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Hadrons and resonances

m Most hadrons are resonances
m hadronic resonance shows up in hadron-hadron scattering process
I5" How to handle resonance equivalent to how to handle scattering

m Distinction between eigenvalues/eigenstates of Hamiltonian and

the hadrons on a finite lattice

m To really study scattering, one starts from Lischer’s formula



Liischer’s formula
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Liischer’s formula
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m Consider a system in a finite box of size L (cubic, rectangular,...),

the idea of Liischer’'s formula looks like the following:

a g

E(L) = S(E) L 5(E)
f I3
Correlators X-sections
f i3

MC simulations Experiments



Liischer’s formula
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m In the simplest case (single channel, s-wave scattering, neglecting
higher / contributions...):
BRI EERIS
= 3/2
m/%q
7 e R tando(E) = =———~
- Zo0(1,9%)

where q is related to E via

kL
E:\/m%—i—kz—f—\/m%—ﬁ—kz, 9=

m For small momentum, we will use

1 1
kcot §(E) = P §r0k2+-~-
0

with ag the scattering length and ry the effective range

(1)



Generalization of Luscher’'s formula
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ESEE m asymmetric volumes
m particles with spin
m moving frames vs. Center of Mass (COM) frame
m twisted boundary conditions

m beyond two-particle scattering



What we are studying...
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mren m currently only Center Of Mass (COM) frame

a g

m implementing moving frames and/or twisted boundary conditions
is possible

m no multi-channel effects are taken into account yet

= what about J/¢rt ?



Charmed meson interpolating operators

BT RN OB
BT

m We use the following interpolating operators

B S THE IR —

- PO(x 1) = [dsd(x, 1), POx,t) = cysd(x,t)  (4)

similarly one defines P(*) and P with the d-quark fields
substituted by u-quark fields

m the corresponding operators with definite momentum

p(d/U) K, 1) Zp(d/u) X, te —kex (5)

m similarly for vector and axial vector operators: V(d/ V,-(d/”),

A/ /)



I°(JPC) considerations
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m operators for P-V scattering

D*tD° + ¢D*°D*
11+ : ¢ D D° + DD (6)
[D*OD() _ D*+D7] + C[D*ODO _ D*7D+]
0ty : [D*D° + D" D7) + (DD’ + D"~ D*] (7)



I°(JPC) considerations
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= m V-V scattering

D*+Ey0

* — k0
I=1: Dl D (8)
NG
[D*°D* 4+ D** D*7] (9)

[D*°D*° — D**D*"]

1
2

S



I°(JPC) considerations

BT RN OB
BT

BRI E YR
1E:

m A-V scattering (S-wave, J© =07)
D DY + cD*°Dy
I=1: D"~ DY + cD*Df (10)
[D*°D) — D** D] + ¢[D*° DY — D"~ Dy
I=0: [DD) + D" D] + [D*D} + D*"Df] (11)



Finite lattice symmetries
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O(1) = Y VP (~Roka, t+ WV (+Roka, 1) (12)
i\REG

W EIER
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where « is a label to indicate different momentum modes Kk, in

finite volume and R € G is a rotation of the cubic group

m one considers the correlation matrix:

¢4 (t,0) = (0L (H0S1(0)) . (13)

This translates to various Wick contractions (quark propagators)

12" Diagonalizing Cop(t), Aa(t) ~ e Eot one gets the two-particle
energies: E,



Wick contractions
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Preliminary results: Lattice configurations
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m Use Nf= 2 twisted mass configurations from ETMC

= m lattice size: 323 x 64

m lattice spacing: a = 0.067fm (5 = 4.05)

m pion mass: 300, 420, 485 MeV (x = 0.003,0.006,0.008)
m Neopr = 201
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Numerical computations

n AHRFERRITEF S, AR IHEF R A IF
m carried out on both GPU’s and CPU'’s

m only preliminary results for one pion mass m, = 485MeV is
available (u = 0.008)

m D'D* — D°D*" computed



Data analysis
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m recall that at low-momenta, we have:
FIEE9ER

i

11
kot 5(k) = a—+§rok2+-~- (14)
0

with ag the scattering length and ry the effective range

m Utilize Liischer's formula to get kcot §(k) vs. k* o g* and fit

1/ap and ry



Preliminary result for © = 0.008
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Preliminary result for © = 0.008
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numerical results (preliminary)
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m The data points are fitted using
kcot 6(k) = A+ Bg? (15)
with A =1/ag and B = 272ry/L*. We obtain:
A=—0.006(11), B=0.23(3). (16)

IE" Note that A is compatible with 0 (infinite scattering length!),

which translates to physical units as:
ap ~ —11.5(20.8)fm, ry ~0.8(1)fm (17)

IE" 29 is large!
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B B AT £ BE i — A R AR RS

B & TAULE—A m, &ejs R, x@1pm+ Bk, THR

Hpe m, 1A RAB BTSN, RAZERAA T

H 2R, REETERERS, ZHEEZRFIRIGHEL

so stay tuned...
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