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B.~C.~Maglic, L.~W.~Alvarez, 
A.~H.~Rosenfeld and M.~L.~Stevenson, 
``Evidence For A T = 0 Three Pion Resonance,
'' Phys. Rev. Lett. 7 (1961) 178. 

Annihilation allows us to 
                  study mesons

Annihilation cross section is large

Annihihilation is fascinating
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More meson resonances have been discovered in 
pp annihilation since then:

• At rest:
• f0 (980)      BC
• f1(1285)     BC
• f0(1370)     CBar
• K1(1400)   BC
     η(1440)     BC
• a0(1450)    CBar
• f0(1500)     CBar

In flight:
ρ2(1940)
ω3(1945)
ω(1960)
b1(1960)
ρ(1965)
h1(1965)
f1 (1970)
ω 2(1975)
a2(1990)
f2(2000)

π2(2005)
η(2010)
a0(2020)
ρ(1965)
h3(2025)
b3 (2025)
η2(2030)
f3(2050)
f0(2060)
π(2070)

a3(2070)
a2(2080)
η(2100)
b1(1960)
ω(2145)
a2(2175)
η (2190)
ω 2(2195)
ω(2205)
h1(2215)

+ 22 more 
Anisovich et al., Phys Lett.  

BC   Bubble chamber
CBar Crystal Barrel LEAR





Fermilab
E835:



History of  η(1295) and η(1440)

A,  B,  C,  D,  E
a2, b1, K1, f1 ,  η







 C.~J.~Morningstar and 
M.~J.~Peardon,
``The glueball spectrum 
from an anisotropic lattice study,''
Phys. Rev. D 60 (1999) 034509.

0-+ glueball
expected at 
2.6 GeV !



The η(1295):
• Only seen in pion induced reactions
• Not seen in radiative J/ψ decays
• Not seen in 2γ fusion (Cleoc)
• Not seen in pp annihilation



The split η(1440):

BW   =

M:

x=q/β

T.~Barnes, F.~E.~Close, P.~R.~Page
and E.~S.~Swanson, ``Higher quarkonia,''
Phys. Rev. D  55 (1997) 4157



The split η(1440):

a0 π

ση

K*K
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Mass spectra
(Bonn model, green):

Pseudoscalar radial
excitations

             π(138) ,  η (958) ,  η (548),  K (495)
ΔM2  =    1.9          1.8          1.8          1.9
        π(1375), η(1645),  η(1440), K(1460)
ΔM2  =    1.4           1.4         1.3          1.2
        π(1800), η(2040),  η(1835), K(1830)
 



Summary on the η(1440):

• K and π first and second radial excitations
are identified

• The η(1295) is not a qq state
• The  η(1405)  and η(1475) are one state
• There is one η state in the 1200 to 1500 MeV

mass range, not three
• The η(1440) is the first η radial excitation, the
η(1835) could be the second one.

• The radial excitation of the η(958) could be
the η(1645), and η(2040) the second one



New:

ηc´
h1c

X(3872)
X(3940)
Y(3940)
Z(3930)
X(4260)

 c d
D

 Ds

cc spectroscopy below
DD threshold complete.

η`c(3638)



h1c(3524)



h1c(3524)

M = [3523.6 +/- 0.9 (stat) +/- 0.5 (sys)] MeV/c2

δ = [1.8 +/- 0.9 (stat) +/- 0.5 (sys)] MeV/c2. 

     δ cog = 0
    confinement
potential is scalar

cog = [5.(2++)+3.(1++)+1.(0++)]/9





PANDA (Strong Interaction Studies with Antiprotons):
 Momentum: 1.5 to 15 GeV/c
 Number of particles: up to 5*1011

 Maximum luminosity: < 2*1032 cm-2s-1

 Transverse emittance: 0.001 to 0.1 mm mrad
 Momentum spread: ±1*10-5 to ±1*10-4

 Interaction point wich β  < 1 m
          high luminosity mode: 2* 1032cm-2sec-1

                                                                        spread σ(p) /p ~10 -4
          high resolution mode   1031cm-2 sec-1

                                                spread σ(p) /p ~  10-5



• Antiprotonic atoms
• Antimatter
• CP violation
• Annihilation studies
• Meson spectroscopy
• Jets
• W production
• Top quark

Physics with antiprotons had a
great past:



Physics with antiprotons have
a bright future

• Charmonium spectroscopy
• Hybrids with hidden charm
• D physics
• Light meson spectroscopy
• NN interactions
• Antihydrogen spectroscopy



          PDG table and
Contributions to light meson 
           spectroscopy 
      from pp annihilation



η(1440) η(1645)?

BES data on isoscalars with 0-+

J/ψγ(          )

η(2040)



        Effect of pp
Not a radial excitation

M = 1830.6 ± 6.7 MeV

Γ = 0 ± 93 MeV    0-+

BES   J/ψγpp




