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Partial Wave Analysis
With various Model:

Such as Breit-Wigner Form,
Flatte Form, Coupled Channel
Form, and so on

Motivation

Resonance

(Mass , Width, Pole position, Coupling)
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Motivation: Spectrum & Scattering

« Spectrum: Table of the energy of the physical states, can reflect the
Inner structure information.

 Scattering: The line shapes of Cross section or T-matrix show the
properties of the states and interaction.

e These observables can constrain the models.

% Powerful Parameters, Powerful Model
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Lattice Spectrum !!!

Motivation: Scattering

V., (g k)t (K, g E)
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- Sizesae
| attice QC D Build configuration for | EEiEaaan
different pion mass Costl EiEiiEEEE
1. QCD theory: on a box in the Euclid four space SEEEEEE=
CLQCD
QCD theory
(N5a)* X (N) _
Operator in quark
= and gluon level
| g(q) |\Sa
a
v
2. a -> UV cutoff, N.a -> Infrared truncation Calculate Correlation function
3. Lattice QCD -> a model of statistical physics.
(0)=[DOPI]  PIfI-—¢"" 7 [Dge
@: field quantity, S[¢]: Action, O[¢]:physical quantity Extract energy levels
4. Monte Carlo method
5. Three steps for Lattice QCD to real world Luehk Translate energy
HEFT levels to observable

a, Configuration

b, Measurement Y, e (T(yEy.v'E))~> zle™ / Model/EFT

(y-X)ez’ o ]
Extract physics parameters from observables

R rafsRRy

c, Transformation
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Motivation: 1 mass dependence

i The p IS the beSt One! ‘,’,,La:ib,‘\],\ m,=391 Me\ n.=176 Med . @ - @ = m - ‘:3“*‘ =0 C. Alexandrou My =316 Me\

« The largest lattice N -1 T S | Bl S
data of p. L A—— N | N = g S T I O s M
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Motivation: 1 mass dependence

* The p is the best one!

« The largest lattice
data of p.

* The lowest state can
decay through
strong interaction.

« We almost clearly
understand p.

However g

L attice spacing effect,

Fermion action effect... ) (4

CLQCD

We need a systematic Lattice
data group to study p !
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C24P34
C24P29
C32P29
C32P23
C48P23
C48P14
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P meson spectra on LOQCD -- Operator
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0 meson spectra on LQCD -- correlation function

Cij = (0|0,0l[0) = 3" Zfz;*e—{

T
Computed based on wick — \ Energy level in the
contraction and quark | finite volume
propagator calculated To parameterize _the
based on the configuration. correlation function !

« Solve the generalized eigenvalue problem(GEVP)

Gij(to + dtyu? = e™"="G;;(t)u, G (1) = viGy(uf, o H ‘s
RS DRSS
G (10)G(tg + dt)],;;u% = c*uf 1 “ e - H '
i E"’"()——loggaii) - N T P e
a[g T( —I—dl‘)g (IU)} — m,u.(’;lfq 3 ! 10 rl/S 20 25

Kiratidis, et al., PRD 91, 094509 (2015)

@ Patvmry

versity of Chinese Academy of Scie S ¢ w

F|_l /mvmvﬁ\ L T




P meson spectra on LOCD -- Spectra
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Configuration: F48P30

There are 8 different spectra
with different total
momentum and irreps,
including following
Irreducible representations.:
pt=0: T;,
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P meson spectra on LOCD -- Spectra
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P meson spectra on LOCD -- Spectra

m, ~ 300 MeV ~ 230 MeV ~ 135 MeV ~ 300 MeV ~ 220 MeV ~ 300 MeV
POD1,Al1 PO01,Al FO01,A1 PO01,A1 POD1,Al PO0O1,Al
1.1
0.55 LULE
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T 6,401 0.45- %
-~ (o]
0357  ———|o040{————a
—_—— B
0.307 0.351 T — .
0254 . 0.30] — .
46 48 50 46 48 50
L/a L/a

a~0.105fm a~0.077 fm a~0.052 fm
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0 meson spectra on LQCD -- Phase shift of nirt
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P meson spectra on LQCD -- Phase shift of nw
MM“
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P meson spectra on LQCD -- Phase shift of nw
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0 meson spectra on LQCD -- M & ' of p meson

m?2 dependence

mp (MEV) g,(;rmr T! 1 (ﬁ) ‘V
C24P29/C32P29  749.0(6.0)  5.859(79) . T T i —mB - X(2)
C32P23/C48P23  723.9(5.6)  5.827(14) Vot
C48P14 714.0(34.5)  6.300(440) R 20 - [ a7
F32P30/F48P30  795.5(4.2)  5.775(58) 3 '
F48P21 754.2(3.0)  5.954(38) % HEFT
H48P32 834.8(7.4)  4.916(45) Lol
BW
m, = ¢y + cymi + c,a®  x*/d.o.f = 0.23 VST s g
| s —m2 +1+/sT(s) ‘
BW _ 760 § mP
(co,c1,c2)° " =(766.2(8.5), 0.84(9), —7.97(81)) py . Py = S Pox (s
m2(GeV?) ['(s) = Gors (é_l - mﬂ)

(MeV, GeV~!, GeV- fm™2)
Here we take m;_pp, = m; o~ 135 MeV

g = G + & ym> + &a* x>/d.o.f =0.25
m, = 781.6(10.0)MeV, I,(m,) = 146.5(9.9) MeV

(Co, C1,32)PW = (5.74(67), —=5.3(6.4), 46(48))
(None, GeV~2, fm™2)

Zpote = 768.1 (10.0) - i70.5 (4.9) MeV
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. J. M. M. Hall etc. PRD 87(2013), 094510
J.-j. Wu etc. PRC90 (2014), 055206
I ntrOd U Ctl O N Of H E FT Y. J|_i etli:.ePCRD 101(2020), 114501

PRD 103(2021), 094518

H = H0 4+ HI Resonance
(Mass , Width, Pole position, Coupling)

Ho = 2 [B)m, (B [+ 3 [ar(k,)| mzy + k2 +mZ, +K2 (k)]
B> bare state, bare mass m,

la(k,)> non-interaction channels

“ HEFT

2lak)]] _ :

X T matrix
o 5,  (Phase Shifts Lattice

Inelasticity) Spectrum

@ ranvemxsy o . . A

et University of Chinese Academy of Sciences



0 meson spectra on LQCD -- Pole of T
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Scheme A, gy = 7.0+ 0.1, Aprr = 0.9 £ 0.1 GeV without w7 channel.
Scheme B, gy = 7.4+ 0.1, Aprr = 1.0 £ 0.1 GeV with w7 channel.
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0 meson spectra on LQCD -- Pole of T
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Scheme A, gpnr = 7.0 £ 0.1, A,y = 0.9 + 0.1 GeV without wm channel mn(MeV)
Scheme B, gy = 7.4+ 0.1, Aprr = 1.0 £ 0.1 GeV with w7 channel.
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P meson spectra on LQCD -- Phase shift of nw

Only m5 is pion mass dependence. mEOle’m(A) = 787.0(15.0) —i59.0(6.0)MeV
my (Mg, a) = co + cym, + c2a° me ™) = 777.0(15.0) - i 60.0 (6.0)MeV
(co,c1,¢2)" = (817.0(13.0), 0.85(12), =7.61(89)).  /(770) T-MATRIX POLE /3 (761 — 765) — i(71 — 74) MeV

(co,c1,¢2)® = (840.0(11.2), 0.72(11), =7.91(86)).

at 0 = 90 degree

s | 3 Cemes !
1
} - = m, = 782.0(13.5)MeV, T, (m,) = 155.0(12.0) MeV
m, = 781.6(10.0)MeV, T,(m,) = 146.5(9.9) MeV
Zpole = 768.1 (10.0) — i70.5 (4.9) MeV

m2(x103MeV?)
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Summary

We using CLQCD configuration measure the rho
meson mass and width at the physical pion mass and
continuum limit with the highest precision up to now!

B Exp. EEE Exp. |Ref.[23], Dudek, et al., (H5C), M, =391MeV
_— = Ref.[7], Acki, et al., (CP-PACS), My =352
—a— =] Ref.[35], Alexandrou, et al., M, = 320MeV
—=— —a— Ref.[22], Pelissier, et al., M, = 304MeV
_— — Ref.[18], Aoki, et al., (PACS-CS), M, =300MeV
Ref.[17], Lang, et al., My =266MeV
= - Ref.[29], Wilson, et al., (HSC), M, = 236MeV
= Ref.[34]), Bulava, et al., M, = 233MeV
Ref.[33]), Guo, et al., M = 226MeV
Ref.[36], Andersen, et al., M, = 200MeV
Ref.[27], Bali, et al., (RQCD), M, =150MeV
Ref.[39], Boyle, et al., M, =138.5MeV
—_— : Ref.[16], Feng, et al., (ETMC), M, extrapolation
_ _ Ref.[32]), Fu, et al., M, extrapolation
_— —— Ref.[38]), Wemer, et al.,, (ETMC), M, extrapolation & @(a)
This waork, HEFT, scheme B & @(a?)
—_— _— This work, M, extrapolation & @{a?)
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