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Three-quark potential in a constituent quark model
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Three-quark potential in a constituent quark model
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Three-quark potential in a constituent quark model
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Three-quark potential in a constituent quark model
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Casimir Invariants

There are two Casimir operators in SU(3).

C,: quadratic Casimir operator
C5: cubic Casimir operator
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Casimir Invariants BLEL L B

For SU(N), -

total number of box : n=p; +2ps +---+ Npy = Z;=1 kp;.
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Casimir invariants does not depend on py.
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Casimir Invariants BLEL L B

For SU(N), |
total number of box : n=p; +2ps +---+ Npy = Z;r:l kp;.
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Casimir invariants does not depend on py.
However, note that interaction factor can depend on total number of quarks.
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Three-body forces in nuclear physics
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G.E.Brown et al, Nudl. Phys. A 115, 435(1968) J.Fujita and H.Miyazawa, Prog. Theor. Phys. 17, 360(1957)

The middle nucleon goes virtually to some excited state.

E.Epelbaum, Prog. Part. Nucl. Phys. 57, 654(2006)

Leading contributions to the 3NF due to explicit A’s.

:> How about applying this concept to the three-quark potential?
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New three-duark potentials
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New three-quark potentials: color-color
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New three-quark potentials: color-color
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New three-quark potentials: color-spin
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New three-quark potentials: color-spin hybrid
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New three-quark potentials: antiquarks
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where sign(i) = —1 for antiquarks.
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Results
 Baryons, Tetradquarks, Pibaryons
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Baryon fitting
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A= —-3.67522 x 107 % GeV?, B = —2.85156 x 10~ 7 GeV®, C' = —7.68351 x 106 GeV*
Particle Experimental Mass Variational . — Experimental Mass Variational
Value (MeV) (MeV)  Parameter (fim™*) ‘ Value (MeV) (MeV) Parameters (fm™2)
e 2983.6  2996.9 a=13.1 Ac 2286.5  2266.7 (2281.6) a1 = 2.9, ap = 3.7
Jv 3096.9  3089.6 a=11.1 Ye 2452.9  2441.6 (2480.9) a1 = 2.1, az = 3.8
D 1864.8 1864.1 a=4.5 A 11157  1113.6 (1134.1) a1 = 2.8, a2 = 2.7
D* 20103 2010.7 a=3.7 by 1192.6  1196.5 (1231.6) ay = 2.1, a2 = 3.1
™ 139.57 139.39 a=4.6 : 2518.5 2522.9 (2567.7) a1 = 2.0, az = 3.4
p 77511 775.49 a =22 o 1383.7  1398.9 (1455.2) a1 = 1.9, a2 = 24
K 193.68  194.62 a = 4.6 p 938.27 98047 (1005.3) a1 = 2.4, as = 2.4
K* 891.66  888.82 a =238 A 1232 1272.1 (1346.8) a1 = 1.8, a2 = 1.8

The standard deviation 1s ¢ = 5.86.
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Three-body color matrices for tetraquarks
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Three-body potentials in tetraquarks

VB—body = ALc_ o+ BLg_ g+ CLc_g

A= —3.67522 x 1074 GeV?
B = —2.85156 x 10~7 GeV®
C' = —7.68351 x 1076 GeV*
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Xc1(3872) (|113124), [813824))

-~ 1. - S—5 c-5

Color Zi<j<k L-,:;ijt Z-i<j<kLijk Zz‘<j<kLijk
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Three-body potentials in dibaryons

Unit: MeV
H:uuddss(I = 0,5 =0), (Fy, F»7)
C C S5—5 C—-5
FL]\ or Zi{j{i 'l:-‘k- Zi{j{k L'I.jnll Zi<f<k L;},I_ {}rS—body . _))UT_))Q —]_6934
F -21.0008 17.6644 34.0685 -\ —1.6934 —17.1928
Fyy -21.0008 24.1615 -20.3534

NQ:uudsss(I = 1/2,S = 2), (F,7, Fg)

C C S—5
Flavor 3 Liji® Bicyon Lige” Do Lije” Vactody _ [ —10.0821 ~3.80157
Far o -19.056 9-3551 “0.2815 ~ | -3.80157  10.0899
Fs  -19.056 1.3458 27.8001
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Summary

« Inspired by the three-body nuclear force, the three-quark potentials are

newly constructed.

« When the three-quark potential is introduced, the baryon results fit better.

« When the three-quark potential is applied to exotic hadrons, it shows

repulsive interaction for dominant states.

Thank you
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