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— Neutral pion photoproduction from the proton
(up to =~ 165 MeV)

— Study the spontaneous breaking of chiral symmetry
— Isospin symmetry
— Unitary cusp

— Test of Heavy Baryon Chiral Perturbation Theory
— S-wave soft due to the Nambu-Goldstone nature of the pion

The aim is to extract accurately the S-wave Ey,. and D waves
play an essential role
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Differential cross sections from threshold up to 167 MeV and
photon beam asymmetry at one single energy (159.5 MeV)

C. Fernandez-Ramirez. The Unexpected Role of D Waves in Low-Energy Neutral Pion Photoproduction — Chiral Dynamics 2009 — Bern, July 7, 2009 — p. 3/



M h Institute of Technology

Latest experimental data from MAMI A2 Collaboration
Schmidt et al. PRL87, 232502 (2001)

Differential cross sections from threshold up to 167 MeV and
photon beam asymmetry at one single energy (159.5 MeV)

Analyses restricted to S and P waves only
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Is this approximation sensible?
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Standard arguments to restrict ourselves to S and P waves
— The analysis up to P, (#) is enough

UT(H) — Z—: [T() + T7Pq ((9) + T5Ps (9) + T57P3 ((9) + T4Py (9)]

— P-wave dominance

— Good argument for Ty and T, which are dominated by
the |M;,|? and |M;_|? contributions

— But not for 17 which is pure interference

— M can enhance D waves through interference
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Pedagogical approximation: M;, dominance

27 3
T =~ 2 Re [Mik—l— (EO—I— -+ EMQ_F -+ EQ_ -+ gMQ)]
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— S and P waves: HBCHPT
Bernard et al., Z. Phys. C70, 483 (1996); EPJA11, 209 (2001)

— D waves
— Standard Born terms
Equivalent to Born contribution to HBCHPT
— Vector mesons contribution
Coupling constants from: Mergell et al., NPA596, 367 (1996)

We fit for SP and SPD using a hybrid optimization routine:
Genetic algorithms+gradient-based

Fernandez-Ramirez et al., PRC77, 065212 (2008)
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SP vs SPD it
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S-wave LECs: Correlation plot i
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D waves cannot be dismissed in the analysis of low-energy
pion photoproduction

This Is due to the soft nature of the S wave and direct
consequence of chiral symmetry and the Nambu-Goldstone
nature of the pion
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P waves are not altered by the inclusion of D waves

D waves do not affect Ey, at threshold

Without D waves the S wave extraction is compromised
...and hence the obtained LECs

D waves cannot be dismissed in the analysis of low-energy
pion photoproduction

This Is due to the soft nature of the S wave and direct
consequence of chiral symmetry and the Nambu-Goldstone
nature of the pion

Are D waves measurable? Yes! (work in progress ...).

— Double polarization observables (E and F asymmetries)
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v/ P waves are not altered by the inclusion of D waves

D waves do not affect Ey, at threshold

Without D waves the S wave extraction is compromised
...and hence the obtained LECs

SSRNEE NN

D waves cannot be dismissed in the analysis of low-energy
pion photoproduction

This Is due to the soft nature of the S wave and direct
consequence of chiral symmetry and the Nambu-Goldstone
nature of the pion

Q\

[ Are D waves measurable? Yes! (work in progress ...).
— Double polarization observables (E and F asymmetries)

Thanks!
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