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I. Introduction (1)

I Lowest lying (S, I) = (0,1/2),
JP = 0+

I Naive picture:

AB

C

c

q̄l

|D∗0(2400)〉 ∝

I Our interest:

I Meson channels play a role→ test UHMχPT
I The charm-strange scalar partner D∗s0(2317)

A
B

C

|D∗s0(2317)〉 ∝
c

s̄

c

q̄l

I Its presence influences the shape of the f0 and f+ semileptonic form factors
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I. Introduction (2)
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I. Introduction (3)

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

I First principle calculations
I Quarks and gluons in a grid
I Periodic boundary conditions

ψ(~x0 +~nL) = ψ(x0)
~k = 2π

L (n1,n2,n3)→~k2 = n 4π2

L2

I Produce hadron states |Dπ(n)〉
I Volume dependence of energy levels

ωDπ (n,L) =

√
~k2 + mπ +

√
~k2 + mD vs EDπ (L)≈ ωDπ (n,L) + ∆E(L)

I mi

Comparing with LQCD L→ ∞

I Lüscher formalism δ(L→ ∞)↔∆E(L)

I Finite volume calculations
Commun. Math. Phys. 105, 153 (1986); Nucl. Phys. B354, 531 (1991)

Eur. Phys. J. A (2011) 47: 139; Phys. Rev. D 85, 014027 (2012)

Figure: Taken from S.Ryan MESON2016

LQCD Phys
mπ 391 138
mK 550 496
mη 588 548
mD 1886 1867
mDs 1952 1968
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II. Formalism (1): Unitarized scattering amplitudes

L at NLO: O(p2)

M (s, t ,u) =
C0

4F 2 (s−u) +F (s, t ,u)

F (s, t ,u) = h0F0(s, t ,u) + h1F1(s, t ,u) + · · ·+ h5F5(s, t ,u)

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

T (s) = M (s) +M (s)G(s)M (s) +M (s)G(s)M (s)G(s)M (s) + ...

= (1−M (s)G(s))−1M (s)⇒ T −1(s) = M (s)−1−G(s)

I h1−5 LECS constrained by LQCD [PHYSICAL REVIEW D 87, 014508 (2013)]

H(p1)φ(p2)→ H ′(p3)φ
′(p4)

H = {D0,D+,Ds}, φ =


− π0√

2
+ η√

6
π+ K +

π− π0√
2

+ η√
6

K 0

K− K̄ 0 −2 η√
6



S I channels
−1 0 DK̄
−1 1 DK̄
2 1/2 DsK
0 3/2 Dπ

1 1 Dsπ, DK
1 0 DK , Dsη

0 1/2 Dπ, Dη , DsK̄



II. Formalism (2): Unitarized scattering amplitudes

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

I S-matrix S-wave parametrization

Si ,j (s) = δi ,j − i
√

qi

4π
√

s
Ti ,j

√
qj

4π
√

s
Sj ,j (s) = ηj eiδj (s)

I Unitarity! (SS†) = I⇒ ImT −1
jj (s) = qj/8π

√
sΘ(
√

s− (mj + Mj ))

T −1
i ,j =

MDπ→Dπ MDπ→Dη MDπ→Ds K̄
MDη→Dπ MDη→Dη MDη→Ds K̄
MDs K̄→Dπ

MDs K̄→Dη
MDs K̄→Ds K̄

−1

−

GDπ→Dπ 0 0
0 GDη→Dη 0
0 0 GDs K̄→Ds K̄


Gi = G(s,Mi ,mi ,a) is the regularized two-meson loop function

Analytical continuation
I GDπ (s)→GII

ii (s) = GDπ (s) + i k
4π
√

s

I ξ = 0,1 Gj ,j →Gj ,j (s) + i k
4π
√

s ξj , (ξ1,ξ2,ξ3) (0,0,0)− (1,0,0)− (1,1,0)− (1,1,1)
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II. Formalism (4): finite volume

I In finite volume

Gj (s) =
∫
R3

d3q
(2π)3

f (~q)

s−ωj (~q)2 → G̃j (s,L) = ∑
~q(L)

1
L3

f (~q)

s−ωj (~q)2

I Energy levels↔ eigen-energies

Si ,j (s)→ S̃i ,j (s,L)

Ti ,j (s)→ T̃i ,j (s,L)

Let us denote them as E(L),

detT̃ −1
(

s = E(L)2,L
)

= 0, i .e., det(M−1(s)− G̃(s,L)) = 0

No interaction

Take Mi ,j → 0. Recall ωi (n,L) =
√

n( 2π

L )2 + M2
i +

√
n( 2π

L )2 + m2
i

I G̃i ,i (s,L)∼ ∑~q(L)
...

s−[ωi (~q(L))]2
= ...

s−ωi (0)2 + ...
s−ωi (1)2 + ...

s−ωi (2)2 + ...

I det(M−1− G̃(s,L)) = 0⇒ s = ωi (n,L)2

I M 6= 0: deviation of E(L) from ωi (n,L)

n = n2
x + n2

y + n2
z = 0,1,2,3,4,5,6,8...
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III. Results (1)
Energy levels and poles
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III. Results (2)
Amplitudes and phase-shifts

Dπ → Dπ

Dη → Dη

DsK̄ → DsK̄
I Lower pole: Dπ → Dπ amplitude

clearly peaks at E ∈ (2.1,2.2) GeV

I Higher pole: curious shape, enclosed
by near thresholds

I Influence in B→ D−s K π decays
Babar: Phys.Rev.Lett. 100 (2008)
171803
Belle: Phys.Rev. D80 (2009) 052005
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III. Results (3)
SU(3) limit

The two pole SU(3) origin
I We take the SU(3) limit

mi →m

Mi →M

I 3̄⊗8 = 1̄5⊕6⊕ 3̄
I Mi ,j → diag(M1̄5,M6,M3̄)

I Mi ,j → diag(M1̄5,M6,M3̄) =1 0 0
0 −1 0
0 0 −3

(I+ F̂NLO(s))

I Ti ,j → diag(T1̄5,T6,T3̄) 3
one-channel interactions!

I How do we relate the poles?

I m̃(x) = mi + x(m−mi )
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Summary

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

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

I Our scattering amplitudes show a two-pole structure in the range of energies of
the D∗0(2400) (2.1∼ 2.4) GeV

I We have studied the SU(3) origin of the two-poles, finding that the lighter (2.1
GeV) and the D∗s0(2317) build the 3̄ triplet (mass puzzle)

I This two-pole structure also predicted in JP = 1+ and in the bottom 0+ and 1+

sectorss
I Thank you for your attention!!


