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Background

Background and Motivation

EXP Phase Shifts: §;(F)

Lischer's formula

LQCD Spectrum: E, (L)

NPB 354 (1991) 531-578
Martin Lischer.
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Background

Phase Shifts: "
H=—-——V?
2MV +V(r)

Spectrum:

1 2
Hp, = —ﬂv .+ > V(r+mnL)

nezs

Liischer’s formula is potential independent.
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Background

Phase Shifts: "
H=—-——V?
2MV +V(r)

Spectrum:

1 2
Hp, = —ﬂv .+ > V(r+mnL)

nezs

Let the potential be the bridge between them.
Fit V(r;{par}) to one, predict the other.
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Background

HEFT

Nature of Resonance
(Complex Momentum Space)

S-Matrix Elements

(Real-Continual Momentum Space)

Hamiltonian

Lattice Spectrum
(Real-Discrete Momentum Space)
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Background

Hp = Hor + V1,
2
1 [(2mn 2mn’ 2mn
=% -5 () mal+ ¥ v ) m) el
neZz3 K n’,neZ3
In‘ngcut

IS
nezs nezs

For N..t = 600, we have 61565 states.
(For L = 3 fm, Ng ~ 10 GeV)
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Background

Hp = Hor + V1,

In the early works, for pure s- and p- waves,

61565 — about 600 .
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Background

0" =AT,
1" =T;,
2t =EtoT;,

3" =A, 0T, 0T,,
4T =AT0oET 0o T © T,

S

@ The of the rotation group will reduce into
the irreps of the cubic group.

@ Partial waves decoupling in the infinite volume
can be mixed in the finite volume.
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Partial Waves Mixing in HEFT

27Tn 27rn

Hp=Hop+ Y Vil T I ——)[n) (n]

n’ ,nez3

Hp=Hop+ Y > vrpr(kn,ky) Z|N’FF’ o) (N;T, F, o
N/ ,NT,F'" . F

|N;T', F,a) denotes the a-th vector of the F-th occurrence of the ir-
reps I' in a given N = |n|?.
@ Choose the basis |N; T, F, «) with its states coupling as few as
possible to the potential.

@ Find the relation between vr g/ p and V.
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Partial Waves Mixing in HEFT

27TII 27rn

Ay = ) ')l

n’ ,nez3

Hp=Hop+ > > vrpr(kn, ky) Z|N’FF’ o) (N;T, F, o
N/ ,NT,F'" . F

|N;T', F,a) denotes the a-th vector of the F-th occurrence of the ir-
reps I' in a given N = |n|?.
@ Choose the basis |N; T, F, «) with its states coupling as few as
possible to the potential.

@ Find the relation between vr g/ p and V.

Yan Li et al. (UCAS and CSSM) HEFT within Partial Waves Mixing June 10, 2019 8 /24



n)
N=n | 0 1 2 3
) I 6 12 8
[N;1,m) 1 00 00

N=0: (0,0,0)
N=1: (+1,0,0) (0,+1,0) (0,0,+1)

1=0,1,2, -
(=1,0,0) (0,—1,0) (0,0,—1)

m=—l, -, +l
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n)
N=n | 0 1 2 3
In) T 6 12 8
Yo (B [N;1,m) 1 00 00 00
; b (8) ) with leur 1 (et 1)? (et D)? (et 1)?
|N;1,m)
N=0: (0,0,0)
1=0,1,2 -, lu N=1: (+1,0,0) (0,+1,0) (0,0,+1)
m=—l, -, +l (=1,0,0) (0,—1,0) (0,0,—1)

lcut
> (@214+1) = (lewe+1)? = 25 for Loy = 4
=0

Dimension: big number — (leyt+1)%x Neye+-1
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n)
N=n | 0 1 2 3
) 1 6 12 B
Vi () |0 |N;l,7n> 1 00 00 00
; " with lcut 1 (lcut + 1)2 (lcut + 1)2 (lcut + 1)2
|N71§F7 f:a> 1 Fcut Fcut Fcut
|N;1,m)
Z[CI]F,]",O;WL |N1 lv WL>
™ 0" = AT, Fot(T = Af Iy = 4) = 2
1 =T,
IN.ET, f,a) Lo
2"=E"aT

3" =A,9T, 0T5,
4" =AToET 0TI 0 T7,
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n)
N=n | 0 1 2 3
) 1 6 12 3
Vi () |0 \N;l,m) 1 00 00 00
; " with let 1 (lew +1)*  (lar +1)* (loue +1)?
|N71§F7 f:a> 1 Fcut Fcut Fcut
|Nlm> |N§F7F7O‘> 1 SFcut SFcut SFcut
1Y
Z[CI]F,]",Q;WL |N1 lv WL>
m 0+ = Ai’_7 Fcut(F:ATalcut:4):2
1 =T,
IN,I;T, f, ) b

3" =A,9T, 0T5,
4" =AToET o T 0 T7,

Orthonormalization

|N;T,F,«) Dimension: big number — at most F u X Ney+1
~ 2x600 for lcye = 4, Neyt = 600
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!
In) = Y v = 3 1T 2T

n’,nez3 n’,nez3

> vk, k) Yo ()Y, (8)
Im

Z Vi (1) 1)

|N,l,m> VszZL kN/ kN Z\N’lm)(Nlm\

N',N 1 m

Z[CI]F,]",O;WL |N1 lv WL>

m

IN,I;T, f,a) Vi = Z ZL73'1)1(kN/,kN) Z N I;T, f,a) (N,I;T, f,

NN 1 I.f.a

Orthonormalization

|N; T, F ) Vi = Z Z vr rr p(kne, k) Z|N/ I, F',a) (N;T,F,al

N/,NT,F',F
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Mixing

!
In) = Y v = 3 1T 2T

n’,nez3 n’,nez3

> vk, k) Yo ()Y, (8)
Im

Z Vi (1) 1)

IN;1,m)

vp,pr p(kne k) = ZL_3'Ul(kN’>kN)[Gl;F]N’,F’;N,F
l

Z[CI]F,]",O;WL |N1 lv WL>

m

|N7l’F7f7a>

Need to know the inner products between |N,[;T, f, )

Orthonormalization \J

|N; T, F ) Vi = Z Z vr rr p(kne, k) Z|N/ I, F',a) (N;T,F,al

N/,NT,F',F
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)

[PN]I’,m’;l,nL = <N' l,77n/|N;l’7n ZY}/TH’ Y'I"L )
> Yim(
: 2x2
l
|N;1,m) af
25%25 -- _
I [PIC] o
for leys = 4 _— Lo
Z[CI]F,]",O;WL |N1 lv WL>
|N7 l’ F? f? a>
Orthonormalization

[PN:FA,u]l/,f’;lﬁf =

IN:T, F, ) /

Combination Coefficients

(N,I;T, f',alN LT, f, )

m’,m

Z (CrIE 1 o [PN N0 im0 m [CHD, fr0im

[Gurlwprne = S (N, FLal N LT, f,0) (N:LT, f,a|N:T, F,a)
I
Yan Li et al. (UCAS and CSSM)

HEFT within Partial Waves Mixing

June 10, 2019 15 / 24



Example of Isospin-2 w7 Scattering

:;i N=1
Dashed curves show the oo ,
, 11 blue data points
show the LQCD spectrum.
::L N=1
PRD 86, 034031 (2012) .
Jozef J. Dudek et al. o
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Example

12+ ]
S vi(p, k) ~ fi(p)Gifi(k)
(dy x k)!
By~ (G XE)
= of fi(k) (14 (d % k)Q)WH ]
A i
; : : :
ak

2 parameters (; and d; for each v;.

Gy 1 = peak, T da | = peaky, —
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Case | x? |data| Gy dy | Gy da | Gy dy
A 13.4 | 11 | 68.5 4.63 56.4 da 74.3 da
B 10.5 | 11 | 67.8 4.57 90.6 dp | 3.40%10% dp
C |977] 11 |67.2 454|187%102 do |2.34%10° do

da =717~ 0.8 GeV, dp = 4.78 ~ 1.2 GeV, dc = 3.58 ~ 1.6 GeV

Dimension of Hamiltonian:
Af: 923 E': 965, TF: 963, with Ney = 600, ley = 4.

Fit with dy and d4 free show an unreasonable behavior.
So we choose to fit with them fixed.
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0.25+
- N=2
. 3 020 =
Up { A} N=1
Spectrum. °
0.15F =
N=0
Down:
The free state constituents of I i 20 22 24 2

the eigenstates. Lfa,

(T'=Af, L=24)
(shown in percent)
|N=0 N=1 N=2 N=3 N=4
Ist [ 997 02 00 00 00
2nd| 01 974 19 02 00
3d| 00 15 945 28 03
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Summary
Summary and Prospect

v Partial waves mixing in two-particle rest system.
@ Moving system.
@ Three-particle system.

@ Model independent information involved in the eigenstates.
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