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Hyper-nuclear chart

Unexplored world of S= 2Unexplored world of S=-2



Physics Motivation
• A doorway to the multi-

strangeness systemstrangeness system
• Very dynamic system?

– Large baryon mixing?Large baryon mixing? 
Inversely proportional to
mass difference.

– H dibaryon as a mixed 
state of ΛΛ-ΞN-ΣΣ?

• Little is known so far• Little is known so far
Main motivation of 
the J-PARCthe J-PARC



Approved experiments

E03

E05
E07

3 experiments approved for S=-2 nucl. phys.



Approved experiments

E03 M t f X f Ξ t
E03

E03： Measurement of X rays from Ξ− atom
Spokesperson – K. Tanida (Kyoto)

E05 S t i t d f Ξ h l 12 BE05
E07

E05: Spectroscopic study of Ξ-hypernucleus, 12
ΞBe,

via the 12C(K−,K+) reaction (Day 1 – 1st priority)
S k T N (K t )Spokesperson – T. Nagae (Kyoto)

E07: Systematic study of double strangeness system
ith l i t h b id th dwith an emulsion-counter hybrid method
Spokespersons – K. Imai (Kyoto)

K Naka a a (Gif )K. Nakazawa (Gifu)
H. Tamura (Tohoku)

3 experiments approved for S=-2 nucl. phys.



E05 Ξ-hypernuclei
Missing mass spectroscopy of 12C(K−,K+)X

12 B 12 B12
ΞBe, 12

ΛΛBe
1.8 GeV/c
K− beam

high intensity
1 4 106 K / ill

K beam

1.4x106 K− /spill
(Phase-1)

high purityProton beam
30G V 9 A K−/π− ~6.930GeV-9μA



Importance of Ξ systems
• Valuable information on ΞN (effective) interaction

e g How strong ΞN ΛΛ (and thus ΞN ΛΛ mixing) is?– e.g., How strong ΞN ΛΛ (and thus ΞN-ΛΛ mixing) is? 
• Relevant to the existence of H dibaryon
• ΞN component in ΛΛ-hypernucleiΞN component in ΛΛ hypernuclei

– Exchange interaction is prohibited in one-meson exchange 
models

• How about A dependence?
• Impact on neutron stars• Impact on neutron stars

– Does Ξ− play significant role in neutron stars because of its 
negative charge?negative charge?

– Σ− was supposed to be important, but its interaction with 
neutron matter is found to be strongly repulsive.neutron matter is found to be strongly repulsive.



ΞN interaction model and 
ΞA optical potential 

• One boson exchange (NHC-D, Ehime)g ( , )
– strong attraction in odd states strong A dependence

• ESC04d*ESC04d
– strong attraction in 3S1（T=0）
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12C(K−,K+)12
ΞBe spectra

calculated by W.S. potential
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Expected 12
ΞBe Spectrum
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E03 X-ray spectroscopy of Ξ atom
• The first measurement of X rays from Ξ-atom

Gives direct information on the ΞA optical potential– Gives direct information on the ΞA optical potential
• Produce Ξ- by the Fe(K-,K+) reaction, make it stop 

in the target and meas re X ra sin the target, and measure X rays. 
Fe target

K- K+

ΞΞ−

X ray

• Aiming at establishing the experimental method

y

• Possibility for double-Λ γ-ray
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Ξ atom level scheme
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Experimental setup

K−
K+K

1 8 GeV/c1.8 GeV/c
1.4x106/spill (4s)

• Long used at KEK-PS K2 beamline (E373, E522, ...)
– Minor modification is necessary to accommodate high rate.

• Large acceptance (~0.2 sr)



X-ray detector
• Hyperball-J

– 40 Ge detectors40 Ge detectors
– PWO anti-Compton

• Detection efficiency• Detection efficiency
– 16% at 284 keV

Hi h t bilit• High-rate capability
– < 50% deadtime

• Calibration
– In-beam, frequent
– Accuracy ~ 0.05 keV

• Resolution
– ~2 keV (FWHM)



Yield & sensitivity estimation
• Total number of K-: 1.0x1012 for 800 hours.
• Yield of Ξ• Yield of Ξ

– production: 3.7×106

– stopped: 7 5×105stopped: 7.5×10
• X-ray yield： 2500 for n=6 5 transition

– 7200 for n=7 67200 for n=7 6 
• Expected sensitivity

– Energy shift: ~0 05 keV (systematic dominant)– Energy shift: 0.05 keV (systematic dominant)
Good for expected shift (~1 keV, 4.4 keV by Koike )
< 5% accuracy for optical potential depth 5% accuracy for optical potential depth

– Width: directly measurable down to ~ 1 keV
– X-ray yield gives additional (indirect) information on y y g ( )

absorption potential.



Expected X-ray spectrum

n= 6 5n= 6 5

shift & widthshift & width
0 keV



Expected X-ray spectrum(2)

n= 6 5n= 6 5

shift & widthshift & width
4 keV



E07 ΛΛ Hypernuclei
• Hybrid emulsion method

Production of Ξ− by the (K− K+) reaction is tagged by– Production of Ξ by the (K ,K+) reaction is tagged by 
counters (almost the same as E03)

– Then Ξ− is tracked down in emulsion for possibleThen Ξ is tracked down in emulsion for possible 
production of double-Λ hypernuclei.

• Goal: 10000 stopped Ξ− on emulsionGoal: 10000 stopped Ξ on emulsion
100 or more double-Λ hypernuclei events
10 species of double-Λ hypernuclei10 species of double Λ hypernuclei 

Chart of double-Λ hypernucleiChart of double Λ hypernuclei



Setup around the target



Production of ΛΛ hypernuclei

~10% of ΛΛ are
trapped in nucleitrapped in nuclei 

Ξp ΛΛ



Example event in emulsion
• Track length, thickness

– PID/energyPID/energy
• Presume what are 

produced at each vertexproduced at each vertex 
– Then check consistency

Unique assignment is– Unique assignment is
sometimes possible

C l l t bi di• Calculate binding energy
ΔBΛΛ = BΛΛ − 2BΛ

i t i t tigives net ΛΛ interaction



Systematics of ΛΛ binding energyy g gy
• ΔBΛΛ may different for each nucleus

F l b h i i ff t– For example by hyperon mixing effect

6
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Summary & perspective
• Nuclei with S=-2 at J-PARC

– Main topic of strangeness nuclear physicsMain topic of strangeness nuclear physics
• 3 experiments are approved

Spectroscopy of Ξ hypernucleus (E05)– Spectroscopy of Ξ hypernucleus (E05)
– X-ray spectroscopy of Ξ atom (E03)

ΞA optical potential ΞN interactionΞA optical potential, ΞN interaction
attractive or repulsive? how strong is ΞN ΛΛ?

– Hybrid emulsion study of double Λ hypernuclei (E07)Hybrid emulsion study of double Λ hypernuclei (E07)
ΛΛ interaction in nuclei, S=-2 hypernuclear chart
evidence for ΛΛ-ΞN mixing seen in ΛΛ hypernuclei?

• More to come
– E05 & E03 will do systematic measurements05 & 03 do syste at c easu e e ts
– γ-ray spectroscopy of ΛΛ-hypernuclei may be possible



Collaboration list: E07



E05



Collaboration list: E03
• Kyoto University

– S. Dairaku, H. Fujimura, T. Hiraiwa, K. Imai, K. Miwa, A. Okamura,
K Tanida (spokesperson) C J YoonK. Tanida (spokesperson), C. J. Yoon

• Brookhaven National Laboratory
– R. E. Chrien 

• China Institute of Atomic Energy
– Y. Y. Fu, C. P. Li, X. M. Li, J. Zhou, S. H. Zhou, L. H. Zhu

• Gifu University
– K. Nakazawa, M. Ukai, T. Watanabe,

• KEK
– H. Noumi, Y. Sato, M. Sekimoto, H. Takahashi, T. Takahashi, ou , Sato, Se oto, a a as , a a as ,

A. Toyoda
• JINR(Russia)

– E. Evtoukhovitch, V. Kalinnikov, W. Kallies, N. Karavchuk, , , , ,
A. Moissenko, D. Mzhavia, V. Samoilov, Z. Tsamalaidze, 
O. Zaimidoroga

• Tohoku University
– O. Hashimoto, K. Hosomi, T. Koike, Y. Ma, M. Mimori, K. Miwa,

K. Shirotori, H. Tamura


