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Observation of the o on the constituent quark
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The 7° and o meson pole contributions
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s-channel and t-channel polarisabilities

Otp ,Bp an IBH

o pole +7.6 —7.6 +7.6 —7.6

fo pole +0.3 —0.3 +0.3 —0.3

ag pole —0.4 +0.4 +0.4 —0.4

const. quark +7.5 —7.5 +8.3 —8.3

nucleon +4.5 +9.4 +5.1 +10.1

total pred. +12.0 +1.9 +13.4 +1.8

exp. result +(12.0+£0.6) +(1.9F0.6) | +(125+1.7) +(2.7F 1.8)
unit 10~* fm?3

The nucleon structure component is calculated from photo-meson data.
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s-channel - and t-channel spin polarisabilities

spin polarizabilities A \P) i)

¥ pole -46.7 +46.7

7 pole +1.2 +1.2

n' pole +0.4 +0.4

const. quark structure —45.1 +48.3
nucleon structure +8.5 +10.4

total predicted —36.6 +58.3

exp. result —(36.4+1.5) +(58.6+4.0)

unit 10~ fm*

The nucleon structure component is calculated from photo-meson data.
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The tetra quark model of scalar mesons

Scalar mesons in the (gg)? representation

Y/I;| -1 —1/2 0 +1/2  +1 fs
+1 dsuii usdd k(800) 1/4
0 uddii o(600) O

0 | diss ss(uid — dd)/v?2 udss  ap(980) 1/2
0 s5(uid + dd) /2 (980) 1/2
~1 sadd sduil k(800) 1/4

The equal strange quark fractions in the tetraquark structures lead to equal
masses for the a3(980) and 7(980) mesons. In flavour SU(3) the

neutral ap(980) has the structure 1/v/2(—uii + dd) and the £,(980)

the structure s5 and, therefore, they have very different masses.
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Doorway model of neutral scalar mesons

The (qg)? tetraquark structure is partly dissociated into a g diquark
structure and into those meson pairs which show up In the decay channel.

_uU—l—dJ
W2
1 (ud+dd  _ ss(ud + dd)
ﬁ( V2 _SS>H V2
1 (—ud+dd _ _(ud — dd)
\@< \@ +55)<—>55 \@

In two-photon fusion reactions the transition proceeds first into the g
structure component serving as a doorway state. Then by rearrangement the

(gg)? structure is formed.
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Two-photon widths and doorway-structure

The direct two-photon fusion into the tetraquark structure can be neglegted.
The two-photon width, therefore, is given by the qg structure of the doorway
state. The transition matrix element is given by

|qg) = alud) + bldd) +c|s5), a*+b*+c*=1, my/m~1.44

o
MM — yv) = w_;NC\@<e§>’ <e§> =ae’+bei+ cm/ms)eZ,

3
m
F(M =) = 2 IMM = 7))°

The quantity my, 1s the bare mass. For the o meson we have m, = 666 MeV.
ms/m is the strange-quark light-quark mass ratio.
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Structure of pseudoscalar and scalar mesons

Structures of pseudoscalar and scalar mesons fitted to the two-photon widths.

) =1IV) = g(=lud) +|dd) 1S,
n) = 35(1.04|IS) — 0.96|s5)) 1S,
') = 1(0.83|/S) + 1.15]s3)) 1S,

o(666)) =|IS) = f(|uu) + |dd) 3P,
(980)) = f(O 52|1S) — 1.31]s5)) 3FR,
ap(985)) = \@(0.83 [IV) +1.15|s5)) 3P,

Pseudoscalar and scalar mesons differ by the angular momentum structures,
being 1S, for pseudoscalar mesons and 3P, for scalar mesons.
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Decay amplitudes and meson-quark couplings

M(M — fY’Y) IM NN /_Mfyfy
[1072 GeV 1] [keV]
70 | —2.513 £ 0.007 | 13.169 + 0.057 | (7.74 +0.55) x 1073
n | +2.504+0.06 | 5.7940.15 0.510 + 0.026
n | +3.134+0.05 | 4.634+0.08 4.29+0.15
o | +4.1940.21 | 13.169 4 0.057 | 2.58 + 0.26
fo | +0.79+0.11 |5.8+0.8 0.29753¢
a | —079+£013 | 7.7+£1.2 0.30£0.10

M(M — ~y7y) is the meson decay amplitude, gynn the meson-nucleon
coupling constant and [ 4, the experimental meson decay width.
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Bare mass and pole on the second Riemann sheet

P(s) — 1 B 1
(s) = m2+T1(s)—s m2(s) —s— i mpw/liot(s)’
Compton scattering B
vy =0 —->NN — TI(s)=0

Bare mass of the 0 meson m, = 666 MeV

Two-pion decay YY 70 =TT
Pole on the second Riemann sheet at

m2 4+ MN(s,) — s, =0

Ve =My —iT,/2, M, =44113° MeV, I, = 554738 MeV

(1)

(2)

(3)

(4)
(5)
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Spontaneous and explicit symmetry breaking 1

UM,
G g
—>——)—
T pig a) b)

Left panel: Mexican-hat potential for scalar and pseudo goldstone bosons.

Right panel: Nambu—Jona-lasinio model: a) four-fermion version, b) bosonized
version. In the chiral limit the Goldstone bosons 7w, K, and m have zero mass.
The scalar mesons o, &, 7(980) and a3(980) have the mass m<' = 652 MeV.
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Spontaneous and explicit symmetry breaking 2

Linerar o model:
L, = 30,7 - O*1 + 25,00¢0 + “72(02 + 712) — 2(02 + 72)? + fymio

Nambu—Jona-Lasinio model:

_ G., - .
Lxgn = PP — mo)y + 5[(?#10)2 + (PivsTY)?],
L'ngL = Yipy — g¥(o + iysT - )P — %5;1,2(02 + %) + %U’
G=g*/ou? ouP=(m)? G=X(2mg)Y, g=X/2

Predictions: m&l = 652 MeV, m, = (%fw2 + m2)Y/? = 685 MeV,

A =5 =263, = /22mh = 461 MeV, f, = 89.8 MeV, f, = 92.42 MeV.
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Explicit symmetry breaking for pseudoscalar mesons

Mass[GeV] In the chiral limit the pseudoscalar me-

1.0‘_ ! sons 7, K and ms have zero mass.

— Due to the U(1)4 anomaly 19 has a

0.8} No nonzero mass and, therefore, Is not a

- Goldstone boson. For non-zero current-

0.6 n quark masses the Goldstone bosons ac-

04l Tk quire mass according to the Gell-Mann—
Oakes—Renner relation:

0.2 - o m2f2=—(ml+ mO)(au+dd) +- -

ook TKiMs - explicit mz<+2f§+ :1—%gm8+0m2)(5(1)u+_§s>jr. .

o, ym. br mef? = —2(mpA+mi4-2md)(du+5s)+
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Spont. and explicit symmetry breaking for scalar mesons

In the chiral limit the scalar mesons

Mass[GeV]

1_0A_ i a, 0(600), K(800), 7(980) and ay(980)
‘ have the same mass 2M = m¢ = 652

0.8 - s MeV where M = %fb with f; = 98.8

06 - MeV. Explicit symmetry breaking leads

' 2 M=mg to

0.4~ m2 = 167r2 £2 + m2

0.2} m/% — 167r 1(f2—|— f}%) 1 2(m 1+ mK)

0.0k mg fO 167[' f2_|_m

fs=o0 f.=1/4 f.=1/2

With fr = 92.42 £ 0.26 MeV and f, =~ fx = 113.0 & 1.0 MeV we arrive at
me = 685 MeV, m, = 834 MeV and m,, r, = 986 MeV.
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Summary

e A complete description of the Higgs sector of strong interaction Is presented

e The o0 meson is directly observed as part of the constituent quark via
Compton scattering by the nucleon

e [ he elecromagnetic polarizabilities definitely prove that the gg structures of
the scalar mesons correctly describe the intermediate state of nucleon
Compton scattering

e [ he on-shell scalar mesons have a tetraquark structure with the gg
substructures serving as doorway states in two-photon fusion reactions

e [ he masses of scalar mesons can quantitatively be predicted in terms
dynamical /spontaneous and explicit symmetry breaking
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Outlook on electroweak symmetry breaking

uds thc
oTCTr HZhMT
uds tbc
a) b)

Strong symmetry breaking: m2 = 4M*? + m2 = (685 MeV)?
Electroweak symmetry breaking: m?, = 4m? — m% — 2m3, = (317 GeV)?

M.D. Scadron et al. J. Phys. G 32 (2006) 735 and references therein
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