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Outline -
@ Stochastic variational approach to

strange nuclear physics PRC67, 051001(R) (2003)
@Fully coupled-channel study of AA-N=-AZ-
2% for AM\-hypernuclei PRLOH, 202502 (2005)

@ First-ever 5-body calculation of
—hypernucler in fully coupled-channel
scheme of particle basis
@Tensor AN-ZN correlation in
light hypernuclei PRL89, 142504 (2002)
@YN and YY potentials from lattice QCD
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@ Stochastic variational approach to

strange nuclear physics PRC67, 051001(R) (2003)
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NN and YN potentials

® Baryon-baryon interaction

by
!

» A

<«

»

#& Two-body system
& . Three-body system
~ @ . Four-body system
® - Five-body system

Top-down approach

"M any-body systems

%n the nuclear physics,

@NN potential I1s given by a modern interaction
=nodel, such as Nijmegen model.

@Few-body calculation is made using the in-
teraction.



NN and YN potentials

® Baryon-baryon interaction

by
J
» A

i@ Two-body system Top-down and

& . Three-body system bottom-up
. & . Four-body system approach

# - Five-body system

b

Many-body systems

@ |n the hypernuclear physics, phase-shift analysis
has not been confirmed yet.

@ A phenomenological potential isused, which Is
phase-equivalent to the modern interaction model
(e g. N| Jmegen model), and WhICh reproduces the
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Introduction:
® , ,’He: A door to the multistrangeness world

@ AB,, [4-5MeV (Old data) [Prowse, PRL 17, 782 (1966)]
& AB, , [l MeV (Nagara event) [Takahashi et al., PRL 87, 212502 (2001)]

® , , "H: Isthere abound state?

@ Earlier theoretical predictions -> positive
& Nakaichi-Maeda and Akaishi, PTP 84, 1025 (1990).
&#H. N. et al., PTP 103, 929 (2000).

@ BNL-AGS E906 experiment; formation of , ,\*H (?)
s Ahn et al, PRL 87, 132504 (2001).
® A theoretical study of weak decay modesfrom ,,*H =¥ negative
& K umagai-Fuse and Okabe, PRC 66, 014003 (2002).
@ Faddeev-Y akubovsky search for , ,*“H (based on Nagara datum)
@ Filikhin and Gal PRI &0 172502 (7002) = neqaative? (hirt nagitive on dA A model)



Introduction:
® Stochastic variational search for , ,“H

@ H.N., Y. Akaishi, and Khin Swe Mynit, PRC67, 051001 (2003).
@ The result strongly depends on the choice of AN interaction.
® What is the problem on theoretical search for , \*“H?

@ Our publicatioin concluded that “ A theoretical
search for , \*H is still an open subject,” because
the“ °S, AN interaction has to be determined very
carefully, since B, , is sensitive to the °S; channel
of the AN interaction.”

® How to determine the °S; AN interaction?



Introduction: S=-2 hypernucleus

&
&

@ A key Issue of S=—2 study: The total binding energies of
the S=—2 hypernuclea strongly depend on the strength of
the AN Interaction than the strength of the AA interac-

tion. | |

@ For example, ¢ ¢
 H CpnAA I><1

&Number of AN pairs; 4 04—>0

&Number of AA pairs, 1



Spin dependence of I\N mteractlon

1.6 |
Using the AA interaction deduced from
the NAGARA event, does , ,*H exist? >
. 1.2 9
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Introduction:
Determination of ¢-o term of the AN interaction is
crucial to study the S=—2 systems.

® An example; Theoretical search for , ,“H
o9
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Spin dependence of AN interaction
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Spin dependence of AN interaction

SetA
2T NSCO7F(FG) e
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A pass to S=-2 study -
@ There is no way to S=-2 study on the way avoinding yHe

mH

«“H, wHe

wHe
/\/
S=—2 world

~He anomaly
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Spin dependence of AN interaction
@ Using the AA Interaction deduced from
the NAGARA event, does , ,*H exist?
@Yes, If you use the NSC97fSFGZ.I

@ The problem s |



Introduction:
® How to determine the °S; AN interaction?

@A detalled analysis concerning Ap scattering
has not yet become available.

& Experimental B, valuesfor ,*H* , ,“He* and

5

would give useful information for pinning down

the°S, AN interaction.

@ However, there Is along standing problem on s-shell

A hypernuclei: anomalously small binding of ,°

He.

@ Recently, Akaishi et al. successfully resolvec
the anomaly by explicitly taking account of

AN-XN coupling.
@ Akaishi et al. PRL 84. 3539 (2000).
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@Fully coupled-channel study of AA-N=-AZ-
2% for AM\-hypernuclei PRLOY, 202502 (2005)
«



The purpose of this work

@ Systematic study for the complete set of s-shell

A hypernucle with the strangeness S=—1 and —2
In aframework of full-coupled channel formulation.

s Theoretical search for = “H.
s Fully baryon mixing of °Hand °He.

s °F ~ NNA + NNX

@ ‘H, “He ~NNNA + NNNZ

s °He ~ NNNNA + NNNNE

e ‘F ~ NNAA + NNAZ + NNNE + NNEX

& °H, °He ~NNNAA +NNNAZ + NNNNEZ + NNNZX

s ‘He ~ NNNNAA + NNNNAZX + NNNNNE + NNNNEX

AA



NN, YN and YY potentials
@ NN Interaction; Minnesota potential

@ The NN Interaction reproduces the low energy NN
scattering data, and also reproduces reasonably well
both the binding energies and sizes of “H, °H, *He, and
“He.

@ YN Interaction: D2' potential

@ The YN interaction reproduces the experimental B, of
A=3-5 hypernuclei; Free from the ,°He anomaly.

® YY Interaction: Simulating Nijmegen model (mND )

& Fully coupled channel; 'S, °S,

hard-core radius |I=0 AA-NE-XY N=
ND: r.=(0.56, 0.45) fM b=l NEaA N E AT



Ab initio calculation with

stochastic variational method

@ The variational trial function must be flexible
enough to incorporate both

@ Explicit 2 degrees of freedom and
@ Higher orbital angular momenta.

@ L#ZCi %TMT(X; Ai’ ui)
% (PMIM|(X’ Ai’ ui)
=a{ G(X; A:)[le)i(X; ui)X]JMm\/‘I}

& & o Complete six-body
ﬁ/i? treatment




Ab initio calculation with

stochastic variational method
@ Correlated Gaussian
G(x; A)=exp{{1/2)~_a (r )7}

=exp{ _(1/2) Zm nAi mnXmIXn} ‘/_Lo
@ Global vector representation ‘fl\o
By, (6 ui):vfk*'Y“(vi), withv=% u X

m I,m m

@ Spin function x=ll[szs)] 512><.}§1234>s6]
s il

 Isospin function R, =[[[[N N ] X}I.l 234>21(1]

I~

119345 2]”\’“

TBNDNA A or TBNpbNY A 3 200




Some interesting results
@ Benchmark test calculation of a four-nucleon bound state,

Phys. Rev. C 64, 044001 (2001).
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Some interesting results
@ Benchmark test calculation of a four-nucleon bound state,

Phys. Rev. C 64, 044001 (2001).
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Some interesting results
@ Benchmark test calculation of a four-nucleon bound state,

Phys. Rev. C 64, 044001 (2001).
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Benchmark test calculation of a four-nucleon bound state

H. Fammda™ A Moesy, and W, Glockle

Farritier e Theaesticche Plesin T1 Ruiee-Uinfeersitar Rochum D=-UEAQ Bachum, Giemeny

TABLE 1 The sxpsclation valoes {7 and {1 of linetic and e g T T T T T
petemdial energies the hinding energies &, in MeX, and the radins in -
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. = = = 015 b ¥ N, ]
FY LR 535(5) 128330109 23.94([3) L2833 (i i
Coy 1on S6h o e e — 25 00 A S ; \\
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—B A, —BAa (MEV)
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@First-ever 5-body calculation of
—hypernucler in fully coupled-channel
scheme of particle basis
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The purpose of this work

@ To describe the first-ever 5-body calculation of
doubly strange hypernuclei (| °H-- "H-- °H-- °H

2.

and °He-- °He-- °He--_"He)in
AA = AX »>

fully coupled channel scheme of particle basis.

@ |If the =-, AX-, and X2 -hypernuclear states exist,

they must decay via AA-N=Z-AX-XY and AN-XN
strong interaction.

@ How can we calculate the
=-, AX-, and X2 -hypernuclear states?



The strategies to solve the problem
@ How can we calculate the

=-, AX-, and XX-hypernuclear states?
@ Let us consider the E-hypernucleus as an example.

@ Single channel calculation of each particle basis,

SucC

nas ppnn=- or ppnn=’ :

&

"his makes bound state of the E-hypernucle,

If the EN potential is so attractive,
but not realistic.

@ Fully coupled channel calculation

@Mixed stateamong pPPNNE" <> pNnAA

< PPNAY, ...
< ppnZ X’ ...



Preliminary results

S 5 S o] -
& SH- "H- SH- °H:

AA 2
@ Single channel calculation of ppnnx™:

@ \We obtained a bound state with BE = 0.55 MeV.

@ Fully coupled channel calculation:

@We found that there are five states
below the “He+ZE" threshold, so far.

s The lowest is the ground state of _ °H.

@ Then, we calculate the probabilities of
AA- and E-channels.



Preliminary results

s °He-- "He-- °He-- °He
AA = A »)

@ Single channel calculation of ppnnZ=°:
@\We obtained no bound state, so far.

@ Fully coupled channel calculation:

@We found that there are three states
below the *He+Z=° threshold, so far.

s The lowest is the ground state of = °He.

@ Then, we calculate the probabilities of
AA- and E-channels.



Discussions about =-hypernuclei
® The present study uses MND_ YY potential,

which well reproduces the AB, = of the Nagara event,

and which is consistent with the recent experimental

data of =-nucleus potential.
@ The preliminary calculations seem to imply that

a Z-hypernuclear state exists

below the “Het+Z" or “He+Z=° threshold.
@ More precise calculations must be made
In the fully coupled channel scheme:

@ Correct energies and widths.
&M Complex scaling method with SVM.



Complex scaling method with SVM
@ Asymptotic behavier of wave function:

@ —Kl’eie
Bound state ,I,BNe 0

10
re

@Continuum state o7 q
W —=
r ez@ 4
@ Resonance state oilkeiy)re”
Y~ 0

10

yeE /
i*,an9>l,

k

-
prelimingky |
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@YN and YY potentials from lattice QCD



Extension from NN to YN and YY:
@ |f we take only non-strange sector,

there are only 2 representations for 1sospin space.

2 2 3 1
RH =g1—-@H

I=1 I1=0

1
I== I==
2 2

@ On the other hand, If we take account of strange degree
of freedom, other representations should be included.

1.0k 1 o o
= R ;::::E?? D -f“’ D + D PT] D _1313 D P17

=T H o

@ This means that the YN and YY interactions cannot be
determined from the precise NN experimental data even
If we assume the flavor SU(3) symmetry.

@ Lattice QCD Isdesirable for the study of the YN and YY




Recent impressive works of lattice QCD:
@ S. Aokl, et al., PRD71, 094504 (2005);,

n-1t scattering length from the wave function.
@ N. Ishil, et al., nucl-th/0611096, PRL In press,
NN potential dram-thawwaafinction

e _::71 -\"_:‘11\_1"' =
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a5 L
-
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e e
SR T ST
TG, | Two-pien wave functon &7k o

(r, 21— (32,00 plane lir me — 0273 Liev? |
oris serat g = (7,5, 2) [xp = || =5.832),

@Thiswork;



The purpose of this work
@ YN and YY potentials from lattice QCD

FNA, NX, AA, NE, ...

@ NZ potential asafirst step
@Main target of the JPARC DAY -1 experiment
@ Few experimental information, so far

s Focus on the =1 channel 180, 381

@1=1; NE-AX-XX: NZ isthe lowest state.

&1=0;: AA-NE-XX: NZ Is not the lowest state.
@ |=0 channel will be studied in the future.




A recipe for N= potential:
@M ore accurate explanation, for NN, wil be given by |shii-san.

@Calculatethe4-p0|nt NE correlator on the lattice,
Cbyslx—y)e = ()8 (1, D EL(0,6) Pl0,8))

4

@ \WWhich has the physical meanings of,

@ Create aNE state and making imaginary time evolution,
In order to have the lowest state of the N& system.

@ Take the amplitude ¢(x—y), which can be understood as
awave function of the non-relativistic qguantum mechanics.

@ Obtain the effective central potential by assuming that
thAa \AIC 1 A oAl b Aan AF r\'F'Fr\n'l'i\/e SChroedI nger equatlon.

v |e(r)=Ee(r)

2

. nt Vip(r)

Vir)=E 2u  ¢(r)




My turn in this work:

@ Calculate the 4—poi nt NX correl ator on thelattice,
bys(x—yle " =(p (2,005,085 0,0) po(0.1))
@Th|s givesthe dlfferent pattern of the Wick contraction from the NN,

| = | |
(NE)e | EB_I_ for 'S ,

symmetric

D I D | b for °S |

=l antisymmetric

cf. ,

' -NOI ' Nnad =
®C i J[/Cﬂttela = e héed the reduced mass
Z< ) Z,.(0,2,)) > (P (x,2)P,.(0,4,))  to construct the potential.
- n Vig(r)

V(F)ZEJFZM ¢(r)




Interpolating fields and parameters:
@ Interpolating fields:

po(<x):Eabc(ua<x>CySdb('x))uc(x(x))

—~0

Ep(V) =€ (U (y)Cyss,(¥))s4(¥),

@ The lattice calculations were performed by using

KEK Blue Gene/L supercomputer. |3TFlops at

® The C++ code reached 1.3GFl ops/processpsse | 5lanode que
which isamost a half of the peak value.

@ Volume: 32° x32 lattice (L ~ 4.4 fm).

@ Lattice spacing: a ~ 0.14 fm. ———

@ Standard Wilson action: m ~0.377(3) GeV

N
@k =0.1678 for u and d quarks, and m, ~ 0.844(6) GeV
- m, ~ 0.463(1) GeV

K = 0.1665 for s quark. m,, ~ 0.868(3) GeV




Results — hadron masses
@ Path integrals for the correlators are performed by
using 491 gauge configurations, so far:

@ Calculated baryon masses (in units of GeV):

M 11 M m
P A )Y

™

1.210(11) 1.291(5) 1.244(8) 1.271(7)

@ Interqolatl ng fieldsfor A and X

A (x)= NE abc{(d Cyssy)u (s, Cysuy)d . —2(u,Cysd,)s,,

3 (V) == (U (¥)Cyssy(¥)u,(y),




Results — wave function
@ Suggests the repulive core in short range and
attractive force in medium range (0.5fm <r < 1fm)

for both spin S=0 and 1.
1.4 .
lSﬂ e
1.2 | iy S
1t . TS 8 % 2 o4 o4 omowoxox
o
0.8 ¢ *~ I
0.6 .°
0.4
0.2 |
time-slice: 10
D | | i
0 0.5 1 15 2 2.5

r (frm)



Results — potential
@ NZXE potential (I=1), from lattice QCD for the first time.

1200

1000 |
800 |

600

V (MeV)

400 |

200 |

0t Ry

time-slice;10

0 0.5 1 15 2 2.9

-200

i (frm)

@ Strong repulsive core in spin S=0 channel.
@ Strong spin dependence.



Results — potential
@ NZXE potential (I=1), from lattice QCD for the first time.

100
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V (MeV)

20 -

.‘J 5

=20 -
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-40

@ Attractive force in medium and long-range region
for both spin S=0 and 1.
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