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LQCD simulation of (S, /) = (0, 1 /2) SEeCtOr J. High Energy Phys. 1610 (2016) 011.

» First principle calculations

» Quarks and gluons in a grid

» Periodic boundary conditions
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[I. Formalism (1): Unitarized scattering amplitudes

H S H / S / channels
(p1)9(p2) (P3)¢'(pa) R DR
. -1 DK
-tk T K* 2 1)2 DsK
H={D°D",Ds},¢ = T 4+l K 0 32 Dr
K- kU 21 1 1 Ds7, DK
1 0 DK, Dsn
& at NLO: 0(p?) 0 1/2 | Dm,Dn, DsK

(s, tu) = 2(s u)+.Z(s,t,u)
9(3, t, U) = h()tg.o(s7 t, U) =+ h1 91 (S7 t, U) 4+ 4 hsgs(s, t, U)

» 6 LEC describe all (S, /) sectors
» S-wave amplitudes unitarized

T(8) = M (8)+ .#(S)G(S).(S)+ .2 (S)G(S).#(S)G(S).A(S)+ ...
=(1—#(8)G(s)) " (s)=| T (s)=.#(5)"" — G(s)

» hy_5 LECS constrained by LQCD [pHYSICAL REVIEW D 87, 014508 (2013)]



[l. Formalism (2): Unitarized scattering amplitudes

(S,1)=(0,1/2)

» S-matrix S-wave parametrization

a g "
Sisle) = 1\/%‘%f W Sjj(s) = m;€%®

> Unitarity! (SS) == Im 7} '(s) = ;/87v/sO(v/5 - (m; + M)))

1
( AMpr—Dn %DW%DH '//[Dn:aDs!_( )

*7:71 =| Aonspn  Apyspn  Apy_pgk
Mpkspx  Hpsk—pn  Hpsk—Dsk
GDﬂ*}DTE 0 0
— 0 Gpn—Dn 0
0 0 GDJ(—»DS!_(

Gj = G(s,M;, m;,a) is the regularized two-meson loop function
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Gi=

i (9)=

AMpr—pr
271 =| #pn-Dxn
//[DSR—)Dn

GDﬂ,’*} Dr
- 0
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1
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[l. Formalism (2): Unitarized scattering amplitudes

(S,1)=(0,1/2)

» S-matrix S-wave parametrization

Qi - qi
Siy(8) =9 1\/ 4n\/§9’” 4r\/s

q;/87v/sO (/s — (m; + M;))

> Unitarity! (SS7) =I=Im7; '(s) =
AMpr—pr
271 = //(DnaDn
//[DSR—)Dn
GDﬂ*}DTE
- 0
0

Gi=

%DﬂﬂDn
%DT[%DT]
///DSR—>D71
0
GDnADn

0
0
GDJ(—»DS!'(

G(s,M;, m;,a) is the regularized two-meson loop function

]
Sjy(s) = metg Revs
1
'//[Dn:aDsR ()
“//anaDsR T ®+D
AMpkDsK ( 1=
— Im+/s

Analytical continuation

> Gpn(8) = G}il(s) GDn(s)+14n\f
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qi g sd R
()= by =iy 7= s Sule) =meq Rev
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[l. Formalism (4): finite volume

> In finite volume

oo [ Lo @ Gis.y L@
G/(S) = /R3 (2]1_)3 W — G](Sv L) = & 35 wj(a)g

» Energy levels < eigen-energies
Sij(s) = Sij(s.L)
Zj(s) = Fij(s.L)

Let us denote them as E(L),

det7 " (s = E(L),L) =0, i.e., det(.#/~'(s)~ G(s,L)) = 0
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> In finite volume

oo [ Lo @ Gis.y L@
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[ll. Results (1)

Energy levels and poles

No fit is performed here!
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[ll. Results (2)

Amplitudes and phase-shifts
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Summary

We have used unitarized HM chiral amplitudes previously constrained in different
channels and sectors (S, /) to compute the scattering in (0,1/2) JF = 0%

The predictions in finite volume are in agreement with the results of a recent lattice
simulation

Our scattering amplitudes show a two-pole structure in the range of energies of
the Dj(2400) (2.1 ~2.4) GeV

We have studied the SU(3) origin of the two-poles, finding that the lighter (2.1
GeV) and the D};(2317) build the 3 triplet (mass puzzle)

This two-pole structure also predicted in J” = 1T and in the bottom 01 and 1+
sectorss

Thank you for your attention!!



