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1991: Luscher 2T,
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IBRBEAFEIETT A (OpTion)

> KEFDBMERIAREEITEZ HERE]
C(t1, -+ ,ty) = (|01(11)02(t2) - - - O, (1))

> METHZ=EEFS (540 Dr, nrr, ...) EEBSEEFHIIER
> XIFRMEEMIELEZSERY 0(3) BEERAISIHEE 0, SR/ NGY/NEE

= —RREY N (REFF
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BRERFEIEE (OpTion)

» Mathematica 24 OpTion FHBLMAIEEFEAA IR FEUERS N (A&
BB FFER: https://github.com/wittscien/OpTion

& wittscien / OpTion (Public

<> Code (©) Issues 9 Pullrequests () Actions [fJ Projects () Securityand quality |~ Insights

¥ main ~ ¥ 1Branch © 2 Tags

Q Gotofile

M wittscien Fix Python output when the coeff is complex cb1d4b9 - 5 months ago

Manual
OpTion
Tests
.gitignore
LICENSE.md
OpTion.wl

README.md

0 README  &[& MIT license

Haobo Yan, Chuan Liu, Liuming Liu, Yu Meng, JHEP 10 (2025) 210

Update tutorials

Fix Python output when the coeff is complex

Update tutorials

First commit.

First commit.

Add option to output Python input

Update the published paper link

<> Code ~

O 28 commits

6 months ago
5 months ago
6 months ago
2 years ago
2 years ago
5 months ago

7 months ago

[\ Notifications

About

OpTion (Operator construcTion) is a
Mathematica package for building
operators in lattice QCD.

physics mathematica lattice-gcd
Readme

MIT license

14 stars

1 watching

o
i
A~ Activity
w
(O
%

0 forks

Report repository

Releases 2

> OpTion 1.1.0 ( Latest
on Jul 24, 2025

+ 1 release
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https://github.com/wittscien/OpTion

IBREAIETA (OpTion)

> Mathematica 3X{4 OpTion LA IE(EEART AR FAMER N RERT
> TS FFE: https://github.com/wittscien/OpTion

r’ ® i# omega3.nb 100% v
By @ v |+ @AER. vim g 5 & dp & () e ST A e Q

[ ]= Get[FileNameJoin[{DirectoryName [DirectoryName [NotebookFileName[]]], "package/OpTion.wl"}]1];

(» I=0 sumr w =)

PrintNHadronOperatorAll[ {0, 06, 0}, "T1-", 3, 2, {"P", "P", "P"}];

Haobo Yan, Chuan Liu, Liuming Liu, Yu Meng, JHEP 10 (2025) 210
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https://github.com/wittscien/OpTion

BERERFIETA (OpTion)

> Mathematica £X{4 OpTion LSRR FRUER N IREFF

> TS FFE: https://github.com/wittscien/OpTion

oo e
E:E: v (m] v |Input v m] | 5] l";l] %J Jr 8] (9 e I B L P

In[1]:= Get[FileNameJoin[{DirectoryName[DirectoryName [NotebookFileName[]]], "package/OpTion.wl"}11];

OpTion: package for Operator construcTion in lattice QCD.
Author: Haobo Yan

Contact: haobo@stu.pku.edu.cn

(» I=0 sumr w =)

PrintNHadronOperatorAll[ {0, 06, 0}, "T1-", 3, 2, {"P", "P", "P"}];

Haobo Yan, Chuan Liu, Liuming Liu, Yu Meng, JHEP 10 (2025) 210
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https://github.com/wittscien/OpTion

BERERFIETA (OpTion)

» Mathematica 344 OpTion FHLMIEERAAT IR FHWER N KERF
> HFEFFE: https://github.com/wittscien/OpTion

r’ [ ) omega3.nb 100% v
B}y m v |+ @AER. vim g 5 & dp & () e ST A 0@ Q

In[1]:= Get[FileNameJoin[{DirectoryName[DirectoryName [NotebookFileName[]]], "package/OpTion.wl"}]11];

OpTion: package for Operator construcTion in lattice QCD.
Author: Haobo Yan

Contact: haobo@stu.pku.edu.cn

In[2:= (» I=0 yum w *)

PrintNHadronOperatorAll[ {0, 0, 0}, "T1-", 3, 2, {"P", "P", "P"}];

Pi[ex,y] P2[-ey] Pa[-ex] - Pi[ex,-y] P2[ey] P3[-ex] - P1[e_x,y| P2[-ey]| P3[ex] +
Pi[ex,-y] P2[ey] Pslex] - Pi[ex,y| P2[-ex] P3[-ey] + P1[e x,y] Pa[ex] P3[-ey] + P1[ex,-y] P2[-ex] P3[ey] - P1[ex,-y] Palex] P3ey]

Pl[ey] P2 [ex] P3[e-x,—y] - Py[ex] Pz[ey] P3[e-x,—y] “Pl[“ey] P2 [ex] P3[e—x,y] + Py [ex] PZ[—ey] P3 [e—x,y] -
Pi[ey] Pa[-ex] P3[ex,y| + Pr[-ex] P2[ey]| P3[ex,-y] + P1[-ey] P2[-ex] P3[ex,y| - Pi[-ex] P2[-ey| P3[ex,y]

Pl[ey] Pz[ex,—y] P3[-ex] _Pl[—ey] PZ[ex,y] P3[-ex] - Pl[ey] P2 [e—x,—y] P3[ex] +
Pi[-ey] P2a[ex,y| Palex] - Pilex] Pa[ex,y| Ps[-ey] + P1[-ex] P2[ex,y] Pa[-ey]| + P1lex] Pa[ex,-y] P3[ey] - Pi[-ex] P2[ex,-y| P3[ey]

Pl[ex,y,z] PZ[—ey] Ps[e-x,-z] = Pl[ex,-y,z] Pz[ey] P3[e—x,-z] + Pl[ex,y,—z] Pz[—ey] P3[e—x,z] - Pl[ex,—y,—z] Pz[ey] P3[e—x,z] - Pl[e-x,y,z] PZ[—ey] P3[ex,—z] + Pl[e—x,-y,z] Pz[ey] P3[ex,—z] N
Pi[ex,y,-z] P2[-ey] P3[ex,z] +P1[ex,y,-z] Pa[ey] P3[ex,z] - P1[ex,y,z| P2[-ex] P3[ey, 2] + P1[e x,y,z] P2[ex] Pz[e.y, z| - P1[ex,y,-z| Pa[-ex] P3[ey,z] +
Pi[e.x,y,-z] P2[ex] P3[ey,z] + P1[ex,.y,z] P2[-ex] Ps[ey,-z] - P1[e x,-y,z] P2lex] Ps[ey,-z] + P1[ex,-y,-z] P2[-ex] Ps[ey,z] - P1[ex,-y,-z] P2[ex] Ps[ey,z]

Piex,y,z| P2[ey,z| Pa[-ex] + P1[ex,y,-z| P2[ey,z] Pa[-ex] - P1[ex,y,z| P2[ey, 2] Pa[-ex] - P1[ex,y,z| P2[ey,z] P3[-ex] -Pi[e x,y,z] P2[ey, 2] Palex] - P1[ex,y,z| P2[ey,z] P3[ex] +
Pi[ex, y,z] P2[ey,-z] Ps[ex] +P1[e x,y, z| P2[ey,z] P3[ex] - Pi[ex,y,z| P2[ex,-z] Ps[-ey]| -P1[ex,y, z| P2[ex,z| Ps[-ey] + P1[ex,y,z] P2[ex,-z] P3[-ey] +
P1[e-x,y,-z] P2[ex,z] Ps[-ey] + P1[ex,-y,z] P2[e-x,-z] Ps[ey] + P1[ex,-y,-z| P2[e-x,z]| Pa[ey] - Pi[ex,-y,z] P2[ex,-z]| Ps[ey] - P1[e.x,-y,-z] P2[ex,z] P3[ey]

Haobo Yan, Chuan Liu, Liuming Liu, Yu Meng, JHEP 10 (2025) 210
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https://github.com/wittscien/OpTion

BERERFIETA (OpTion)

» Mathematica 344 OpTion FHLMIEERAAT IR FHWER N KERF
> HFEFFE: https://github.com/wittscien/OpTion

r’ [ ) omega3.nb 100% v
B}y m v |+ @AER. vim g 5 & dp & () e [T B AP 0@ Q

In[1]:= Get[FileNameJoin[{DirectoryName[DirectoryName [NotebookFileName[]]], "package/OpTion.wl"}]11];

OpTion: package for Operator construcTion in lattice QCD.

Author: Haobo Yan ¥
Contact: haobo@stu.pku.edu.cn
A
In[2:= (» I=0 yum w *) ex'y

PrintNHadronOperatorAll[{®, 0, 0}, "T1-", 3, 2, {"P", "P", "P"}]; 2«

[Pilex,y] P2[-ey] Psl-exl} Pi[ex,-y] P2[ey] Pal-ex] - Pilex,y] P2[-ey] Palex] + >x
Piex,.y] P2[ey] Palex] - Pi[ex,y] Pal-ex] P3[-ey] +Piex,y| Palex] P3[-ey] +Pifex,y] Pa[-ex] Ps[ey] - Pifex,y] Palex] P3[ey]

P1[ey] P2lex] Ps[ex,-y] - Pilex] P2[ey] P3[e.x,y] - P1[-ey] P2[ex] P3[e_x,y] + Pilex] P2[-ey] P3[e_x,y] - 67
Piley] Pa[-ex] P3[ex,y] +Prl-ex] P2[ey] Ps[ex,y] +Pi[-ey] Pa[-ex] Ps[ex,y] - Pil-ex] P2[-ey] P3[ex,y]

Pl[ey] Pz[ex,—y] P3[-ex] _Pl[—ey] PZ[ex,y] P3[-ex] - Pl[ey] P2 [e—x,—y] P3[ex] +
Pi[-ey] P2a[ex,y| Palex] - Pilex] Pa[ex,y| Ps[-ey] + P1[-ex] P2[ex,y] Pa[-ey]| + P1lex] Pa[ex,-y] P3[ey] - Pi[-ex] P2[ex,-y| P3[ey]

Pl[ex,y,z] PZ[—ey] Ps[e-x,-z] = Pl[ex,-y,z] Pz[ey] P3[e—x,-z] + Pl[ex,y,—z] Pz[—ey] P3[e—x,z] - Pl[ex,—y,—z] Pz[ey] P3[e—x,z] - Pl[e-x,y,z] PZ[—ey] P3[ex,—z] + Pl[e—x,-y,z] Pz[ey] P3[ex,—z] N
Pi[ex,y,-z] P2[-ey] P3[ex,z] +P1[ex,y,-z] Pa[ey] P3[ex,z] - P1[ex,y,z| P2[-ex] P3[ey, 2] + P1[e x,y,z] P2[ex] Pz[e.y, z| - P1[ex,y,-z| Pa[-ex] P3[ey,z] +
Pi[e.x,y,-z] P2[ex] P3[ey,z] + P1[ex,.y,z] P2[-ex] Ps[ey,-z] - P1[e x,-y,z] P2lex] Ps[ey,-z] + P1[ex,-y,-z] P2[-ex] Ps[ey,z] - P1[ex,-y,-z] P2[ex] Ps[ey,z]

P1[ex,y,z] P2[ey,z] Ps[-ex] + P1[ex,y,z| Pa[e_y,z] Ps[-ex] - P1[ex,y,z| Pa[ey, 2] Ps[-ex] - P1[ex, .y, z]| P2[ey,z] Ps[-ex] - P1[e x,y,z] Pa[e.y, 2] Pslex] - P1[e x,y,z] Pa[e_y,z] P3[ex] +
Pi[ex, y,z] P2[ey,-z] Ps[ex] +P1[e x,y, z| P2[ey,z] P3[ex] - Pi[ex,y,z| P2[ex,-z] Ps[-ey]| -P1[ex,y, z| P2[ex,z| Ps[-ey] + P1[ex,y,z] P2[ex,-z] P3[-ey] +
P1[e-x,y,-z] P2[ex,z] Ps[-ey] + P1[ex,-y,z] P2[e-x,-z] Ps[ey] + P1[ex,-y,-z| P2[e-x,z]| Pa[ey] - Pi[ex,-y,z] P2[ex,-z]| Ps[ey] - P1[e.x,-y,-z] P2[ex,z] P3[ey]

Haobo Yan, Chuan Liu, Liuming Liu, Yu Meng, JHEP 10 (2025) 210
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https://github.com/wittscien/OpTion

BERERFIETA (OpTion)

» Mathematica 344 OpTion FHLMIEERAAT IR FHWER N KERF
> HFEFFE: https://github.com/wittscien/OpTion

r’ [ ) omega3.nb 100% v
B}y m v |+ @AER. vim g 5 & dp & () e [T B AP 0@ Q

In[1]:= Get[FileNameJoin[{DirectoryName[DirectoryName [NotebookFileName[]]], "package/OpTion.wl"}]11];

OpTion: package for Operator construcTion in lattice QCD.

Author: Haobo Yan
Contact: haobo@stu.pku.edu.cn
In[2:= (» I=0 yum w *)
PrintNHadronOperatorAll[ {0, 0, 0}, "T1-", 3, 2, {"P", "P", "P"}];
Pi[ex,y] P2[-ey] Pa[-ex] - Pi[ex,-y] P2[ey] P3[-ex] - P1[e_x,y| P2[-ey]| P3[ex] +
Pi[ex,-y] P2[ey] Pslex] - Pi[ex,y| P2[-ex] P3[-ey] + P1[e x,y] Pa[ex] P3[-ey] + P1[ex,-y] P2[-ex] P3[ey] - P1[ex,-y] Palex] P3ey]
Pl[ey] P2 [ex] P3[e-x,—y] - Py[ex] Pz[ey] P3[e-x,—y] “Pl[—ey] P2 [ex] P3[e—x,y] + Py [ex] PZ[‘ey] P3 [e—x,y] -
Pi[ey] P2[-ex] Ps[ex,-y]| + Pi[-ex] Pa[ey] Ps[ex,-y] + P1[-ey] P2[-ex] P3[ex,y| - P1[-ex] P2[-ey] P3|ex,y]
Pl[ey] Pz[ex,—y] P3[-ex] _Pl[—ey] PZ[ex,y] P3[-ex] - Pl[ey] P2 [e—x,—y] P3[ex] +
Pi[-ey] P2a[ex,y| Palex] - Pilex] Pa[ex,y| Ps[-ey] + P1[-ex] P2[ex,y] Pa[-ey]| + P1lex] Pa[ex,-y] P3[ey] - Pi[-ex] P2[ex,-y| P3[ey]

IPl[ex,y,z] PZ[—ey] P3[e—x,—z]|— Py [ex,—y,z] P2 [ey] P3[e—x,—z] + Py [ex,y,—z] P2 [—ey] PB[e—x,z] = Pl[ex,—y,—z] Pz[ey] P3[e—x,z] = Pl[e-x,y,z] PZ[—ey] P3[ex,—z] + Pl[e—x,-y,z] P2 [ey] P3[ex,—z] =
P1 [e—x,y,—z] PZ[—ey] P3[ex,z] + Pl[eAx,—y,—z] PZ[ey] P3[ex,z] - Pl[ex,y,z] P2 [-ex] P3[e—y,—z] + Pl[e—x,y,z] P2 [ex] P3[e—y,—z] = Py [ex,y,—z] P> [-ex] P3 [e—y,z] +
Pi[ex,y,-z] P2lex] Ps[e_y,z] + P1[ex,-y,z| P2[-ex] Ps[ey,-z| - P1[e_x,-y,z]| P2lex] Pa[ey, z] + P1[ex,-y,-z] P2[-ex] P3[ey,z] - P1[e_x,-y,-z]| P2[ex] P3[ey,z]

P1[ex,y,z] P2[ey,z] Ps[-ex] + P1[ex,y,z| Pa[e_y,z] Ps[-ex] - P1[ex,y,z| Pa[ey, 2] Ps[-ex] - P1[ex, .y, z]| P2[ey,z] Ps[-ex] - P1[e x,y,z] Pa[e.y, 2] Pslex] - P1[e x,y,z] Pa[e_y,z] P3[ex] +
Pi[ex,y,z] P2[ey, 2] Pslex] +Pi[ex,y, 2] P2[ey,z] Palex] - Pifex,y,z] Pa[ex, 2] Ps[-ey] - Pifex,y, 2] Pa[ex,z] Ps[-ey] + Pa[ex,y,2] Pa[ex, 2] Ps[-ey] +
Pl[e—x,y,—z] P2[ex,z] P3[_ey] * Pl[ex,—y,z] PZ[e—x,—z] P3 [ey] + Pl[ex,—y,—z] PZ[e—x,z] P3[ey] = Pl[e—x,—y,z] P2[ex,—z] P3[ey] = Pl[e—x,—y,—z] ) [ex,z] P3[ey]

Haobo Yan, Chuan Liu, Liuming Liu, Yu Meng, JHEP 10 (2025) 210
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https://github.com/wittscien/OpTion

HE4 AR a/fm B m? b M,/ MeV M,L
C24P34 243 x64 0.10530(18) 6.200 —0.2770 —0.2310 340 4.38
C24P29 243 x 72 0.10530(18) 6.200 —0.2770 —0.2400 292 3.75
C32P29 323x64 0.10530(18) 6.200 —0.2770 —0.2400 292 5.01
C24P23 243 x 64 0.10530(18) 6.200 —0.2790 —0.2400 230 2.93
C32P23 323x64 0.10530(18) 6.200 —0.2790 —0.2400 228 3.91
C48P23 483 x 96 0.10530(18) 6.200 —0.2790 —0.2400 225 5.79
C48P14 483 x96 0.10530(18) 6.200 —0.2825 —0.2310 133 3.56
C48P14 643 x 128 0.10530(18) 6.200 —0.2825 —0.2310 133 4.63
E28P35 283 x64 0.08973(20) 6.308 —0.2490 -0.2170 351 4.46
E32P29 323x64 0.08973(20) 6.308 —0.2490 -0.2170 287 4.19
E32P22 323x96 0.08973(20) 6.308 —0.2490 -0.2170 215 3.14
F24P30 243 %96 0.07746(18) 6.410 —0.2295 —0.2050 303 2.86
F32P30 323x96 0.07746(18) 6.410 -0.2295 —0.2050 303 3.81
F48P30 483x 96 0.07746(18) 6.410 —0.2295 —0.2050 305 5.72
F32P21 323x64 0.07746(18) 6.410 -0.2320 —0.2050 210 2.67
F48P21 483x 96 0.07746(18) 6.410 —0.2320 —0.2050 208 3.91
F64P14 64% x 128 0.07746(18) 6.410 —0.2320 —0.2050 136 3.41
G32P35 322 x96 0.06887(12) 6.498 —0.2150 —0.1926 352 3.94
G36P29 36 x 108 0.06887(12) 6.498 —0.2150 —0.1926 297 3.73
H48P32 483 x 144 0.05187(26) 6.72 —0.1850 —0.1700 321 4.06
164P31 64% x 128 0.03761(08) 7.020 —0.1569 —0.1475 312 3.81
I64P19 643 x 128 0.03761(08) 7.020 —0.1585 —0.1475 188 2.29

N = =N
e SR

> hERESIEARFER] Wilson-Clover B3

EEEEEEEEEE  Huetal, PRD 09 (2024) 054507
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HE4 AR a/fm B m? b M,/ MeV M,L
C24P34 243 x64 0.10530(18) 6.200 —0.2770 —0.2310 340 4.38
C24P29 243 x 72 0.10530(18) 6.200 —0.2770 —0.2400 292 3.75
C32P29 323x64 0.10530(18) 6.200 —0.2770 —0.2400 292 5.01
C24P23 243 x 64 0.10530(18) 6.200 —0.2790 —0.2400 230 2.93
C32P23 323x64 0.10530(18) 6.200 —0.2790 —0.2400 228 3.91
C48P23 483 x 96 0.10530(18) 6.200 —0.2790 —0.2400 225 5.79
C48P14 483 x96 0.10530(18) 6.200 —0.2825 —0.2310 133 3.56
C48P14 643 x 128 0.10530(18) 6.200 —0.2825 —0.2310 133 4.63
E28P35 283 x64 0.08973(20) 6.308 —0.2490 -0.2170 351 4.46
E32P29 323x64 0.08973(20) 6.308 —0.2490 -0.2170 287 4.19
E32P22 323x96 0.08973(20) 6.308 —0.2490 -0.2170 215 3.14
F24P30 24396 0.07746(18) 6.410 —0.2295 —0.2050 303 2.86
F32P30 323x96 0.07746(18) 6.410 —0.2295 —0.2050 303 3.81
F48P30 483x 96 0.07746(18) 6.410 —0.2295 —0.2050 305 5.72
F32P21 323x64 0.07746(18) 6.410 —0.2320 —0.2050 210 2.67
F48P21 483x 96 0.07746(18) 6.410 —0.2320 —0.2050 208 3.91
F64P14 64% x 128 0.07746(18) 6.410 —0.2320 —0.2050 136 3.41
G32P35 322 x96 0.06887(12) 6.498 —0.2150 —0.1926 352 3.94
G36P29 363 x 108 0.06887(12) 6.498 -0.2150 —0.1926 297 3.73
H48P32 483 x 144 0.05187(26) 6.72 —0.1850 —0.1700 321 4.06
164P31 64% x 128 0.03761(08) 7.020 —0.1569 —0.1475 312 3.81
I64P19 643 x 128 0.03761(08) 7.020 —0.1585 —0.1475 188 2.29

N = =N
e SR

vV V VYV VYV V

FEREES1EHEFER] Wilson-Clover 2B

EEEBEBEEEE  Hu etal, PRD 09 (2024) 054507

N=2+1
XA 2 MBI M, SRIRRFETA
BFAE SIEIER

XEFBERETEERET (perambulator)
EREHASTEN, RXERMTEES

Peardon et al PRD 80 (2009) 054506
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>

L

> M BE1E HPHEN ENENERE
—> ETUEM: f(M(E), F(E,L)=0

> BER E, FATR L %5, XIIRIB M (E,) HUBRHIRLEGE
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BXEEIS
L=

F2
- tr(a,Ua"Ut)

-

‘s*s %! ;'
—

—
BRETFEHE B REATIERD

\\\j&ﬁ%ﬁ@ﬁ BIRAREEE BENES #%%%ﬁi///

FIFASE— T RRIE OpTion MIiEZAERF
EIRIEARE, £RES, KBETHERT
IR, TTERRKERRE]
MNMAEFEFEME, NEEEPHMEEETSE
BREEHRIBFITEIREISRER, SHKTR
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2026 FREETFERMTS

17



IBRIES IBRERT =IREETIR)RL =REGT AR

/ ‘\gﬂ:
=N MNE L nnr — w(782) mnr — w(1300) ==
bl m L=-2PE,

—aaa’ + ";;V‘*ﬁ.c
v @ *+Y.Y; ¥ prhe.
(®(1200) ~ 1DH1-vip
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e ¥ %4 —




=K i - w(782) BEY

> REBEGERFERAIIRZI=AREHNORE
> EZAFRIGEE B ERMER S =R aRREX

1.  Roperdt#x7ZS: Burkert and Roberts, RMP 2019
2. T..Z%58F73: Hansen, Romero-Lépez, Sharpe, JHEP 2024
(T.(3875) AIEIFYITE M,, FHH DD* TAR)
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PRESS/TV CONFERENCE ON DISCOVERY OF OMEGA MESON
—_ — N — \ s Berkeley, Au 31, 1961
> B/TJZZ{Z'K' lﬂ@:/tl\:]: }'L_Q,ju,t\ﬁg Eﬁ%ﬁ’? E?‘Di ' 12% _/l\I1,E Maglic’, Alvarez, Rosen!o‘;d &l:tyevensg:,;"hys, Rev. Lett. September |, 1961
- a,(1260) : Maxim Mai et al., PRL 2021 Maglic et al (1961)
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Sakurai (1960); Erkelenz (1974); Brown and Jackson (1976); Barkov et al., 1985; Connell et al. (1997); Bazavov et al. (2021)
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Hfblzm(IRie

»  FVU [Mai and Doring, 2017]

» RFT [Hansen and Sharpe, 2014]
>

> BIRAFRAFEWIEES (FVU, Finite-Volume Unitarity)

NREFT [Hammer, Pang, and Rusetsky, 2017]
K (o) ==Y (0) =0
det[(K~"(s) = £V(s)) EL — (B(s) + C(s))] = 0

-----

KIEMEEE =155 AIEMEE vl

o— M?
Sl mawtaot (e~ T

2 22 2 2
;-4 ~ =2z tet ; :  S(My—0q+69°f) (M, —0p+6g 2)

92 /8 (s—M2)

SEARTT BRI (FRXFRIESIX)

BRBIEICLEART MeiBner (1988)
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> FRIZSHWCH BT
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Haobo Yan, Maxim Mai, Marco Garofalo, UIf-G. Meiltner, Chuan Liu, Liuming Liu, Carsten Urbach, Phys. Rev. Lett. 133 (2024) 211906, fmigiiF

TS
e SR

2026 FiFEFERHIS 32



RES RS
—T —

0.00

-0.01 1

-0.03+

-0.04 4

M, = 305MeV

EFT2
— EFT4
+ GEN
- PDG

€« s =
-  FEBBHE=E -
M, = 208MeV

N\

1
Re E3/Mﬂ-

d31 B+C
(27)? 2E,(K~1 = =)

T:B+C+/
> FNEIZSEUERBER
> SNERIYIEE M,

M 782y = (778.0 £ 11.2) —i(3.0 £ 5) MeV
> IXRBHEITHSIERE

> IRBEIE KK 85
> EFHEER o — ¢ BAAA

Haobo Yan, Maxim Mai, Marco Garofalo, UIf-G. Meiltner, Chuan Liu, Liuming Liu, Carsten Urbach, Phys. Rev. Lett. 133 (2024) 211906, fmigiiF
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0-0 { 7(1300) > M, = 305 MeV ?ﬁﬁﬂ%ﬂﬁ%ﬁ
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Haobo Yan, Maxim Mai, Marco Garofalo, Yuchuan Feng, Micheal Déring, Chuan Liu, Liuming Liu, Ulf-G. Meil3ner, Carsten Urbach, Phys. Rev. Lett. 136 (2026) 141901
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Short introduction to lattice QCD

» Correlation functions are calculated by Wick contractions
@000 OI) = 5 [ Dl FID{Ule %15 0(1) 0! 0, b, U
» Impossible to perform the path integral

Dimension ~ 483 x 96 X 4 x 3 ~ 10°

volume time spin color

» Generate Monte-Carlo ensembles of U according to the gauge action

» Then measure QCD on them

0y~ 3 ol

U, with
probability
—S[Un]

X e
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Eg: Finite-volume spectra at m,; = 305 MeV
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> BIRAFRAFEWIEES (FVU, Finite-Volume Unitarity)

{k—l(a) —2(e) =0

det[(K~*(s) — ©FV(s))EL — (B(s) + C(s))] =0
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KIEMEEE =155 AIEMEE

> FRIRZ=1REVEIA e ~ o+ ao+
> EENEWRFIEIEERT, SRAATR
> B TFK1-0

; : €0

SEARTT

BRIRBICEFIAN MeiBner (1988)

Httzz(Eie

»  FVU [Mai and Doring, 2017]

» RFT [Hansen and Sharpe, 2014]

» NREFT [Hammer, Pang, and Rusetsky, 2017]
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Analytic continuation example

0.0

-0.1

» |t is possible to do a smooth
analytical continuation in our
energy of interest
—— o » Spectator momentum cutoff is
* chosen such that the analytical
continuation covers the interested
region of the Riemann sheet
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Re \/g [Ge\/] Sadasivan PRD (2022)
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