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Global Hypernuclear Network GUTENBERG.,

STAR @ RHIC PANDA @ FAIR
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. e single A-hypernuclei
¢ exotica? ey sp’eFtrosy e weak decays

Dubna
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KAOS @ MAMI ‘e - ¥ W e heavy ion beams
1 @ electro-production ¢ single A-hypernuclei
e single A-hypernucle’ at extreme isospins
| ® A-wavefunction * magnetic moments

JLab

e electro-production

e single A-hypernuclei
e A-wavefunction

FINUDA @ DAFNE
e ete” collider
| ALICE @ LHC K- reaction K_EK - J-PARC
URHIC collider hypernuclei e intense K- beam

e anti A-hypernuclei pctroscopy 41 e single and double A-hypernuclei
e exotica? e y-ray spectroscopy for single A




Individual Strengths

GUTENRERG

Experiment Experimental tool & status [Methods & topics
@Facility

JPARC

Al@MAMI

HypHI@GSI&FAIR

FOPI@GSI
S ELEN)
ALICE@LHC
PANDA@FAIR

low mometum meson beams (1K)
setup ready, K beam intensity still
limited (2011 aprox. 10% of design
goal expected)

electro production
until 2012 upgrade of CEBAF

electro production

projectile fragmentation 2AGeV -
15AGeV two experiments
performed, data analysis ongoing

(symmetric) heavy ion collisions
Signal seen by FOPI and STAR,
analysis ongoing; ALICE started
antiproton beam in design and
R&D stage; run after 2017

N\ hypernuclei excited states (Am~few keV) by y-
spectroscopy

=-hypernuclei by missing mass

ground state masses of light double hypernuclei
by hybrid emulsion (Am~ few 10keV)

Precission ground state masses by 1r-
spectroscopy (after 2012)

medium-heavy A-hypernuclei (after 2012)
Precission ground state masses by -
spectroscopy (Am~10keV)

A-wave function by K angular distribution

> hyperon in light nuclei

ground state masses (Am~few MeV)

lifetimes

exotic hypernuclei by radioactive beams

antihypernuclei and hypernuclei yields and ground
state masses (Am~few MeV) of S=-2 nuclei
lifetimes

level scheme of double AA hypernuclei by y-
spectroscopy (Am<10keV)
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International Hypernuclear Network svTEss.

TAR @ RHIC

y—ray spectro:
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KAOS @ MA
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* single A-hyp

o NA-wavefunct

e single A-
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3 H at STAR UG
» STAR@RHIC : Au+Au at 200AGeV
» ~108 minimum bias events, ~2-107 central events
» 157130 hypertritons  70+17 antihypertritons
STAR collaboration, NATURE 328 (2010)
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» background shape determined from rotated background analysis
» Mass: 2.990 + 0.001 GeV; Width (fixed): 0.0025 GeV.



The first antihypernucleus: 3:H @ STARGS.
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» Mass: 2.991+0.001 GeV; Width (fixed): 0.0025 GeV



Hypernuclei at FOPI

GUTENRERG,..

Counts
MR E R

Counts

» Ni+Ni at 1.91AGeV ~6-10’events
» K* candidate tagged
» 0.05 <y, <0.35.
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Pb+Pb at ALICE S AN

» Expected luminosity 5-10%°cm-1st
» Minimum bias interaction rate 4kHz
» Running time per year ~10°s
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International Hypernuclear Network Vs,

STAR @ RHIC PANDA @ FAIR
| o HI collider e anti-proton beam

e anti A-hypernuclei

¢ exotica? * y-ray spectroscopy

KAOS @ MAMI
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e single A-hypernuclei
e weak decays

HypHI @ GSI

e heavy ion beams
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e magnetic moments




Prediction GUTENRRAG..

» combination of a dynamical transport model and a statistical
approach of fragment formation: GiBUU+SMM

12C+12C at 2AGeV
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HYPHI @ GSI/FAIR st

» October 2009: 2AGeV SLi+12C March 2010: 2AGeV 20Ne+12C
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Preliminary Results GUTENGERG.

» First decays of A-hyperons and a first indication of >,He are found
which are compatible with known mass of 4.840GeV and lifetime

of 256 (20) ps

7 ndf 30.05/ 25 Entries 12

2 [ ndf 0.03991 /2

Prob 0.9802
7 Constant 3.279 = 0.803

Slope -3.752 = 1.534
T\ a

Highlights of Heavy Ion Reactions
STAR, HYPHI,FOPI, ALICE...
Groundstate masses of multihypernuclei

Lifetimes

I invariant vNass(aev/c") . LIeume (ns) I

—r——| Prob 0.2224

T T T T
40 Constant 22.98 - 4.96
35F Mean: 4839 Mean 4.839 = 0.000

o: 0.0031 Sigma  0.0003093 = 0.0000608
30

1/0.3MeV
:1/0.13 ns

h

T. Saito, SPHERE & JSPS Meeting,
Prague, Czech 04.09.2010-06.09.2010

D. Nakajima, PhD thesis
C. Rappold, PhD thesis
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Production of AA Hypernuclei GUTENRERG.

» simultaneous implantation of two A’s impossible
» Z=-conversionin 2A: =+p —>A+A\ + 28MeV

=large probability that two A’s stick to same nucleus

primary
—y = production of
© No\/'}) of =-
capture —. 7
of E-in \ -
secondary 1
target;
atomic
transistion
4 =p=AA
conversion
y-decay and
weak decay
4

» two-step process
— spectroscopic studies only via the



HYP-X 2009




19/ 1
at HYP-X

&.| Summary and perspective (1)

By checking consistency of ABaa (NAGARA) within 3 STD. errors,
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JPARC: EO7 experiment GUTENGERG .
» 1.7GeV K- beam
> 3.105K7/4.8s = —
— SCIF| Stack SCIF|
» 3times larger emulsion — Block Block
volume —_ DSSD DSSD

» = atomic transisions?
» Factor of 10

—. !I;\ _ﬂ_/K’*
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Figure 6: Setup of the EO7 experiment at J-PARC.



Decay Products of AA Hypernuclei sV,

» nuclear fragments = emulsion hadron+nucleus
» detection of charged products only
» limited to light nuclei
» weak decay products — BNL-AGS E906 °Be(K-,K+)X
» resolution limited
» no information on excited states
» interpretion not unique because ™ momenta are similar
» V- spectroscopy — PANDA P+A
» no excited states observed yet, but theoretically predicted

» How to identify the nucleus yperon-
antihyperon
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PANDA Setup

GUTENRERG,..

> 0),< 45°: =_, K- trigger (PANDA)
> 9|ab= 450'900:

=-capture, hypernucleus formation
P ~ MNMNO.

RPN Ry By - pa R SRy | |

Milestones:

» Full Monte Carlo chain including
event generator, new statistical

model to simulate the population of
excited states

» Hardware projects: Ge-detectors,
secondary target, primary target...

N

Py ) Py [

femima] mia Al A




Simulation within PANDA_ ROOT

GUTENRERG,..

» Example: secondary 12C target (~2 weeks)

Highlights of Double Hypernuclei
JPARC, FAIR,HI
Groundstate masses
Precission Excitation spectra
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Electroproddctlon of Hybrnuclel '*
JLAB MAMI

f‘fe ] He




Electro-production of Hypernuclei GUTERRERG,.

e e’ e e’ uaEr?; thaerfé
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Quasi-free A production

Direct production of
(Continuum)

Hypernuclei
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Secondary Production of
Hyperfragment (Continuum)



Hall A: 2nd Generation Exp. E01-011 GUTENRERG.
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Charge Symmetry breaking

GUTENRERG,..

» If isospin is an exact symmetry and therefore also no AN charge

symmetry breaking = B, of mirror nuclei identical
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» Differences could be caused by

10

Nz
“He

2.04+0.04

4.18+0.10
4.42+0.13

2.39+0.03
3.92+0.37

5.16+0.08 |

6.80+0.03
8.53+0.15
9.11+0.22
11.37+0.06

13.76 +0.16

» Coulomb effects + other electromagnetic effects
» nuclear CSB

-

AN CSB

6.84+£0.05
7.88+£0.15
8.89+0.12
10.76 £0.19
11.38+0.09
12.42 +0.05

13.28 +0.36
13.40+0.40



‘Li(e,e’K+)’ He GUTENRRAG

O. Hashimoto, SPHERE & JSPS

_A Emulsion Data Meeting, Prague, Czech 04.09.2010-
60 M. Juri¢ NP B52 (1973) 1 06.09.2010
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Decay pion spectroscopy GUTENRERG.

» Two-body decay = mono-energetic pions

» Like in emulsion access to variety of light
and exotic hypernuclei, but

Example: / K+  » Electronic experiment
» Well defined initial target nucleus
12C » High resolution: A binding energy
resolution limited by T momentum
€ resolution
p 12/\B*

Courtesy

4 |
a‘/ " () JSPSITA iz
K L-,-'/' 1Pl QCIEY [Or NG Fromoion or science
/ /\
Liaung Tang

Fragmentat/on (<10%%s) 4ye Weak mesonic two
body decay (~1010s)



International Hypernuclear Network svrss.

STAR @ RHIC l‘a ‘
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T=Spectroscopy at MAMI GUTENRERG,.

2 A\ N ;
\ - . !
3 \
\ . _— ! b
A \ 2 s — 4 1
Y 2 : L e ' 8
. 7N 1 d
- b S LY
< b Y U3
L e . \ & ¢ < > |
Wle ”~ o
\ L ' o

> ‘Large acceptahce KAOS
spectrometer at forward angle as |
kaon tagger

High resolution pion
spectrometer op/p <104

High precission electron beam of
MAMI (dp./p <107°) needed to
establish absolute momentum
scale

— binding energy determination
with oB< 10keV




Expected Benefits 7Li, °Be, 12C targets/ s,

» High precision ground state 2] |ec Mg 2'Mg|2Mg| 2 Mg|3*Mg| Mg Mg
mass of light hypernuclei 1| |%Be| 2Na| 2Na | ZNa [2Na | 2Na| ZNa

» precise A binding energy < +10 E L Ne | *Ne | °Ne ["Ne | 2'Ne | 2Ne | ZNe |2Ne
keV 5 9 BF | JF | BF | EE | EE | GF | R BF

. Namcaa ~vvimmimma mbm s lhieaa o ia PR [P R R s : -

> nghllghts of Electro-production |

_ JLAB, MAMI -
Precission pion spectroscopy
Structure Function of A .

NEUTRON NUMBER

(1) JSPS 1" it 2

,—;r" Japan Society for the Promotion of Science




Summary

GUTENRERG

Experiment Experimental tool & status [Methods & topics
@Facility

Al@MAMI

HypHI@GSI&FAIR

FOPI@GSI
S ELEN)
ALICE@LHC

PANDA@FAIR

low mometum meson beams (1K)
setup ready, K beam intensity still
limited (2011 aprox. 10% of design
goal expected)

electro production
until 2012 upgrade of CEBAF

electro production

projectile fragmentation 2AGeV -
15AGeV two experiments
performed, data analysis ongoing

(symmetric) heavy ion collisions
Signal seen by FOPI and STAR,
analysis ongoing; ALICE started
antiproton beam in design and
R&D stage; run after 2017

N\ hypernuclei excited states (Am~few keV) by y-
spectroscopy

=-hypernuclei by missing mass

ground state masses of light double hypernuclei
by hybrid emulsion (Am~ few 10keV)

Precission ground state masses by 1r-
spectroscopy (after 2012)

medium-heavy A-hypernuclei

Precission ground state masses by -
spectroscopy (Am~10keV)

A-wave function by K angular distribution

> hyperon in light nuclei

ground state masses (Am~few MeV)

lifetimes

exotic hypernuclei by radioactive beams

antihypernuclei and hypernuclei yields and ground
state masses (Am~few MeV) of S=-2 nuclei
lifetimes

level scheme of double AA hypernuclei by y-
spectroscopy (Am<10keV)
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