei

.
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Do (- atoms exist? ?rm

]G|U|

PHYSICAL REVIEW D VOLUME 8, NUMBER 3 1 AUGUST 1973

Certification of Three Old Cosmic-Ray Emulsion Events as 2~ Decays and Interactions

Luis W. Alvarez
»...1he second event is clear-cut example of an Q-
decaying in orbit, bound to a emulsion nucleus..."

altitude, three events were found in which K ~ mesons wers

Q1™ is the only presently known particle that can give rise to a lving at nonrelativistic
speed, but none of the three events has until now been clearly identiQ In 2~. One of the
cosmic-ray events (Eisenberg, 1954) has been incorrectly interpreted as an S decaving in flight: it is
now shown to be an interaction in flight of an 0~ with a silver r
clear-cut example of an Q~ decaying in orbit, bound to an emulsic
complicated, but can be unambiguously attributed to the decay of
nucleus, followed by a collision of the daughter A with the N, i
fragments into ,C'? + p + n. The mass of the 0~ as determined
et al., 1955) agrees closely with the mean of all bubble-chamber e

> ..seen in emulsions ~10 years prior
to the ,discovery" at Brookhaven in
1964

Note: in nuclei secondary processes

OSSI b | e F16. 1. A projection drawing of the K-mesonic decay of a slow
p particle is shown above. Track 1 is a short recoil. Track 2 was
— — _ produced by a particle of Z= 1. Track 3 was produced by a nega-
X >0 +K +X tive K-meson. A few tracks of particles from the primary star
which are in the same direction as the connecting track, but at
- - 0 a different depth, were omitted from the drawing for the sake of

X % Q + K + X clarity_ P







