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PANDA: a somewhat biased view
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The Hyperon Puzzle... Erm

Y. Yamamoto, T. Furumoto, N. Yasutake, Th. A Rijken,

Phys. Rev. C 90, 045805 (2014) M(PSR J1614-2230) =1.97 Mg
* no hyperon mixing - .
- 3 Baryon repulsion M(PSR J9348+0432)—2.01 - » Mo
* hyperon mixing
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Yamamota (HYP2015):

“Including 3- and 4-body repulsions leads to massive neutron stars with 2M , in spite
of significant softening of EOS by hyperon mixing”....

“"Hyperon puzzle is a quantitative problem”

Once solved, we may look at the interaction between baryonic matter and dark
matter in compact stars



PANDA - a Factory for strange and charmed YY-Pairs '~ Erm
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Spin dependent CSB of AN interactiofi™™...
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[1] M. Juric et al.,, Nucl. Phys. B52 (1973) 1
[2] M. Bedjidian et al,, Phys. Lett B 83 (1979) 252
[3] E. Hiyama et al., Phys. Rev. C 65 (2001) 011301



Spin dependent CSB of AN interactiofi:™...
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Many ways to double hypernuclei  Z:..

» Ground state masses
» Hybrid-emulsion technique
» J-PARC EO07

» Goal: factor of 10 (,,overall scanning™ 100)
compared to existing data

®Kaons
Ze } trigger 1

/‘/_'_’a. = Hyperon-

SN
» Excited particle stable state spectroscopy s
target nucleus )
» y-Spectroscopy °° Ay

3

» PANDA@FAIR apcen. |

» Excited unstable resonances, exotic
single hypernuclei, lifetime
» Invariant mass; hypernuclei-A correlations
» CBM and NuSTAR
» STAR, ALICE




Many ways to double hypernuclei — Zm..

» Ground state masses
» Hybrid-emulsion technique
» J-PARC EO07

» Goal: factor of 10 (,overall scanning
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Proton vs. Omega
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PRL 100, 032004 (2008) PHYSICAL REVIEW LETTERS 25 Jv.\\!\'lﬂ-\lll?‘:'“:‘”m
Empirical Transverse Charge Densities in the Nucleon and the Nucleon-to-A Transition
Carl E. Carlson' and Marc Vanderhaeghen'~ 0.5

FIG. 1 (color online). Quark transverse charge densities in the
proton. The upper panel shows the density in the transverse plane 0
for a proton polarized along the x axis. The light (dark) regions
correspond with largest (smallest) values of the density. The
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PHYSICAL REVIEW D 82, 034504 (2010)
Electromagnetic form factors of the {2~ in lattice QCD -15

C. Alexandrou,"” T. Korzec.® G. Koutsou,*> J. W. I\'cgc]c.(’ and Y. Proestos’ —15 —1 —05 0 0.5 ] 15 by Lfm]
FIG. 8 (color online). Transverse charge densities in the 2~ with polarization along the x axis. Left: pf,,!a‘,[b). Right: pfﬁl n(b). A
circle of radius 0.5 fm is drawn in order to clearly demonstrate the deformation. For the evaluation of the densities we used the dipole
parametrization of the form factors. 15 : : : : : 15 : : : : :
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Proton vs. Omega

by [fm]

PHYSICAL REVIEW D 83, 054011 (2011)
Extracting the ()~ electric quadrupole moment from lattice QCD data
G. Ramalho' and M. T. Pefia'~
Another important issue is that in sea quark effects for
the )~ only at most one single light quark participates, and
therefore the pion has no role in this case. As in chiral
perturbation theory loops involving mesons heavier than
the pion are suppressed, the {1~ becomes then a special
case where meson cloud corrections to the valence quark

by [ fm]
core are expected to be small. A consequence of the small-
ness of the meson cloud effects is that lattice QCD simu- he x axis. Left: i, (b). Right: p7, ,(b). A
- valuation of the densities we used the dipole

lations, quenched or unquenched, should be a good Ls
approximation to {1~ form factors at the physical point.
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Q- Quadrupole Moment Brm

Model
NRQM

NRQM

NRQM
SU(3) Bag model

QCD-SR
NRQM with mesons
NQM
Lattice QCD
HByPT
Skyrme
Skyrme
QM

xQM

GP QCD
yPT+qlQCD

Lattice QCD

Q [fm?]
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A very strange Atom

» hyperfine splitting in Q-atom
= electric quadrupole moment of Q

spin-orbit AE, ~ (aZ)*|-m,
quadrupole  AEg ~ (-

n=11,1=10

n=10, |=9

Q,=0.02fm?



PANDA Setup for Hyperatoms Frm

Stopped = in iron absorber, yz view
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= moderate x-ray absorption § .
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» tracking secondary particles ‘-
possible = reduced background§ ,-:
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PANDA Setup for Hyperatoms Frm

Stopped = in iron absorber, yz view

? g_ Entries 52274 . 200
1.5:— —1180
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£ o s
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i
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z [cm]
Simulation of full-energy-peak-efficiency
» Primary and secondary target imi R
separated RN A | I
. . G_') r :rJ,»' .
» very thin primary target S 8 S
» relative thin secondary target % o i =
— moderate x-rav absorption & T
p FOr Fe absorber:
Single X-ray lines (6,5)—(5,4): ~3400/month
Cascade events (7,6)—(6,5)A(6,5)—(5,4) ~100/month
for Ta target FOM ~ 2.5 less
= ideal for comissioning phase of hypernucleus setup
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Probing the Neutron Skin of Nuclei Z:...

| p+poA+A|  pHpoIO+A P+NoA+Y" P+NoI+A

L = _~00.6fm
O aps P 100mb-0.17fm Jo,

absorption length of p r, =

abs

survival probability Peurvivar = EXP(=Ar / r,,.)

40 [ 1 L 1 1 1 L 1 I
» going from 29Ne vs. 22Ne L Ne-isotopes ]
35 .
- I r '
E 3.0 r ® ﬂ ; -

F S - -

25 | 5/97 ) ]
: F. Grimmer et al., |
psurviva/(p / Po = 03) ~ 0.89 I Phys. Lett. B 387 (1996) 673:
90 [ L 1 1 L 1 i i 1 I 1 ]

14 16 18 20 22 24 26 28 30 32 34
Atomic Number

» additional absorption of antiprotons in neutron skin:
» A+X will increase and A+A will decrease

» additional absorption of outgoing A
» A+X will decrease and A+A will decrease
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» additional absorption of antiprotons in neutron skin:
» | A+2 will increase | and| A+A will decrease
» additional absorption of outgoing A
» | A+X- will decrease| and| A+A will decrease
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» additional absorption of antiprotons in neutron skin:

[ 3
» ad

A+X will increase | and| A+A will decrease
ditional absorption of outgoing A
A+ will decrease| and| A+A will decrease
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S = scattering Grm
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» p+p— Y+Y provides momentum tagged (low) momentum, polarized
hyperon or antihyperon beams

» scattering experiment with low momentum (anti)hyperons possible

» long term future:low energy p-p collider
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- An antiproton storage rmgs |s:\néxcellent and umque
% factory for strange and charmed YY palr productlon
Stored antiproton beams offer several unque o
opportunities to study the mteractlons of hyperons &
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