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the experimental meson spectrum
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quantum chromodynamics
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quantum chromodynamics
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gluonic field excitations ?

what role do gluonic excitations play
in the spectrum of hadrons ?
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gluonic excitations in QCD - hybrid mesons

quark-antiquark pair coupled to a gluonic excitation

gluonic excitation can contribute to J’© quantum numbers = ‘exotic’ J’¢
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gluonic excitations in QCD - hybrid mesons

quark-antiquark pair coupled to a gluonic excitation

gluonic excitation can contribute to J’¢ quantum numbers = ‘exotic’ J7¢
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gluonic excitations in QCD - hybrid mesons

quark-antiquark pair coupled to a gluonic excitation

gluonic excitation can contribute to J’© quantum numbers = ‘exotic’ J’¢
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gluonic excitations in QCD - hybrid mesons

quark-antiquark pair coupled to a gluonic excitation

gluonic excitation can contribute to J’© quantum numbers = ‘exotic’ J’¢

... but not present in the experimental spectrum ?
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gluonic excitations in QCD - hybrid mesons

quark-antiquark pair coupled to a gluonic excitation

gluonic excitation can contribute to J’© quantum numbers = ‘exotic’ J’¢
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meson spectroscopy in lattice QCD

a calculation of the excited meson spectrum (at mx ~ 400 MeV)

hadron spectrum collaboration '11
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meson spectroscopy in lattice QCD

a calculation of the excited meson spectrum (at mx ~ 400 MeV)

hadron spectrum collaboration '11
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meson spectroscopy in lattice QCD

a calculation of the excited meson spectrum (at mx ~ 400 MeV)

hadron spectrum collaboration '11
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meson spectroscopy in lattice QCD

a calculation of the excited meson spectrum (at mx ~ 400 MeV)
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meson spectroscopy in lattice QCD

a calculation of the excited meson spectrum (at mx ~ 400 MeV)

hadron spectrum collaboration '11
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meson spectroscopy in lattice QCD

hadron spectrum collaboration '11
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meson spectroscopy in lattice QCD

<
g

5 .

é‘ phase shift

1807 HH by Bla o
160+ k3

2500 } = =

=D 140,
2000

120+

1(Eem) /°

2~ 100}

1500 L 1 2__

80r

1000 | 60+
a challenge: r
500 | /*_

— resolving the resonant na 20 S
o+ of excited states (decays) 07§00 850 900 950 1000 1050 . MoV
10r

I=1
J

E / MeV

]

$
N
N

T — P —2 T

0.8F

0.6

Sin2 51

041 my ~ 400 MeV

mo = 864(2) MeV
I, =10(1) MeV

0.2+

- hadron spectrum collaboration 12 arXiv:1212.0830

.Jefferspon Lab


http://arxiv.org/abs/arXiv:1212.0830
http://arxiv.org/abs/arXiv:1212.0830

amplitude analysis or “PWA”

e.g. three-pion resonances

known two-pion ‘isobars’,
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COMPASS mPb->nnnPb

Phys.Rev.Lett. 104 (2010) 241803
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COMPASS mPb->nnnPb
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COMPASS mPb->nnnPb

Phys.Rev.Lett. 104 (2010) 241803
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COMPASS m Pb-> nnnPb <107
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COMPASS m Pb-> nnnPb <107

16~ 1+ (mp)s
Phys.Rev.Lett. 104 (2010) 241803 14
12+
10—
x103 gl
35+ 61— 14,000 events
at peak
— 4
o~ 3
° N
2 251 B hs TS A e s 2
S . . = L . . mar (GeV/c)
o
~
£ 15 X107
q§ 27 (mp)p
S
05
1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 I 1 1 1 1 I

0 05 1 15 2 25 iy (GeV/?)

06 08 1 12 14 16 18 2 . (GeV/?)

800~ H 1= *(mp)p
600

400
600 events

at peak

O(1%)

200

06 08 1 12 14 16 18 2 py (GeV/c?

)
) s e EA
Jefferson Lab A0 MeVD @




COMPASS mPb->nnnPb
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JLab 12GeV - complimentary meson production programs

, 11 real 9 GeV photon beam (~10%y/s)  high statistics
GlueX —

(in Hall D) high degree of linear polarisation  aids PWA

high/flat acceptance
high multiplicity final states

hermetic detector

CLAS12

quasi-real photoproduction
(in Hall B)

(electroproduction at tiny Q?)
[forward tagged electrons]

high statistics

high degree of linear polarisation

near hermetic detector  low multiplicity final states
including kaons

new world database of meson photoproduction events
with systematic cross-check between two detectors @ @JSA
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GlueX detector response x1’
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CLAS12 detector response
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summary

Post 12 GeV have a major new experimental tools in GlueX & CLAS12 through meson (quasi) photoproduction
- complimentary measurements

> a new production method, can only happen at 12 GeV JLab

Recent technical progress in PWA computing + unprecedented statistics
- requires theoretical improvements to PWA formalism (Physics Analysis Center)

» controlled formalism to make any observation robust
Experimental improvements coupled to significant progress in QCD theory
- lattice QCD now computing excited state spectra

- couplings of excited meson states to photons coming soon (demonstrated in charmonium)
- first computations of excited hadrons as resonances with decay widths underway

> reliable QCD results for hadron spectroscopy

» convergence of theory & experiment into the 12 GeV era
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