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Introduction
Energy shift AEyy in NN 3S; channel from Exponetial source
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Energy shift AEyy in NN 3S; channel from Exponetial source
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Introduction

HALQCD: Wall source gives correct AFE, but others are incorrect
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expected t dependence of effective AE by HALQCD potential
— Wall source is almost flat.

— AFE of Wall source ~ AFE from HALQCD potential



Introduction

Purpose

Investigate difference of AFE Ny between Exponential and Wall sources
at large mp (mz > 0.7 GeV) in Ny =2+ 1 and Ny =0

Why large m, and Nf = 07

1. high precision calculation

pilot study of Nf=0mz=0.8 GeV [PRD84:054506(2011)]
decided not to adopt wall source
< hard to obtain AExN, in plateau region

2. no qualitative difference from smaller m, and Nf =241
in our previous studies



Simulation parameter

Ny=2 + 1 mys=0.7 GeV 8=1.90, a1 =2.194 GeV
Iwasaki gauge + non-perturbative O(a)-improved Wilson fermion actions
same action as '10 PACS-CS, PRD86:074514(2012); PRD92:014501(2015)

Ny=0ms=0.8 GeV B =2.416, a1 =1.541 GeV
Iwasaki gauge + tadpole imporved Wilson fermion actions
same action as '02 CP-PACS, PRDS81:111504(R)(2010); PRD84:054506(2011)

Focus on NN 3S; channel

Nf L T | source Nmeas
241 |32 | 48 EXxp 204800
Wall 110400

0 |16]64] Exp; | 1600000

Exp, | 3200000

Wall 1920000
Exp and Wall sources with point sink (each N with p = 0)

All results are preliminary.

Computational resources (HPCI System Research Project: hpl160124)
COMA (U. of Tsukuba), FX10 and Reedbush (U. of Tokyo), Tatara (Kyushu U.)
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Calculation method of multi-nucleon bound state

Traditional method

nucleon
N N —EN¢ N —mnt
Cn(t) = (O|N(t)N(0)|0) = > (O|N|n)(n|N|0)e™=n ey Ag e N
n
NN channel
) — NN
Cyn(t) = (0|ONN(H)OnN(0)]0) = Y (0|OnN|n)(n|OnN|0)e En
mn
—y ANN e_EC]JVNt
p>1 0

Ratio of correlation functions

t
R(t) — CNN( ) >A€_AENNt, AENNzEéVN—QmN
(Cn(1))? t>1

P
Important condition
Cn(t) and Cypn(t) in t > 1 are written by each ground state

— A FE Ny obtained from plateau region for Cn(t) and Cpyn(t)
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R(t) = Cyn(#)/(Cn(£))? in Np=2+1

Effective mass and energy
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R(t) = Cyn(®)/(Cn())? in Ny =241

Effective mass and energy

Preliminary result: Ny =2+ 1 m; = 0.7 GeV
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2+ 1

Preliminary result: Ny =2+ 1 m; = 0.7 GeV

! o o ‘ T T T T T T T ée
075 ® — H . H s 0 |
0.72}- §1.§§§§§§§§§§§%§ } 1.44 ;.. 3 4»0 |
0.715 §§§§§ | Iiijiigiiii o | |
O L |
071} 3 o i - .
- < \vaalpl Eff. Eyy ;i e 5vxa|p|
0.705}- $ | N 3
Eff mN i i 14 ii ||
¢ | |
*7o 510 t i5 2 2 0 5 10 t 15 20 25
S -% +4---r1-1-1  Effective energy shift AEny
.
K o R(t | Cyn(t
o ey ﬁﬂ Ty log ( : ) with R(t) = v )2
*ssss .. R(t+1) (Cn(®))
%% 1
0008-  E£ff AE ﬁﬁH * U Plateau in Exp
. NN L 4 . '
o Bxp - + Short flat region in Wall
+ Wall - .
0,012 i
T T 520 5

7-b



R(t) N Nf —

2+ 1
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R(t) N Nf = 2 —|— 1 Preliminary result: Ny =241 m,; = 0.7 GeV
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Nf=0 mz =0.8 GeV in L = 16

e Mmore accurate data — closer to plateau region in wall source

e (relatively) smaller volume —
(relatively) larger overlap to bound state in wall source



R(t) = CNN(t)/(CN(t))Q N Nf =0 at L =16

Effective mass and energy Preliminary result: Ny =0 m, = 0.8 GeV
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1.055 ‘ | ‘ | ‘ | ‘ | ‘ | 2.1 ‘ e | ‘ | ‘ | ‘ |
@ T ]
Eff. m, o Exp, [ o BXp| |
- . = Exp,| 2.0951- . Tle |m Exp, ]
¢ * Wall - = e * Wall
L ] - 1Y L [ ] _
1.05 "!iiiiii T [ 2.097 _-.-2§§§;§ S
= . nE s ¢ * g ? s § T
L _— - ? 'Sk 2.085+ P i N ]
Hor ) TN el EE ¢ 1 -
. +%0 - NN
T 2,075} * T .
L | . 2 L | L | A\ 7 L | L | L | A\ ? | \7
1'040 5 10 15 20 25 2'070 5 10 15 20 25

reasonably consistent plateaus from Exp; and Exp>



R(t) = CNN(t)/(CN(t))Q N Nf =0 at L =16

Effective mass and energy Preliminary result: Ny =0 m, = 0.8 GeV
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R(t) in Ny =0 at L = 16

Preliminary result: Ny =0 m, = 0.8 GeV
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Volume dependence of ALy from EXp in Ny =0
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Expy result not inconsistent with fit curve of previous work
including finite volume effect of binding energy

'04 Beane et al., '06 Sasaki & TY
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Volume dependence of effective AE NN

of wall source in Nf = 0 mr = 0.8 GeV



Expected behavior of wall source in larger volume

e Harder to obtain clear effective AFE in plateau region

1. plateau of effective my — larger t

2. plateau of effective Enyny — larger t

larger overlap to 1st excited state (p ~ 0 scattering state)
maybe similar to w(p)w(—p) correlator with p = 27 /L
[CP-PACS, PRD67 (2003) 014502]
= relatively smaller overlap to ground state (bound state)
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Expected behavior of wall source in larger volume

e Harder to obtain clear effective AFE in plateau region

1. plateau of effective my — larger t

2. plateau of effective Enyny — larger t

larger overlap to 1st excited state (p ~ 0 scattering state)
maybe similar to w(p)w(—p) correlator with p = 27 /L
[CP-PACS, PRD67 (2003) 014502]
= relatively smaller overlap to ground state (bound state)

e Effective AFENy > 0 in middle ¢
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Expected behavior of wall source in larger volume

e Harder to obtain clear effective AFE in plateau region

1. plateau of effective my — larger t

2. plateau of effective Enyny — larger t

larger overlap to 1st excited state (p ~ 0 scattering state)
maybe similar to w(p)w(—p) correlator with p = 27 /L
[CP-PACS, PRD67 (2003) 014502]
= relatively smaller overlap to ground state (bound state)

e Effective AFENy > 0 in middle ¢

Bound state exists = AFEjy > 0 in 1st excited state (ag < 0)
Large enough volume

region of ¢ small middle large
effective AEnNN negative positve negative
dominat state in Cpyp | several | 1st excited | ground
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Volume dependence of wall source in Nf =0
Preliminary result + pilot study of PRD84:054506(2011): Ny = 0 m; = 0.8 GeV

L A P SOV A MU
< < + [|® L=16
::‘*:Iiiiit = =20
I 5y L=20)
.%. ‘¢§§§ 4| s L=32
-0.004 - ME A e e <« L=48|-
] a ¥ ] il Al v L=96
= st I |
* Swet ° i
4 + /'y
-0.008( I -
[ J
7 Eff. AE LI |
. ;iﬁ{ .
0,012 ®ece” + i
1 I 1 I I 1 1
0 5 10 15 20 25

Clear volume dependence + bowl like structure in small ¢
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Volume dependence of wall source in Nf =0
Preliminary result + pilot study of PRD84:054506(2011): Ny = 0 m; = 0.8 GeV
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Pick up smallest value in small ¢ region on each volume
— Similar to 1/L3 behavior
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Volume dependence of wall source in Nf =0
Preliminary result + pilot study of PRD84:054506(2011): Ny = 0 m; = 0.8 GeV
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Pick up smallest value in small ¢ region on each volume
— Similar to 1/L3 behavior <= Not AEyy of ground state
Ground state should be obtained from ¢ > tpjateau,L=16-
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Volume dependence of wall source in Nf =0
Preliminary result + pilot study of PRD84:054506(2011): Ny = 0 m; = 0.8 GeV

- T T T I T T T I T =
. NN 0.0005 L - - - o __]
*TETI :r %i_i - || ® L=16 i N % experiment ]
I ¢ L= | C ~. = ]
Py - 0 ‘ § § i A A L:32 C \.)\{. pl .
0,004 te@ee . I <« L=4gll oA e E
. L Al L=96 OF-<_ :
) u - ] u = -+ L | ‘0006j ] =< - .\k i
L | 1 T - - ‘\\\\ ‘S ]
@ [ ] 1T 4L N A O 008 i T~ \\;\\.§ 7:
-0.008}~ T | i -0.008| . |
i > I N \\\\\ i
Eff. AE, ] ] ok S
(] i i E : ® E .\.\. E
-0.012} e | 1 | 0012} =
| C
L I s | s | . . -0.014 . - L l L s s | .
0 5 10 15 20 25 0 0.0001JJL3 0.0002
t

Clear volume dependence 4+ bowl like structure in small ¢
Pick up smallest value in small ¢ region on each volume
— Similar to 1/L3 behavior <= Not AEyy of ground state
Ground state should be obtained from ¢ > tpjateau,L=16-
Upward behavior in larger volume might be caused by
1st excited state contribution
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Summary and future work

Exponential and wall sources in NN 3S; channel
Nf:2—|—1 mr = 0.7 GeV and Nf:OmW=O.8 GeV

Wall source
e hard to observe plateau of my and Enxny — AFENN
o cffective AFE N approaches exponetial result in L = 16
— Will be consistent with each other in plateau region
e bowl like structure in effective AFE ) before plateau region

Exponential source
e possible to determine AE in plateau region for Cn(t) and Cyn(t)
(by tuning smearing parameters in principle)

Need further investigations
check consistency of AFE Ny from exponential and wall sources,
more sophisticated calculation (GEVP),
observing effective AFEjyn > 0 in wall source(?), ---
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Volume dependence of AEny in Ny =20
Preliminary result: Ny =0 m, = 0.8 GeV
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Expy result not inconsistent with fit curve of previous work
including finite volume effect of binding energy
'04 Beane et al., '06 Sasaki & TY
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R(t) in Ny =0 at L =20
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