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Polarizability of particles 
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The polarizability of pions characterizes their deformation in an external electromagnetic 

field

Electric polarizability α ≈ 10-4 • Volume

Magnetic polarizability β ≈ 10-4 • Volume

E ≈ 0.1 GeV/1 fm = 1023 Volt/m

Polarizability is a value that determines how strongly a particle is deformed in an external 

electric field. 

Polarizability is a proportionality coefficient, which has the dimension of volume, between 

the magnitude of the applied external field strength and the magnitude of the dipole moment 

induced by it.



Pions polarizability

Polarizability is a fundamental property of hadrons.

The pion is the lightest known particle involved in the strong interaction.

Measuring the polarizability of the pion is an important test of fundamental symmetries at low energy QCD.

Predictions for polarizability of charged pions[1-3]:

For neutral pions[4-5]:

where mπ is the pion mass, F π is the pion decay constant, α — fine structure constant , Lr
9 and Lr

10 are low 

energy constants in the Lagrangian. 

Precision measurement of the polarizabilities of charged and neutral pions will allow us to obtain the parameters 

απ and βπ with an accuracy of 10%, which exceeds the accuracy of all measurements existing today.

The pion polarizability also plays an important role in the (g − 2) μ anomaly [6], the interest in measuring which has 

grown since it was recently reported 4.2 standard deviations from the Standard Model prediction [7].
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Previous measurements of the pion polarizability 

The charged pion polarizability απ+- βπ+ was measured by three different methods.

The most up to date measurement in each type are: MARK-II, MAMI, COMPASS.

The CPP measurement is expected to be 1.5 times better than the most accurate one available 

today.

Charged pion polarizability (CPP)
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Previous measurements and expected data for charged(left) and 
neutral(right) pions

Left: γγ → π+π− cross section. The solid, dashed, dotted curves — model calculation with  α
π
−β

π
—

equal to 0,0, 5,7(ChPT) and 13,0 respectively. Black data points are from the MARK-II experiment, 

The red data points are projected data points for the CPP experiment at Jlab.

Right: Estimated total cross section for γγ → π0π0 from NPP(JLab ) experiment and data points from 

the single previous Crystal Ball measurement (disadvantage here is a very low statistics ~300 events 

collected for the reaction γγ→π0π0) .
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CPP and NPP experiments at Jefferson Lab

The goal of the CPP and NPP experiments is to make a presicion measurement of pion

polarizabilities by collecting of a high statistical data set of the γγ*→π+π− и γγ*→π0π0 reactions near

the threshold through the Primakoff process (pion photoproduction in the Coulomb field):

Where σ
Pr

— is the Primakoff cross section of two pions production, Ω
ππ

is the solid angle in

the laboratory frame for the emission of the 2π system, Mππ is the invariant mass of the 2π system, 

Е
γ

is the energy of the incident photon beam, Z is the target atomic number, β is the velocity of the

2π system, P
γ

is the linear polarization of the incident beam, ϕ
ππ

is the azimuth angle of the 2π 

system, F(Q) is the electromagnetic form factor of the target, θ is the lab angle for system, and

σ(γγ→ππ) is a total cross section which is sensitive for the pion polarizability. 
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CPP/NPP experimental layout (GlueX setup upgrade) 

Modification to the GlueX 

setup:

▪ Muon detector for 

separation pion and muon 

pairs

▪ Lead target (5% rad. 

length), to increase 

Primakoff photoproduction

▪ DIRC and start counter 

were excluded

▪ New trigger based on TOF
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Muon detector was installed right after forward calorimeter (FCAL)

Clarification for the NPP experiment: no additional equipment was required for the GlueX setup -

gamma quanta from π0 decays were detected using the forward (FCAL) and barrel (BCAL) 

calorimeters
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Muon detector (was used only for 

the CPP experiment) 



Experimental conditions

⚫ The requirements for experiments measuring the polarizability of neutral and charged

pions are identical

⚫ Large Z target number → signal amplitude is proportional to Z2

⚫ Reduced beam energy (relative to the standard one in the GlueX experiment) → 5-5.5 

GeV gives better acceptance and higher polarization (electron beam energy ~11.4 GeV)
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Singe π0 and η layouts using preliminary 

calorimeter calibration  (2022)

Lead target

Without target

σ ~ 7 MeV σ ~ 23 MeV

11

σ ~ 4.5 MeV

π0→γγ «elastic part», very

preliminary

π0→γγ, gamma beam energy is

4.5-6.0 GeV

η→γγ, gamma beam energy 

greater than 8 GeV
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π0 yield, Pb target, γPb → π0 → γγ
(preliminary and partial statistics)
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PrimEx-I

γPb → π0Pb

Larin I. et al. (PrimEx Collaboration) 

Phys. Rev. Lett. 2011. V. 106. P. 

162303.

PrimEx-I

γPb → π0Pb



η yield, Pb target (reaction γPb → η→ γγ)
(preliminary and partial statistics)
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Very preliminary look at ω0 photoproduction in 

the reaction γPb → π+ π− π0
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2π0 system (preliminary and partial statistics)

ΔΕ — difference between incident gamma beam energy and energy of 2π0 system

M — mass of the 2π0 system
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3π0 system (preliminary and partial statistics)

ΔΕ — difference between incident gamma beam energy and energy of 3π0 system

ΔΜ — difference between mass of the 3π0 system and η mass 
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Conclusion

• In the summer of 2022, data were collected to measure the polarizability of a charged pion at the

Thomas Jefferson Laboratory in Hall D.

• In parallel, statistics were collected to measure the polarizability of the neutral pion.

• A total of 106 billion events were collected on the lead-208 target. 23 billion events were

collected without a target for background analysis.

• All calibrations for neutral and charged particles have beed done.

• Working on the convertion from the raw data to data suitable for processing and analisys.

• Preliminary results are planning to recieve later this year or at the beginning of the next year.
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Thank you!

Thank you!

Vasiliy Polenov, Grandma's garden, 

1878.

Tretyakov Gallery, Moscow, Russia



Additional slides
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Diagrams of the other π0 production mechanisms
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The calculated Primakov cross section[1] for γPb → Pbπ0π0 using the CPP/NPP setup 

configuration and the σ(γγ → π0π0) parameterization, which was measured with limited 

statistical accuracy by the Crystall Ball collaboration[2].

[1] M. Ito et. al., Measuring the Neutral Pion Polarizability. Proposal Submitted to PAC 48, 2020. 

[2] H. Marsiske et al. Phys. Rev., D41:3324, 1990.
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Coherent bremstrauhlung (photon) beam

AlekSejevs A., Barkanova S., Dugger M. et. al. A proposal to the 40 th Jefferson Lab Program 

Advisory Committee.

https://www.jlab.org/exp_prog/proposals/13/PR12-13-003.pdf

Coherent bremstrauhlung is observed experimentally when electrons traverse crystalline targets
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Forward calorimeter 

∙ The Forward calorimeter consists 

of 2800 lead glass modules sized 

4x4x45 cm3 for the identification of 

gammas from the decays of the π-

mesons.

∙ Located at a distance of 5.6 

meters from the target.

∙ Central 3x3 modules hole.

∙ Energy resolution for gammas: 

6%/√Е ± 1.6%.
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A. AlekSejevs et. al. A proposal to the 40 th Jefferson Lab Program Advisory Committee.

https://www.jlab.org/exp_prog/proposals/13/PR12-13-008.pdf
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Dependence of the polarization of a photon beam on 

its energy 
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Information on the degree of polarization of the photon beam is obtained by 

analyzing the azimuthal distribution of scattered atomic electrons in the beryllium 

target foil using a triplet polarimeter (TPOL).



Monitoring histograms during a run (example)
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Collected statistics (number of events 

accumulated vs day of session)

Experimental statistics collected by ~62 days of the session (the 

session lasted 71 days in total)
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