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®1 ASCHESR S IR E R ELE

Table 1. Results of meson masses.

Meson — M®P/GeV  MP2/Gev  M[PRU/GeV  M™M1/GeV  Mth2/GeV  pth2/GeV

D(11Sp) 1.869 2.017 1.998 1.925 1.925 5.019
D*(138;) 2.010 2.088 2.071 2.141 2.141 5.019
Ds(11So) 1.969 2.046 2.028 1.944 1.902 5.079
D} (1%81) 2.112 2.140 2.121 2.169 2.130 5.079
Dy (11Py) 2.422 2.628 2.600 2.429 2.451 5.019
D2(13P2) 2.460 2.604 2.571 2.590 2.590 5.019
ne(11So) 2.983 2.978 2.977 2.979 2.979 3.677
J/p(1381) 3.097 3.096 3.095 3.096 3.096 3.677
he(11Py) 3.526 3.550 3.540 3.536 3.536 3.677
Xeo(13Po) 3.415 3.413 3.418 3.432 3.432 3.677
Xe1(13P1) 3.511 3.517 3.518 3.523 3.523 3.677
Xe2(13P2) 3.556 3.548 3.569 3.570 3.570 3.677
n.(21S0) 3.639 — — — 3.645 3.677
V’(2381) 3.686 3.771 3.777 3.776 3.776 3.677
B(1180) 5.279 5.409 5.377 5.431 5.412 0.643
B*(1%81) 5.324 5.426 5.394 5.464 5.419 0.643
Bs(1'Sp) 5.367 5.442 5.409 5.443 5.441 0.475
B (1%81) 5.416 5.465 5.433 5.482 5.445 0.475
M (11S0) 9.399 9.398 9.409 9.382 9.417 1.036
T(1381) 9.460 9.426 9.418 9.425 9.421 1.036
xbo(13Po) 9.859 — — — 9.806 1.036
xp1(1°P1) 9.893 9.811 9.810 9.803 9.811 1.036
Xb2(13P2) 9.913 — — — 9.855 1.036
T(2381) 10.023 9.959 9.956 9.952 9.954 1.036
X1o(23Pg) 10232 — — — 10.204 1.036
X, (23P1)  10.255 10.207 10.209 10.209 10.207 1.036
X} 2(23P2) 10.269 — — — 10.241 1.036
T(3%81) 10.355 10.372 10.372 10.368 10.369 1.036

WE: b =0.252 GeV?; Vp = —0.658 GeV; my = 0.395 GeV; mgs = 0.553 GeV; m. = 1.754 GeV;
myp = 5.051 GeV; ML 1 = c_ 1 (s — 0.948) =1 + co + ¢1 (pta — 0.948), c—1 = 0.33324 GeV?,
co = 2.23910 GeV, ¢1 = 1.27400; M*™2: p = c_3(pa + 0.512)73 + c_o(pa + 0.512)72 4
c—1(pa +0.512) 71 + co + 1 (pa + 0.512), c—3 = 102.73048 GeV4, c_2 = —268.99630 GeV3,
c_1 = 230.01832 GeV?, cg = —69.43322 GeV, c1 = 6.69000.

B (27) AR B R A T2 ) BEARG, [ IR IF 48 R oMb A T B0 1 . X FES
B LI BT I B, I EL S FOH  B  , (H St — R 5 ) V007 B (27) AT L T 45 TR AT
L B T H LA B A 710 i ik 5 GALPAEECE

4.700 GeV i, M5t SoAs FEAN &1, e 1 ). p=c_3(pta +0.512) 7% + c_o(pua + 0.512) 72
N THEHUA BT p Al xF (27) e 0 IRk + c—1(pta +0.512) 7" + ¢ + ¢1(pa + 0.512).
AT REBIE, HEZRIE R LA BT o H A6 50 (28)
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H28) X EREIANABA T uECEEHER
F]0.550 GeV & A, A I 5T &K FE 1 # A BT 52
m, WMRLETA. NP RRIFRE e 1, co, a1
FE)AXF IR R c_3, c_a, c_1, co, c1 A
1), B AE R — R S &, (RS R T TE
Wi, —EBEES G (27) 1 (28) AT HALL B i A2 A0
BUEVH R A Be g Ok, FE b AU B BN
Jafuhr, BAREE CAIER 1 ERE.

T % iE

B 5 R SCHR [21) HH 45 H A TR a2 B e
2 (29) i\ Ha = EBa, J8iLia 55 7 56 0 5 i
EH AT S 8%k ) R A, IV, R
F IR my (my = ma), ms, me, my, PERAEE, 28
J& 43 5 FH BE s & e R IE 20 (27), (28) Hffin-p,
Ne-J /U Fnp,-T (1s) S5 H ZA7 2 A AT i RS 2,
73 27T BEIE U SL I E A T = AUEM, A
IR E (19) S R0, R Y % 5 i A%
RIS B R R

B EIGAE, 0T H A (19) K, #EE R
ovs TR oF 5 (9 58 5 R 30 8 TR R SR [21] A A
P o A1 .

Rk 5D 7 B S 7 B 4 AR R 1R 5
B BA B, AR 2 AR B3 % R B ki,
RNIEH A S BRI B HERK, MR E
Ty SEILES LR m v RORS . RIS — A
HHBRZWAN FEERLIN K TS 57 u,d,s, ¢, b,
HEF MR, WM EA R IEZRHWES
(ERER) G BRE.

AR, R 1B T — i s gh ) Hop,
551 FVEE Mexp 2 BUE SCHR [10] 1ISES &, 552
) M POVRIES 3 51 M P 43R SR [20, 21] T4
B 45 Mt RIS 5 5] M2 A L R — 3R
H0(19) AB B 200 (27) F1(28) 2 vt i &
55651 pth2 2 R MU AN . R 1A

SER], RAH5 5 M2 [ TH 545 5% R Y,
HES TSI T RS R, AR AR

SR PN S RIS LS BT R 22 B R AR R 2 AR
FARIA IRV

SE
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Construction of Breit quark potential in coordinate
space and mass splits of meson and quarkonium*
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Abstract

Construction of a valid interaction potential function between quarks is a crucial issue in hadronic physics and also
one of the frontier issues. Non-relativistic Breit potential is a common model to describe the interaction between quarks.
It is used to successfully calculate the bound states of quarks and quark scatterings. These spur people to improve it. As
is well known, the full Breit potential function, which includes the color-Coulomb term, the mass term, the orbit-orbit
interaction term, the spin-spin interaction term, the spin-orbit interaction term, the tensor force term, and the constant
term, contains singularity factors. How to eliminate the singularity factors is the most urgent task for developing Breit
potential model. In this paper, we carry out a replacement method to eliminate the singularity factors in the full Breit
quark potential function in coordinate space. Except for the color-Coulomb term and the constant term, remaining
terms in the Breit quark potential function are all reconstructed. The replacement of §(r) — u®e ™" /8m is applied to
the mass term and the spin-spin interaction term. The replacement of 1/r — (1 — e ™#")/r is applied to the obit-obit
interaction term. The replacement of 1/r® — [1— (1+ pur)e "] /r® is applied to the spin-obit interaction term and the
tensor force term. We calculate mass splits of heavy mesons and quarkonium species by using the reconstructed potential
function and test the validity of the reconstructed potential function. The screening mass used in the calculations is
not a simple constant but a variable relating to the quark mass m; and mj. It is found that the simple screening-
mass expression cannot give the accurate value of B-meson mass, although it may give the mass splits of light mesons.
However, the calculated results of the mass splits of the light mesons m-p, the heavy mesons, ne-J/{, No-T(1s), Xco-
Xc1—Xc2, etc., are highly consistent with the experimental data only when the screening mass is taken to be the Laurent
series, 1t = c—3(fta +0.512) 73 + c_2(pta +0.512) 7% + c_1(pta + 0.512) 7! 4 ¢ + c1(pa + 0.512) with respect to the average
quark mass p, = (m; +m;)/2. In this case, the mass accuracy of other mesons, especially the six D mesons, is improved
significantly. Our calculated results indicate that a valid quark potential model, which gives not only the mass values of

light mesons accurately but also the mass splits of heavy quarkonium species, is thus constructed in this paper.

Keywords: nonrelativistic quark potential model, construction of potential function, construction of

screening mass, mass splitting
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