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QUARK MODEL
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QUARK-MODEL ASSIGNMENTS FOR
BARYONS

JP . (D.LY) S Octet members Singlets

1/2+ (56.05) 1/2 N(939) A(1116) £(1193) =(1318)

1/2+ (56.03) 1/2 N(1440) A(1600) £(1660) =(?)

1/2- (70.17) 1/2 N(1535) A(1670) £(1620) =(7)  A(1405)
3/2- (70.17) 1/2 N(1520) A(1690) £(1670) =(1820) A(1520)

1/2= (70.17) 3/2 N(1650) A(1800) £(1750) =(?)
3/2- (70.17) 3/2 NOTGO) A1) E(?) (7
5/2~ (70.17) 3/2 N(1675) A(1830) £(1775) Z(?)
1/2* (70.03) 1/2 N(1710) A(1810) £(1880) =(?)  A(?)

3/2+ (56.23) 1/2 N(1720) A(1890) (7)  =(?)

5/2+  (56.23) 1/2 N(1680) A(1820) £(1915) =(2030)

7/2- (70.35) 1/2 N(2190) A(7)  Z(?)  =(7)  A(2100)
9/2- (70.33) 3/2 N(2250) A(?) =(7)  =(?) -
9/2% (56.47) 1/2 N(2220) A(2350) £(?)  =(7)

Decuplet members

3/2% (56.05) 3/2 A(1232) E(1385) =(1530) sz(wn)
1/2- (70.17) 1/2 A(1620) £(?)  =(7) A7)
3/2= (70.17) 1/2 A(1700) £(7)  =(?) Q7
5/2t (56.2F) 3/2 A(1905) £(7)  =(7)  Q7)
7/2+ (56.2%) 372 A(1950) £(2030) =(7)  §U?)
11/2* (564F) 3/2 A(2420) £(7) () WD)

suls) ;Iavor-spm basls

From: " Review of Particle Fﬂoper'}"zs , 1990
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RELATIVISTIC, CHIRAL QUARK MODEL
(199¢, Le Yapuane, Oliver, P2ne & Raynal)

f = fdox [#110 (m B ~L&-9) ¥(
e L[y V@D TR 70 YL Yy

~Epgective, instantaneovs 9-4.(3) interaction

—1n the limit m—0, H is chiral invariand.

- This 4'3?6 ?f interaction leads fo color

confi nement.

The Interaction Picture

H = Ho ""HJ:
{5 @%fé_ﬁ = [y, Ho ]
L 9—%:‘((_:1;} = Hz (8) |2

The choice o Ho, Hz is arbitrary.

However  different schemes may give

resvlts that may be inconvenien

Example: H,=Hy, => the vacoum does
i (fgs not have minimum E!



Once Ho is chosen, the flé)d oPerod‘or can be
derived.

1) =fs, [u@) by + (P 4P P

(21

var

av?mho';ﬂon N\""ivark

ion

Us,Us are the solvtion 1o certain cqua+
d,e"'ermmed by the choice of Ho.
Let us try fo find Ho that leads o a

\i/_*acuum with @ minimum energy: Rewtite
H as

H= E./M + Ho + H_‘r
Ho={d% V(P [AlPA + B ZL-P] Y (P):
He= 4 (dpdkdg V) Y (b X vip) ¥ T X v(R):
which leads fo the equations:

[A(p)ﬂ + B(p) p-az]us@‘) =E(p) L(p)
(AR /5 + Blp)7-2] Us(P) =~ E(P)Ur(p)

Elz A%+ B?



The so(vtion to thése egfua:Hons is of Hhe
form:
Alp)=m -‘—f’-‘— [ dk V(p-R) sin ¥Y(p)

BUP)=p + 2 [dek V(p-k) te-p) cos Y(p)
(us,w, certain functions oy ¥ (p))

The 7cunc*h“or) Qp) is vp o now arbitrary.

T+ qoverns the dynamics the system
and we call it CF;’IRAL ANg{E. I

VACUUM CONDENSATE

Minimization 3_&- Evac. gives an equafr‘on
Hat deffnes Hhe <hira)l aanle

A(p) cos\§(p) -Blp) sinWp) =0 ”E;‘ji;fg“

Tn terms of “eree—Dirac gruarks” the new vacuovm

s a cond,ensa,{'eu/o.f scalar q,q‘ Pcu' rs.

5Ponhneoe/.s breaking s the chiral stjmmd'w.



HARMONIC OSCILLATOR CONFINENMENT

V(X) = - K03 )(Z (Ko >0)
V(3 = K> v $@)

— The mass- a gva"'uon becomes a dq.f

equation oan be easnlg solved in
+ s o m ond K,

— For each flavor Here is one chiral
angle and one moass-—9gap cq,vo:f’fon.
—LIfmoo , Y(p > N2

M=0 , Ko=0 (chiral symmetric
) \g(p)—) ) g. vaCUUm_>



THE SALPETER EQUATION

[M-E-ER] fis, (k) = - & [d2p V(k-P)=

x| U0 s () B 1P) 5,00 By
T Ul () B () UL (P a0 Basy(P) ]

For the p,
(@225 (6 1) = (o 2)
2B ) ()R -

For the m,

(@) (5 5)me &) (52 =) D))=

The transition potential between Large and
small d\anne'sPois :

.‘3_\;'_‘)_+ 20_51_%('52. (or the 7()

and V3 of that for the §.
In the chiral limit, m—ro,
)}L - VS : («‘or '"‘c :R)

an



BOUND STATES
H|e) = M1dy

Mesons .
| By =[d dp: SF+) SRR X, ) bR (P 10

(:da 4+ ER+ER)+E) 4 e +5-54+S-L +‘ﬂ¢m=,
M@ (k)
Baryons: -

\gey={d°p S(PTor P) B(PTa, i) X (42:3) é‘,,c,c,l)t.(l’-)w(fi)%ﬁ
| o

e ———

Force Mesons Baryons

L 4 ..\ .2 P1:P2 2
Spin-spin ~ 3529 (k) g*(k)S1-S: m_ﬂ (p1) 9°(P2) S1 - S2

. L] 2 _ 692 392 .
Spin-orbit w2 [gz(lc) Sy + g2(k) S,] -L —-—!]—(}DQSI-L1+9—I’(2E-)(SI +83)(i{Vp, xPp1)

41 1
Tensor %gz(k) F2(k) 3—‘:’;‘;;?—’—.«1’(1»1) 9%(P2)[(B1 - $1)(B2 - S2)
[(k-S1)(k-S2) - -:1;- S1-S,] —% (P1 - P2)(S1-S2)] - =

gk) = 1~ sin 9(k)
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COLOR CONFINEMENT

Consider,
V() =- K x*+U

V@ = K V89 + US@)
As U, (with ke,U>0 ond lim \(x)=0)

0) Tbr: o&gd{;‘cf eneryy of @ quark (antiquark}

@ Ifhc ess 9ap equaﬂon is mdefmden'f
D) Bound darfc ¢ a'l'uons tor Mdrons are

a i '”Thrcon‘}

fons U
kmeh'c and potcnr ial 2n¢r fes ccl 4 U

For ks (ant
Y the aﬁ Ms "c.‘.::“'% \av?:? :;,e(f;‘v%mf:)

Ekin. = —'N U
while jor the fntcmch‘on energy.

A p= L
Z Mhus[FAD -SN]U

tl-J

E = L.A. AU (A is thetotal color)

E>o for an non color st
and. m‘a?non—%m&)e“'s are nat '? u;ed



CONCLUSIONS

- Con memen'l and dy namoccfll breakm_z 7
n

C ‘f szm re ale
- can crs Yerms

e”ec‘hvc g-gr(g) inferaction.

spin-s .;srig—orbr" ond 'l'ensor
m erac lon adrons are ol onc'tinns
t the chinal amgk 9(p) whofh measum
the amount at “vacuum condensation.

~ Masses of Pseudo-Goldstore mesans
heavier mesons amd baryons (N, A)’can
b&cxr amed with egec fve ?vark

?ROBLE MS.

~ A more realistic conim:rg fa'lzn'h

.svcggn asa linear Po+e tia

— The masses N-A shovld dicrease
300 +oo MeY as the resvlt of
coup in3 MEesSons.



THE CHIRAL ANGLE ¥(K)

(Harmonic oscillator Po"'en{'ia.()
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QUARK ENERGY E(k)
(Harmonic oscillator potential)

Bicudo & Ribeiro, Phys. Rev. D42 , 1611 (1990)



MASSES OF THE NUCLEON AND THE A

Mass

: Nucleon
--------- : Delta )/

4
0.6

0.7

0.8

0.9 1.0 1.T 1.2 =

C  (variational parameter)

M,ol in nits of G’-_Y/SKO



SOLUTION T0O THE MASS-GAP EQUATION
(Harmonic oscillator Pofen‘l‘fal)

T™ @ (k)
b (b)
2
(
1.2 - el
m=2
B 1
m=1
4 m=.5S
) m=.1
m=0
l\;-m k
0 —
0 8 1.6 2.4 3.2 4

Bicudo & Ribeiro, Phys. Rev. DAZ 1£11(1999)



PION'S WAVE FUNCTION

(Ground state)

- (a)
+
$ k)
0
o
-' -
0 0.6 1.2 1.8 2.4 3

Bicudo & Ribeiro , Phys. Rev. D42 ,1625(1990)




WAVE FUNCTION OF THE §

A¢(k)

1.333

666

333 1

333 v -

Bicvdo & Ribeiro ) Phys. Rev. D42, 1625 (1990)



