


Long time ago hadrons were made from valence quarks
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before we can address this question...
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...we need to know how
to interpret “peaks”
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Example of known non-ordinary: o

Possible evidence for non-

qq nature of light scalars
—
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FIG. 1: Modulus of amplitudes in different meson-meson
channels for N- = 3 (thick line) N. = 5 (thin continuous
line) and . = 10 {thin dotted line), scaled at g = 770 MeV.
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lattice : simulated

scattering experiment
Lusher condition

(lattice) Z(Ei) = T(Ei) (infinite volume)
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As,1) A(s, t) =) Ai(s)P(zs)
[

M t °
——— A (s) = liH(l) Aj(s + ie€)
€—

\-decay \ Ai(s +1e) # Ai(s — ie)

s-channel channel
A

Bumps/peaks on the real axis
(experiment) come from
singularities of in the complex ;
domain. Complexity of A, due to O
open channels, in t,s,u (unitarity)

Unitarity forces cuts : the name of the game is
analyticity (different from microscopic models)
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u(k) ., Coleman-Norton theorem

m+ (CT) A (hyperon) t-channel resonance can
1 T LY
produce s-channel “band” If:
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Coleman-Norton requires
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Events / 0.01 GeV/c?
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Often enhances by a nearby
direct channel, e.g. DD*
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Analyticity is a powerful constraint !

Cyi(s), B;(s) ~ exp(—s/1 GeV?) /
® W
BZ(S)

A D(m)

(e.g. Bugg,Swanson)

Violates causality (1)

Artifact of a model (quark model wave function overlap)



Gluon excitations

Mesons with JPC = 0--,0%",1~t 2% : Exotic Quantum Numbers

b

Expected to have very similar properties to ordinary QQ mesons




J. Dudek et al.
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new multiplets from lattice
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Hunting for Resonances in
fixed target experiments

particle exchange
= “Force”

JLAB 12 GeV

Particle <« Force
duality

exchangee
particle
“Force”

rapidity AN
gap ; ‘.
target

“slow” Resonance, “R” production

target = photon (JLab)
pion (COMPAS)

diffractive-dissociation
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evolution in statistics
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particle exchange
= “Force”

Resonance, “R” production
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JPAC: helping to repair the gap

Develop
theoretical,phenomenological/
computational tools for hadron

experiments

Experiment-theory
collaboration

GLOBAL EFFORT

Create a vibrant
community



JPAC : Specific Analyses

Light meson decays and light quark resonance
w/¢p — 3m, ny (Khuri-Treiman)
w — 3w (Veneziano, B4)
n—3m, n—n’nn(Khuri-Treiman)
J/W—-ynOn0

Photoproduction: (production models, FESR and duality)

yp — n0p
YP = PK+K-

Exotica and XYZ’s:
m-p — m-np & m-p—1-n’p (FESR)
BO— W n- K+ u, ¥(4260) — J/W m+1-
J/W — 3mn (Veneziano, B4)



Resonance-Regge physics in ot
meson-pbaryon scattering
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Neutral pion photo-production
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Duality @ JLab b(1270) 4o
y f,(1285) 9%

a,(1320) 49%

SK*HK", Bs amplitude description :f;g?;;;g; Pl
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* Light meson decays

N—3m W—3m ¢—3m

Constrained phase
space: effective (chiral)

dynamics, low partial ( - gﬂ‘
waves, amendable to o | ,

dispersive methods _

1 M2 M:-M? , m>—m’
— 37T A(s,t,u) =— - £ = M(s,t,u) - s -
N o 0" M 3\3F: ¢ m;—m,




N— 3

N
A* -
N o T 7
TABLE III: Dalitz plot parameters for — 37°. Set _ 7
1 and Set 2 correspond to (I,L)=(0,0), (1,1) and | e — '( = + + + + ...
(I,L) =(0,0), (2,0), (1,1) cases respectively (see Table I). | [
a B8 \__._ / L0 T T
GAMS-2000 [49] ~0.022 +0.023 -
Crystal Barrel, LEAR [50] —0.052 + 0.020 -
Crystal Ball, BNL [14]  —0.031 £ 0.004 -
SND [51) —0.010 + 0.023 -
CELSIUS-WASA [12]  —0.026+0.014 -
WASA-at-COSY [52] —0.027  0.009 -
MAMI-B [53] —0.032 £ 0.004 -
y _ N TABLE II: Dalitz plot parameters for n - 7' 7°. Set 1 and Set 2 correspond to (I,L) =(0,0), (1,1) and
MAMI-C [4¢] 0.032:£0.003 (I,L) = (0,0), (2,0), (1,1) cases respectively (see Table I).
KLOE [16] —0.0301 % 0.0050 -
a b d f
PDG average [1] —0.0317 + 0.0016 -
WASA-at-COSY [11] —1.144 £ 0.018 0.219 £ 0.019 £ 0.037 0.086 £ 0.018 £ 0.018 0.115 £ 0.037
Theory 0.008 0.007
[ —————————— KLOE [15] —1.090 + 0.0(Bto"mg 0.124 + 0.006 £ 0.010 0.057 + 0.0061’0:01‘ 0.14 £0.01 £ 002
Set 1 —0023+£0.004 —0.000%0.002
CBarrel [13] —-1.224+0.07 0.22+0.11 0.06 £ 0.04 (fixed) -
Set 2 —0.020+0.004 —0.001 £0.003
Layter et al. [47'] —1.080 £0.014 0.03 +£0.03 0.05£0.03 -
NLO [21) +0.013 -
Gormley et al. [48] —1.17T+0.02 0.21 £ 0.03 0.06 £0.04 -
NNLO [22] +0.013 £ 0.032 -
Theory
Kambor et al. [23] —0.007 ... — 0.014 -
NREFT (28] ~0.025+0.005 —0.004 % 0.001
—-1.117 £0.035 0.188 £ 0.014 0.079 £+ 0.003 0.090 £ 0.003
Kampf et al. [29] —0.044 £+ 0.004 -
=137 1 55 L% 0027
NNLO [22) —-1.271 £0.075 0.394 £ 0.102 0.055 £ 0.057 0.025 £ 0.160
= = Kambor et al. [23 -1.16 0.24...0.26 0.09...0.10 -
P.Guo, l.Danilkin, HASPEC/JPAC mhor o1 P
NREFT (28] —-1.213+0.014 0.308 + 0.023 0.050 £ 0.003 0.083 £ 0.019
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We preseat the moded published in [Mat]5a) . ~ 7"
The differential cross section for yp — x*p is computed with Regge amplitudes in the domain -\ _, -
B, > 4GeVand 0.01 < [¢] < 3(n GeV?), X "q'
The formulas can be extrapolated outside these intervals. b1
We use the OGLN invanant amphitudes A; defined i [Chew$7a) gy
See the section Formalism for the definition of the vanables.
The fitting procedure is detaled in [MatlSa) . We repoet here caly the main feature of the model \p
m 22

Formalism

The differential cross section is a function of 2 vaniables. The first is the beam energy in the laboratory frame B, (in GeV) or the
total energy squared s (in GoV?). The second is the cosine of the scattering angle in the rest frame ¢08 8 or the momentum
trassfered squared ¢ (ia GeV?)

The momenta of the particles are k (photon), g (piom), po (tarpet) and py (recoil). The pioa mass is 4 and the protom mass is M.
The Mandelstam varables, s = (k4 pp .t = (k = @)%, u = (k — py )* are related through & + ¢ 4 u = 2M? 4 52,

The differential cross section is expressed m term of the panity conserving hebaaty invanant amplstodes m the £ —chansel F)

do 3804 K

& = oix OB (2500 6 (1R + 4 IRS7) + (1 - cos)* | s + 2Vl + (1 + cosd |y — 2V Fif|

The differential cross section is expressed i sbV/GeVZ. We used (Ac)? = 0.3504 mb GeV?
The ¢ —channel is the rest frame of the process yx° — pp.
In the £ —channel, the momenta of the nucloon py and the peon &y and the cosine of the scattenag angle we

1 —or - _s-u
he= oVE-4ME, g N (A)

The invanant amplitedes F| are related theough the CGLN A; amplitades [ChewS7a] by

Fi=-A+2MA, n=+, CP=+ (A2)
Fa = A + tAa, g= =, CP=-~ (A3)
Fs = 2MA; - tAg, n=+, CP=4 (AA4)
Fy= A n= -, CP=4 (A5)

The F. amolitudes have eood quantum numbers of the ¢ —channel. the naturality n = P{—1Y and the vroduct CP.

http://cgl.soic.indiana.edu/jpac

Run the code

Choose the beam emergy in the lab frame E, | the other vansble (t or cos ) and its minimal, maximal, and mcrement valves.
If you choose t (cos) only the min, max and step values of ¢ (cos §) are read.

E, inGeV o

« 1 cos

t in GeV? (min max step) -3 -] [an - o
cos § (mmn max step) 0.5 2| 098 0.0

Download the cutpat file, the plot with Ox-t | the plot with Ox-cos .
In the file, the columns are: 1 (GeV?), cos, Dsig/Dt (micro barn/GeV?), Dsig/DOmega (micro barm)
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