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Gluonic excitations

Hybrid static potentials

= gluonic energy between a static quark and antiquark
in a distance r

® Quantum numbers Ay = X1 11, X, ...

e excited gluon field — exotic quantum numbers JZ¢
are possible for hybrid mesons

active field of research ! 2 | both experimentally (GlueX, PANDA)
and theoretically (lattice gauge theory)
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SU(3) lattice Yang-Mills data for hybrid static potentials

Main goal

® investigation of the small-r region of the II,, and ¥, hybrid static
potentials 3 4 5 ©
® precise parametrizations consistent with the continuum limit by
® combining several small lattice spacings 0.040 fm,...,0.093 fm
® removing leading lattice discretization errors

— to be used to predict the spectra of bb and éc hybrid mesons in

Born-Oppenheimer approximations (coupled channels, heavy quark
spin effects) 7 8 9 10 11 12
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(Hybrid) static potentials A;

Visualization of lattice discretization
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Reducing lattice discretization errors

Static potential at tree level of perturbation theory:
continuum 1
oV (r) o< =
° Vlattice(,r.) x G(I’)
G(r) = tree-level lattice gluon propagator
Methods of tree-level improvement:

(1) Improving the separation: 7 — Timpr

o |n|t|a”y Used for Static force [R. Sommer, Nucl. Phys. B 411, 839 (1994) [arXiv:hep-lat/9310022v1]]
® Timpr determined from —— = G(r)
impr

(2) Correcting the potential value: V(r) =V (r) — AV'2t()

o AVRH(r) = of (% - @)

® o' determined from a fit of lattice data

[C. Michael, Phys. Lett. B 283, 103 (1992) [arXiv:hep-lat/9205010v1]]

[A. Hasenfratz, R. Hoffmann, and F. Knechtli, Nucl. Phys. Proc. Suppl. 106, 418 (2002) [arXiv:hep-lat/0110168v1]]



Methods of tree-level improvement for the static potential

Unimproved data
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Parametrization of the ordinary static potential ¥}

— subtraction of a-dependent self-energy C¢

— determination and subtraction of lattice discretization errors
A‘/Iat.(z(r)

8-parameter fit of lattice data from all ensembles:

VAL (r) = Vap () + O + AV (1) ®

=4

e € {A,B,C, D, AHYP2}
® (¢ a-dependent self energy

° A\/"'at‘((z‘) =a (1 = W) lattice discretization error at

st r
24

g
tree-level

° Vz; (r) = —% + or parametrization of ordinary static potential Z;



Parametrization of the hybrid static potentials II, and >,

10-parameter fit of lattice data for Aj =11, and ¥ :

Vae®(r) = Vag (r) + C° + AVt (r) + Af g 0 (2)

o Aif"ﬂ;lt)‘r‘ia(r) = —%AV;;’C(T)Z lattice discretization error at tree-level



Parametrization of the hybrid static potentials I, a

10-parameter fit of lattice data for A] =1II, and ¥ :

Vie®(r) = Vag (r) + C° + AVt (r) + Af . 0 (2)

Q

e AV hlslt)r(.d( ) = AVIat “(r): lattice discretization error at tree-level

® hybrid static potential parametrization Ve (r) (based on

pNRQCD5):
A
Vin, (r) = = + 4> + Agr? (3)
Ay 2 Bir?
V- (r)=—+A+4 — 4
Eu(T) P i i +1+B2T+B3T'2 ()
15
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Parametrization of the hybrid static potentials II, and >,

10-parameter fit of lattice data for Aj =11, and ¥ :

VAs©(r) = Vag (r) + C° + AVebiy(r) + AF . a® (2)

o Aif"ﬂ;lt)‘r‘ia(r) = —éAVZ'a;’e(r): lattice discretization error at tree-level

® hybrid static potential parametrization Vi (1) (based on pNRQCD):

A
Vir, (r) = 71 4 Ay 4 Agr? (3)

Bir?

4
1+ Bor + B3r?’ ()

A
Ve (1) = 2 Ar Azr? +
u r

® AX,.: leading order discretization error in the difference to the
]

ordinary static potential X} (o< a?)



Hybrid static potentials II, and X

= Improved data points are obtained by subtracting the a-dependent

self-energy and the discretization errors:

Vi (r) = VE. (r) — C° — AVais(r) — A5 o (5)

Vene () [GeV]
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® Parametrization of SU(3) lattice results
for hybrid static potentials II,, and ¥, at

Improved lattice data:

2k d

r as small as 0.08 fm i
® Elimination of leading lattice discretization a5k M
errors
® at tree level: AV™(r) = o <% - %) s oLr
=3
® in the diff T Af,a? e
in the difference to X7 : A5 xca s
& ] £ 05 ensemble e:
>

® |mprovements important: Born- A e

AHYP2 e

Oppenheimer predictions of heavy hybrid o B ]
meson masses change by O(10...45 MeV) c

05+ D+

VA e (r
L An )\

e All fit parameters and data are provided in

C. Schlosser and M. Wagner, Phys. Rev. D 02 04 06 08 1 12
105, 054503 (2022) [arXiv:2111.00741v1 r
[hep-lat]]
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Continuum extrapolation of lattice data at » =

black data point = parametrization Vei m, (r=0.24fm)
— consistent with continuum limit
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Tree-level improvement

Improved data V;Jr (r)
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Fit parameters

fit. Q@ 1 G(r/a
Vii(r)=——=+or+C°+a | - - Gilr/a) (6)
g r r a
fit,e _ e lat,e e 2
V, < (r) = VA:, (r)+C°+ AVhybrid (r) + 2,A¢ @ (7)
Ay
Vir, (r) = — + Ag + Agr? (8)
T
A1 Bl’/‘z
Voo (r)= =4 Ag+ Agr> 4+ — — 9
Eu( ) T ’ 1+ Bor + Bsr? ©)
a[GeVim] o[GeV/fm] o [GeVim] x2Z,
0.0571(4)  1.064(4)  0.0735(23) 0.7
A [GeVim] Az[GeV] A3[GeVfm?] Bi[GeVim? Bplfm™'] Bs[fm™?] x2,
Fit 1 0.0124(9) 1.135(8)  0.372(7) 1.56(15) 1.2(3) 21(2) 1.2
Fit 2 0.0147(18) 1.126(11)  0.381(7) 1.57(17) 1.0(4) 23(2) 08
Fit 3 0.0065(16) 1.190(14) —0.092(91) 1.15(4) - - 0.5
Fit 1 Fit 2 Fit 3
ensemble  C°[GeV] Afy, Ay Afy, Af, Afy, A [GeV/m?]

A 1.398(2) 3.1(7) 6.7(8) 3.0(9) 6.5(9) 34(8) 5.7(9)
B 2.059(2)
c 2.472(2)
D 2.862(2)
AHYP2 - 0340(2) 1.0(7) 5.0(5) 0.9(9) 4.7(9) 1.6(7) 4.4(6)
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