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• Spontaneous Chiral symmetry breaking ⇒ pions
• π0 → γ γ : Axial anomaly
•NLO chiral corrections: isospin breaking ~md-mu
•Previous experiments
• Primex Experiment at Jefferson Lab
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Spontaneous Breaking(Hiding) of Chiral
Symmetry in QCD

•For massless particles h= σ • p = ±1 is conserved

•For massless quarks LQC D  conserves chiral symmetry
•Therefore each state has an opposite parity partner: 
Wigner - Weyl manisfestation of the symmetry
•Since this is not observed in nature chiral symmetry has
been spontaneously hidden
•The symmetry is exhibited by the appearance of
massless, pseudoscalar (Nambu- Goldstone) Bosons
• |p> 1/2+ ,|p> |π>  1/2-  are degenerate
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Symmetry becomes Dynamics
• πh system has to have gradient coupling
     due to the pseudoscalar nature of the pion
• weak in the s wave, generally strong in the p wave
• At  low energies the interaction vanishes
•  this can be systematically exploited
       ⇒ effective field theory of QCD (ChPT)
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♦     π  not a pure Go ld stone Boson

     mu , md, ms ≠  0   chi ra l  symm etry broke n

  mu ≈  5 M eV, md ≈  9 M eV, ms ≈  140 M eV

mπ2  = B(mu + md) ≈ 140 M eV →0     as  mq →0

B ∝ < 0 |   q q  | 0 >  "vacuu m cond ensate"

♦ π−hadr on interaction small  as pπ  →  0,  how smal l?

σ(θ) →  a(πh)2    a(πh) = s wave  πh scattering length
pure Go ld stone Boson:     a(πh) = 0

    strong interactions:           a(πh) ≈  1/mπ ≈  1 fm

intuitively for a “Go ld stone Boson” a(πh) ≈  1/Λ  ≈ 0.1fm
 Λ =chi ra l sym . breaki ng scale  ≈ 4 π Fπ ≈ 1 GeV
pion d ecay constant   Fπ  = 92 M eV

PCAC cal culation by Weinb erg (1966)

This is the lowest order Ch PT calcula tion
Expect chi ra l corrections of order (mπ/Λ)≈ 0.02

aI(πh) = - Iπ •  Ih  mπ / (Λ Fπ ) ≈  1/Λ  

  → 0   as  mπ → 0
I  = I π +  I h
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π−π    scattering
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•axial anomaly predicts Γ(π0 →γγ) ∼ |Αγγ|2 mπ
3 =7.725 eV

• chiral corrections due to finite quark masses
 Calculated by J.Goity, AB, B. Holstein, PRD 2002
  in NLO: ChPT in large Nc limit
• largest effect is π, η, η�’ mixing
•Isospin mixing ~ md-mu
•4.5±1 % increasein width
• Γ(π0 →γγ) =8.04 ±0.08 eV
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First Primakoff exp to
Use tagged photons
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Primex:
Preliminary

Primakoff peak

C
Pb

Nuclear coherent
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compared to C
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12 GeV Experimental Setup

• Use Light targets:
1H  and 4He

• New High Energy
Photon Tagger

• Upgrade HYCAL
Calorimeter with all
PbWO4
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Decay Width Decay Width ΓΓ((η→γγη→γγ))
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Transition Transition form form factor factor F(F(γγγγ**→η→η))
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Outlook: measurement of the π0 lifetime: testing a prediction
axial anomaly and NLO chiral correction ~md-mu
⇒spontaneous chiral symmetryhiding, quark mass effects

•Spontaneous Chiral symmetry hiding ⇒ Goldstone Bosons
has been verified in π−π, π−Ν, γ N →  π N

•  quark mass effects:  (md + mu)
• pion cloud effects: non-spherical effects in N, ∆

Opportunities : IS breaking (md - mu)
• π−Ν scattering,  γΝ→ πΝ
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