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Mesons with Unusual Quantum Numbers

The JPC=1-+ Exotic Spectrum from BNL/E852
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Light Quark JPC=1-+ Lattice Mass

Collaboration Mass (GeV/c2)
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E852: MPS/Pb Glass/Cerenkov Counter
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E852  (1994-1998) Brookhaven Multi-Particle Spectrometer

M(γγ)
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Reflectivity

The operator Π
y
: reflection through the production plane

Helicity states satisfy:
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E852 (1994) � - p �� � - p
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E852 (1994) � - p � � + � - � - p Phys. Rev. D65, 072001 (2002)

250,000 Events

ρ,f
0,
f

2
,σ



D. P. Weygand , Jefferson Laboratory                                                         JLab July 18, 2003

Principle Waves:

E852 (1994) � - p � � + � - � - p
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JPC = 1-+ Exotic π
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JPC = 1-+ Exotic π
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E852 � �
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Branching Ratios: a
1
(2075) and π

2
(1991) and hybrids1

1++ M=0 ε+ a1(1260) η P

Mass (GeV/c) Mass (GeV/c)

2-+ M=0 ε+ a
2
(1320) η S

BR a1 2075 � f 1 1285 �

BR a1 2075 � a1 1260 �

� 2.9
BR �

2 1991 � a2 1320 �

BR �

2 1991 � f 1 1285 �

� 26.81

hybrid: 23hybrid: 3

1  Page, Swanson, and Szczepaniak, Phys. Rev. D59, 034016 (1999)
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Partial Wave Analysis Results:

E852  (1995) � �

p �� � � � � � �

p

1++ M=0  ε+ P

2-+ M=0 
ε+ D

1-+ M=0 
ε+  S

φ(1-+) - φ(2-+)

φ(1-+) - φ(1++)

φ(1++) - φ(2-+)

Wave Mass (MeV/c2)    Γ (MeV/c2)
(JPCMε decay L)

1++0+f
1
πP 1714 (fixed) 308 (fixed)

2096 +/-17 451 +/- 41

2-+0+f
1
πP 1676 (fixed) 254 (fixed)

2003 +/- 88 306 +/- 132
2460 +/- 328 1540 +/- 1214

1-+1+f
1
πS 1709 +/- 24 403 +/- 80

2001 +/- 30 333 +/- 52
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E852 � �
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Tested and rejected:

ρ(1450) π
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1
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a
2
(1320) σ
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ρ3(1690)π  3++0+

+ incoherent isotropic background

27 waves in fit
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Partial Wave Analysis Results:
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3P
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Chung & Klempt:  (submitted to Phys.Lett. B)

Chung,Klempt, and Korner Eur.Phys.J.A15, 539 (2002)



D. P. Weygand , Jefferson Laboratory                                                         JLab July 18, 2003

d

�

u
d

�

u

u�

u

d

�

d

�

u
d

�

u

d

-

-

- = 0

JPC = 1-+

JPC = 1-+

SU(2)
flavor

   (Isospin) Symmetry Lipkin, Phys.Lett. B219, 99 (1989)



D. P. Weygand , Jefferson Laboratory                                                         JLab July 18, 2003

Summary and Conclusions

π
1
(1600): Seen now in ρπ, η'π, f

1
(1285)π, b

1
(1235)π

M ~ 1600 MeV/c2, Γ ~ 340 MeV    gluonic hybrid?
 ε+   ε-?

π
1
(1400): 'First' JPC=1-+ Exotic Meson:    M ~ 1400 MeV/c2, Γ ~ 340 MeV

       q

�

q q

�

q ?

NEW: π
1
(2000) : Seen in 'preferred' modes f

1
(1285)π and b

1
(1235)π 

π(1800): ωρ decay mode indicates radial excitation   (2 states?)

a
1
(1700):  Radial excitation from S/D ratio 

π
2
(1900): ωρ decay indicates radial excitation

However, a
2
(1320)η/f

1
(1285)π indicates hybrid interpretation (2 states?)
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Future

π+π−π−: 20X the statistics from the 1995 data run

η' π0

t-evolution of many states

information on the production (exchange) process

K decay modes


