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The hypernuclear landscape

number of element =
baryons total charge
N+Z+Y (not number

of protons)
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7 Li (6Li + A)

st

‘I ssauabuels buisealoul

present limitations
— only single A-hypernuclei close to valley of stability
— only very few AA-hypernuclei events
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Hyperon-hyperon interaction
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The Danysz event: a classical example

VolumE 11, Numpben 1 PHYSICAL REVIEW LETTERS 1 Jury 1963

OBSERVATION OF A DOUBLE HYPERFRAGMENT
M. Danysz, K. Garbowska, J. Pniewski, T. Pniewski, and J. Zakrzewski
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FIG. 1. A photomicro-
graph and a schematic
drawing of the production
of a &~ hyperon in a 1.5-
GeV/c K~ -meson interac-
tion at A followed by cap-
ture at rest of the = hy-
peron at B with the emis-
sion of a double hyperfrag-
ment decaying in cascade
at C and D.
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International hypernuclear network

PANDA

* anti-proton beam
 double A-hypernuclei
* y-ray spectroscopy

Dubna

* heavy ion beam
* single A-hypernuclei
» weak decays

4

KAOS

* electro-production

- -,

Jeffersonlkab

* electro-production
* single A-hypernuclei
» A-wavefunction

» A-wavefunction
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* single A-hypernuclei

¥ HypHI @ GSI

* heavy ion beams
* single A-hypernuclei

at extreme isospins
* magnetic moments

.
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FINUDA -
» e*e collider

* stopped-K- reaction
* single A-hypernuclei
* y-ray spectroscopy

* intense K- beam
* single and double A-hypernuclei
* y-ray spectroscopy for single A
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High Energy Storage Ring at FAIR
/ HE SR Performance \
Racetrack shaped ring: 574 m length

Luminosity/Intensity:

e Pbar production rate: 2x107 /s

e High luminosity mode:
L = 2x1032cm2s1

e High resolution mode:
L = 2x1031cm-2s1
(for target thickness
4x101> atoms/cm?2)

Momentum range:

e 1.5-15GeV/c (0.831- 14.1 GeV)
e Revolution frequency: 5x10° Hz
Momentum resolution:

e High luminosity mode: Ap/p=10-4

(stochastic cooling above 3.8 GeV/c)
/ e High resolution mode: Ap/p=10-5
electron cooling)
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Formation of double hyper-nuclei from Xi hyperons
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Use p-anti-p interaction to
produce hyperons which are
tagged by the anti-hyperons
or its decay products
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/1. dE(E")/dx = stop + capture\
2. hyper-atom + atomic decay

3. capture in nucleus (A2 Z")
4, conversion: E 4+ p 2> AA «<— |

\_5. double hyper-nucleus (*,,Z") /

24+ p 2> AA
AQ = 28 MeV
conversion probability:

~5-10%
[Y. Hirate et al., Nucl. Phys. A639,(1998);
Prog. Theor. Phys. 102 (1999)]
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Detection and triggering of hypernuclear events
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active secondary target =
radiation hard material
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Hypernuclear set-up at PANDA

* 0,,<45° E-bar, K trigger and PID in PANDA spectrometer
* 0= 45°-90°  E-capture and hypernuclei formation
* 0,,,>90° y-detection with HPGe at backward angles

[PANDA Technical Progress Report, 2005. ]
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boron

annihilation
products

silicon layer

lithium

The secondary target design

carbon

beryllium

low secondary masses
(Li,Be,B,C) in four
separated sections:

* identification can rely
on existing information
on single hypernuclei

* low g-ray absorption

* No x-ray background
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Stopping of Xi-hyperons

stopped Xi- X-Y distribution |
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the target in the x-yv plane transverse to the beam di-

Figure 4.76: Transverse vs. longitudinal momen-

[J. Pochodzalla et al., PANDA Physics Book, to be tum distribution of Er_ with 'tll'a,nsx-'erse and longitudinal
pUbliShEd Simulations byA Sanchez. U Mainz ] momenta less than 500 MeV /e (upper part) and those

stopped within the secondary target (lower part).
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HPGe detectors in a mixed radiation background
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Figure 4.81: Distribution of produced particles from
background reactions. The Germanium detectors will
be affected mainly by particles emitted at backward ax-
ial angle.

[J. Pochodzalla et al., PANDA Physics Book,
to be published. Simulations by A. Sanchez,
U Mainz.]
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Figure 4.82: Incident kinetic energy of protons and
nentrons entering the Germanium detector surface. The
main contribution to a possible radiation damage of the
detector i1s provided by neutrons.
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HPGe detectors in magnetic fields

experimental set-up: e
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|dentification strategy usin

g decay pion correlations
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Figure 4.80: Upper part: Momentum correlation of

[J. Pochodzalla et al., PANDA Physics Book, all negative pion candidates resulting from the decay of

to be published. Simulations by A. Sanchez, double hypernuclei in a secondary '2C target. Lower
U Mainz.] part: ~-spectrum detected in the Ge-array by cutting
on the two m-meson momenta.
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Strangeness tagging using low momentum kaons

SciF(450 ps)+TOF( 80 ps) mass reconstruction
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» Scintillating (possibly crystalline) fibers (START)
~2000 fibers placed in two rings @ readout with SiPM

» TOF barrel (STOP)

time resolution ~ 80 ps with 16 slabs | _ _
[simulations by A. Sanchez, U Mainz]
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Estimated count rates

“Golden events™:
luminosity 2-103? cm?s?

Z*E" cross section 2mb for pp = 700 Hz
p(100-500 MeV/c) Psoo~ 0.0005
=Z* reconstruction probability 0.5

stopping and capture probability Pcap~ 0.20
total captured =" = 3000 / day
= to AA—nucleus conversion probability Pss = 0.05
total AA hypernucleus production = 4500 / month
gamma emission/event, p,~ 0.5

v-ray peak efficiency Peer 0.1

~ 7/day ,golden” y-ray events with =* trigger
~ 700/day with KK trigger
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