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Interactions on the Lattice

* Luscher’'s method M.Luscher (1986, 91)
— Energy spectrum in finite V =» phase shift by Luscher’s formula

AFE =2v/m? + k? — 2m

¢ HAL QC D methOd Ishii-Aoki-Hatsuda (2007), Ishii et al. (HAL) (2012)

— NBS wave func. €=>» E-indep & non-local “potential”
=» phase shifts by solving Schrodinger eq in infinite V
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Interactions on the Lattice

* Luscher’'s method M.Luscher (1986, 91)
— Energy spectrum in finite V =» phase shift by Luscher’s formula

AFE =2v/m? + k? — 2m
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0 1 82 ITT / /
5 1 T — Hy ) R(r,t) = /dr U(r,r )R(r",t)
/

E-indep & non-local pot




A E [MeV]

30

201

10

o

-20

=30+

Luscher vs HAL : NN systems

“di-neutron”

"Fukugita et al., Ni=0
NPLQCD, mixad
1 Aokietal, Ni=0
Yamazaki et al., Nf=0, V_
S NPLQCD, Ni=241,V_
O HALQCD, NE3, V,
NPLQCD, Ni=3, Vo,
& Yamazaki et al., Nfi=2+1, V..
&+ HALQCD, m:zztv,
5 Yamazaki etal., Nf=2+1,V_ ]
il CalLat, Ni=3, V,
NPLQCD, Ni=241,V_
¥ e
%‘Fo— KK < *—
1 1 1 1 1
0.2 0.4 0.6 0.8 1

m_? [GeV?]

HAL method (HAL) :

Lushcer’'s method (PACS-CS (Yamazaki et al.)/NPL/CalLat):

AE [MeV]

30,

-30}

Reviewed in T.D. PoS LAT2012,009 (+ updates)

“deuteron”

20}

10}

o

"Fukugita et al., Ni=0 ;
3 BELLE
S, =
NPLOCD: Ni=3, V., 1
€ P e e
—E— Yamazaki etal, Ni=2+1,V_ 7]
%ﬁ:‘t&éu M2V, ]
_ EXP. E
L Dce— x % & )
A § i
P LY I
02 02 " 0'.62 0.8 1
m_“ [GeV“]
unbound
bound



A E [MeV]

30

20}

10

o

-20

=30+

Luscher vs HAL : NN systems

“di-neutron”

Reviewed in T.D. PoS LAT2012,009 (+ updates)

“deuteron”

"Fukugita etal., Nf=0 ' 30 [ "Fukugita etal., Ni=0
-] HAL \%:m
- e
! = ) g
? 1Y I
0.2 0.4 0.6 0.8 i 0.2 0.4 0.6 0.8 1
m_? [GeV?] m_? [GeV?]
HAL method (HAL) : unbound
Lushcer’s method (PACS-CS (Yamazaki et al.)/NPL/CalLat): bound



A E [MeV]

30

20}

10

o

-20

-30°F

| uscher vs HAL :

NN systems

“di-neutron”

‘F_’__X—’*

Reviewed in T.D. PoS LAT2012,009 (+ updates)

0.2

04

m, 2

HAL method (HAL) :
Lushcer’s method (PACS-CS (Yamazaki et al.)/NPL/CalLat): bound

\\ n
deuteron

30 [ ! T T "Fukugita et al., Nf:o' ]
[ 3 Qm;ﬁ'b«al..:‘uéf v,
' St FEE B
[ '_._‘sglll:(:tco, :f-'_::;t‘\lli ]
L K- se. Yexp. ’_
i | § ]
N § ]
P 1Y IR PACS-CS.
: NPL ]

t < CallLat

0.4 5 msz 0.8 |

Luscher m,” [GeV]
unbound



Examine the systematics
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Examine the systematics

Luscher’s method
(Yamazaki et al. / NPL / CalLat)

G.S. saturation: NECESSARY

Tune quark source for better saturation ?

(N/A)

HAL method
(HAL Coll.)

G.S. saturation: NOT necessary

E-independence of U(r,r’)

=» (elastic) excited scattering states
share the same U(r,r’)
=> Excited states give signals

Convergence of
derivative expansion of U(r.r’)

Origin: non-locality of U(r,r’)

smeared source
(favor (spurious?) bound states ?)

wall source
(favor scatt. states ?)

Crucial test to establish a reliable LQCD method



Luscher & HAL w/ wall & smeared src

Employ the same config used in previous Luscher method study
— Confs by Yamazaki et al. : Claimed that NN are bound (Luscher w/ (exp-)smeared src)

T. Yamazaki et al. PRD86(2012)074514
— High statistics (e.g., 4824 smeared: x5 #stat of Yamazaki et al.)

Nf=2+1 clover, mx = 0.51GeV, my = 1.32GeV, m_ = 1.46GeV, 1/a=2.2GeV

L volume smeared src. wall src.
3.6 fm 407 x 48 200 conf. x 256 meas. 200 conf. x 48 meas.
43fm 487 x 48 800 conf. x 256 meas. 800 conf. x 48 meas. € Figs in this talk
58fm 643 x 64 327 conf. x 64 meas. 327 conf. x 128 meas.

— First study: we use ZE 1S, system (~ NN 'S, , but much better S/N)
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(1) Luscher’s method: wall vs smeared src
R(7,t) = G==(7,t)/G=(t)?

AE = mz== — 2m R(t) = > . R(7 )

(1]
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(1) Luscher’s method: wall vs smeared src

R(7,t) = G==(7,t)/G=(t)?
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However, we need a few — 10 MeV precision

ASKO09



(1) Luscher’s method: wall vs smeared src (cont’d)
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(1) Luscher’s method: wall vs smeared src (cont’d)
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(1) Luscher’s method: wall vs smeared src (cont’d)
R(7,t) = G==(7,t)/G=(t)?

AE=mzz —2mz  py_v ey
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(1) Luscher’s method: wall vs smeared src (cont’d)

R(7,t) = G==(7,t)/G=(t)?

Ab =mz==2m= -5 pey
wall smeared
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(1) Luscher’s method: wall vs smeared src (cont’d)
R(7,t) = G==(7,t)/G=(t)?
R(t) = ZFR(th)
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(1) Luscher’s method: wall vs smeared src (cont’d)
R(7,t) = G==(7,t)/G=(t)?
R(t) = ZFR(th)
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However ...



(1) Luscher’s method: wall vs smeared src (cont’d)

R(7,t) = G==(7,t)/G=(t)?

Ab =mz==2m= -5 pey
wall smeared
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(1) Luscher’s method: wall vs smeared src (cont’d)

R(7,t) = G==(7,t)/G=(t)?

AE = M== — Qm: R
== = R(t) = Y.~ R(F,1)
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(1) Luscher’s method: wall vs smeared src (cont’d)

R(7,t) = G==(7,t)/G=(t)?

AE = M== — Qm: R
= = R(t) = 3. R(7,1)
wall smeared
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A E(ZZ) -c [MeV]

1) Luscher’s method: wall vs smeared src (cont’d
R(7,t) = G==(7,t)/G=(t)?
R(t) = ZFR(th)
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1) Luscher’s method: wall vs smeared src (cont’d
R(7,t) = G==(7,t)/G=(t)?
R(t) = ZFR(th)
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1) Luscher’s method: wall vs smeared src (cont’d
R(7,t) = G==(7,t)/G=(t)?
R(t) = ZFR(th)
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Let’s plot in the same figure



(1) Luscher’s method: wall vs smeared src (cont’d)

Ab=mzz =2mz  py-v.ae0
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Wall and Smeared are Inconsistent:
one cannot judge which (or neither) is reliable




(1) Luscher’s method: wall vs smeared src (cont’d)

AE = Mz — 2ms=
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(1) Luscher’s method: wall vs smeared src (cont’d)

AFE = M== — 2m= ==(1S) effective mass
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(1) Luscher’s method: wall vs smeared src (cont’d)

AFE = M== — 2m= ==(1Sy) effective mass
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(2) HAL method: wall vs smeared src

V(7) =

(8/0t)2R(7t) _ (8/0t)R(Ft)  HoR(Fit)

ImR(7 1) R(7.f)

o smeared. src. — strong t-dep.

—> ~ O(100) MeV cancellation

e t-dep. HAL method works well!!
o wall src. — weak t-dep.

R(7.t)

¢ funchion

NBS way

[] smeared src.
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(2) HAL method: wall vs smeared src (cont’d)

smeared: t-dep exists waII t- dep negllglble
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(2) HAL method: analysis w/ LO + NLO potentials

U(7,7) = [Vio(F) + ViLo(F)V?] 6(F— 7)  (derivative expansion)

Combined analyses of wall & smeared data

48

V’xro(r)

r{ 4
-
~
L S
N’

@ 48" x48

) @ 4

"S4)

V.{r) ==
|
Vailr) ==

r [fm] r [fm]

The difference from wall / smeared are not fake but physics (Vy (1) )

New method to obtain NL.O potential !

We also found
V¢ (r) from wall by (effective) LO analysis

V.0 (r) from wall & smeared by LO+NLO analysis ? consistent

Smeared data contain much more excited states =2 more sensitive to NLO




A E-: [MeV] @ 48° x 48

AE [MeV]
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(3) Comparison between Luscher and HAL
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1 (2) V() + Vi o(r) from wall & smeared
1 => Good convergence in non-locality of V(r)
| =» Indicate that previous HAL
| results (V_q(r) from wall) are reliable
20

FV spectrum by V(r) is consistent with
“plateau” from wall in Luscher method
(even for other volumes)
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Volume dep of AE
=> Not a bound state but a scattering state
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(3) Comparison between Luscher and HAL

A a

L=4.3f

| Finite V spectrum by V(r) are consistent btw:

5 (1) V 4 (r) from wall

L4 (2) V 5(1) + V o(1) from wall & smeared
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=> Good convergence in non-locality of V(r)
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EE(’ISO): wall source

FV spectrum by V(r) is consistent with
“plateau” from wall in Luscher method
(even for other volumes)

"potential method" ——
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1/L” fit

Volume dep of AE
=> Not a bound state but a scattering state

“Luscher vs HAL”
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2x10° = “Luscher (smeared) vs Luscher (wall)”



Summary

Systematic study btw Luscher method and HAL method
— Nf=2+1 clover, m(pi) = 0.51 GeV, L = (2.9), 3.6, 4.3, 5.8fm
— wall & smeared src for EE 1S, system

Luscher’s method

— G.S. saturation is necessary, but difficult to achieve ("Fake Plateau Crisis™)
« wall and smeared are inconsistent

HAL QCD method
— t-dep HAL method works well w/o G.S. saturation
— V(r) (smeared) = V(r) (wall) w/ larger t

— LO + (small) NLO potential can explain the remaining difference
* New method to determine NLO potential

— FV spectra from V(r) are consistent w/ Luscher’s method from wall src

“potential” is useful tool to reliably extract phase shifts in LQCD
Prospects / Comments

— We are increasing #stat = NN = direct comparison w/ Yamazaki et al.

— Luscher’s method needs breakthrough
at least one should check src-dependence

or
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Preliminary results for NN
L = 4.3 fm (48%)
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c.f. Yamazaki et al. (2012) by exp.src (smeared)
AE = 7.3(1.7)(0.5) MeV @ t=[10,14] AE = 11.1(1.7)(0.3) MeV @ t=[10,14]

N.B. our #stat for smeared is > x5 of Yamazaki et al.
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