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Experimental Ds spectrum
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o Unexpectedly, the D}, (2317) lies below the DK threshold.
@ Possible interpretations: tetraquark, molecule state etc..

Antonio Cox (UR) States D (2317) and Ds; (2460) July 28, 2016 2/

/



Including the scattering state

Close-by energy levels: standard gq interpolators alone do not
distinguish the ground state from the scattering state.

Need to include the scattering state in the analysis.

This is done by computing the correlator matrix:

(00, (1) Op,) (0o, (1) Oy -
Gi(0= ( (Opk (t) Op,)  (Opk (t )OZ)K> ) Snane

The energy levels are obtained from the exponential decay of the
eigenvalues.
A (t) ~ e~ Mpst

C(t) Vi = /\C(to) Vi — Ao (t) ~ e~ Eokt

The eigenvectors are related to the overlaps of the operators used
with the physical states, v_.! oc z,; = <n[OIT|0).

The inclusion of four-quark operators significantly increases the
computational cost.
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Finite volume dependence

En = \Jma+ K+ \/m}+ K2+ AE, kn=2n

= \Jma+pd /i + 2
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Pn = T qn

@ Liischer’s relation:
2
pcoté (p) = 2 VanZno (1; ﬁ;ﬂ)

@ Effective range approx.:
pcotd (p) = ;10 + %rop2

@ oo volume bound state pole condition:
pcotd(p) =ip

@ Volume dependence:
BEo() = 28 (1+a2tal)+..
Ess (1) = AEss(x) (14 2y pgipme P+ )
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Lattice set up

Multiple volume ensembles are employed, splitted into two sets according to m;:

Ky a [fm] v am; my [MeV] | Lm; | mk [MeV] | mp [MeV] | mp« [MeV] | Neonf
0.13632 | 0.071 | 24% x 48 | 0.1112(9) | 3060(25) | 252 | 540(2) | 1907(3) | 2038(5) | 2222
0.071 | 323 x 64 | 0.10675(52) | 294.6(1.4) | 3.42 528(1 3) 2030(5) 1453
0.071 | 40% x 64 | 0.10465(38) | 288.8(1.1) | 4.19 527( 4) 2000

0.071 | 643 x 64 | 0.10487(24) | 289.5(0.7) | 6.70 | 526( 1) | 2030(2) | 1463
0.13640 | 0.071 [ 48% x 64 [ 0.05786(55) | 159.7(1.5) [ 2.77 500( 2) 2007(3) 2501
0.071 | 643 x 64 | 0.05425(49) | 149.7(1.4) | 3.49 | 497( 1) 1996(3) 1591
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Figure: Dispersion relation for the D.
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Diagrams

Two main channels are studied, the 01 and 1%.
Operators with the corresponding quantum numbers are required.

Both Ds-like operators and DK-like operators are present.

JP Physical states Two-quark op. Four-quark op.
0F D}, (2317), DK Op, =3lc, Op; =5vc Opk = (y5¢) (55u) + (dysc) (51sd)
17 | D1 (2460), Ds1 (2536), D*K | Op, =57i75¢,  Op; = 5717i75¢ | Opk = (Wnic) (5ysu) + (dic) (57sd)

Five smearing levels are performed in total for the Ds and one for the DK.

The Wick contractions: 2-point, “‘Q”‘ ,,<+
triangular and box diagrams. K
Cost increase: light quark inversions and N ,,<:'>,” !
sequential propagators. ,\<>,\

K K

Sequential propagators and the one-end-trick

N M;(Y):ZG;(%X)’I(X) f=lsc
) (x, t:) 1) (v, ts)fri(x—y)JrO( ,
Z VN st (yit) ZG'k (.2 ( )k/(z) £ =Is,cl
M| S Total
Number of inversions per config. per spin-colour: Sct':;;';e g g 134
Light 3 | Nr|Nr+3

Antonio Cox (UR) States D



Energies |

0% D3(2317) channel m, = 200 McV. 0* D3(2317) channel m, = 150 MV’
27
2700 T
4
2650 i
[
2600 LI IR S % % ! i

oo [T i
oL - T P s s
mop. * o1& BB} ool Eroy Pl I i
e L i i

2300 i
2250

! 6 8 10 12 14 8 10 12 14 16 18

time [Lu] time [Lu]
1% D,y (2460) channel m; = 290 MeV 1+ D,1(2460) channel my, = 150 MeV'
2800 T
L8 ——

2750 B i

i ! I
ESTIT) S T oy
wly b ”IINTH
2450 fy b ; } i
2400 1
6 B 10 2 11 g 10 2 11 16 18
time [Lu] time [Lu]

Figure: The effective masses of the eigenvalues E, = log %
n k)
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Energies |l

1+ channel my = 150 MoV @ One exp. fits vs two exp. fits
310 performed.
3050 | @ Splitting of the lowest eigenvalue when
2050 I I including DK operator
2550 l l @ Independence of Ds; (2536) from the
o D 20— scattering operator.
200 e 5836) ot
Efo 2520 } Scalar Vector
1 1 1 { BS 55 BS 55
53]
2500 24 | 2318(5) | 2594(13) | 2435(6) | 2691(16)
32 | 2352(5) | 2529(5) | 2469(6) | 2621(14)
- 40 | 2362(4) | 2485(6) | 2477(8) | 2602(6)
: { 64 | 2382(3) | 2440(5) | 2496(4) | 2570(3)
] ] 48 | 2332(5) | 2417(6) | 2440(4) | 2535(4)
2460
N I { | 64 | 2344(4) | 2402(6) | 2449(5) | 2513(8)
2440 Table: Fitted energy levels in MeV.
Without DK op. With DK op.
Tyl Tyl I ol Tl
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0" D}(2317) channel
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Volume dependence

200

100 |

-100

0% D*(2317) channel

MeV —a—
MeV —e—
Expt. *

AE [MeV]

200

100 |

-100 |

1% Dy (2460) channel

“\ my =290 MeV —a—

my = 150 MeV —e—
Expt. %

.
e
*

Antonio Cox (UR)

States D] (2317) and Dg; (2460)

July 28, 2016



Infinite volume extrapolations

0 1 ot 1t
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Jr

0" channel 17 channel
my =290 [MeV] | m; = 150 [MeV] | Expt. [MeV] | m; =290 [MeV] | m, = 150 [MeV] | Expt. [MeV]
20 [fm] —1.13(4) —1.49(13) —0.96(5) —1.24(9)
7o [fm] 0.077(33) 0.199(87) 0.106(64) 0.265(74)
[Poo] [MeV] 180(6) 142(11) 219(7) 180(11)
Am [MeV] 40.4(2.7) 26.3(4.3) 451 50.3(3.8) 42.0(5.2) a7
mp, [MeV] | 2383.5(2.4) 2347.8(3.9) BI77 2496.5(3.6) 2450.8(4.0) 24595
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Conclusions

@ Multiple volume simulations were performed in order to establish the
finite volume dependence of the ground and first scattering state in
the Ds sector.

@ We confirm the existence of a bound state below threshold for both
0" and 17 channels and compute the effective range parameters of
DK scattering.

@ The use of stochastic sources is a valid method to handle sequential
propagators.

@ Our work still needs to be refined.

@ In particular, the amount of DK in the Ds wave function via
Weinberg compositeness condition can be checked.
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