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Status of hadron spectroscopy:

A victim of its own success
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QCD dilemma
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“psychological” problem
-- theory is divorced from reality --

strongly interacting particles strongly interacting particles
of the Standard Model in Nature
quarks
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“practical” problem
— long-distance QCD effects limits on new physics searches —
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“practical” problem
— long-distance QCD effects limits on new physics searches —

(g-2), /2: experimental precision 8, =+ 6.3 x 100
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A better understanding of long-
distance QCD is essential

We have something called a
standard model, but its
foundations are kind of scandalous.
Frank Wilczek We have not known how to define
S an important part of it
mathematically rigorously, ...
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http://www.edge.org/conversation/frank wilczek-power-over-nature



Possible strategies for dealing with the
“scandalous” situation

Theorists: abandon old ideas, try to dream up new ones

Experimenters: try to identify previously unrecognized
patterns in the data
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X(3872) Mass
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X(3872) “Binding Energy”
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Is this a “coincidence?...
or is the data telling us something?



Thresholds may be interesting




Look at light baryon thresholds

baryon-antibaryon:
2 S-wave threshold states:

JPe=1" JPC=0*

e*e" > BB J/w(y') > yBB



O™ pp system

JPe=0*

Iy (y') 2> vpp



J/w > v pp at BESII
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J/w > pp at BESIII (PWA)

BESIII PRL 108, 112003 (2012)
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“protonium:” a pp bound state?
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X(1835)>n*tmn’ with 58M J/y decays
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X(1835)>m*tn’ with 225M J/\y decays
(BESIII)
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What are the new structures?
way above threshold, but narrow (I'*80 MeV)!l

PRD73,014516(2006) Y.Chen et al
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v’ first resonant structures observed
in the 2.3 GeV region:

-LQCD predicts that the lowest —lying
pseudoscalar glueball: around 2.3 GeV

Jhy=2>n’ntre s a good decay
channel for finding 0-" glueballs.
v' X(2120)/X(2370) possibilities:
-pseudoscalar glueball ?
-n/n’ radial excitations?
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X(1835)>m*tn’ with 1.1B J/y events
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Flatte formula fit:
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Two-resonance fit
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X(1835)>m*ntn’ with 1.1B J/y events
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X(1835) in other channels
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1--baryon-antibaryon systems

s

JPC=1"



1--baryon-antibaryon systems

_ B
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1--baryon-antibaryon systems

e*N->e*N
elastic scattering
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e*e > pp, nh (AA)near threshold

time-like form-factors
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e*e > pp, nh (AA) near threshold

time-like form-factors

ete Nﬁ, I\K, =— +c0529)‘GM\%mBB)‘2+%sin29‘GE(mBB)’2}

C = Coulomb correction




e*e" > pp, nh (AA) near threshold

time-like form-factors

ete NN, /\K, +c0529)‘GM\%mBB)‘2+%sin29‘GE(mBB)’2}

B=,1-— Erpﬁ:C= ro/p N
T 1 —exp(—ma/ B) B

for nn (AA): C=1

in point-like approx




e*e” > pp, ni (AA) near threshold

time-like form-factors

\
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If the form-factors are analytic: ast>1 |G| > |G,,| and gﬁe isotropic

Integrated cross section:
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effective form factor
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e*te’> pp, nh (AA) near threshold

ete™ — NN, AN, ...
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o(e*te > pp) threshold data

--from BaBar, using initial-state-radiation--
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PreliminaryBESIII data confirms BaBar
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o(e*e >nn) near threshold
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e*e > y*> AA at threshold

for AA, C=1; 0= B
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e*e > y*> AA at threshold

for AA, C=1; 0= B
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but 15t some experimental physics



First event in BESIII




events we don’t usually show in public




events we don’t usually show in public

Eery = 2M) + 1 MeV




What would a AA at rest look like in BESIII

For A - pmand A pTt

Tracking volume

17t && 1w with p=100 MeV/c
at least 1 track from r=3cm




about like this

Em=2m, +1MeV o




about like this

Ecy = 2My + 1 MeV b




What would a AA at rest look like in BESIII

ECL: EM
calorimeter
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Events / 0.7

What would a AA at rest look like in BESIII

ECL: EM
calorimeter
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BESIII efe- > A\ measurements
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Cross section: ete” 2> Y*>AA
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Effective time-like form-factor of the A
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e'e” > NN,

Detect one A use 10 different decay modes
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BB threshold measurement prospects

BESIII data “in the can”

- & under analysis -
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Comments
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