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+ The only known stable dibaryon — Deuteron.
 Lattice calculation 1s dithicult due to poor signal.

+ Are there any other dibaryons ?

+ H-dibaryon was predicted long time ago. (Jafte 1977)
* Has not been observed in experiments.
» Lattice QCD calculations give difterent results.
* How would the interaction between AA depend on quark

mass? — A_A..

uir> - Introduction



+ Spectroscopy and scattering on lattice
+ Lattice setup

+ Preliminary results

* np scattering
* AA — NE scattering
* A, scattering
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. Diagonal matrix of
phase-space tactors |

D ~ Scattering on lattice %

4+ General Liischer’s formula ftor two-body scattering:
det[1 ip -t (1 + i ]=0

Finite volume |

Inﬁnlte-volume in f()rmati()n

M(E,,, L)

| scattering matrix

+ Resonances/bound states are formally defined as poles in scattering
amplitudes.
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Finite volume spectrum:

~ Scattering o

wensm. CLQCD

+ build large basis of operators {O, ©,, ---} with desired quantum numbers,

construct the matrix of correlation function:

— T — nyn* —FE 1t
C;=<0]0,6110>= ) Z'ZI"e

+ Solve the generalized eigenvalue problem(GEVP):  C,v/'(t) = 4,(0C V(1)

+Eigenvalues: 4,(1) ~ e %/(1 + ¢

+ Optimal linear combinations of the operators to overlap on the n’th state:

Q = Z V'O,

l

+ Computational technique: distillation quark smearing.

* Improve precision ¢ Disconneted diagrams
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 Efficient for large numbers of ops
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c{;@D Lattlce OCD conﬁguratlons
A . CLQCD

. 241 ﬂavor Wllson clover conﬁguratlons generated by CLOCD
Z.-C.Hu el al., (CLOCD), Phys. Rev. D109(2024)5,054507

@ < = 0.1053(2) fm
@ a = 0.0888(3) fm
)

Clover ensembles @ a =0.0775(2) fm
© a = 0.0683(3) fm 0 To be generated

) .
@ 4 =0.051903) fm in the future
® a~0.04fm

FTAG 2024 Myg

HIlH FLAG average for Ny=2+1+1

HEH ETM 21A
i FNAL/MILC/TUMQCD 18
ETM 14

Ne=24+1+1

m,

FLAG average for Ny=2+1

Il
H—l—H CLQCD 23
m m ALPHA 19
RBC/UKQCD 14B
RBC/UKQCD 12
PACS-CS 12
: : Laiho 11
HllH BMW 10A, 10B
(1 { PACS-CS 10
MILC 10A

HPQCD 10
RBC/UKQCD 10A
PoH Blum 10
(1 | PACS-CS 09
1 HPQCD 09A

—> MILC 09A
—< MILC 09

e e . Kl PACS-CS 08
[ } } : RBC/UKQCD 08
. O— | CP-PACS/JLQCD 07
> | HPQCD 05
' MILC 04, HPQCD/MILC/UKQCD 04

'

E 3

]

-1 300 MeV

2+1

N¢=

—1— 200 MeV

L]

—+ 100 MeV

<&

—@— Dominguez 09

[ | Narison 06
a - @ i Maltman 01

30 35 40 45 MeV

pheno.
[




wemee. CLQCD

Lattice spacing Volume(L> X T) M_ (MeV) M_L # of confs
24° % 72 290 3.7 1000
~0.105fm 323 X 64 290 4.9 1000
48> x 96 290 7.4 280

Interpolating operators for proton and neutron:
Py =, [u' (Cys)d]  n,=d, [ (Cys)d]
Deuteron operators (I(J?) = 0(11)):

1
Op(1) = C(a, §, P1, P)—=1(Do(P)1s(P2) — n,(PDPP)], P1+ Py = 0sas

V2

The coethcients C(a, 5, p,, p,) make the operators

transform in the 77 irrep of the cubic group and N
mainly overlaps with S-wave.
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> Deuteron: pn scattering i
e . — A e | I o 101 b
Scattering amplitude: /7 p—
1 1.50
CcO l 1.25 1 1 i ' Fit2 Fit 1 Fit 2
Effective range expansion: o /
0.75 - : 1/610
) , 0 | -02(1) |0.054(62)
1 1 5 3,4 S 0.50 - | (fm )
kcoto(k) = F—rgk” 4+ kT + - i |
ay 2 02 i il o | 0.45(17) | 1.67(23)
0.00 - == J (fm)
S-wave Luscher’s formula: ozl - Gz .
i . & caates (Fm) 0.755(74)
L -0.50 : : _— ; . ;
s ZZ()O(I’ (2_][)2) ~0.02 -0.01  0.00 01.21 0.02 003  0.04
coto(k) = ; \/; ¥*ldof 0.70 0.59
Binding
Fitl: using three data points below the threshold, ERE up to &* I?I?/Ieer\%/ 2.4(1.9) | 1.33(96)

Fit2: using five data points, ERE up to *
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o o
antP AN scattering

Ensembles used 1n this work

Lattice spacing Volume(L> x T) M_ (MeV) M_L # of confs

24° x 72 290 3.7 1000
323 x 64 290 4.9 1000
323 x 64 230 3.9 450
48° x 96 230 5.9 260
323 % 96 300 3.7 780
~0.077fm 48° % 96 300 5.6 360
48° x 96 210 4.0 220
~0.052fm 483 x 144 320 4.0 430

~0.105fm
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®
Imp> AN scattering
A e ————————————————————_— A ——— T ——— A —————— e C LQ C D
* We are intrested in the 1(/") = 0(0") AA scattering
* coupled channels: AA, NE, E%
* To avoid the Complexity of three coupled channels, we will keep the
energy range below XX threshold, and consider only AA and NE.
O¥(AA) = Ap)AP,) - .
DA, ! Y B [(0,0,0)} [(0,0,1)]
OP(NZ) = p(p)E(py) — n(py)E(p,) S e S — e
P — p] + p29 P — (09090)9 (09091) §:::::
. : 2400-5 %
The energy levels obtained from GEVP _f B
using both AA and N= operators are 2360 }% :
almost the same as using them By OO O % OO

separately.
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AN ﬁnlte volume spectrum

a=0.077 fm, m,~303 MeV
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] === = ]
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S
() |
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S
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12

E(MeV)
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a=0.052 fm, m, =317 MeV

| -%- iichannel [(0,0,0)} [(0,0,l)j
1
i
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» Except for a = 0.105fm,
m_=292MeV, the
Interacting enengies are
all very close to the non-
Interacting energies.
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> AA scattering

NZ= finite volume spectrum

a=0.105 fm, m_ =292 MeV a=0.077 fm, m, =303 MeV

] === t-channel cut | | === t-channel cut :
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AA scattering

NZ= scattering amplitude

* The scattering amplitude 1s

paramerized by effective range

expansion: pcoto(p) = — + — Opz

dp 2

e Ata=0.105tm, m_= 292 MeV, there

1s a bound state pole, when the
lattice spacing becomes smaller and

pcoto(p)(Gel)

pion mass gets closer to the physical

value, the pole becomes a virtual

state pole.

e The eftects of the left-hand cut has

not been considered.
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wemem CLQCD
Lattice spacing | Volume( L3xT) M, (MeV) M_L # of confs
3 V4
0 .077fm 32° X 96 300 3. 780
483 % 96 300 5.6 360
e S-wave A_A, scattering, coupled channels: NE_, X2 3.
A A, — NE,. coupling
Interpolating operators (I(J]D ) = ()(()+)): 1 05 A Acle = =l
OAN) = APAL(-Pp), |pl*=0,1 -
ONE,) = N(p)E . (-p), |p|*=0,1
e The energy levels of A\, are 1'90: ; " 3 ;
not affected by including the
NE,_.. operators.
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<

AN, -2 2. coupling

Interpolating operators
(I(J") = 0(01)):
ONN) = APA(-p), |p|"=0123

OE.Z)=2pPZ(-p). |pl>=0

* The XX threshold 1s much higher than
A, the energy levels well below the
> 2. threshold 1s not affected by X .X..
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Ciip> A\, scattering g

« CLQCD

Finite-volume spectrum , ,
10,0014 etfective range expansion:

2.04 - 1 1 2
pcoto(p) = — + —ryp
2.02 A aO 2
Phase shitt
40 —_—
. W F32P30
. . " F48P30
° ay = — 0.225(33) fm
1.94 - s _90 1
1.92 - —40 - 7'() — 0.02(10) fm
1.90 A —60 -
$ 2
1.88 - —80 -
32 48 1.88  1.90 1.92 1.94 1.96 1.98  2.00 2.162 2.04
L/a aEcm
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+ np scattering: At m, = 290 MeV and lattice spacing a = 0.105fm, bound
state was found 1n the S-wave np scattering.

+ Very weak interaction in the AA channel. Atractive interaction in the
NZ channel, bound/virtual state pole 1s found.

+ Repulsive interaction in the A A, scattering.

+ Couple channel effects need to be considered in the scattering analysis. |
+ The influnce of left-hand cut 1s ignored in the preliminaly results, need |

' to be include in future works. |
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