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Introduction
Spectroscopy on lattice
Scattering on lattice

Preliminary studies:
Tetraquark: T
Pentaquarks: P.
Sexaquark: H-dibaryon

Summary
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Spectroscopy on lattice:

4 Write down an interpolating operator O, e.g. pion operator iysd
4+ Compute the correlation function

<0|0|ln><n|O]|0>
<O\@(t)@(0)”0>=z Oln o7 10 e bl — x ¢~

n

n

4+ At large t, fit the correlation function ot an exponential.
4 Usually only the ground state can be obtained.
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Excited state:

+ build large basis of operators {0, 0, ---} with desired quantum numbers,
construct the matrix of correlation function:

— T — nyn* —E t
C;=<0[6,0710>= ) ZIZ"e

+Solve the eigenvalue problem:

n _ 0,,n
(1) = 2,(HCWI(1)

+Eigenvalues: 4,(f) ~ e (1 + e 27
+Optimal linear combinations of the operators to overlap on the n’th state:

Q,= ) V0,

l
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Introduction

Scattering on lattice: Luscher’s finite volume method

Finite volume Luscher formula

Infinite volume

energies

scattering paremeters

S-wave elastic scattering:
2Z00(1: (5 )2)

Ly/x

E:\/m12+pz+\/mzz+p2

pcoto(p) =

O1
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d@=2+1
+Quark action: Wilson clover

+Lattice spacing: 0.08fm
+Volume: 32° x 96

+M_ = 300MeV
+Number of configs: 240

N|



Yield /(500 keV/c2)

T — D°DOr+ Mmpoport  [GeV/?]

Background
Total

D*+DO threshold
D*D* threshold




Compact four quark operator:

@4quarks(rl’ FZ) — €ljk€imn[CjT(CF1)Ck] [l/_tm(r ZC)JZ; ]

1J5) =001

O, = @4quarks(rl =Y 12 =75)

O, = @4quar1<s(r | = YiYa 1y = vars)

— DY DO

— NO +
O3 = Dip—o)P (r=0"(p=0)

(p=0)"(p=0)

. 0 * 4 _ + *0)
O4 = DgeiyPipe1y = Pip=yPip=-1y

Idﬂ=lﬂﬂm

O1 = Ogquarksd 1 = 74,1y = € ljk?’jyk)
@1 — @4quarks(rl — eljkyjyk’ 1—‘2 — 7/4)

_ o + + *0
O3 = D(p=())D (p=0) T D(p=0)D(p=0)

_ 0 L + *0
04 = D(pzl)D(p=—1) u D(p=1)D(P=—1)
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Luscher’s formula: Scattering amplitude(above threshold):

2 27
ool ( )) T « peotd(p) — ip = —2

I\/ 7 Ly/7
Analytically extrapolate to below threshold:

Ip

pcoto(p) =

Effective range expansion:

1 1 T x + |p]
cotd(p) = — + —ryp* + -+
pcots(p) o TP I\/7
Bound state pole condition:
Scattering length: 1 . L, o
—+ =1y =—Ip
ay = — 4(2)fm ay 2 ° ’

Pole position at infinite volume:

Ep = 3922(3)MeV
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4 Theoretical prediction of a deeply bound di-baryon with quark content uuddss.
4No solid experimental evidence.

4 Controvertial lattice results.

4+ arXiv: 2108.09644(HALQCD), weekly attractive without a bound state.

+ arXiv: 1912.08630(HALQCD), virtual state.
+ arXiv:1805.039606, bound state with binding energy 19(10)MeV

+ arXiv:1109.2889(NPLQCD), bound state with binding energy 13.2(1.8)(4.0)MeV
+ arXiv:1012.5968(HALQCD), bound state with binding energy 30-40MeV
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Lattice spacing Volume([3 x T) # of trajectories
243 % 72 290 25000
323 x 64 290 15000
0 1081 325 % 64 220 15000
~U. m
483 x 96 220 1000
483 % 96 120 1000
483 % 96 145 700
323 % 96 300 11000
~0.080fm :
483 % 96 210 1000
3 360 650
~0.055fm 483 X 144
483 x 144 300 900
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Preliminary results of 71, ¥ .D, and AA are presented.

We are ready for general extensive study of hadron
spectrum and exotic states.

ST -
Rul. TR TR XD EA5



