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Study of nucleus as multi body system of quarks based on quantum chromodynamics
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The final goal of this project is to understand properties of nucleus
quantitatively from the first principle calculation of the strong interaction, which is lattice QCD
numerical calculation.

In previous calculations, the binding energy for the known light nuclei have not been reproduced from
lattice QCD calculation. A reason of this problem is considered to be heavier quark used in the
calculations than the physical one. In order to check this expectation, a calculation with lighter quark
than the previous calculations is carried out. However, a tendency of the binding ener?y approaching to
the experimental result has not been observed in the calculation. This means that a calculation at the
physical quark mass is expected to be important to reproducethe experimental binding energy. Thus, for a
future work, it is necessary to calculate light nucleus binding energy at near the physical quark mass.

QCD




(QCD)

QCD
2009
]
1
140MeV
800MeV
500MeV
2+1 QCD
3

QCD

2009

50

QCD

QCD

QCD



300MeV
5.8fm 2
3
145MeV
HPCI
]
1
QcD
300MeV
5~12

2+1

500MeV

QCD

4_3fm

20

-20

O 9L LN B S B S B BRI
- 3 -
o DE, (°S) [MeV] ]

5 | —
L ]
L | i
L ]

-10 : ]
[ ! ]
[ ! ]
L T i
15 ﬁ i %7—_
E : % experiment E
20 O const -
o \ A bound 1
- (= O |
[ ]
7] MU I I IR P B
0 2e-06 4e-06 6e-06 8e-06 1e-05
mn®
1.
2
500MeV
3
AE(’S)[MeV]
L R N Fr— ]
| Fukugitaet d. Of [7] —
| NPLQCD mixed [8] i
| <] PACSCSOfV_[5] i
L A NPLQCD 2+1fV_[6] i
- v NPLQCD 3V [2] |
L @ Yamazakietd.2+1fV |
L A NPLQCD 2+1fV i
+ Callat3fV, i
E
L a N
[ ]
. @ 1% i J
P B B BN B
0 0.2 0.4 0.6 0.8 1
2 2
m [GeV]
2.

300MeV



0.8

0.6

0.4

0.2

35

25

15

0.5

F, (@)

»
.,

/
/
/
/
/

IREN

Ho+
g
+—o§:j TN
»

Experiment
N,=2+1m =0.145 GeV Thiswork

N,=2+1m =067 GeV RBC-UKQCD

®

B N=2+1m =033 GeV RBC-UKQCD
A

.

L T

oFF T T rrrrrrr[rrr 11

q1Gev?

0.1 0.2 03 0.4

be

{\ F,(d)

BN L Ly N B S B N B S By B

Experiment
N,=2+1m =0.145 GeV Thiswork

®
B N=2+1m =033 GeV RBC+HUKQCD
A N=2+1m =067 Gev RBC+UKQCD

I'H...I...I...I...

' FERT| FREE N

-~

=Y =L B ELELELE B R BLELELE BLELELE LR I

q[Gev?]

0.1 0.2 0.3 0.4

F1

0.5

F

145MeV

(FD F)
3
QCD
0.67 0.33GeV [

145MeV

T. Yamazaki, Y. Kuramashi, A. Ukawa
(PACS-CS Collaboration),

“ Helium nuclei in quenched lattice
Qe ,

Physical Review D, 81, 111504(R), 1~4,
2010.

T. Yamazaki, Y. Kuramashi, A. Ukawa
(PACS-CS Collaboration),

“ Two-nucleon bound states in quenched
lattice QCD” ,

Physical Review D, 84, 054506, 1~14,
2011.

T. Yamazaki, K.-1. Ishikawa, Y.
Kuramashi, A. Ukawa,

“ Helium nuclei, deuteron and
dineutron in 2+1 flavor lattice QCD” ,
Physical Review D, 86, 074514, 1-~9,
2012.

Jana Ginther, Balint C. Toth,
Lukas Varnhorst,
Physical Review D, 87, 9, 094513, 1~13,
(2013).

T. Yamazaki et al. (RBC-UKQCD
Collaboration),

Physical Review D 79, 114505, 1~20,
(2009).



T. Yamazaki for PACS Collaboration,
“ Light nuclei and nucleon form
factors in N=2+1 lattice QCD” ,
Proceedings of Science, LATTICE2015,
081, 1~7, , ,
https://arxiv.org/pdf/1511.09179v2.p
df

T. Yamazaki,

“ Hadronic Interactions” ,
Proceedings of Science, LATTICE2014,
009, 1~20, 2015, ,
http://pos.sissa.it/archive/conferen
ces/214/009/LATTICE2014_009.pdf

T. Yamazaki, K.-I.
Kuramashi, A. Ukawa,
“ Study of quark mass dependence of
binding energy for light nuclei in 2+1
flavor lattice QCD” ,

Physical ReviewD, 92, 1, 014501, 1~12,
2015, ,

DOl :http://dx.doi.org/10.1103/PhysRe
vD.92.014501

Ishikawa, Y.

T. Yamazaki, K.-I.
Kuramashi, A. Ukawa,
“ Multi-nucleon bound states in N=2+1
lattice QCD” ,

Proceedings of Science, LATTICE2013,
230, 1~7, 2014, ,
http://pos.sissa.it/archive/conferen
ces/187/230/LATTICE%202013_230. pdf

Ishikawa, Y.

: Takeshi
Collaboration,
“ Nucleon form factors and
nuclei in N&=2+1 lattice QCD" ,
RBRC Workshop on Lattice Gauge
Theories 2016, Brookhaven National

Yamazaki for PACS

light

Laboratory, )
2016 3 9

. Takeshi Yamazaki for PACS
Collaboration,
“ Light nuclei and nucleon form

factors in N=2+1 lattice QCD" ,
5th International Workshop on Lattice
Hadron Physics, the Conference Centre
of the Cairns Colonial Club Resort,

, 2015 7
23

. Takeshi Yamazaki,
“ Light nuclei from 2+1 flavor lattice
Qe ,
Lattice Nuclei Nuclear physics and QCD
-Bridging the gap-, European Centre
for Theoretical Studies in Nuclear
Physics and Related Areas,

, 2015 7 6

: Takeshi Yamazaki,
“ Light nuclei from lattice QCD” ,
Multi-Hadron and Nonlocal Matrix
elements in Lattice QCD, Brookhaven
National Laboratory,

, 2015 2 6

“ o I "
RCNP workshop “ QCD

, 2014 12 20

. Takeshi Yamazaki,
“ Light nuclei from lattice QCD” ,
Advances and perspectives in
computational nuclear physics, Hilton
Waikoloa Village, )
2014 10 6

hadronic interaction and beyond

standard model from lattice gauge
theory” ,
2014,
, , 2014 7
31

. Takeshi Yamazaki,
“ Hadronic interactions” ,
The 32nd International Symposium on
Lattice Field Theory(lattice 2014),
Columbia University,

, 2014 6 24

JICFuS
http://ww._jicfus.jp/jp/promotion/pr/mj
/2014-1/

@

YAMAZAKI, Takeshi



