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A(π−γ → π−π0) = h(s, t, u) · εµαβγAµ∂απ−∂βπ+∂γπ
0

Sutherland-Veltman (chiral symmetry): h(0, 0, 0) ≡ h(0) = 0

Relation to the π0 → γγ process1

Wess-Zumino anomaly2

Direct calculation of the box

 h(0) =
e

4π2F 3
π

= 9.8 GeV−3

(Fπ = 92.2 MeV from π → `ν decay)

h(0) 6= 0⇒ chiral anomaly
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1[Terent’ev, JETP Letters 14, 94 (1971)]
2[Wess, Zumino, Phys. Lett. 37B, 95 (1971)]
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A(π−γ → π−π0) = h(s, t, u) · εµαβγAµ∂απ−∂βπ
+∂γπ

0

h(s, t, u) = h(0)

{
1 +

2fρππfρπγ
m2
ρh(0)

[
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ρ − s

+
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]
+
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q2
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}
[Terent’ev, Phys. Lett. 38B, 419 (1972)]
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A(π−γ → π−π0) = h(s, t, u) · εµαβγAµ∂απ−∂βπ
+∂γπ

0

h(s, t, u) = h(0)

{
1 +

2fρππfρπγ
m2
ρh(0)

[
s

m2
ρ − s

+
t

m2
ρ − t

+
u

m2
ρ − u

]
+
fωγfω3π
m2
ωh(0)

q2

m2
ω − q2

}

h(0) values

Theory 9.8 GeV−3

Experiment at LO (1987) 12.9± 0.9± 0.5± 1.0 GeV−3

Experiment at NNLO + EMC (2001) 10.7± 1.2 GeV−3

Update from the COMPASS Collaboration?
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π+γ → π+π0
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π+γ → π+π0
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K+γ → K+π0
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s-channel amplitude:

A(0)
s (K+γ → K+π0) = −

2fK∗+K+γfK∗+K+π0

s−m2
K∗+

+ i
√
s ΓK∗+(s)

εαβγδεαpβk1γk2δ

As(K
+γ → K+π0) = A(0)

s (K+γ → K+π0)−A(0)
s (K+γ → K+π0)|s=0

Cross section:

dσ(K+γ → K+π0)

dt
=

1

27π

(
t+
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2
π0)(t−m2

π0)
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)
×
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π
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√
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∣∣∣∣2
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fK∗+K+π0 = 3.10
fK∗+K0π+ = 4.38
fK∗0K+π+ = 4.41
fρ0K+K+ = 3.16
fρ+K+K0 = −4.47
fωK+K+ = 3.16
fφK+K+ = −4.47
fK∗+K+γ = 0.240 GeV−1

fK∗0K0γ = −0.385 GeV−1

fρ0π0γ = 0.252 GeV−1

fρ+π+γ = 0.219 GeV−1

fωπ0γ = 0.696 GeV−1

fφπ0γ = 0.040 GeV−1

Decay widths:

Γ(K∗ → Kπ) =⇒ |fK∗Kπ|
Γ(K∗ → Kγ) =⇒ |fK∗Kγ |

Γ(φ→ K+K−) =⇒ |fφK+K+ |
Γ(ρ+ → π+γ) =⇒ |fρ+π+γ |
Γ(ρ0 → π0γ) =⇒ |fρ0π0γ |
Γ(ω → π0γ) =⇒ |fωπ0γ |
Γ(φ→ π0γ) =⇒ |fφπ0γ |

SU(3) symmetry:
√

2fK∗+K+π0 = fK∗+K0π+ = fK∗0K+π+ = −fρ+K+K0

=
√

2fρ0K+K+ =
√

2fωK+K+ = −fφK+K+

fK∗+K+γ = fρ+π+γ = fρ0π0γ = 1
3fωπ0γ = − 1

2fK∗0K0γ

The sign of the anomaly term is unknown.
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K+ K
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Weizsacker-Williams equivalent photons approximation:

dσ(K+N → KπN)

dt ds dq2⊥
=

Z2α
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)2)2
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(
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6

)
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dt ds
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Conclusions

I A theoretical prediction has been made for the cross sections of K+γ → K+π0

and K+γ → K0π+ reactions at low energies. For the anomalous reaction, we
predict two possible values depending on the a priori unknown sign of the
interference term, which should be resolved by the experiment.

I It is possible to observe the chiral anomaly through comparison of cross section
of K+ Cu→ K+π0 Cu reaction with that of K+ Cu→ K0π+ Cu reaction at√
s . 0.6 GeV2. The point is that only the first one has the anomaly which

manifests itself as an increase in the cross section at low
√
s.

I Luminosity of 60µb−1 at 0.4 < s < 0.6 GeV2 is planned to be collected in the
Protvino experiment. In this case expected observations are ≈ 10 events of
K0π+ production and either ≈ 20 or ≈ 70 events of K+π0 production,
depending on the sign of the interference term.
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