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Procedure

Calculate potentials between two static-light mesons:

IR

Fit the masses J

For parallel static propagators determine:

Vaaaq(R) = Mqgzq(R) — (Mg + Mqq)- (1)
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Operators and quantum numbers |

For static light:

operator O, rep. | JE | (QT q@)meson
Y5 GT %Jr 0—,1~
1 GI |3 0F, 1"
YV Gy %_ 0—,1~
(mV1 —1Va) + cycl. H- 3 1t 2t
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Operators and quantum numbers Il

For meson-meson potentials:

operator combinations Op, SL parallel SL antiparallel
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Stochastic estimates

Masses are extracted from the time dependence of Euclidean two-point
correlation functions:
O(t) = (M, + to) MT(, 10)), "
M=QO0Oq.
Stochastic estimator techniques:
N Z Im){nl = [ (nl = 1+ O(1/VN). (5)
Solve the linear system
DIx") = In"), (6)
and substitute Eq.(5):
D™ =) {nl (7)
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Variational method

So our correlator reads:

C(t) = Z 0™ (to + t) © DG (t]to) O x™ (to), ®)
144 to+t—1 A
DG (t|to) = S [T vl +kd). 9)
k=tg

To improve our data and to extract also excited states we use several different
operators M;,: =1... N and compute all cross correlations

C(t)ij = (M(y,1)s M (y,0);). (10)
Solve the generalized eigenvalue problem and obtain the eigenvalues

c)7® = 2B @)C(to) 7™, (11)
AB) (@) oc et Me[] 4 O(e=(E—t0)AMRY] (12)

where My is the mass of the k-th state.
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Noise reduction

@ Stout smearing — reduce static self-energy

@ Gauss & APE smearing — improve ground state overlap of our
operators

@ Gauss smearing — generate operator basis

@ Hopping Parameter Acceleration (HPA)
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Technical details

Results
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| lattice size L® x T 6° x 32
163 5.29
csw 1.9192
a [fm] 0.084
La [fm)] 1.34
my [MeV] 781(3)
K 0.13550
# conf. 200
# estimates 300
smearing parameters:
Stout Niter=1,p=1
Gauss Niter = 16,50, 100 k=0.3
APE Niter = 15, a = 2.5

Meff(t + 1/2) =

In (C(t)/C(t + 1)).
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Effective masses: Static light

Mg Ve groundstate and first excited states, =2

%
\ \ I \ \ T
= x 5 } |
09— |
s J
= -
< 081 - - = = 3 I { _
071 |
06— -
[ - - - - EY - *x *® = ]
051 -
\ ! \ \ \ \ \ \ \ Lo 1.
0 1 2 3 4 5 7 8 9 10 1 12

11/19



Results
[e]e] lelelele]e]

Effective masses: Meson potentials parallel |

MQ&&Q(R =0..5):y; [y , groundstate, t, = 2
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Meson potentials parallel: Vz0(R)

VQaaQ (R) from 2exp-fits
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Effective masses: Meson potentials parallel Il

MQEEQ (R = 3), groundstate, t, = 2
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Meson potentials parallel: Mass splitting

MQaaQ (R): ZU - I'Iu , from lexp-fits
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Effective masses: Meson potentials antiparallel

aMdf
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Meson potentials: antiparallel

wilson loop & M - (R) from 2exp-fits
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Summary & Outlook

Summary
@ Attractive potential between two static light mesons for small distances
@ Mass differences between X and IT states are smaller than ~ 50 MeV

R—o0

@ Mqgqa(R) — 2Mqq

Outlook
@ Go to larger lattices
@ Fit more operators
@ Analyse crossing diagrams:
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