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Researchon A, — N

Early investigation of A, — N mostly HAL QCD Collaboration also Other theories:
based on Boson Exchange Potential calculated A, — N interaction
extended to SU(4) flavor symmetry « ChEFT
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v 0.0 0.5 10 15 2.0 0 Two chEFT results diverge
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o L] T. Miyamoto et al., Nucl. Phys. A971, 113 (2018).

r(fm)

C. B. Dover and S. H. Kahana, Phys. Rev. : . . .
Lett. 39, 1506 (1977). Physical Point Calculation is Needed!
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HAL QCD method

HAL QCD method provide a First-Principles calculation method on hadron interaction.

(0[B1(x + 1)By(x)|B1 By, Wy)

dr(rfe N =

Nambu-Bethe- _
Salpeter (NBS) Loy, vy = Bk = Ho)ok(r)

wave function Op(r) . . .

600 e T P . _
1 Lattice calculation I

(Ex — Ho)ox(r) = d?’?‘ U(r, r')d(r')

U(r r') = V)o@ (r —v)
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N. Ishii, S. Aoki, and T. Hatsuda, Phys. Rev. Lett. 99, 5 (2007).
S. Aoki and T. Doi, Front. Phys. 8, 1 (2020).
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HAL QCD method

HAL QCD method provide a First-Principles calculation method on hadron interaction.
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1 Lattice calculation I
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U(r r') = V)o@ (r —v)
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N. Ishii, S. Aoki, and T. Hatsuda, Phys. Rev. Lett. 99, 5 (2007).
S. Aoki and T. Doi, Front. Phys. 8, 1 (2020).
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HAL QCD methOd GB(t_to)=Z(0|N(x;t—to)N(0:to)|0)

x
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To loosen the restrictions, Time-dependent HAL By = 7o s AWy, = Wien — mp, — Mg,
method was introduced W
F/(rt)
RI(rt) =
inelastic 3
— It e 2 O
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As long as t sat_isfies the condition that Wyt > 1 Eh;/zh"?itzaz3l;rzéglziu Sect. B Nucl. Elem. Part. High-Energy
We can approximately extract V(r, V) S. Aoki and T. Doi, Front. Phys. 8, 1 (2020).
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A, — N system
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X wall '
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. 74514 (2020).
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Configurations

Here we using HAL-conf-2023 to do the calculation
which enable lattice simulations at the physical point, on a large lattice volume and with a large number
of ensembles.

2000
v' 2 + 1 flavor QCD configurations 1 input
] -
v employing the Iwasaki gauge and O(a)-improved Wilson-  1500- e
clover quark actions. ~ . =
) ] -
v my =137 MeV, mg =~ 502 MeV = 1000 - -
v’ Size of the lattice is 96*, corresponding to (8.1fm)#* in < lGnput) T —— experiment
physical units 007 = width
_ (input) [ Latt!ce
v’ 8,000 trajectories o1 1 _Lattice, resonance
v a~! =2338.8(1.5)(F52) MeV HE- PR NAES G220
v' A; — N is the first physical point simulation T. Aoyama et al., arXiv:2406.16665.

E. Itou, PoS(LATTICE2023) p. 140.
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A .. — N potential e ——
C geS03.,Z)

15, central potential 35, effective central potential
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Rig, (7.t —10) = PO PO Rop (7ot — 19; JP = 0T) Rug, (7t — tg) = PO PE Y Rog(F t — tg; J = 17)
% 25[][]'_— _— g 300: E 1800F= % 3005
= T it-t2=11 s zoof_ = 1600/ —+ t't0i12 = 200
> 20001— L t4,=10 - > 1a00F- =11 .
:i _|_t—t0=g 100|— Ei _I_ t_t0=10 100—_ ‘ :I‘ “"rﬂ. Tk
1500 — =8 - 12DU: _|_t_t0=9 - b | e © bkl o e
= oF 1000} =8 T ey ———
1000} oo 800} 100 N
- - 600 -
500: .2000_| s : e L = 3 4[]0:_ i i — '0?5' — 1I — '1?5' — 5' = '2!5' ' '”'fm
— ’ r/fm - th
E 200}—
o— of—
il N TR N TN T T T N T T T N T TN T AN TN N N NN N M W -2[)0:_;||||||||||||||||||||||||||||
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r/fm r/fm
» Potential getting less attractive at physical point « Light A, hypernucleus may not exist

 Consistent over time within the error bars
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3S, — 3 D, coupled channel calculation

To extract tensor force, 3S; — 3 D; coupled channel effect should be considered.
Firstly, we need to separate the S-wave and D-wave.
PsRup (7.t —t9) = PE=OR s (P, t — 1)
PpRap(Fot — tg) = (1 _ P(L=°)) Rap (1 — to)
Then these two correlations should follow
K [PsRap(, 1 —10)] = V& #) [PsRup (7o 1 — 10)] + V() [Ps (S12R)gp (o 1 — 10)]
K [PpRus 7ot —10)] = VI 5) [PoRup Gt — 10)] + Vi F) [Pp (S12R)ap (7ot — 10)]

1+38%2\ 9% 9
e (L) 20y,

8u ) a2 ot
By solving above equation, we can calculate tensor force and central force of J¥ = 1* state
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Tensor and /¥ = 17 central potential

Tensor potential Central potential of JP = 1%
> F ~ 300 -
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= - t-t,=9 = 200}—
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0= 4 ¢+ o v vy v vy by by v by -200_""|""|""I""I""I""
0 0.5 1 15 2 2.5 0 1 15 2 25
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* Weak tensor potential » Tensor force has limited effecton A, — N
- central potential is similar to the 3S; central effective force 35, state calculation
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Summary & outlook

Different theories give different prediction on A, — N interaction

We perform the first physical point calculation on A, — N system by employing “HAL-conf-2023”
generated by the HAL Collaboration

Using HAL QCD method to analysis A, — N interaction

Reported 1S, central potential, 35, effective potential, tensor potential and J¥ = 1*central potential

To do in future:
»Fit the potential and calculate phase shift

» Try to calculate some experiment observations and find possible A, hypernucleus

Thank you for your attention!
Any question Is welcome!
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A, — N 1S, central potential
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A, — N 3§, effective central potential
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Potential

V(r,V) = Vo(r) + Va(r)(o1-02) + Vr(r)Siz + Vis(r)L - S+O(V?),
LO NLO

Vio(r) = Vo(r) + Ve (r)(o1 - 02) + Vi (r)S2.
(r-o1) (¥ - 02)

7|2

Sir =3 (o1 - 02),
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