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I. Consider placing a hadron in a parallel plate capacitor at very 
high electric field

Hadron surrounded by 
pion cloud

Hadron surrounded by 
displaced pion cloud

E ≈
0.1GeV

1 fm
= 1023 volts

m

Electric polarizability  

Magnetic polarizability 

= α ≈ 10−4 × Volume
= β ≈ 10−4 × Volume

Small numbers because 
hadrons are “stiff”!

Polarizability measurements provide an important test of Chiral Perturbaton 
Theory (ChPT), dispersion relation predictions, and QCD lattice calculations 
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O(p4) prediction: απ = − βπ =
4αEM

mπF2
π

(Lr
9 − Lr

10) ≈
FA

FV

Pion polarizability has special importance because it tests 
fundamental symmetries, in particular chiral symmetry and its 
realization in QCD

where FA and FV are the weak FFs in  π+ → e+νγ

απ = − βπ = 2.78 ± 0.1 × 10−4e fm3

O(p6) prediction: απ − βπ = 5.7 ± 1.0 × 10−4e fm3

απ + βπ = 0.16 ± 0.1 × 10−4e fm3

O(p6) corrections are predicted to be small 
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Charged pion polarizability 



NLO calculation: απ0 + βπ0 = 0

Neutral pion polarizability 
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Neutral pion polarizability has never been reliably 
determined

απ0 − βπ0 = −
αEM

48π2mπF2
π

≈ − 1.1 × 10−4 fm3

NNLO calculation: απ0 + βπ0 = 1.15 ± 0.30 × 10−4fm3

απ0 − βπ0 = − 1.90 ± 0.20 × 10−4fm3



Measuring hadron polarizabilties

≈10%

~100 MeV

Strong electric field is needed to 
polarize a hadron:

E ≈
100MeV

1fm
= 1023 V

m

Probe of choice is Compton 
scattering:

H = HBorn (e, ⃗μ ) − 4π ( 1
2

α ⃗E 2 +
1
2

β ⃗H 2)



II. Since a pion target doesn’t exist, alternative methods 
must be used to determine pion polarizability 

Charged pion: 
i. Radiative pion photo-production:  
ii. Pion radiative scattering:  
iii. production in two photon collisions:  

Neutral pion:  
i. production in two photon collisions: 

γp → γ′ π+n
π−A → γπ−A

π+π− γγ → π+π−

π0π0 γγ → π0π0



π+
π+

~ 300 MeV
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i. Charged pion polarizabilty: radiative pion photoproduction

Proton target

dσ ∝ dσCompton

sensitive to απ and βπ

 at Mainz A2γp → γ′ π+n



π-
190 GeV π- beam
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ii. Charged pion polarizabilty: pion radiative scattering

dσ ≈ dσCompton

sensitive to απ and βπ

 at Compassπ−A → γπ−A

Ni target



π

π
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sensitive to απ-βπ

iii. Charged and neutral pion polarizabilty: γγ → ππ

~ 200 MeV

~ 200 MeV

Aγγ→ππ → dispersion theory → ACompton

 at Mark-II 
and Crystal Ball
γγ → π+π−



Published measurements of charged pion polarizability

COMPASS:  @ 160 GeV  
 

π−Ni → π−γ Ni
απ − βπ = 4.0 ± 1.2(stat) ± 1.4(sys) × 10−4fm3
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π

π

d2σPrim

dΩdMππ
=

2αZ2

π2

E2
γ β2

Mππ

sin2θ
Q4

F(Q2)
2

(1 + Pγcos2ϕππ) σ(γγ → ππ)
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III. The charged pion polarizability (CPP) and neutral pion 
polarizability (NPP) experiments at GlueX

σ(γγ → ππ)

6 GeV

sensitive to απ-βπ target208Pb
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γ + γ → π+ + π-
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FIG. 5. The total cross section for γ γ → π+ π− as a function of
the c.m. energy Wππ =

√
t in the low-energy region, as obtained from

the unitarized generalized Born term (including the ρ and ω contribu-
tions). (Solid line) Unsubtracted DRs. (Dashed line) Subtracted DRs
with the subtraction constants given by the polarizabilities predicted
by the two-loop calculation of ChPT. (Dotted line) Subtracted DRs
with the subtraction constants given by the polarizabilities obtained
from unsubtracted DRs by Ref. [12], except that the vector meson
contribution is calculated with an energy-independent coupling
constant gV (M2

V ). The data are from Boyer et al. [30].
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FIG. 6. The total cross section for γ γ → π+ π− as a function
of the c.m. energy Wππ =

√
t including the high-energy region

dominated by the f2 resonance. Data are from the collaborations
MARK-II [30], CELLO [31], and BELLE [32]. The error bars show
only the statistical errors. Further notation is as in Fig. 5.

γ + γ → π0 + π0
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FIG. 7. The total cross section for γ γ → π 0 π 0 as a function of
the c.m. energy Wππ =

√
t in the low-energy region. The data are

from Marsiske et al. [33]. Further notation is as in Fig. 5.

S-wave amplitude [see Eq. (32)]. We note that all the results
are obtained with an energy-independent coupling constant
gV (M2

V ). The same results are shown over a larger energy
region in Fig. 6. The f2 resonance contribution is clearly
visible near Wππ = 1.2 GeV. However, the contribution of
this resonance to the polarizability is very small, as has been
noted before.

The corresponding results for the γ γ → π0π0 cross section
are shown in Fig. 7. For this reaction the differences among
the models are much more pronounced, and at energies above
the f2 resonance the discussed method fails completely, most
likely because of the inelasticities due to more-pion and heavier
systems. To highlight the importance of the vector mesons,
Fig. 8 presents the results of the previous figure without
the vector meson contributions. A correct unitarization of
the full amplitude will be required to describe the higher-
energy region. Such a more consistent treatment has been
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FIG. 8. The total cross section for γ γ → π 0 π 0 as a function of
the c.m. energy Wππ =

√
t in the low-energy region, as in Fig. 7 but

obtained by unitarization of the Born terms, i.e., neglecting the vector
meson contributions. The data are from Marsiske et al. [33]. Further
notation is as in Fig. 5.
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Existing data for σ(γγ → π+π−)

f2(1270)
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The CPP and NPP experiments at JLab GlueX



FDC

Solenoid High Field Region

TO
F

FCALTarget

New detector for μ/π 
identification  

6 x MWPCs, 60” x 60” 

π+
π−

5 cm lead

10 cm steel

15 cm steel

35 cm steel

The CPP and NPP experiments at JLab GlueX

208Pb⃗γ



FDC

Solenoid High Field Region

TO
F

FCALTarget π+
π−⃗γ

New detector for μ/π 
identification  

The CPP and NPP experiments at JLab GlueX

208Pb
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Eight MWPCs were built at UMass for the CPP measurement



A trigger based on two charged tracks going  into the forward time-of-
flight (TOF) scintillator system was commissioned for CPP

18

Time-of-flight trigger for the CPP measurement



Update on the CPP and NPP experiments at GlueX
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A muon detector system was installed and commissioned for the 
experiment 
A trigger based on 2 charged tracks going into the forward 
time-of-flight scintillators was commissioned 
The Hall D photon tagger was reconfigured to provide a 
coherent photon peak at 6 GeV with 80% polarization 
A 5% RL lead target was installed 64 cm upstream of the 
nominal target position to give better acceptance at low   

The experiment started data taking June 9 and concluded on 
Aug. 18, taking the full allotment of 25 PAC awarded days 

Wππ









Reconstructed target vertex position observed during the run

Position of 
 target208Pb



Invariant mass of pairs observed during the run 
(no particle ID at this point)

h+h−

ρ0 → π+π−Bethe-Heitler   γA → e+e−A



Summary 

•  Pion polarizability has special importance because it tests 
fundamental symmetries, specifically chiral symmetry and its 
realization in QCD 

•  The GlueX CPP and NPP experiments utilize a new technique for 
measuring pion polarizability: Primakoff photo-production of 

 and  pairs 

•  Data taking for the CPP and NPP experiments has been 
completed, and we look forward to physics results in the near 
future

π+π− π0π0
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Thank you ! 


