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10 _| B 1. quark model extreme point of view:
S = e R N Breit-Wigner resonances = QQ states

L 3. 4 2. effective theory extreme point of
(L = qq angular momentum) view: GB+complicated dynamical effects

Reality (QCD) is probably somewhere in between ...
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Quar‘k mOdel: Non-relativistic, few body problem

Light (constituent quarks) ~ heavy quarks originates from
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hyperfine-splitting from OGE
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hyper'fine-splif'l'ing from OGE pion is not a qq pair -> it is a coherent state

of constituent airs.
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Meson resonances GB : collective excitations

from Goldstone Tf f of the qq sea

Tfff

boson dynamics




low energy (E ~ m:) constrained

by chiral symmetry.
Corrections appear at E ~ 1GeV
and probe internal quark
dynamics

A(s,t) = Z: at (s)Pr(cos(f))

nr -> i iS crossed symmetric @ Cauchy

GB : collective excitations
of the 4q sea
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FIG. 3: Representative diagrams contributing to meson-
meson scattering and their N, scaling.
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FIG. 3: Representative diagrams contributing to meson-
meson scattering and their N. scaling.
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FIG. 1: Modulus of amplitudes in different meson-meson
channels for N. = 3 (thick line) &. = 5 (thin continuous
line) and N, = 10 (thin dotted line), scaled at g = 770 MeV.
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FIG. 3: Representative diagrams contributing to meson-
meson scattering and their N scaling.
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M.E. Pennington

There has long been speculation about the nature of the o-resonance. For three decades Jaffe
has argued for a tetraquark composition, while others have claimed it is largely a gluehall. A key FIG. 1: Modulus of amplitudes in different meson-meson
cinter to its nature is its coupling to two photons. Consequently, there have heen recent propo channels for N. = 3 (thick line) &. = 5 (thin continuous

to observe this important scalar hiding in vy — 7 n-. We show here that the ¢ is already crouching line) and N, = 10 (thin dotted line), scaled at u = 770 MeV.
in this cross-section exactly as measured twenty years ago. What is new is that precise knowledge

of the position of the o-pole, provided by the analysis of the Roy equations, now allows its two
photon coupling to be accurately fixed. It two photon width is found to be (4.1+£0.3) keV, a value
far too large for a gluonic, or even a tetraquark, state.
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Quark Model : resonance have small sizes
GB dynamics: resonances have large spacial extent
So : crucial to measure size




long range > TT exchange
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Diffuse source suppresses resonance production (Watson theorem)

e.g.a via pion exchange




long range > TT exchange

7T+
-

Diffuse source suppresses resonance production (VWatson theorem)

e.g.a| via pion exchange

short range > everything else

e M) sin (M)
@ ot

e.g. P,  in diffractive photo-production




dispersive analysis of partial waves in
of TT'TT* photoproduction (CLAS gl |)
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™ s — s
TITT phase shifts scattering

on mass-shell TTTT
intermediate state

this term does
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photopm

short-range (QCD) . off mass-shell
production g meson

intermediate state




E.=3.4-3.6 GeV
At =0.50.6 GeV?

1+ 5(s)

als) =

a, (ub/GeV?)

3 L3 L4
M ( GeV)

- . 3.
(uh/GeV)
===

= b e SN

-~

ay L W CeVY
ay L b GeV-)
a
=

[

tn
1.-1
-
]

o

L
i

i s

=
ba

5 1 0.5 1 0.5 1
M ( GeV) M (GeV) M i GeV)

A




E ;:j"l‘ 306 GeV

!

t=0.5-0.6 CeV? o y e s — s

LI LY} L} 1.
MiGeV)

=
=

- wrkh
a, (uh/GeV)
b b

iuh/ GeV)

—

E.=3.4-3.6 CeV
At =0.5-0.6 CeV?*

1 0.5 1 0.5 1
M (GeV) M(GeV) M(GeV)

a, (ub/GeV)

A

=
L

= & = =
ks 4= = B

0.5 1 0.5 1 0.5 1
MiGeV) MiGeV) MiGeV)




Exotic stopy wp->na®N (a°) in P-wave has JPC=]+ |
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JPC¢ — 1-+ exotic wave signal (E852)

ct

—
=
-
-

h

..|....|..-I-.‘|'

-

Events/(0.05 GeV/
n
o
=

1.5 20 25 15 20
M (n't") (GeVic?)

P
N

Events/(.02 GeV/c 2 )
o
=)
=)

st ool llibﬁ‘-‘l ! L

-

4

b

S

p

b

3

b
200 k
< 3
3

3

s

-

3

!

P;-.'
v
>
&
§
=
-
0
g
.'~.

1
1.0 1.4 18 22
M{nz) (GeVic?)

(=]
o

]
—
soumdocoy

FREBIREFIFVFER

Mnx) GeVi .




exotic wave signal (E852)
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Model (in)dependence in pwa

final state
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corrections to isobar model:
unitarity constraints

general two-body amplitudes




Model (in)dependence in pwa

fyjes =l

t-channel singularities close to the
physical region dominate (Regge sums)

isobar model: quasi two-body decays

corrections to isobar model:
unitarity constraints

general two-body amplitudes

formalism describing unitary and analytical 3 particle final
states exist (but have seldom being used)
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2-body scattering
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2-body scattering
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Dominance of 2-body interactions
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free of singularities 3 couplings
insiand s




2-body scattering
amplitude, e.g
(si- mg?-imgl)!

Dominance of 2-body interactions

A(si, s) = Ao(sq,s) + ZAi(si, s)

o« -

quasi two particle
production

amplitude (fit)

Set of 3 integral equations for
14%'(87;78)

free of singularities 3 couplings
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e (12 coupling)
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(23 coupling)
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Y.Goradia (ca 1975)
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The Excited Baryon Analysis
Center (EBAC) is conducting
dynamical coupled-channel
analyses of JLab data and other
relevant data in order to extract N*
parameters and to investigate the
reaction mechanisms for mapping
out the quark-gluon substructure
of N*. This effort is also providing
theoretical input to the data
analyses by the experimental
groups, especially by the CLAS
collaboration at JLab.

similar efforts
proposed for the
meson program

Dynamical Coupled—Channel Analysis at EBAC

Theory Center, JLAB

Meson production data
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dispersive analysis of partial waves

in of T"TT* photoproduction

| Highest Y energy in the gl | data set
Ey ~ 3-4 GeV. Low momentum
transfer (-t < | GeV?)

2 Extract moments of the angular
distribution (correcting for the CLAS
acceptance) by log-likelihood fit

3 Describe moments in terms of
partial waves

3 Parametrize partial waves
in terms of

known TTTT phase shits and
unknown production
amplitudes

4 Derive partial wave
cross sections
to compare with models

Mass spectra

Photoprod uction of mo meson pairs
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8 = (pj +pk)2

2-body scattering
amplitude, e.g
(si- mp%-imrl)?!




Diecilsr ) s e A

8 = (pj +pk)2
2

2-body scattering
amplitude, e.g
(si- mp%-imrl)?!

Dominance of 2-body interactions

A(Si, 8) = Ao(Si, 8) + ZA’L(S’L) S)

free of singularities 3 couplings
insiand s




Diecilsr ) s e A

2-body scattering
amplitude, e.g
(si- mp2-imrl)!

Dominance of 2-body interactions

A(Si, 8) = Ao(Si, 8) + ZA’L(S’L) S)

free of singularities 3 couplings
insiand s

(12 coupling)

quasi two particle 3 particle
production production
amplitude (fit) amplitude (fit)

(23 coupling)
Set of 3 integral equations for

A;i(s;, s)

+ 13 coupling
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2-body scattering
ampll’rude e.g
(Sl R -imrl )_1

free of singularities 3 couplings
insiand s

Dominance of 2-body interactions ‘
A(SZ‘, 8) = AO(SZ', S) + Z Ai(Si, 8)
)

/
/ 1 (12 coupling)
\ \

quasi two particle 3 particle
production production

amplitude (fit) amplitude (fit) /

(23 coupling)

Set of 3 integral equations for

A;i(s;, s)

+ 13 coupling
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more on one-gluon 2k e
exchange and light 2P >> (ki m)

quarks «  Wro(zpT kL) ~

1 z2(1 — 2)
AFELc k=

expansion not valid at end points z->0,1! / [Py T

w.f may be less suppressed at and points 6 |® Ackermann (DESY)
| & Brauel (DESY) - Reanalyzed

(1) fixed m F_-1(2008)
... low-x partons are soft and OF2

coherent with the hard 4 -
scattering sub-process |

One gluon exchange
An(ky =07 GeV) >> Ak, < 0.7 GeV)
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Norm, Mom (nb/ 0.1GeV* 10MeV)
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CLAS efficiency

® The kinematic region of interest is
0.0 <-f < 1.0 GeV?

* CLAS Efficiency for p 7 1= show
a steep dependence up to -f < 1.0 GeV

:

Only the topology p " (")
is used in this analysis

Efficiency (Top 1)

' B
35 4
(GeVD)
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Efficiency (Top 2)




