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LS
PSEUDOSCALAR MESONS (L=0, S=0, J=0, P=—1 )

‘Because SU(3) flavour is only approximate
the physical states with 3, =0, Y =0 can be
mixtures of the octet and singlet states.
Empirically find:

n0 = %(uﬁ—dﬁ)
HES %(uﬁ+d2—2s§)

1

S N’ ~ Js(ui+dd +55) o

singlet

For the vector mesons the physical states
are found to be approximately “ideally mixed”:

p° = 2 (uu—dd)
OFS % (um+-dd)
¢ ~ 55
MASSES __
7t : 140MeV 70:135MeV | | p*:770MeV p?: 770 MeV
K*:494MeV K°/K° ;498 MeV :892MeV K*0 /K : 896 MeV
n : 549MeV : 782MeV ¢ : 1020MeV

Prof. M.A. Thomson — 234



14. Quark model 5

Table 14.2: Suggested ¢§ quark-model assignments for some of the observed light mesons. Mesons in bold face are included in the Meson
Summary Table. The wave functions f and f’ are given in the text. The singlet-octet mixing angles from the quadratic and linear mass
formulae are also given for the well established nonets. The classification of the 0+ mesons is tentative and the mixing angle uncertain
due to large uncertainties in some of the masses. Also, the fo(1710) and fo(1370) are expected to mix with the fo(1500). The latter is
not in this table as it is hard to accommodate in the scalar nonet. The light scalars ag(980), f0(980), and fo(600) are often considered as
meson-meson resonances or four-quark states, and are therefore not included in the table. See the “Note on Scalar Mesons” in the Meson
Listings for details and alternative schemes.

n2+ly,  gPC =1 =1 i=0 I=0 Oquad [
ud, ud, é(da — uT) u3, d5; ds, —s i f [°) (°]

115, 0+ ™ K n 7'(958) —11.5  —246

135 ) o(770) K*(892) #(1020) w(782) 38.7 36.0

11p 1+ b1(1235) Kt h1(1380) h1(1170)

13p o+t 20(1450) K}(1430) fo(1710) Fo(1370)

13p 1++ a1(1260) Kt F1(1420) f1(1285)

13p, ot+ 22(1320) K3(1430) £5(1525) f2(1270) 206 28.0

11D, 2~+ w2(1670) K2(1770)t 172(1870) 72(1645)

13Dy ) 2(1700) K*(1680) w(1650)

13D, 2~ K2(1820)

13D, 3= £3(1690) K3(1780) $3(1850) w3(1670) 32.0 310

1357, 4+t a4(2040) K3(2045) £4(2050)

13Gs 5=~ 25(2350)

13Hs 6+t ag(2450) f6(2510)

215, o+ (1300) K(1460) 7(1475) 7(1295)

235, == 2(1450) K*(1410) #(1680) w(1420)

—

July 24, 2008 -18:04

The 17% and: 2=F isospin % states mix. In particular, the K14 and Kjp are nearly equal (45°) mixtures of the Ki(1270) and K71(1400).
The physical vector mesons listed under 13D; and 2%5] may be mixtures of 13D; and 2351, or even have hybrid components.




6 14. Quark model

Table 14.3: g7 quark-model assignments for the observed heavy mesons. Mesons in bold face are included in the Meson Summary Table.

n2stly, JPC I=0 1=0 =1 I=0 =1 =0 | I=0
cc b %, cd; cu, ©d 3; T %, bd; bu, bd b3; bs bc; be

115y o+ 7(15) n(1S) D D* B B? Bf

135 - J/p(1S) r(1S5) D* D% B* B}

11p 1+- he(1P) D;(2420) D, (2536)*

13p o+ Xc0(1P) xb0(1P) Dj5(2400) so(2317)%t

18 1+ X1 (1P) x51(1P) Dy (2460)*t

1% ot xc2(1P) x52(1P) 3(2460) Di2(2573)%

13Dy 1= ¥(3770)

215 o+ 7:(25)

233 1-- ¥(28) T(2S)

23Py 0 OFF 1 oH+ X50,1,2(2P)

t The masses of these states are considerably smaller than most theoretical predictions. They have also been considered as four-quark states
(See the “Note on Non-gg Mesons” at the end of the Meson Listings). The Ds;1(2460)* and Dy;(2536)% are mixtures of the 1+ states.

July 24, 2008 18:04



14. Quark model 3

D
Figure 14.1: SU(4) weight diagram showingsthe 16-plets for the pseudoscalar (a) and
vector mesons (b) made of the u, d, s, and ¢ quarks as a function of isospin I, charm C, and
hypercharge Y = S+B — % The nonets of light mesons occupy the central planes to which
the ¢C states have been added.



14. Quark model 5

Table 14.2: Suggested ¢§ quark-model assignments for some of the observed light mesons. Mesons in bold face are included in the Meson
Summary Table. The wave functions f and f are given in the text. The singlet-octet mixing angles from the quadratic and linear mass
formulae are also given for the well established nonets. The classification of the 0+ mesons is tentative and the mixing angle uncertain
due to large uncertainties in some of the masses. Also, the fo(1710) and fo(1370) are expected to mix with the f0(1500). The latter is
not in this table as it is hard to accommodate in the scalar nonet. The light scalars ag(980), fo(980), and fo(600) are often considered as
meson-meson resonances or four-quark states. and are therefore not included in the table. See the “Note on Scalar Mesons” in the Meson
Listings for details and alternative schemes.

nstly,  JPC =31 1= % =0 =0 Oquad Blin
ud. Td, é(d?i— UTL) u3. ds: ds, —Ts f! f (°] [°]

115, o+ ™ K n 7/(958) ~11.5 —246

135 1= p(770) K*(892) $(1020) w(782) 38.7 36.0

1ip 1= b1(1235) Kyt h1(1380) h1(1170)

13p o+ a9 (1450) K}%(1430) fo(1710) Fo(1370)

13p 1+t a1(1260) Kiat Ff1(1420) F1(1285)

13p, o+ a2(1320) K%(1430) F4(1525) F2(1270) 29.6 28.0

11D, 2—+ w2(1670) Ko (1770)7 72(1870) 72 (1645)

13D, 1= p(1700) K*(1680) w(1650)

13D, 2=- K2(1820)

13D, 3= £3(1690) K3(1780) $3(1850) w3(1670) 32.0 31.0

135, g+ a4(2040) K3;(2045) F4(2050)

13Gs 57— 05(2350)

13H, g+ ag(2450) f6(2510)

215, o+ w(1300) K(1460) 7(1475) 7(1295)

235, 1= 0(1450) K*(1410) $(1680) w(1420)

—+

The physical vector mesons listed under 13D, and 238, may be mixtures of 13Dy and 235, or even have hybrid components.

July 24, 2008 18:04

The 1+% and 2~ isospin % states mix. In particular. the K14 and K)p are nearly equal (45°) mixtures of the K)(1270) and K 1(1400).



6 14. Quark model

Table 14.3: ¢7 quark-model assignments for the observed heavy mesons. Mesons in bold face are included in the Meson Summary Table.

n2stlg,  JPC =0 =0 |:% 1=0 =% 1=0
c bb ¢T. cd: Tu, td C5: Cs d: bu, bc; be

1159 o+ 7c(1S) 7(15) D D¥ B B

135 1-- J/4(1S) r(15) D+ D B*

1lp 1+= he(1P) D1 (2420) D;1(2536)*

13p, ot Xc0(LP) xb0(LP) Dg(2400) D3 (2317)%T

13p 1t xc1(1P) x61(1P) D1 (2460)%t

13p, o++ xc2(1P) x52(1P) D3 (2460) D;2(2573)*

13p;  1—- $(3770)

215, 0+ 7:(25)

238 1-= $(28) r(2S)

23Ry 0 OFF 1HF b+ X50.1,2(2P)

t The masses of these states are considerably smaller than most theoretical predictions. They have also been considered as four-quark states
(See the “Note on Non-¢7 Mesons” at the end of the Meson Listings). The D31(2460)% and Dy1(2536)% are mixtures of the 1+ states.

July 24, 2008 18:04




TABLE 6.5 The states of the L=0, 1" octet of light baryons.

Quark composition Observed state L I S
uud p(938) 12 172 0
udd n(940) -1/2 172 0
uds A(1116)* 0 0 -1
uus X*(1189) 1 1 -1
uds »°(1193)* 0 1 -1
dds x-(1197) -1 1 -1
uss B%(1315) 172 172 -2
dss E-(1321) -1/2 12 -2

# The A(1116) and the %°(1193) differ in that in the former the ud pair is in a spin-0
state, while in the latter it is in a spin-1 state, as discussed at the end of Section 6.2.2.

(3



14. Quark model 11

1
The Lightest Hadrons 159 °®
TABLE 6.6 The states of the L=0, 3" decuplet of light baryons.
Quark composition Observed state L I S
uuu A+T(1232)* 32 3/2 0
uud A+(1232)° 12 312 0
udd A°(1232)* -1/2 372 0 P
ddd___ .. ATQ23Y)Y =32 32 0 w0
uus =+(1383) 1 1 -1
uds x°(1384) 0 1 -1
. LT3N st SO SR -1
uss B9(1532) 172 172 -2
dss ... Basy o Zl2 ] v2_ 2
sS§ Q(1672) 0 0 -3

# We do not show the small mass differences between the various charged and neutral
states of the A as these are not all precisely determined.
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JEe cE state ﬁl‘; state

TABLE 6.9 Predicted ¢ and bb states with principal quantum num- - (i’( /ﬁk M YV’Q_A
bers n =1 and 2 and radial quantum number n, =n — L, compared with M e're - ) ;ﬂ F B.e_

25+1 L] n n,

1S, 1 1 o+ 7:(2980) Z 7,(9300)# =
B 1 1L e Temle— ofwed w
0 X0 X0

3p, 2 1 1+ X1 (3511) %51(9893) p M(LQM

3p, 2 1 2+ X2(3556) %:2(9913)

1P, 2 1 1+ h.(3526)%

18 2 2 0+ 7.(3638)

38, 2 2 1-- ¥(3686) (10023)

# State is not well established and its quantum number assignments are unknown.
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Fig. 5.6 Spectrum of energy levels in positronium and charmonium. Note that the scale is
greater by a factor of 100 million for charmonium. In positronium, the various combina-
tions of angular momentum cause only minuscule shifts in energy (shown by expanding the
vertical scale), but in charmonium the shifts are much larger. All energies are given with
reference to the 135; state. At 6.8 eV positronium dissociates. At 633 MeV above the energy
of the ¥ charmonium becomes quasi-bound, because it can decay into D° and D° mesons.
{Sewrzz: Bloom, E. and Feldman, G. (May 1982) *Quarkonium’, Scientific American, p. 66,
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Figure 6.3 Mechanism for the formation of mesons V° with quantum numbers J7€ =1
electron—positron annijhilation, and their subsequent decay to hadrons.
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Figure 6.4 Measured cross-section ratio (6.50a) in the vicinity of the threshold for producing
pairs of charmed particles. The extremely narrow peaks associated with the JAF(3097) and
Q ¥ (3686) are indicated by arrows because they extend far above the scale shown. In the partially

suppressed region between these peaks, the ratio is essentially constant. (Data from Brandelik
et al., 1978, and Schindler et al., 1980.)
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