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No No PauliPauli effect of nucleons on hyperonseffect of nucleons on hyperons
PauliPauli principle principle 
→→ Independent particle model (shell structure)Independent particle model (shell structure)

New degree of freedom 
→novel types of structural change in nuclei
（size and shape changes of nuclei → shrinkage effect）

Effects of nuclear medium on baryons
（magnetic moment）
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Reaction spectroscopyReaction spectroscopy : 
Resolution: ~22MeV (π＋＋ｎ→Λ＋K+， K－＋ｎ→Λ＋π－）

～0.3MeV (e+p→e’＋Λ＋K+) HKS JLab (U.S.A)

γγ--ray spectroscopy with Germanium detectorsray spectroscopy with Germanium detectors
Resolution:～0.0020.002MeV



HyperballHyperball GeGe array array （（Tohoku, Kyoto, KEKTohoku, Kyoto, KEK，１９９８，１９９８))
A dawn of high resolution hypernuclear A dawn of high resolution hypernuclear γγ−−ray ray 

spectroscopyspectroscopy
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Contains nuclear structure and decay data 
for over 3,100 isotopes and isomers 



A road toA road to Table of HyperTable of Hyper--isotopesisotopes

PRL 93 (2004) 232501

PLB 579 (2004) 258 
Submitted to PRL



Structural change in nucleus Structural change in nucleus 
with a presence of with a presence of ΛΛ

66LiLi 77
ΛΛLiLi
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Experiments with Hyperball2Experiments with Hyperball2
(Being assembled)

[ Single Ge (60%) +BGO ] x 14
+ [ Clover type Ge (125%) +BGO ] x 6
→ Photopeak efficiency ~ 5% at 1 MeV
Super high rate electronics

~ 1 TeV/sec, 100 kHz 
VME-based data readout

Hypernuclei Hypernuclei γγ--ray spectroscopyray spectroscopy
（KEK@Tsukuba/BNL@New York State)

InIn--beam experimentbeam experiment
(Tohoku University Cyclotron facility)
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Magnetic moment measurement in Magnetic moment measurement in 1111
ΛΛBB

Does magnetic moment of Λ change in nuclear medium？

Short lifetime of hyper nuclei:１００～２００ｐｓ
→direct measurement of µΛ difficult

Measurement of Λspin-flip transition probability 
(B(M1：7/2+→5/2+) via Doppler shift attenuation method)

→Extraction of µΛ in nuclear medium
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JJ--PARCPARC ((Japan Proton Accelerator Research ComplexJapan Proton Accelerator Research Complex))
By KEK+JAERI, will be completed in 2008 at Tokai, Japan

Nuclear and Particle 
Physics Hall

50 GeV Synchrotron 
(15 µA)

Neutrino Facility

400 MeV Linac
(350m)

3 GeV Synchrotron 
(333 µA)

Material and Biological 
Science Facility



HyperballHyperball--JJ

ε > 10% at 1 MeV    (x4 of Hyperball)
Rate limit   ~2x107 particles /s  (x5)
Yield:  x20 for single γ

x80 for γγ -> Systematic study of light to heavy Λ hypernuclei
B(M1)-> µΛ,  Ξ atomic X-rays

Experimental challenges with Experimental challenges with 
Intense beam provided by 50GeVIntense beam provided by 50GeV--PSPS

Enormous  backgroundEnormous  background

Piling up of Piling up of GeGe signalssignals



SummarySummary
• Nuclear world is expanded by including hypernuclei 

with strangeness.

• Construction of Hyperball has realized γ-ray 
spectroscopy of hypernucleus for the first time with 
a few keV resolution.

• Hyperball2 is being constructed and preparation for 
experiments are ongoing.

• J-PARC provides new possibilities in hypernuclear 
studies.
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