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• spontaneous chiral symmetry breaking ⇒ pions
• π0 → γ γ : axial anomaly, chiral corrections ~md-mu
• previous experiments
• PrimEx experiment at Jefferson Lab
• conclusions
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• we present our new results for the π0 →  γγ  rate

• this represents an effort of over 10 years

• we undertook this difficult experiment because the
process and the rate predictions are closely
connected to the symmetry structure of QCD
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mπ
2  = B(mu + md) →0

mu ≈  5 MeV, md ≈  9 MeV

ms ≈  140 MeV

S=0 S=1 S=2

 
Λx  ≈ 1 GeV

QCD mass gap:chiral symmetry breaking
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large η’ mass due to
gluon axial  anomaly
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Opportunity to perform a precision
  π0 lifetime measurement

• π0 is the lightest hadron
   spontaneous chiral symmetry hiding:
   m(π) ≈ 140 MeV

• EM: m(π ±)- m(π0) = 4.6 MeV

• EM decay π0 →  γ  γ (BR =98.8 ± 0.032%)

   axial anomaly dominant
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History: π0 Lifetime Theory
• PCAC predicts Aπγγ = 0 in the chiral limit

• 1968  Adler, Bell, Jackiw discover the axial anomaly

• Aπγγ = α /π Fπ
 Γ(π0 → γ γ)  = (mπ

3/64π)Aπγγ
2  = 7.725 eV ± 0.5%

   τ(π0)  = 0.807•10-16 sec

  c τ(π0) = 0.0253 µ
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ChPT: Goity, AB, Holstein:
O(p6), O(p4

1/Nc): π,η,η’

ChPT: Ananathanarayan,
Moussallam, O(p4 e2): π,η,η’

Sum rules: Ioffe, Oganiesian:
π,η

Anomaly, O(p4)
0.3% exp. error in Fπ

ChPT average(LEC errors)
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PDB average

Direct(1985)

Primakoff

e +e- 1988

axial
anomaly

Chiral

Cornell 1974

DESY 1970

Tomsk 1970

Previous exp. results
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σprim(θπ) ∝ Γγγ Z2  Eγ
4 sin2(θπ)/Q4    Q= mom.trans.

σ (θπ) = | Aprim+ eiφ Anc|2    + σincoherent
 fit data with 4 parameters; Γγγ, φ,
 scale factors for nuclear coherent and incoherent

σ(γA → π0X)

Primakoff + nuclear
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Improvements
• tagged photons:0.1%
• beam emittance
• duty factor
• detector resolution
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remove inelastic background
find N(π0)  from mγγ peak

Elasticity distribution

mγγ

π0 yield from data

elasticity=E_π/k

mγγ mγγ
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Compton Cross Section

Experiment and theory
agree within the
0.6% statistical and
≈1.8% systematic errors

2.4 → 5.5 GeV
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QED calibration reaction: pair production

σ_exp and σ_theory
agree to better then the
systematic error of 1.7%

Weak B field
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Primakoff

1974

1970

1970

PrimEX
20091985

PrimEx result
Γ(π0 → γ γ)=7.82eV± 2.2%(stat) ± 2.1%(sys)
     [3.0% total error]

1988
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PrimEx Collaboration Future Projects
•  6 GeV: PAC approved run 2 to reduce
error by ~50% in the next few years
• 12 GeV program under development:
    Γ(η  → γγ), Γ(η’ → γγ)
    transition form factors Fγγ* at low
    Q2(0.001 → 0.5 GeV2)
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Conclusions

• We have concluded a  modern Primakoff  measurement
Γ(π0 → γ γ)=7.82eV± 2.2%(stat) ± 2.1% (syst)

       [3.0% total error]
• The systematic error was checked by measurements of the
Compton and pair production cross sections to ~ 1.8%

• The results agree with the predictions of the
  axial anomaly + chiral corrections~md-mu

• Primex 2: to reduce error to ~1.5% in the next few years

•12 GeV Jlab           η → γ γ, η’ → γ γ ;
transition form factors at low Q2        π0,η, η’ → γ∗ γ 
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AB: Outlook: Experiment and Theory

• A modern ( ~ 1%) e+e- experiment is needed!
• preferably for π0, η, η′    → γ γ
• reduction of ~1%  theoretical error for π0   → γ γ
lattice-chiral extrapolation -
calculation of low energy constants?
• QCD predictions for η, η′    → γ γ
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