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Subjects of proposal P10-1

• Production of neutron-rich Λ-hypernuclei
– Λ-hypernuclei close to neutron dripclose to neutron drip--lineline
– Quite exotic objectsexotic objects if mass number is small

• Λ-nucleus interaction in high isospin state
– Structures of hypernuclei → ΛΛ--N interaction N interaction 

in neutronin neutron--rich environmentrich environment
– ΛΛNN--ΣΣN mixingN mixing is important if isospinisospin≠≠00
– Close connection to EoS in neutron starsEoS in neutron stars
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Nuclear chart with strangeness

““glueglue”” like role of like role of ΛΛ hyperonhyperon

Large area un

Large area un--explored !
explored !
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Expand the hypernuclear chart

),(),( ++−− KK ππ

),(),( 00 KK −− ππ

),(),( +−+− KK ππ

Single CXSingle CX

Double CXDouble CX

isospin=0 or 1/2isospin=0 or 1/2

isospin=3/2 or 2isospin=3/2 or 2

KEKKEK--E521E521

ordinary nucleiordinary nuclei

this proposalthis proposal

Non ChargeNon Charge--ExchangeExchange

hyperfragments
by emulsions exp.

ΛΛ--hypernucleihypernuclei
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Exotic Λ-hypernuclei

• Example of “hydrogen”

55
ΛΛH  H  No evidenceNo evidence

66
ΛΛHH Stable ?Stable ?

77
ΛΛH  Stable ?H  Stable ?

22
ΛΛH  H  Not boundNot bound

33
ΛΛHH StableStable

44
ΛΛHH StableStable

Λ

11H  H  StableStable
22HH StableStable
33HH StableStable

44H  H  No evidenceNo evidence
55HH ResonanceResonance
66H  No evidenceH  No evidence

n

p
Super Heavy HydrogenSuper Heavy Hydrogen

Hyper Heavy HydrogenHyper Heavy Hydrogen

glue like role of glue like role of ΛΛ

We can produce at We can produce at JJ--PARCPARC
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ΛN-ΣN mixing effect

NNNN

ΔΔNN

ΛΛNN

ΣΣNN

290MeV
77MeV

S=0S=0 S= S= --11

mass diff. ~1/4mass diff. ~1/4
→→ larger mixinglarger mixing

if isospin=0if isospin=0

Λ Σ
A(I=0) A(I=0)

if isospinif isospin≠≠00

Λ Σ
A(I≠0) A(I≠0)

OK!

Σ
A*(I=1)Energetically

Suppressed

important in neutronimportant in neutron--rich rich ΛΛ--hypernuclei (large isospin)hypernuclei (large isospin)

ordinaryordinary
nucleinuclei ΛΛ--hypernucleihypernuclei
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EoS of matter in neutron star

• StrangenessStrangeness degree of freedom inevitable
– What kinds of strangeness appear ?
– Controlled by massmass, chargecharge and interactioninteraction.

Σ+Λ=Λ βα""

large n/p asymmetry (isospinisospin»»11)
→ strong ΛΛNN--ΣΣN mixing N mixing expected 

study on neutronneutron--rich hypernucleirich hypernuclei
may provide information
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How to produce n-rich Λ-hypernuclei

• KEK-E521 experiment established 
– reaction
– Clean reactionClean reaction

( ) LiKB 1010 , Λ
+−π

K6 beamline @KEK-PS 
SKS spectrometer

good energy resolutiongood energy resolution
ΔΔBBΛΛ = 2.5MeV (FWHM)= 2.5MeV (FWHM) BBΛΛ=0=0

g.s.g.s.

ddσσ/d/dΩΩ~10nb/sr (1/1000 of NCX)~10nb/sr (1/1000 of NCX)
~45 events in bound region

Increase yield Increase yield ××10 at J10 at J--PARCPARC
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Experimental setup at J-PARC

• K1.8 beamline + SKS

High intensity High intensity ππ beam (1.2GeV/c)beam (1.2GeV/c)
beam intensity ~10M beam intensity ~10M ππ--/spill/spill
not limited by primary beamnot limited by primary beam

Excellent resolutionExcellent resolution
Large acceptanceLarge acceptance

ready at very early stage of Dayready at very early stage of Day--11



at J-PARC PAC Meeting, 11 January 2007

10

Yield: 9ΛHe production
– Particle bound →→ clear observation of clear observation of g.sg.s..

– dσ/dΩ=10nb/sr is assumed (same order as 
10

ΛLi hypernucleus)
– 310 events310 events in 3 weeks3 weeks
– 7 times larger7 times larger ← KEK-E521
– Discussion on level structure possible

High beam intensityHigh beam intensity

Large acceptanceLarge acceptance

if beam spill if beam spill 
longer (3sec)longer (3sec)

→→ ××22
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Yield: 6ΛH production
– Simple estimation tells binding is marginal

• May be bound or may not
• May observe even unbound g.s. if width is narrow

– Yield estimation has large ambiguity
• Exotic nature of 6ΛH:  overlap of w.f. smaller ?
• Production cross section may be smaller ?

– Yield vs. information

• ~50 events: discuss “bound” or “not bound”

• ~300 events: some discussion on level structure

Pessimistic estimationPessimistic estimation

Optimistic estimationOptimistic estimation
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Time schedule

– Need only K1.8 beamline and SKS
– Beamline and  detectors will be ready in FY08ready in FY08
– Collaboration with E05

beamlinebeamline
spectrometerspectrometer

SKSSKS
spectrometerspectrometer

FY06FY06 FY07FY07 FY2008FY2008 FY09FY09
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Summary of proposal

• Double CX: New spectroscopic tool
– Hypernuclei close to neutron drip-line: 99

ΛΛHeHe
– Exotic Λ-hypernuclei: 66

ΛΛHH
– Expect higher statisticshigher statistics than KEK-E521

• Information from neutron-rich Λ-Hypernuclei
– ΛΛ--N interactionN interaction in neutronin neutron--rich environmentrich environment
– ΛΛNN--ΣΣN mixingN mixing effects

• Small Λ-Σ mass difference
• Important if core nucleus has nonnon--zero isospinzero isospin

– Close connection to the EoS of matter in neutron EoS of matter in neutron 
starsstars (isospin»1)
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Backup Slides
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Flavor SU(3) symmetry

• u and d quarks SUF(2) 
• → u, d and ss quarks SUF(3)

– proton and neutron
– and hyperonshyperons

• Lightest hyperon (Λ)
– Λ-hypernuclei

• Another stable ““nucleinuclei””

• Other hyperons
– ΛΛNN--ΣΣN mixingN mixing occur

• Affect to Λ-nucleus interaction

Λ Σ0

n p

Σ− Σ+

Ξ− Ξ0
S=S= --22

S=S= --11

S=0S=0
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• NN and YN int.
– SUF(2)→SUF(3)

π0 η

K0 K+

π- π+

K- S=S= --11

S=S= +1+1

ρ0 ω

K*0 K*+

ρ− ρ+

K*- S=S= --11

S=S= +1+1

0K

0*K

S=0S=0

S=0S=0

π, ρ, ω, η, ...
N

N

π, K, ρ, ω, K∗, ...
Y

N

Ordinary nuclear forceOrdinary nuclear force

Extension to YN interactionExtension to YN interaction
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ΛN-ΣN mixing effect

NN

ΔΔ

ΛΛ

ΣΣ

290MeV
77MeV

S=0S=0 S= S= --11

if core isospin=0if core isospin=0

Λ Σ
A(I=0) A(I=0)

if core isospinif core isospin≠≠00

Λ Σ
A(I≠0) A(I≠0)

OK!

Σ
A*(I=1)Energetically

Suppressed

ΛΛΛΛ

ΣΛΣΛ
ΞΞNN

26MeV

S= S= --22

NN

NN

NN

NN

mass diff. ~1/4mass diff. ~1/4
→→ larger mixinglarger mixing

Important in nImportant in n--rich (or prich (or p--rich) rich) ΛΛ--hypernucleihypernuclei
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Structure of 9ΛHe hypernucleus

– Expected to be particle stable
• Core nucleus 8He is particle bound

– Practical decay thresholds
• Naive extrapolation of BΛ tells BΛ~8MeV
• → 3 MeV more bound than 8ΛHe+n threshold

Λ+He8

nHenHe 3,4 65 ++ ΛΛ

nHe 27 +Λ

nHe +Λ
8

?.).(9 sgHeΛ

～ 8.2MeV

～ 3MeV
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Structure of 6ΛH hypernucleus

• Unbound 5H
– 1.7 MeV unbound
– Exist as resonance
– “Superheavy Hydrogen”

• Bound 6ΛH ?
– glue-like role of Λ
– BΛ= 0.5~2 MeV ?
– “HyperheavyHyperheavy HydrogenHydrogen”



at J-PARC PAC Meeting, 11 January 2007

21

Ingredients of neutron stars

• Core of neutron stars
– Need strangenessstrangeness degree of freedom
– What kinds of strangeness appear ?
– Controlled by massmass, chargecharge, interactioninteraction, etc.

repulsive
ΣN-int.
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ΛN-ΣN mixing in neutron star

• Large n/p asymmetry (isospin»1)
– ΛΛNN--ΣΣN mixingN mixing is quite natural
– Information on mixing for EoS discussion
– Study of neutronneutron--rich hypernucleirich hypernuclei may provide

Σ+Λ=Λ βα""
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EoS and mass of neutron stars

• Upper bound of neutron star mass <1.5M<1.5MSS

Ordinary Ordinary n/p/e/n/p/e/μμ mattermatter

Hyperon matterHyperon matter
M

 / 
M

S

central density (g/cm3)
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ΛN-ΣN mixing effect on EoS

• Degree of ΛN-Σ0N mixing and EoS
Λ

-m
at

te
r I

nt
er

ac
tio

n 
(M

eV
)

large 
mixing

Hard Hard EoSEoS

Soft Soft EoSEoS

no mixingno mixing

with mixingwith mixing

pp--fractionfraction

pp--fractionfraction
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Results of KEK-PS-E521 experiment

• Cross section
– pπ=1.2 GeV/c

– pπ=1.05 GeV/c

• Reaction mechanism

nb/sr11≈Ωddσ

nb/sr6≈Ωddσ

Ωddσ

πp1.05 1.2

Two step

Single step

1.05 GeV/c1.05 GeV/c

1.2 GeV/c1.2 GeV/c
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SKS energy resolution

• Summary of experimental resolution

3.5 g/cm2

2.5 MeV (FWHM)
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Calibration

• BΛ and Ex calibration
– 12

ΛC production by the (π+,K+) reaction
• Ground state (s1/2,Λ): BΛ=10.76±0.19 MeV
• Excited state (p3/2,Λ): Ex=11.00 ± 0.03 MeV

– Obtain response function (peak shape)
– No change in SKS, beamline polarity change

• Symmetry of π+/π− beams
• Narrow acceptance of beamline

• 1 shift for every 1 week
– ΔBΛ, ΔEx ~ 0.05 MeV (stat.)
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Length of Flat Top vs Yield

– 10MHz beam operation assumed

assumed 
in yield 

estimation

~ ~ ××2 yield2 yield
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Time schedule of “weak decay” experiment

FY06FY06 FY07FY07 FY08FY08 FY09FY09
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High Intensity and High Resolution beamline

– handle 109 π/spill
– Δp/p ~ 10-4
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High Intensity and High Resolution beamline
(new configuration)
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