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Ordinary and Exotic Hadrons
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Outline 3

® Exotic light meson spectroscopy

in exclusive diffraction reactions: C'Q { CLAS ]2
vp — 700y GL%&W

T p— 7T_77(/)p

® Exotic heavy meson spectroscopy
in three, four particle decays:
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Light Meson Spectroscopy
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Fta-Pi @COMPASS

COMPASS Phys. Lett. B740 (2015)

/ 1 g 1 ¢
. 0.8 f 0.8 f
_ _r 0.6 F 0.6 F
7/ - 0.4 F - 0.4 F
~ . U 0.2 F O 0.2 E! /
~o T ® 0F > 0F
g -0.2 F T‘-T} 8 -0.2 F 7-‘-77
8 0.4 3 8 0.4 -
-0.6 F -0.6 F
p > > D -0.8 e T, 0.8 | L
1 1.5 2 25 3 3.5 4 4.5 1.5 2 2.5 3 3.5 4 4.5 5

m(nm ™) [GeV/c?) m(n'n~) [GeV/c?]



Fta-Pi @COMPASS

COMPASS Phys. Lett. B740 (2015)

1
0.8 F
0.6 E
- 0.4 F
U 0.2 F
I
3 0.4
-0.6 F
-0.8 8 s
115 2 25 3 35 4 4.5 5
m(n’®™) [GeV/c2?]
a4(2040)
™, 1000
~
2 800
3 !
e i
~ 400 || “I
2 200 ‘ il ‘* |
> IL.A N “.AA o aaa
o 8

12 1.6 24

m(n'= ) [GeV/c?)

o 0.8 F o
_ PR 4 0.6 F ;
7/ . 8'3 3
*~\ ™ L~ .0 —
®-0.2 F
8 0.4 3
-0.6 F
p > > p -0-'.? E- 2 SR SRR Them
1 1.6 2 25 3 3.5 4 4.5
m(nm =) [GeV/c?]
a2(1320)
NU NU
< 5000 ~ 4000 II
> - !
< 4000 = 3000 . L =2
3 3000 8 | I |
~ 2000 N 2000 ””|If l| ||| |
= 1000 = 1000
o o
> and "y r>
a 1.2 1.6 2 2.4 2.8 s 1.2 1.6 2 2.4 2.8
m(n'n") [GeV/c?] m(n'77) [GeV/c?]
_ /
. T black: 77)
ﬂ'_ ¥
g red: ) (scaled)
b 3 Resonance in angular mom.L=1?




Resonances as poles
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Resonances as poles
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Poles in the complex energy plane:
Real part ~ mass
Imaginary part ~ width
Residue ~ coupling

Poles or resonances are the
universal building blocks of reactions
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Matching Theory and Experiments ;
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Matching Theory and Experiments
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BESIII PRL 110 (2013)
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Interactive webpage:  http://www.indiana.edu/~jpac/
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Special case: Szczepaniak arXiv:1501.01691
Real case: JPAC, in preparation
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Special case: Szczepaniak arXiv:1501.01691
Real case: JPAC, in preparation
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LHC produced by exchanges
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LHC produced by exchanges
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LHC produced by exchanges
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Triangle Branch Points

* Find 2 solutions s+,— as a function of A

. 2
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Movement of Branch Points
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Movement of Branch Points
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Hybrid Mesons

27

0 0 0% O* JEC  qq allowed Ordinary
1= 1+ 4+- q++
2-- 2-+ 2+- 2++

37 3+ 3" 3 JPY 47 notallowed Hybrid

4= 47 4% 4%

Quantum numbers filter ordinary mesons
Glueballs have ‘ordinary mesons’ quantum numbers

Easier identification of hybrid mesons with exotic quantum numbers






Resonances as poles
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E(nm—) [GeV/c?]

Poles in the complex energy plane:
Real part ~ mass
Imaginary part ~ width
Residue ~ coupling

Poles or resonances are the
universal building blocks of reactions
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Resonances as poles
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Hybrid Mesons

Evidence for hybrid mesons from numerical simulations

negative parity ) exotics
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