1)

}FQCDICLD)\VAVREIHEEBEEROZE

AHEE (RRERXF)
BBILQCD



FQCDIcLBHNIZAVE A @

A Y
BSK EhB§# (4 FQCD) B’
1.2 F I ' ' TSO —e— ‘lﬁ 800 & 100 k -: T :
| , 351 Ellﬁ [ 380 ——
% 10} ,,-;_-'.Lji::-::i 8860404460 e of 500 § [ S1
- ! & -|.|:z _ 50 F
S 08} .4 o S 400 F ., 2
5] 3 (] | »
o E rS i %
2 06} (@) = 300F % o9 ® s0o00000
o L o 4 : Be2®
g o4t} L o) > 200 e [
Z L A@ _50 .....................
Z 02} _g 100 4, 00 05 10 15 20
| 0 % s 6 6 8 0 & & &
00 o 1 a & nl °
0.0 (7)) 0.0 0.5 1.0 15 2.0

"EC

1. BELNMHEEZRDSLuscherD RSB FZEOIEE.
CP-PACS Coll., PRD71,094504(2005). (BS;EEIEI%k o BRELA4RE)

2. RFIYINEVSEESZRAL T, LuscherOBELNHEEEFHTT S,
3. HEALERICEERLBEENNVAEART Y E
BRHNICHEFQCDZAVTREIT D N ABEICKZ D,

Ishii,Aoki,Hatsuda,PRL99,022001(’ 07).
Nemura,Ishii,Aoki,Hatsuda, PLB673,136( 09).
Aoki,Hatsuda,Ishii,PTP123,89(’ 10).



R 2NV FIBAARITT, ®)
> %FElHFzND)

® LSH., SRMHIE, p-waveD% S

& 3{kAh

& BEhERTOER

> N AROVE A
@ flavor SUBHBE T, NMMAROVADIL—N—1EE=HET S,
® ZRENROVS:S=-1,-2,---
® HEEFrIURILONARAOAV A,
® RAFLSHZECERMPIE,

4@ . PACS-CS/T2KTERN EIF=IER.,

> BNEGR COEM,
(B EL & (RTY Dv)LOYLERTE) DS RE]

> 3187,



(4)

S COFERICET3RRE)

B

(

e B
=

B
R
&
-
g e
Q =
e
R/
0o
8y -
X = =
Q | ﬁLM\.H.} _
SX o9 %
ﬁm_/w V(_\ N
EHZE =
S < .A N
mzm n_% N
By S o
#eo & <
>(
2
W 2
I %
D
a S X
o ee
5 =
® =
E v &

KEIBEIOZEB T B RERMENIEA S)

N
y)

(BS

> ZELEOHEBEN SRKRODHGE

@ #EEH R |k

—
c -
- =
t A
k_ ____E__ TS
- | =
P m__.-&
—~ ‘
< |9
= .
Z  |E
—
e
= R
zZ
—~
<
N
=z
o
<
[l
—~
foam
N
Ny
(=]
&
o
U~ 0
N (=]
®
| R o
2[& | g
~ u_v_
— 0
Z |
7L O s
N || R o
[&)
n 0
Y R 5
oo ~ J '
£ = | .
ﬁ o..w o o o o o
—_) o ™ e o 7 o
HI o
wm




BrfE4ERE vs ZERE4B RS 5)
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Cy (X,1) =(0| N(X,0)N(0,t)-N(t =0)N(t = 0) | 0)

=>"(0|N(X)N(0) |nye ™(n| NN | 0) E = 2E(q)
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ground state saturation

(1/my) (Ap(x)/y(x) [MeV]
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ground state saturation(2)
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ground state saturation(2) (10)
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» smearing source: size
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AE~-15 MeV(FHI{ME) (14)
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thEl EDRE (PACS-CSH'— JFa{s) (15)

PACS-CS coll. is generating 2+1 flavor gauge configurations
in significantly light quark mass region on a large spatial volume
» 2+1 flavor full QCD

[PACSCS Coll. PRD79(2009)034503].

> lwasaki gauge action at 3=1.90 on 323x64 lattice

» O(a) improved Wilson quark (clover) action ;
with a non-perturbatively improved coefficient cg,=1.715 g
» 1/a=2.17 GeV (a~0.091 fm). L=32a ~ 2.91 fm i’l
t3:2 lattice points g
L~ 291 fm
Available through ILDG/JLDG ¢ l “
k
K ,40.13700 . _ I- D G ;
K . =0.13640 Mpi=701 MeV L=2.9 fm Japan L attice Data Grid
= PACS-CS Coll. is currently generatin
1 ,i=0-13721 Mpi=570 MeV L=2.9 fm renty 8 Hns
K . =0.13640 2+1 flavor gauge config's with physical m;
K 013754 Mpi=411 MeV L=99 fm on L~6 fm lattice.
K , =0.13640 super computer T2K
K ud:0'1 3754 . _ j_t_ﬁ__:_.i"; L e
K. =0.13660 Mpi=384 MeV L=2.9 fm = P —
K ,~0.13770 . _
K. =0.13640 Mpi=296 MeV [=2.9 fm
K ,4~0.13781 . _
K. =0.13640 Mpi=156 MeV [=2.9 fm
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Three Nucleon Force (TNF)

'\ i 1wl ’
E » Few-body calc of light nuclei =—p- | Attractive TNF
] - - necessary
8 - Saturation density/energy of nuclear matter
.E — EOS of neutron star — Repulsive TNF
< also necessary

* Ay puzzle in scatt., Drip line in nuclear chart

I
» Extention of HAL strategy to 3N system

— Calc 6pt func =BS amp. of 3N

(B =BG = [Vi2(7) + 3Vey (D] &7
| = [Viz@®e@ + [ a0 D) + Vas (7 ) K e (P D

— Use symmetry & non-rela op for source =» reduced contractions

E (7, p) = (OIN (T + :F‘IN(f)"V(f + 7/2 + P3N)

n — Obtain TNF through

E )(E— Hi—HE) Y (7, p) = {Ziqf Vi (74) m (7, ﬁ')‘ Ie
QA — Straightforward calc impossible 1= by 2N calc A
Q * /olume factor & Wick contractions = X O(107) expensive P
E « Effective 2N potential in 3N system () = [ a5u(2. ) 7

=




(1/my) A/ y [MeV]
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I l'-\'l' ﬂ"-\ .l""l- lli"‘l III'I'.I'-'I-
Ldl Ldl. U}J SUllo

* Dynamical clover fermion + RG improved gauge configs
— Nf=2  V=163X32, L=2.5fm, Mn =1.13GeV (CP-PACS)
— Nf=2+1 V=323X64, L.=2.9fm, Mn =0.57, 0.70GeV (PACS-CS)
— We calculate Triton as 3N system

_ _ _ Nf=2+1
Genuine 2N Effective 2N in 3N Mn=0.7GeV
300 [t 300
- >
200 B 2 200 [
¢ > !
100 + S 100 fER
- -
b——'& £ w
0 e  E o Ay p—
n - -
-100 = -100 =
0 05 1 15 2 25 1 15 2 25
r [fm] r [fm] Gﬂgd ?c],ﬂ_ﬁ v
Red: central 1S0 Green: eff. central in 351-3D1 even

Blue: central in 3S1-3D1 Brown: tensor in 351-3D1




For all calc of Mn = 0.57, 0.70, 1.13GeV

(1/my) A v / w (3b-2b) [MeV)
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Potential difference (3N-2N)

1\

Central in 1S0 maN 351-3D1

?‘f %
15 e e e \V CRRLE:
10 | e ok —+ & 10 i =
5 3 shEeEnEe e
o b = S o e . _ Central
5 = R SEEEEEE ==t
-10 i -10 —+=
‘18 g 15 =
-20 = 20
0 0.5 1 1.5 2 2.5

0 0.5 1 1.5 2 25
r [fm]

r [fm]

All results are consistent with zero.

(1/my) & v / y (3b-2b) [MeV]

« Tensor is best constrained. of Tensor
-10
-15

Qutlook: 20 =SSt === ==

) 0 0.5 1 1.5 2 2.5
» Lighter quark masses to enhance TNF r[fm]
« More specific spacial configurations of 3N Nf=_2+1
system are under investigation to access TNF Mr=0.7GeV
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ground state saturation

(1/my) (Ap(x)/p(x) [MeV]
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effective mass plot
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ground state energyDRTE

> BSIEEIBIZK [wall source]
RIEBEIBOIRDFEVND SRERETH DN,
WEREBBESANRLTVWEVLEHFEZEL,

» R(t) [wall source]
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effective mass plot
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Scattering length (quark mass dependence |l) 25)

Y 15 T T T T T T
— - 10T = This work
£ £ BBSvVK - NLO
- — ¢ Experiment
o w5+ L 2
— - ThlS work {4 "=
- NLO
S " BBSYK - NLO S . r
| + Experiment [
1 . 1 -5 L | L 1 L |
200 600 0 200 400 600
m_ [MeV] m_ [MeV]

NPLQCD, PRL97,012001(2006).

» Nuclear effective theory with KSW coupling

» Repulsive scattering length



