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Exotic hadron state

. A. Hosaka et al. / Progress in Particle and Nuclear Physics 96 (2017) 88-153
B One of the simplest systems i Gt
for studying the charm A
hadron system | _____D°NN
D*+d
- _ e e )
No gg annihilation _ DN(3/2-)4N
S [111.2 —129.3
2. i 1~
E DN E BN 20
A A - 3 B*+d
176.0 — i87.4 [5
5/2F
148.2 — 15.13/ N
DN 113 g T 58.4 — i24.8
(2949 MeV) 3/2~ 5/2t o
. BN A e S A oy YDNN 6.8 —10.2° 1 BNN PYYNN
26.8 — 165.7 (6265 MeV) ) - 3/2 O .................. \ S —— . o e — is——
Y 1/2* 0|52 10-053/27 58130y 9+ —5.2 \'DN(1/27)+N Btd Py +d
DN = BN = “o—\ - =
(2807 Mev)| 2.1 1/2 (6219 MeV) 1/2 B _ ~..  _BN(/27)+N".
—23.0 D+d -
. P 262 0% PaN(1/2 3/2)4N
——: Bound state —38.5 07, 17
——: Resonance (E,, — iI'/2) Unit: MeV C b Q

Yamaguchi et al. arXiv:1209.0187
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Ensemble setup

LQCD: CLQCD ensemble: A EEEEEEEE
EEEEE NN

« Unphysical light quark mass « 2+1 flavor EEEEE-E-Ee

EEEEEE N
* Finite lattice spacing « Stout-smeared clover fermion C LQC D

* Finite volume e Symanzik gauge actions

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

Clover ensembles @ a =007750) fm
@ a = 0.0683(3) fm 0 To be generated

- @ a = 0.0519(3) fm nlheduhes
2 @® a~0.04fm
HEx B a( fm) (L/a)? xT/a mx( McV) mg( McV) . o
F32P30 6.41 0.07746(18)  32°x 96  303.2(1.3) 524.6(1.8) e © 6006 g O
F48P30 6.41 0.07746(18) 483 x 96  303.4(0.9) 523.6(1.4) | oo0ce0® o o
""""""""""""""""""" JHGC‘Q
Z.-C.Hu el al, (CLQCD), Phys.Rev.D 109(2024)5,054507 ™ o AN
A. CIMpD _/)
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M2 Lattice Calculation

The steps of spectrum calculation

_ _ Pt = [0,0,0]
® Build large basis of operators {04, 0, ... }
with desired guantum numbers channels Quantum 1(J°) rrep
number
® Construct the matrix of correlation function DN(S=1/2) 0 ®1/2t 0(1/27),1(1/27) Gy

D'N(s=1/2) 1" ®1/2% 0(1/27),1(1/27) Gy

Cij(t to) = (0;()0;(to)) = z ZinZipe Ent

M. Liischer, Nucl. Phys. B3s4, 531(1991)

® Solve the generalized eigenvalue problem(GEVP)
Determine the corresponding energy

& @
C(8) - vn(t) = An(t, t)C(to) - Va(t) ® Mgy Pl

@
An(t, tO) ~ e—E‘n(t—tO) _I_ oo - En ./ \.
® Further numerical analysis of the obtained energy T T
det[1+ip-t-(1+iM)] =0 Finite volume Inﬁ.nite volume
spectrum scattering parameters

1 1
k cotdy = — +=rok? + O(k*)
Ao 2 7
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Operator construction

2 Y7 RRy

721‘( 4@‘
S University of Chinese Academy of Sciences

P(p) = ) 4(x)7s4(x)e™™ Ji irrep I'(dim)
Vip) = ) a(x)vg(x)e®*,  i=ug,y,z 0 A (D
Single-particle operators Nu(®) = D cae[d" (x)C%d ()], (x)e™ 1/2 62(2)
1 T:(3)
Op-(t,x) = c(t, x)avsd(t, T)a Op(t,y) = capcti(t, y)a [ult, y)sCysd(t, y).| 3/2 H(4)
o 2 E(2) © T,(3)
Opo(t,z) = e(t, x)qvsult, z)g On(t,y) = €aved(t, y)a [u(t, y)sCysd(t, y).] 5/2 H(4) @ G,(2)
Ot.p) = Ze POt ) 3 AN B T3 B T(3)
. . 1\~ _
Two-particle operators for S-wave scattering J© = (E) — G p°=01234 p,=-p;
<< OpTion
O z Calp [ 0 ()0, (p2) — = 0ps (p1)0 (pz)] OpTion: package for Operat trucTion in lattice QCD
DN:I=0 — a,p1,p2 V2 p V2 D n pTion: package for Operator construcTion in lattice QCD.
@P1.P2 Authors: Haobo Yan

1
DNI 1= Z Caplpzl Op-(p1)0, (p2)+\/§ Do(p1)0n(P2)]

a,p1,P2

Contact: haobo@stu.pku.edu.cn

H. Yan et al., JHEP 10 (2025) 210
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LapH smearing and distillation

Distillation projects the quark fields onto a low-
dimensional subspace spanned by the low-lying
eigenvectors of the gauge-covariant spatial Laplacian

replacing explicit spatial and color indices with

distillation-space indices while retaining the spin indices.

0(t) =V(H)VI(t) = Ouy(t)

Z o) (£)ut (¢

qy(t) = Uay(8)gy (1)

Z o) (£t (¢

V2(t)v® (1) = A® ()p® (1)
3
—V2,(t) = 600y — > _(Uj(@, )8, 5, + Ul(x = J,8)3,_; )
j=1

() Yoz RRT

University of Chinese Academy of Sciences

Laplace space, L.
.
~— =~
[E—
e — —~
Sub space, L;. Sub space, L,.

define
VdV = ije_":va VVV — e_ingabcv(t)za,v(t)zbv(t)zc
€205 090)

5 6161 & 5!
(Fsink) 160 = 1 1,.)/5161, (Fsoume)ez 2 — 20220 ,.},751’)’1 _ (075)51’)‘1
The two-point correlation function of mesons and protons can be written as

Cpo(t,to) =VAV(t, =p1)imn, (Tsink) " (Tsource) 22 VAV (to, —p2)ir. 0,
€1€ * 87 0:
Pa(t, o) 2, Pr(t 1)1z,

nina* c

Op(ta tD)alaz :Vvv(tapl)’ilj1k17§;171 S22 VVV* (t[] p?)igjgkg
(Pt 005 Pult t0)37 = Pult )52 Pult 00357 ) Palt o)

1172 Jii2
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Multiguark Wick contractions

(Y1) . (Y2) (Y1) (Y2)
I=0,13=0)= % (ID~p) — |D°n)) Cloo(t, to) = iO(t)O(t0)> Z \ 22 / :
= 5 [{0D-5(1)0p-p(t0)) = (Op-p(1)Opon(to)) wa i
= L= ) = D) — (Opsu000-5(10) + (000, Opon(0))] T -
1=15=0) = —= (1D75) + D) e e oo . : 5 . - o
I=1,5=—1)= D) _5[ e C) g (D C) < (D

C1 = Ogg, Cro = Oy

(T1) (T2) (T1) (T2)

Ci1(t,19)**? = (Op-,(t)Op-,(t0))
=({em=ie) 8 d0)5 ) {e Y e u(®), [u®)]), Cr8awy, |}
{eipzyzebzczaz [ (T ) ny?ﬂzd( )yQCz] u(t yzag} {e—wzmd( )m@,},g?ﬁ? (t)igd2}> (yl) (y2) (yl) (?J2)
=VVV(®i, i VAV (O, (fy,ff”l’“%l’ﬂr‘s 11 €29 ) VAV (t0) mans VVV*(0)in ik ) c

G,
®

sink™ source

{  Pult t0)0107 Pt )77 Palt, )12 PE(E 1)1, Palt )32, @

2112 J1Jj2
= Pult to)?1 Pult,to) /57 Palt to)l1 PX(t to)oih, Pa(t 1), @ Q/ C\©
o € * "o € d
o P (t t )%11%22 P (t t )5113622 P( )21'&22 P (t’to)’f?'llf?n2 Pd(t to)nll’}% @ ( ) ( ) ( ) ( )
o o € * ! e xl x2 ch/.l CCQ
+ Pu(t?tﬂ)uljf? P (t t )fllzzz Fa(t ( )21732 F, (t’to)f%f‘%nz‘ P nll’}/é } @
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GEVP(generalized eigenvalue problem)

Cij(t) - v (t) = A, (¢, to) Cij (o) - v (T)

Within a given operator basis, the GEVP employs a calculus of

variations to find optimal linear combinations of operators that _ X a _ T
.. : Cp e ge : 'Q'm — vimOi: 'Qn - 0] an

maximize their overlap with individual energy eigenstates. ; ;

The resulting generalized eigenvectors satisfy an orthogonality z VimCij(t0)Vjn = Omn

relation with respect to the metric defined by C(t,) ij

F32P30 I=1 Nconf=376, Nboot=4000

before GEVP after GEVP
I LI I o
S o ® ° D GEVP, Ag
1 eee o 41 o 401 o 9 0 ¢ O GEVP, A,
©® ® CRECIENIN D GEVP, A,
° ®®@ © © o d  GEVP, As
381 ©9e 9, 94 o912 58] © 9795 © D GEVP, A
©®_ ©® ®0 CD o ©°98 @®©®®({> 0 GEVP, As
% g d 0
© @% Q 1 ) @ o o S)gg) 5 O GEVP, Ag
D @
3.6 © % %%%%o ({) ¢ > © 5 © 5’8@@@ d  GEVP, A,
595 2@ m% b b : ©©®9° o09%¢, ) d  GEVP, A
3 ® 90 %%%% b d D > @eee- Seee o0y - O GEVP, A
< °©o 00 22205 Fq ¢ | o 5 < °e _© 96,4
534 ® @%ee [ 534 © o, ®0000g0®d
N S ®®%®@®®®CDCD(ID q @@@ ®© °0q
® ® ®
©e o000 g0 g © %o, ®®0® ¢ g
| ® _ @ 1
3.2 ®® @©@®®®®®® 3 3.2 6@ @@ @®®@®®®®® (b )
. |
°e DO g I 0000 ® e ¢ g ol 1
®o ¢ ¢ ‘ . © 00 o cD% )
3.0 1 20000 dd . 90000 ®d
¢
2.8 , , - |
0 5 10 15 20 0 5 10 15 20 25

At At 1 1
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Energy levels

single-particle effective mass

meson: Coe_gEO cosh [EO (g — t)]

baryon: C,e ~Eot

two-particle effective mass

 eigenvalue:
C(t) . Un(t) — /ln(t: tO)C(tO) . vn(t)

A, (t, ty) ~ e En(t=to) 4 ... E,

e ratio correlation function:

R,(t, ty) ~ e AEn(t-to) 4 ... AE,

E, =EY + EP + AE,

Merr (GeV)

Merr (GeV)

1.7

1.6

1.5 4

1.4 A

1.3 A

1.2 A

1.1 A

4.0

3.81

3.6 1

3.4+

3.2 1

3.0 4

2.8

() Yoz RRT

University of Chinese Academy of Sciences

F32P30 N n=2 Nconf=286, Nboot=4000

effective mass

AF and x? (end timeslice=23)

...... 10°
wem fitting band 132 &
[c) @ v 01|\ E(to)
o ° ® ‘ Pl s o v
L e g : ‘i 150 ] b 1.2954(32) %
® 1 - 301
"C e feeq wﬂ’% > pdnrt by ¢ e
® ’ ®e i pinEs 1.28
@ ® [ -28 7
. ®®®¢®@¢@%
N ®e Pl g E 11.9 .
O] ® ® ® i = l L
- @-®-Mﬁ+ﬂ+- 1 y 126 s 55
C ®a . 3.05
® @ i
@® ®@(®®q:®fbﬁ1><bﬂ1><1 l 1.24 1.63
® i 09 og7 098 099 L 100
® ! 0.62
@®®®@; (1)%) oas 058
o000 pdd 1.22 1
. , — , 1 . . . . . 10-1
5 10 15 20 25 30 10 12 14 16 18 20
At selected tp
F32P30 DN(l=1) n=2 Nconf=286, Nboot=4000
effective mass AE and x? (end timeslice=23) 10°
L=4 P T
©e wem fitting band 3.2251
o6 s . fffff E(to) o
© e 4 ! PO S B R to )
e 4o 3.200
® oo e o i { D n=o0 $ $ 3.1814(48)
® e © F13 D n=1 ’
: ®e e i B - 10
° -:-:-688 ®0 0P g n=2 3.175 1 ¢ % %
e @ e g ; n=3
°eo .’@,_8@888@@:‘1’ b $ n=4
@ee@,\_-,@?D 0P I n=5 3.150
59000 aq ! B ne <
® S A-R-X . J D n=6 >
oo e e, oo PRy D n=7 $ 9.36 P 10°
® :
° o, ®eceopod ® n=8 Y3125 a7
. @e ®g oo i ? n=9 3.67
@e@@ ®eedogo 1; . 2.41 205 237
e . %c PPoeepad & | 3.100 1.44 1.41
e g i (i N | 118 1.15
© - ®eeseq - 10°
®o. 1®®00 (Dj 3.075
"P®ecegdooo0o0d
' 3.050
. , — . . . . . : r 107!
5 10 15 20 25 30 12 14 16 18 20
At selected t

12

xtd.o.f.
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Scattering analysis

Luscher’s formula for two-body scattering

t-(1+iM)] =0

det[1 + ip

/

Diagonal matrix of
phase-space factors

2k;
Pij = 0

ey r

Infinite-volume

scattering matrix |

/ Ecm

For single-channel S-wave scattering

L\m

Effective range expansion

Ao 2

Finite volume

information
M(E,,, L)

e

2
k cotSy(k) = ——=2Z40(1;q%)
T

1 1
kcotdy = — +=19k* + O(k*)

Re[Zoo(g?)]

() Yoz RRT

University of Chinese Academy of Sciences

Liischer Zeta Function Zge(g?)

— RelZoolg?)]

1 2 3 4
q? = (kL/2m)?

=K (1,0), ERE fit (y* = (Ap?/0)?)
S ek At A Bt U SR . A St 2 R

pcot dy(GeV)

- F48P21 Fit result, x%/dof = 0.69

13
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M ¥ Data Analysis
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Caculation of single-particle

E(GeV)

F32P30 D n=2 Nconf=286, Nboot=4000
- effective mass AE and x?  (end timeslice=27) 10 ensem ble part|C|e pz s pz s 1 pz s pz s pz -
. © [ fitting band
. X 2.025 A =
o0 A o 3 D 1.8912(06) | 1.9567(06) | 2.0190(10) | 2.0810(10) | 2.1388(10
° e | 0 o by F32P30
224 @ o b n _ 1 020 P 2.01899(87)
o Teo | SR T N 1.0644(40) | 1.1830(33) | 1.2868(39) | 1.3824(60) | 1.4776(64)
@@ © @@@@@@é)@@@mm@@( ¥l
S} ! ® n=4 | —
al o Teen. | o e D 1.8921(03) | 1.9218(06) | 1.9506(09) | 1.9797(10) | 2.0065(10)
s °, o© @@@@@@é}@@@@@@@@@om@@@ =~ w F48P30
o e ' @ ) | L1 B
I LTV SUUUUUUUUUUUDY B 3 1.0614(13) | 1.1127(22) | 1.1614(36) | 1.2111(28) | 1.2499(32)
2.0 A e o 3.16
96 O®®@@@@@@@@§@@@@®@@@@®@®@@G 20031 200 137 128
® : 102 0.64 o6s 082 0.98 - 100
1.97 @®@@@@®@6§®®®®ee®®®®®®®®@ 2.000 1 : 055 oy . . . . .
Single-particle dispersion relation
180 5 10 5 20 25 30 12 14 16 18 20 22 10 2 2 2 2
At selected ty — —
Ec=my+7Z-p°, Z=c
F32P30 N n=2 Nconf=286, Nboot=4000
. effective mass AEand 2 (end timeslice=23) . F48P30 D dispersion relation F48P30 MNucleon dispersion relation
. . ! _g:::;g band 132l @ @ 0.62 fitting band : 024 fitting band I
I e e .
L6 i ® i q g :‘U:f . o ; 1.2854(32) % a}: 0.61 0.23
e ®e P oL ' $ - 10 .
1.5 1 ® ®®®®¢¢@<}>‘}> o ::2 $ cl> x
® e © % nt 3 1.28 (I) 0607 0.22 A
1.4 ® oo X 4 .
3 o %o ¢ o ({) b | 4 s e E % 059 %021
e ® o ) ; Q L1003 8 x 8 I
5 13- e © 9 & grpmp-ord-b-d-d-d-p ¥ g 126 - ol
= ® . ! T ) . > 0.58 A 0.20 -
® ©o i 3.05
121 N ®®®®}®®co®®tb¢4> l 1.24 - 1.63 0.57 I
° ® 5 09 ogy 098 099 | 100 0.19
1.1 ®e ® o4 058 0.62 !
®0 400000 ¢ $ <{> - 0.56 x?/d.o.f= =1.072 0.18 X?/d.o.f= =1.330
i - Zeont. = 1.008(7) £ Zeont. = 0.994(14)
01 0551 : . . : . : . 0.17 1 — . : : : : : .
0 : 0 : s 20 25 30 1o 5 11 16 18 20 107! 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07
At selected tp (aP)? (aP)?

15
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Single-channel results
=0 E;,;(GeV) from ratio

n 0 1 2 3 4
DN(I1=0) Psy =10, 0, 0] DN(I=1) P =[0,0, 0] F32P30 | 2.9517(37) | 3.1444(36) | 3.3210(35) | 3.4669(48) | 3.6142(77)
= O+ N threshold =5+ N threshold FA8P30 | 2.9527(15) | 3.0325(20) | 3.1126(37) | 3.1897(29) | 3.2568(33)
3.7 mmm D' + N threshold 3.7 - mmm D' + N threshold
Non-interacting Non-interacting
@ F32P30 data @ F32P30 data
] o g mutmees) L@ f Dl . F52630 + FaBP30_ON(1=1)
B F48P30 Lischer pred @ F48P30 Lischer pred | — EREfit
ap= —0.427(15) fm © F32P30 data
ro= —0.142(45) fm [0 F48P30 data
3.5 1 3.5 - P 549  x?/dof=0.92
a»
3.4 - 3.4 3 0
= = » E T T :
Q . Q = _5 | | )
O 33- O 33 S b
_10 .
3.2 - 3.2 - = o
- Y
e -15
3.1 1 oF 3.1-
=] _ . : : : :
EX 20 0 5 10 15 20 25
3.0 | 3.0 | K [fm-2]
e = = =
2.9 1 2.9 1 This spectral pattern suggests that a coupled-channel
. . . . . . . . p pattern sugg p
2.0 2:5 3.0 35 4.0 2.0 2.5 3.0 3.5 4.0 analysis of the DN — D*N system is needed.
L [fm] L [fm]

16
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two-channel correlation

S—=DN, V =D'N 10 X 10 correlation matrix

1.00 1.00
I=0, Re C(t=14), Nconf=376 =0, Im E(t= 14), Neonf=376
ov (0 0.75 DN (0) 1 oe
oN ] DN (1) T
0.50 s
o) DN (2) '
DN (3) 1 - 0.25 5 (3) -
B -
= DN (4) T . N
— 2 = [ DN T
5 Lo.00 g -
] z © 000 2
S B*N(0) ag:_ N £
g x DN (0)
‘"
D*N (1) L —0.25
DN (1) - —0.25
D*N (2) 1
—-0.50 D*N (2) 1
—0.50
D*N (3) 1
DN (3)
) -0.75
D*N (4) - ) —0.75
DN (4)
-1.00 ™ > = ~ " S > 5 N N
© L& O < s ) N O e >
source operator (p?) Q‘E\ 10'3' ’d«\ 13‘5‘ 13‘5‘ 69 6*?- 69 619 5@ ~1.00

source operator (p?) 17
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two-channel performance

F32P30, =0, overlap, t=14, Npyot = 4000

_‘_K'

—

140 MeV

1.0 A

0.8 A

0.6

Vi

0.4

0.2 A

0.0 A

n=4 n=>5
GEVP state

N

operator

DN q=0
DN q=1
DN q=2
DN q=3
DN q=4
D*N q=0
D*N q=1
D*N q=2
D*N q=3
D*N q=4

'f’(ﬁ #"/? 75@&/?

University of Chinese Academy of Sciences

Coupling to the D*N channel (is thought to) enhance attraction
(& KN system)

(mg — )

18
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F32P30 Interaction energy level

DN and DN P =10, 0, 0] DN and DN P: =10, 0, 0]

B D + N threshold mmm D + N threshold
i D* + N threshold J D* + N threshold
3.8 F 3.8
DN non-interacting s DN non-interacting
D*N non-interacting D*N non-interacting
)
——- Ny=48 ——- Ny=48
F32P30 Nconf=376, Nboot=4000 N "
_ _ » $§ DN fitted levels (/ = 0) B DN fitted levels (I=1)
DN(1=0) DN(I=1) : : i
© o0 D GEVP, Ag ©e D GEVP, A 3.6 1 ! 3.6 1 !
a0q ©9° o GEVP, A 401 o 9 o D GEVP, Ay ! H
T e e ‘ ® GEVP, A, 5 0 4 ® GEVP, A, # | i
o 000 ©9g._ ® GEVP, As ® -9 o | O GEVP, As | H
3.8 1 @ @ - ) e ® e Yo o O '} (% CI) GEVP, A4 3.8 1 ® e © 8 © ®q I Y q} GEVP, A4 ] : :
®© 9 ¢ 96 0 GEVP, s ° o 9904 d [ U GEVP,2s I I
; ® @ ()]
. 00 @4 ®oo @ 0 & D GEVP, As o 6 6 8 8 8 P D GEVP, As — ! — !
© 9, Pegg © GEVP, A = o 8 & () ¢ ® GEVP, A > ] I > i I
364 o © o °pd ¢ | 364 S & v 34 | v 34 ,
' 8% ©,%%04¢ TER) O GEVP, A ' ©®9® 0%9e, ®o ¢ i O GEVP. A G) ' G U I
S ° o , oo d 13 T O GEVP, Ag s 0 ©® e c o0 ¢ 0 g o3| O GEVP, Aq — | = |
S g ©0© & ° 6% L ! L |
5 3.4 ° ©g%e 5 3.4 1 °® 6" 0 ®e i i
=7 @ee@eca@@@m@a,* =7 I @@®@®m®<b(§\-, ' n '
©e e g @ p e e @9 1 i
® 8 ® . [ q © ® © ) ©e @@ 0 © 0 | I 1
3.2 o “880s 321 °© ©6°%000ee i’ 3.2 - : 3.2 1 :
88990000 dd o @ e o020 aly ' ! ' - !
® ®@®®®®®®$ ® ®oe0cee ; |
®q d ¢ o ®®0 000 <I>$ d : |
O] q @ @
] J ® & 1 1
3.0 @@®®®®®®®®®¢d 3.0 ®®®®®®®®®©O S : . —~— :
] ]
] ]
1 I
2.8 . . . . 2.8 . . , . . | i
0 5 10 15 20 25 0 5 10 15 20 25 3.0 i 3.0 i
at At _I -—I

] ]
1 ]
1 I

1 T 1 1 1 1 T 1

2.0 2.5 3.0 3.5 4.0 2.0 2.5 3.0 3.5 4.0
L [fm] L [fm]

F32P30 E;,; from Isgfit
3 4 5

State n 0 1 2 6 ! 38 9

=0

2.9556(97)

3.1129(86)

3.1537(50)

3.3150(43)

3.3565(58)

3.4880(46)

3.5337(71)

3.6458(59)

3.7082(62)

3.7919(95)

=1

2.9771(88)

3.0822(74)

3.1814(48)

3.2845(38)

3.3707(52)

3.4681(35)

3.5044(60)

3.6193(35)

3.6447(51)

3.7578(56)
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M4 Summary and Outlc

Summary

»Inthel =0,1, P, = 0, and G; sector, we constructed a 10 x 10 coupled-channel correlation

matrix from five DN operators and five D*N operators

»\We extracted the finite-volume spectrum using the GEVP.

»We identified the F32P30 threshold and extracted several low-lying two-particle energy levels.

» The ten GEVP states belong to the same coupled-channel system, and significant channel mixing
IS observed within the current operator basis. A coupled-channel framework is therefore required

for a more complete interpretation of the spectrum.
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A4 Summary and O

Outlook
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|

Increase sample size

Increase the statistics and
enlarge the set of lattice
ensembles to test the stability of
the energy levels and operator
overlaps

|

higher partial waves

determine the locations of
possible three-body thresholds,
and assess the effects of higher
partial waves and partial-wave
mixing

~—~/7T1I N\ —~

|

Scattering anaylsis

Combine the finite-volume

energy spectrum with Liischer’s

method to extract scattering

Information, such as phase shifts,
scattering lengths —

\||”||
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