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Primakoff reactions

Access to χPT via reactions γ + π → X
Similarly π + A→ X at smalest momentum transfer

connected to πγ via Weizsäcker-Williams approximation:
dσ

ds dq2 d cos θ
= α

π(s−m2
π)
· F 2(q2) · q2−q2

min
q4 · dσπγ

d cos θ

Stefan Huber — Primakoff physics with COMPASS 2/17



Primakoff reactions Polarizabilities πγ → π−π−π+

Primakoff reactions

X-section proportional Z 2 ⇒ Pb/Ni-target
π− + γ →

π−γ Polarizabilities
π−π0 Chiral anomaly
π − π−π+ Absolute x-section/ radiative coupling
π − π0π0 Absolute x-section/ radiative coupling

Same reactions using kaon beam
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COMPASS
COmmon Muon Proton Apparatus for Structure and Spectroscopy

190 GeV/c π− and µ−Beams
CERN / SPS
H/Ni/Pb targets
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Polarizabilities

Consider π− in a strong EM-field (≈ 300kV/fm)
Lowest order correction to pointlike structure
Rigidity towards deformation

electric polarisability α magnetic polarisability β

χPT prediction: απ − βπ = 5.7± 1.0× 10−4 fm3 απ ≈ −βπ
Gasser, Ivanov, Sainio, Nucl. Phys. B 745 (2006)
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Polarizabilities
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Polarizabilities
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Technique

�γ∗
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Primakoff scattering on the Coulomb field of Ni nuclei

dσπγ
dEγ

=
dσBorn

dEγ
+

dσpol

dEγ

Cross-section ratio dependent on xγ = Eγ/Ebeam

R(xγ) =
Ndata(xγ)

Nborn
sim (xγ)

≈ 1 +
3
2

m3
πxγ

αem (1− xγ)
απ
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Event selection

Q2 < 1.5× 10−3GeV2/c2 mπγ < 3.5 mπ

xγ > 0.4 pT > 40 MeV/c
Vertex Z position, dependent on scattering angle
Energy balance: ∆E = Eγ + Eπ− − Ebeam
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Result

beam/Eγ = Eγx
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PWA of πγ → π−π−π+

Isobar model of intermediate
2-body decays
PWA in m3π bins of 40MeV/c2

Small masses⇒ χPT prediction
Exchange particle:

Primakoff production
→ quasi-real photon
⇒ only M=1
Diffractive dissociation
(Pomeron exchange)
σ ∝ t ′|M| exp(−bt ′)
vanishing as t’→0 for M=1
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Mass spectrum

Obvious resonances: a1(1260), a2(1320), π2(1670)
Kaon contribution
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PWA in resonance region
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PWA below resonance region

χPT prediction

Nucl. Phys. A 848 (2010) 198

Precise prediction of the
x-section
Loops become important around
the ρ-region
How to implement in PWA?
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Chiral wave

M=0 waves only from diffractive production
M=1 from diffraction and Primakoff

M=1 waves:

1++1±ρπS
1++1±(ππ)SπP
1−+1±ρπS
2++1±ρπS
2−+1±ρπP
2−+1±(ππ)SπD

from 3π-threshold to 5mπ M=1 waves
replaced by wave calculated from
χPT
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Comparison Primakoff / Diffractive

σ ∝ exp(−bt ′)

b≈ 1560 (GeV/c)−2

only detector resolution
b≈ 400 (GeV/c)−2

typical diffractive slope
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Result

Normalization via free Kaon decay Absolute x-section

Stefan Huber — Primakoff physics with COMPASS 16/17



Primakoff reactions Polarizabilities πγ → π−π−π+

Outlook

Polarisability:
Finalizing 2009 result
Extended data set from 2012
⇒ measure απ AND βπ

Kaon Polarizabilities
3π

Measurement of πγ → π−π−π+ abolute x-section
Similar analysis with 2009 data for πγ → π−π0π0

Extraction of radiative width of a2(1320) and π2(1670)
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