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L ow energy hadron physics
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Strong physics problems

bound states

perturbative QCD
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vacuum — condensates
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u/d quarks propagating
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-arks, gluons
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Masses from Nothing pertur bative
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|attice results
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Schwinger-Dyson Equations
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Schwinger-Dyson Equations
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Fermion Schwinger-Dyson Equation
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Ward — Green —Takahashi

q.T"(k,p) = Sp (k) — Sp'(p)

Sr'(p) = A®’) # + B(’)

k) = 5 (A +AGY) +*

Ball-Chi n (A(K?) — A(p?))
C(?nstrulclzjtion 3 B (K+ ) (K* +p*)

B(k*) — B
+ CEIZZPD (o) + 12k )




o [

kﬂk]
e

(K +p%)

T¥
(k2 —p2)" *°




Gauge Invariance and Multiplicative Renormalizibility
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Schwinger-Dyson Equations
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calculating the masses of u/d quarks
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QCD sum rules
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QCD sum rules

'\/\/‘.\J\ﬁ

current correlator

M(p°) (GeV)

p° (GeV?)

<qgq>, ~ - (240 MeV)3

* Pennsylvania
- * Geneva - Saclay
" BNL E865

0.28

0.30

032 034 036 038
Myx (GeV)




QCD sum rules

'\f\/‘.\f\ﬁ

current correlator

M(p°) (GeV)

o chiral limit

10‘5 L 1 L
i 10° 10°

p° (GeV?)

10

6 (rd)

05 NA48L2

, | | Ke4 PRELIMINARY
1 Universal Band fit |
0.4 i Statistical errorsonly. .

7 T T T ; T T T : T T T : T T T i T T T i T T T
028 03 032 034 036 038 04
Mar(GeV/c%)




G
9
S
S
Q.

vacuum

Chiral symmetry breaking

State — Vacuum
@
/
T \
L’ G vacuum




Scalar mesons
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Hadron states

Cross-section
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Scalar mesons
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diguarks: colour tetraquark
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Scalar meson multiplets

aq gqqq

(0]} wmi
S5 O

]
=)

fo

Ko

a,/f,
ssnn
snnn

ol
>
Dl
=]




Scalar meson multiplets
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guark model = hadron world?
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guark model = hadron world?

unquenching unimportant
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\ glueball spectrum
In aworld without quarks
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Two photon processes

Shedding light on scalar mesons




Light by light scattering
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Low energy theorems
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Resonance physics
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UNITARITY : decays in spectator picture
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UNITARITY : decays in spectator picture
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K7 scattering into the complex plane
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States beyond the quark model

the search continues
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Thompson et al.
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Dzierba et al.
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1 ™ hybrid decay pattern

S +P mesons: byx, f1x

byn:fim:pr =170:60:10 MeV

=
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Chung et al.
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lvanov et al.
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demands global analyses of Jiy, B,D decays, 7YY, pp ...
and reliable strong coupling calculations

Nature of confinﬁement

Scalar/vecto
> mesons
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Unitarity for P — 7w (C)

(© spectator




UNITARITY : decays in spectator picture
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0.8 < M(Km) < 0.9 GeV

0.9 < M(Kn) < 1.0 GeV
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o Divide m2(K-n*) into slices

o Find s-wave amplitude in each slice (two parameters)

= Use remainder of Dalitz plot as an interferometer
d*T

D)2
T x |S§ + (P+ D)

o For s-wave:

= |nterpolate between (¢, v,) points:

5 = Clterp (cve™ D X F(a,70) F(py7a)

o Model P and D \

Brian Meadows




Comparison with Data
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Rescattering
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Rescattering : Unitarity

D\K K D K K

/ —

n G = X
I T ) r n

Watson’s theorem
elastic

phases simply related
if no rescattering
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Rescattering : Unitarity

Watson’'s theorem

modified by rescattering

Caprini
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Quark statev Molecule
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Quark statev Molecule
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UNITARITY : decays in spectator picture

F= ol —

Watson’s theorem
elastic

phases simply related
if no rescattering © spectator




“Traditional” Dalitz Plot Analyses

o [he “iIsobar model” has been widely used, with Breit-Wigner resonant
terms, over the past 15 years.

NR i ._-,-<1 {13} i _{2<2
—é 2 + _<<
3 N 5 2+ 5 ;r ; 3

o Amplitude for channel {ij}:

Aij = doe*® + > dpe®® A(sy) x FP(q,7p)Fi(p,v) Mi(p.q)

NE D form R form spin
factor factor factor

o Each resonance "R” (mass M., width I';) assumed to have form

. ~3
Ar(sij) = [ﬂai — 8i; —imgl'(p ,TH)}

P, q are momenta in 23 rest frame
Tp, Tr meson radii
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Brian Meadows
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Probability
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Brian Meadows
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vy couplings
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