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Partial Wave Analysis
With various Model:

Such as Breit-Wigner Form,
Flatte Form, Coupled Channel
Form, and so on
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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
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Motivation: 1 mass dependence

The p is the best one! =

The largest lattice T=u

data of p.

The lowest state can

decay through Guo =Dy memewy

strong interaction.

We almost clearly
understand p.
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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

Lattice spacing effect,  EgEggsasgs
Fermion action effect... ) (4
CLQCD

We need a systematic Lattice
data group to study p !
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Lattice QCD introduction

1. QCD theory: on a box in the Euclid four space 1500 ———T——g—rT : - 180 —————————
| \ \\ | | -
QCD theory 1400 i 180 | .
(Nsa)3 X (NTa) [ 1 120 _ / _
< 13001 g — I ( ]
Lg(q) Nla = 1200- - E 90- -
7 $ w 60
a 1100 . wl
1000 - 1 1 | - 1 i i el 1 I | - 1 - 0 i 1 i i i i i
. 3 4 5 ] 7 8 9 10 1000 1100 1200 1300 1400 1500
2. a-> UV cutoff, Nga -> Infrared truncation L (fm) E (MeV)
3. Lattice QCD -> a model of statistical physics. .
1 - -
(0) = j DgO[4]P[#] P[¢]:?e‘ r 5 _ jD¢e—8[¢] L E 57[7[ (E)
@: field quantity, S[¢]: Action, O[¢]:physical quantity 5(k):A(L) mod 7
4. Monte Carlo method
5. Three steps for Lattice QCD to real world M. Luscher, NPB 354, 531 (1991). V
a, Configuration Amplitude to
b, Measurement (Z)) NI (e Gy)- T zie Resonance
c, Transformation information
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C24P34
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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)
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P meson spectra on LOCD -- Spectra
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There are 8 different spectra
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P meson spectra on LOCD -- Spectra
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P meson spectra on LOCD -- Spectra
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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

Name _volme _spacng L v |t}
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1. The lineshape of the

phase shift from large
lattice size are even
more smooth since m,L
is larger

There exists the jump
of phase shift from 0
degree to 180 degrees
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P meson spectra on LQCD -- Phase shift of nw
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mp(MeV)

0 meson spectra on LQCD -- M & ' of p meson

a? dependence

m2 dependence

840
4 a=0.1053fm + 4 m;=300MeV
750
820 0.052 0.077 0.105
828/49 794/48 748/42 300
+
7301 s
EQ
«* 0 754/110 722/75 990
720 1
-
760 1
7104 .+.
740 - 716/153 135
0.02 003 004 005 006 007 008 009 0.002 o.00a 0008 008 T
mZ(GeVv?) a2(fm?)
m, = cy + c;m2 + c,a? = o + Cym2 + Tra®
p — Co 1My 2 8 =Co 1M, 2
Spacing (fm)
c1 = 0.7611(85) GeV, ¢ = 6.37(11),
Cy = 0807(81) GeV_l, Cr = —3,35(87)63‘/_2, Table 4: Fit results for my, gmr and Zple
) ) CPO &3P0 C32P23 & CASP23 CsPI4 F32P30 & F48P30 Fa8P21 HARP32
— _ M ~ ' - m, 743.38(6.0) 722556.6) 7160(1046) 794.6204.29) TS132.98) §283074)
c3 = =7.13(79) GeV - fm™, 3 = —16.8(6.9)fm™, . 5.249(79) 5,32((14) 6.04(44) 6.09(58) 6.80038) 6.44(45)
Zooe | T44.94(6.0) - 1989(15)i  71523(5.6) - 384T(28) 703.89(104) - 70.778.5)i  789.654.3) - 2471(1L0)i  T4353(3.0) - 24617 824.51(7.4) - 22.93(0.9)

y*/d.o.f = 0.76
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mp(MeV)

0 meson spectra on LQCD -- M & ' of p meson

m2 dependence 840 - a? dependence ) .
& a=01053fm 4 m,=300MeV p(770) T-MATRIX POLE /3 (761 — 765) — i(71 — 74) MeV
750 - -+- p(770) MASS
820 A NEUTRAL ONLY, e e 775.26 = 0.23 MeV
740 - CHARGED ONLY, 7 DECAYSand e" e 775.11 £+ 0.34 MeV
400 MIXED CHARGES, OTHER REACTIONS 763.0 + 1.2 MeV
s -+- CHARGED ONLY, HADROPRODUCED 766.5 + 1.1 MeV
7301 = NEUTRAL ONLY, PHOTOPRODUCED 769.2 + 0.9 MeV
S 780 NEUTRAL ONLY, OTHER REACTIONS 769.0 = 0.9 MeV (S = 1.4)
7201 M 770)°~Mp770) 0.7 £ 0.8 MeV (S=1.5)
T 760 - My(770)* ~Mp(770)
7101 p(770) RANGE PARAMETER 5:8703 Gev-d
. . . . . . | . 2404 + p(770) WIDTH
002 003 004 005 006 007 008 009 0.002 0.004 0.006 5,008 0.010 NEUTRAL ONLY, e*e 147.4 + 0.8 MeV (S = 2.0)
ma(Gev?) a2(fm?) CHARGED ONLY, 7 DECAYS and e* e 149.1 + 0.8 MeV
2 2 MIXED CHARGES, OTHER REACTIONS 149.5 + 1.3 MeV
mp =cgtcomy +ca Here we take Mp_phy = Mpo~ 135 MeV CHARGED ONLY, HADROPRODUCED 150.2 + 2.4 MeV
NEUTRAL ONLY, PHOTOPRODUCED 151.512% Mev

J??p — 775 l8(8 .S)BIBV, rf}(}?’lp‘) — l 60( lo)h[evl, NEUTRAL ONLY, OTHER REACTIONS 150.9 = 1.7 MeV (S=1.1)

7100~ ooy 0.3 + 1.3 MeV (S=1.4)
| IO 1.8+2.1

p(770)

Zpole = 7166.7(8.6) — i76.5(4.4)MeV.
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P meson spectra on LQCD -- Phase shift of nw
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1. The lineshape of the

phase shift from large
lattice size are even
more smooth since m,L
is larger

There exists the jump
of phase shift from 0
degree to 180 degrees
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H=H,+H, Resonance
(Mass , Width, Pole position, Coupling)

o = 32 (8)m, (B |+ Jatk, )| Vi +kE + i, +K7 J{atk,)
B> bare state, bare mass m;

la(ky,)> non-interaction channels
e HEFT

H, = §+9 >RBF
EEWK De.(8]+[B)g.. etk I \

k k T matrix
0= 3k, ), () >< Tmar o

Inelasticity) Spectrum
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P meson spectra on LQCD -- Phase shift of nw

VoG @)

S Resonance
oz — mB >(z)’

] (Mass , Width, Pole position, Coupling)
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HEFT
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I T matrix Lattice
(Phase Shifts, Spectrum
inelasticity)

Three free parameters, my g mn.Aprr
Here we take g, pny as constant for <, | 1

different m,; and a. £ 150 1
But mg IS pion mass dependence. }

mg(mﬂ, a) = cqo + (;lmfr + (faz,

f@ 4“? 1 /ﬁﬁ*’? () v Swc i
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m3 — £a* (MeV)

P meson spectra on LQCD -- Phase shift of nw

= 0.7611(85) GeV,
¢ = 0.807(81) GeV~!,

Three free parameters, m5,9 A prr

co, €1,€) = (840, 0.72 X 107, =7912),
Here we take g,nz,A,rr @S constant for (co, €1,8) = ( )

. 125 -0.88x 1073 —7474
different m, and a. P | | es=-7.13(79)Gev - fm™2,
But m2 is pion mass dependence. cov (co, €1,€) = 0.013x 107 117X 107,
Mp ISP ¥ 739 % 10°
m‘f(mﬂ, a) = co+ (;]mfr + (faz,
h
mﬁ(mﬁ ¥ 0) = 853+10 MeV

920 -

mp ™ = (792 + 11 +4) — i(64 + 4 + 4),

900 -

880 -

Zpore = 766.7(8.6) — i76.5(4.4)MeV .

860 -

840 -

20 40 60 80 100

miAHey) p(770) T-MATRIX POLE /s (761 — 765) — i(71 — T4) MeV

s =T A

& TanvExy
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Summary 24

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!

m, = 775.8(8.5)MeV, TI',(m,) = 160(10)MeV,

Zpole = 766.7(8.6) — i76.5(4.4)MeV.
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Thanks for attention!

) Ya#emRy (0

A . N a
[ poy

.Y
1 1 ol




