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Three-quark potentials in a constituent quark model
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Three-quark potentials in a constituent quark model
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Three-quark potentials in a constituent quark model
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Three-quark potentials 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

Cy=Y F{Fj= ZF Ff+2) F{Fj
ij

<]

=Y d™FFFy
ik
_ Z dabr_‘FanFr: 4 "UZ dabr_‘FanFc 16 Z dabCFanFL'

i<j i<j<k

The Reimei Workshop: Hadron interactions with strangeness and charm



Casimir Invariants CNSC NS

For SU(N), R

total number of box : n=p; +2ps +---+ Npy = Z;r:l kp;.
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Casimir invariants does not depend on py.
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Casimir Invariants wome

For SU(N), |
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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

Ve =y (123) +V(231) +V(312),
V(123) = —[{4(7'?*) (z°7°) + B(T’2®) (z°7) } (a'F") (a*F") (a*F7) (67?)
+ {B(z'7°) (z°7°) +4(7°7) (1)} (6F°) (6F°) (6F7) (6'F?)
——— = +2D(7'®) (a'F") (6*P?)] Y(12) Y (23),

— — ———— —

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

_ 4 _
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where sign(i) = —1 for antiquarks.
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Results(Baryouns, Tetragquarks)
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Baryon fitting

— " 2m; 4 2 2 ’
C K ris
V;j - _F + (l_é] - D
ij 0
2,2, _(Tij)Q/(T 13)2 —1 m; M
VoS — he'w e ’ o0 roij = (a4 Bmi;) ", K = ko (L4 ymg;) and mg; = matmg
" mimjct (o)
VS_bOdy = ALC—C + BLS—S + CLC_ al
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 a tetraquark

|31Q§34>, |612 634> color basis
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-0
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abe A 4 o 0 M
db/‘\l/\gAgz (20\/5 _%_O)
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abe 00 | o 0 M
db/\]_‘xg)‘fl: (20\/5 _%_U)
9 9
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b\ b 0 2012
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Three-body potentials in a tetraquark

TCC (1312334),[612634))

32 32
T _ 114, + 9Mm.. 0
C—-C — 0 208 208

79mu - oM.
_ 224 224 _224./2 4 32v/2 322 1602
L _ Q'mimcQ Smi'mf_f Smimc mamg mfml? SmHm‘cl
S=S = | 2243 | 3242 _ 322 | 1602 __l2 112
3mim, mim?2 m2m3 3m,ml 3mdm? 9mn2m?
_ 256 256 322 | 322
L . 3m3 9m?3 3m2m, 3m,, m2
C-5 = 322 | 322 320 | 320 5 bod
3m2m. 3, m2 9m3 3m3 Veoro — AL+ BLg_ g +CLo_g

A= 367522 x 1074 GeV?

XC1(3872) (|11312_1_,>. |813824>) B = —2.85156 x 1077 Ge-\;ES
C' = —7.68351 x 1076 GeV*?

128 128 80vZ2 802
, — 9m,, Im,. 9m,, 9,
Le—c _80v2 _ 80v2Z 16 16
9114, 9me. 3m,, 3Im.
128 128 . 80v2  80V2
I o om3 me? 9m2m3 am3 m?2 am2 m?
S=5—1  80v2 _ 802 32 32 16 16
9m3 m?2 9m2m?2  3m3m? 3m2m? m,m mim,
256, 256 160v2 | 1602
Lo . Qmamc Qmumf Qmimc Qmumg
¢-5 = 160v/2 |, 160v2 16 16 16 16
9m2me 9m, m?2 m3 3m2me. 3my,m?2 m3

Particle Measured mass (MeV)  Mass (MeV) 37, ., Lg;c D ici<k L35 D ici<k L;‘;ES Variational parameters (fm2)

ijk
T 3875 3972.06 (3955.18) -4.84236 0.0319013 20.9444 ay = 2.8, aa = 7.3, az = 2.6
Xc1(3872) 3872 3884.23 (3866.20) 19.3694 0.0427164 -1.36541 a1 = 11.1, as = 2.2, az = 0.01
O~

With 3-quark potential
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Three-body potentials in a tetraquark

T, 1312334)} [612634))
32 32 0
L _ 14, 9Mm..
c-Cc = 0 208 208
I9Mmy, oM.
_ 224 |, 224 _224./2 4 32v/2 322 1602
L _ Q'mimcQ Smﬁmf_f Smimc mimg mﬁmg E'rmum‘cL
S=8 = | 2242 T 3IVZ | 32V2 | 160v2 __l2 112
3mim, mim?2 m2m3 3m,ml 3mdm? 9mn2m?
_ 256 |, 256 322 n 322
L . 3m3 9m?3 3m2m, 3m,, m2
C-5 = SIVI | 322 320 | 320 5 bod
3m2m. 3, m2 9m3 3m3 Veoro — AL+ BLg_ g +CLo_g
A= —3.67522 x 1074 GeV?
Xc1(3872) (||113124 ,|813824)) B = —2.85156 x 1077 GeV®
C' = —7.68351 x 1076 GeV*
— 128 | 128 B0VZ  80V2
I, _ 9m.,, Im,. 9m,, 9m,.
C—C = | =movT s0v2 16 _ 16
9111y, 9me. 3m,, 3Im.
128 | 128 _ 80v2 802
I o om3 me? 9m2m3 am3 m?2 am2 m?
S=8— | 7TV _80/2 32 32 16 16
9m3 m?2 9m2m?2  3m3m? 3m2m? m,m mim,
50 ], 256 160v/2 1602
L . QmuQ M Qi'nmvfncQ Qmimc Qmumg
¢-5 = ToOVZ | 160v2 16 16 16 __ 16
Im2me. 9m, m?2 m3 3m2me. 3my,m?2 m3
Particle Measured mass (MeV)  Mass (MeV) 37, ., Lg;c D ici<k L%ES D ici<k LEES Variational parameters (fm2)
Tee 3875 3972.06 (3955.18) -4.84236 0.0319013 20.9444 a1 = 2.8, a3 =73, a3 =26
Xc1(3872) 3872 3884.23 (3866.20) 19.3694 0.0427164 -1.36541 ar = 11.1, as = 2.2, a3 = 0.01
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Three-body potentials in a tetraquark

113124% |813824) color basis

Xc1:€qcq (||113124 1813824)) - 0 20v3
9 9
- R 0 20v2
V3 b"dy:ALc_o—l-BLs_S‘l'CLC—S db’\l)‘:a)‘4:(20\/§ _922_0
9 9
A a9 e —4 ox72 —a 20v2
A= -367522 x 107 GeV AN NENG = ( 200\/5 2 )
B = —2.85156 x 10~ 7 GeV® 0
20+
v - - —6 14 abcy 4 ybye _ 0 :
' = —7.68351 x 1076 GeV NG = (_zo 5 o )
9 9

4 (ATASXEAL | ATAL sign(i)  sign(j) = sign(k)
L o= - L ik 17k _Qd_abc}lq;&ﬁ)‘c = n
i [ Z (mk T m; T m; ) 1757k m; T m; M
Ny s \ 4

c 16
45 = 3 0

i<j<k

ALq_c |:> Repulsive

Particle Measured mass (MeV)  Mass (MeV) 37, ., Lg;c D ici<k L%ES D ici<k L;‘;ES Variational parameters (fm2)

T.. 3875 3972.06 (3955.18) -4.84236 0.0319013 20.9444 ay = 2.8, az = 7.3, a3 = 2.6
Yc1(3872) 3872 3884.23 (3866.20) 19.3694 0.0427164 -1.36541 a;r = 11.1, ao = 2.2, azg = 0.01
o

With 3-quark potential
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Summary

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

« We found the fitting parameters for three-quark potentials using meson and
baryon spectrum.

« When the three-quark potential is applied to tetraquark, it shows repulsive

interaction.

Thank you
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