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Measurements of charged pion and neutral pion polarizabilities at 
JLab GlueX
Rory Miskimen 

University of Massachusetts, Amherst 
and the GlueX Collaboration

i.  Pion polarizability and how it’s 
measured  

ii.  Update on the pion polarizability 
measurement at Jefferson Lab 
GlueX

⃗γ
π

π



A. Schick, June 2019Rory Miskimen
Chiral Dynamics 2024 

Bochum, Germany
Aug. 26, 2024 

2

O(p4) ChPT: απ = − βπ =
4αEM

mπF2
π

(Lr
9 − Lr

10) ≈
FA

FV

I. Pion polarizability and how it’s measured 
Measurements provide a test for fundamental symmetries, specifically chiral symmetry 
and its realization in QCD

where FA and FV are the weak FFs in  

απ = − βπ = 2.78 ± 0.1 × 10−4e fm3

O(p6) ChPT: απ − βπ = 5.7 ± 1.0

απ + βπ = 0.16 ± 0.1

O(p6) corrections to the charged 
pion polarizability are small 

Charged pion polarizability (CPP) 

π+ → e+νγ

Neutral pion polarizability (NPP) 

LO ChPT: απ0 + βπ0 = 0

απ0 − βπ0 = −
αEM

48π2mπF2
π

≈ − 1.1

NLO ChPT: απ0 + βπ0 = 1.15 ± 0.30

απ0 − βπ0 = − 1.90 ± 0.20

Neutral pion polarizability has 
never been reliably determined
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Since a pion target doesn’t exist for use in Compton scattering, 
alternative methods must be utilized  

Charged pion polarizability: 
i. Radiative pion photo-production:   (Mainz A2) 
ii. Pion radiative scattering:  (Compass) 
iii. production in two photon collisions:  (Mark II @ SLAC PEP) 

Neutral pion polarizability:  
iii.  production in two photon collisions:  (Crystal Ball @ DESY Doris II)

γp → γ′ π+n
π−A → γπ−A

π+π− γγ → π+π−

π0π0 γγ → π0π0
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Two photon collisions γγ → ππ

~ 200 MeV

Aγγ→ππ
dispersion theory ACompton → απ − βπ

at Mark-II and 
 at Crystal Ball

γγ → π+π−

γγ → π0π0

4

π

σγγ→ππ

Theory 
Donoghue and Holstein, Phys. Rev. 
D 48, 137 (1993) 
Gasser, Ivanov and Sainio, Nucl. 
Phys. B 745, 84 (2006) 
Pasquini, Drechsel, and Scherer, 
Phys. Rev. C 77, 065211 (2008)  
Dai and Pennington, Phys. Rev. D 
90, 036004 (2014), and Phys. Rev. 
D 94, 116021 (2016)

π~ 200 MeV

space

time
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Charged and neutral pion polarizabilties measured in two photon collisions

~ 200 MeV

POLARIZABILITY OF THE PION: NO CONFLICT . . . PHYSICAL REVIEW C 77, 065211 (2008)
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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.
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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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σγγ→ππ

~ 200 MeV π

π

Aγγ→ππ
dispersion theory ACompton → απ − βπ

Boyer et al., Phys. Rev D 42 
1350 (1990)

 at Mark-IIγγ → π+π−
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Charged and neutral pion polarizabilties measured in two photon collisions

~ 200 MeV at Mark-IIγγ → π+π−

POLARIZABILITY OF THE PION: NO CONFLICT . . . PHYSICAL REVIEW C 77, 065211 (2008)

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

Wππ   (GeV)

σ to
t (

 |c
os

(θ
ππ

)|
< 

0.
8 

) 
  (

nb
)

0

5

10

15

20

25

30

0.2 0.3 0.4 0.5 0.6 0.7 0.8

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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σγγ→ππ

~ 200 MeV π

π
sparse statistics !  

Aγγ→ππ
dispersion theory ACompton → απ − βπ

Boyer et al., Phys. Rev D 42 
1350 (1990)
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Published measurements of charged pion polarizability

COMPASS: PRL 114 062002 (2015) 
 @ 160 GeV  

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

7

Mainz A2: Eur. Phys. J. A 23 113 (2005) 
  @ ~ 700 MeV  

 
γp → γπ+n
απ − βπ = 11.6 ± 1.5(stat) ± 3.0(sys) ± 0.5(mod )

Serpukov: Z. Phys. C, 26 495 (1985) 
 @ 40 GeV  

  
π−A → π−γ A
απ − βπ = 13.6 ± 2.4 × 10−4fm3
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d2σPrim

dΩdMππ
=

2αZ2

π2

E2
γ β2

Mππ

sin2θ
Q4

FEM(Q2)
2

(1 + Pγcos2ϕππ) σγγ→ππ

σγγ→ππ

6 GeV  ⃗γ π

π

II. Update on the pion polarizability measurement at Jefferson Lab GlueX

Goals for the JLab experiment 

i. Develop a new technique complementary to 
measurements at COMPASS and  colliders 

ii. Provide higher statistics for  than 
existing collider data 

iii. Provide a measurement of CPP with low 
statistical and systematic errors, and the first 
reliable measurement of NPP

e+e−

σ(γγ → ππ)

208Pb

Photon polarization
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CPP and NPP experiment at JLab GlueX 

New detector for μ/π 
identification  
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Status of the  JLab GlueX CPP and NPP measurements 

• Took data in summer 2022 with 6 GeV linearly polarized photons on 
 target, ~ 80% polarization 

• Calorimeter and charged particle tracking calibrations have been 
completed 

• Data processing will conclude October 2024   

• We expect to have preliminary physics distributions later this year; 
here I’ll show results to indicate the quality of the data 

208Pb
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Very preliminary look at exclusive  photoproduction 
   

π0

⃗γ Pb → π0 → γγ

Preliminary result from I. Larin

Lab angular distribution 
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Very preliminary look at exclusive  photoproduction 
   

π0

⃗γ Pb → π0 → γγ

Preliminary result from I. Larin

Larin et al., PRL 106, 162303 (2011)

for individual contributions from the different !0 produc-
tion mechanisms. Two elementary amplitudes, the
Primakoff (one photon exchange) TPr and the strong
(hadron exchange) TS contribute coherently, as well as
incoherently in !0 photoproduction from nuclei at forward
angles. Therefore, the cross section of this process can be
expressed by four terms: the Primakoff (Pr), the nuclear
coherent (NC), the interference between strong and
Primakoff amplitudes (Int), and the nuclear incoherent
(NI):

d"

d!
jTPrþei’TSj2þ

d"NI

d!
¼d"Pr

d!
þd"NC

d!
þd"Int

d!
þd"NI

d!
;

where ’ is the relative phase between the Primakoff and
the strong amplitudes. The Primakoff cross section is
proportional to the !0 decay width, the primary focus of
this experiment [10]:

d"Pr

d!
¼ "ð!0 ! ##Þ 8$Z

2

m3

%3E4

Q4 jFEMðQÞj2sin2&!;

where Z is the atomic number, m, %, &! are the mass,
velocity, and production angle of the pion, E is the energy

of the incident photon,Q is the four-momentum transfer to
the nucleus, and FEMðQÞ is the nuclear electromagnetic
form factor corrected for final state interactions (FSI) of the
outgoing pion. The FSI effects for the photoproduced
pions, as well as the photon shadowing effect in nuclear
matter, need to be accurately included in the cross sections
before extracting the Primakoff amplitude. To achieve this,
and to calculate the NC and NI cross sections, a full
theoretical description based on the Glauber method was
developed, providing an accurate calculation of these pro-
cesses in both light and heavy nuclei [19,20]. For the NI
process, an independent method based on the multicolli-
sion intranuclear cascade model [21] was also used to
check the model dependence of the extracted decay width.
The sensitivity of the extracted decay width from these

two different models was shown to be 0.12%. To check the
dependence of the decay width on the physical parameters
used inside the models, their values were changed at the
few " level, and the fitting procedure was repeated. For
example, the variation of !0N total cross section at the 2"
level resulted in only 0.1% change in the decay width. The
incident photon shadowing in the nuclei [19] is one of the
processes that contributes sizably to the model uncer-
tainty—mostly because up to now the shadowing parame-
ter was experimentally poorly determined. We have used
the value 0.25 for the shadowing parameter taken from
Meyer et al. [22]. Varying this parameter at the%30% level
changed the decay width not more than 0.13%. The uncer-
tainty from using different nuclear densities for the form
factor calculations was shown to be less than 0.1%.
Overall, the uncertainty in the decay width from model
dependence and parameters inside the models was esti-
mated to be 0.3%.
The "ð!0 ! ##Þ decay width was extracted by fitting

the experimental results with the theoretical cross sections
of the four processes mentioned above folded with the
angular resolutions ("&

!0
¼ 0:4 mrad) and the measured

energy spectrum of the incident photons (4.9–5.5 GeV). In
the fitting process, four parameters, "ð!0 ! ##Þ, CNC,
CNI, ’, were varied to calculate the magnitude of the
Primakoff, NC, NI cross sections and the phase angle,
respectively. The fit results of the two analysis groups for
the decay widths, as well as for the other three parameters
(CNC, ’, CNI), are presented in Table I for both targets,
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FIG. 4 (color online). Differential cross section as a function
of the !0 production angle for 208Pb together with the fit
('2=Ndf ¼ 123=121) results for the different physics processes
(see text for explanations).

TABLE I. The fit values extracted from the measured cross sections on 12C and 208Pb from two
analysis groups. The uncertainties shown here are statistical only including the fitting uncer-
tainties (see text for details).

Target Analysis group "ð!0 ! ##Þ (eV) CNC ’ (rad) CNI

12C I 7:67% 0:18 0:83% 0:02 0:78% 0:07 0:72% 0:06
II 7:91% 0:15 0:85% 0:01 1:01% 0:05 0:69% 0:05

208Pb I 7:72% 0:23 0:69% 0:04 1:25% 0:07 0:68% 0:12
II 7:99% 0:17 0:57% 0:05 1:13% 0:08 0:44% 0:44

PRL 106, 162303 (2011) P HY S I CA L R EV I EW LE T T E R S
week ending

22 APRIL 2011

162303-4

PrimEx I γ Pb → π0 Pb

Primakoff peak

dσPrim

dΩ
= Γ(π0 → γγ)

8αZ2

m3
π

β3E4
γ

Q4
FEM(Q2)

2
sin2θπ
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Very preliminary look at exclusive  photoproduction 
   

η
⃗γ Pb → η → γγ

Preliminary result from I. Larin

Lab angular distribution 



Rory Miskimen 
Chiral Dynamics 2024 

Bochum, Germany Aug. 26, 2024 14

Very preliminary look at exclusive  photoproduction 
   

η
⃗γ Pb → η → γγ

dσPrim

dΩ
= Γ(η → γγ)

8αZ2

m3
η

β3E4
γ

Q4
FEM(Q2)

2
sin2θη

Preliminary result from I. Larin

Primakoff peak
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for individual contributions from the different !0 produc-
tion mechanisms. Two elementary amplitudes, the
Primakoff (one photon exchange) TPr and the strong
(hadron exchange) TS contribute coherently, as well as
incoherently in !0 photoproduction from nuclei at forward
angles. Therefore, the cross section of this process can be
expressed by four terms: the Primakoff (Pr), the nuclear
coherent (NC), the interference between strong and
Primakoff amplitudes (Int), and the nuclear incoherent
(NI):

d"

d!
jTPrþei’TSj2þ

d"NI

d!
¼d"Pr

d!
þd"NC

d!
þd"Int

d!
þd"NI

d!
;

where ’ is the relative phase between the Primakoff and
the strong amplitudes. The Primakoff cross section is
proportional to the !0 decay width, the primary focus of
this experiment [10]:

d"Pr

d!
¼ "ð!0 ! ##Þ 8$Z

2

m3

%3E4

Q4 jFEMðQÞj2sin2&!;

where Z is the atomic number, m, %, &! are the mass,
velocity, and production angle of the pion, E is the energy

of the incident photon,Q is the four-momentum transfer to
the nucleus, and FEMðQÞ is the nuclear electromagnetic
form factor corrected for final state interactions (FSI) of the
outgoing pion. The FSI effects for the photoproduced
pions, as well as the photon shadowing effect in nuclear
matter, need to be accurately included in the cross sections
before extracting the Primakoff amplitude. To achieve this,
and to calculate the NC and NI cross sections, a full
theoretical description based on the Glauber method was
developed, providing an accurate calculation of these pro-
cesses in both light and heavy nuclei [19,20]. For the NI
process, an independent method based on the multicolli-
sion intranuclear cascade model [21] was also used to
check the model dependence of the extracted decay width.
The sensitivity of the extracted decay width from these

two different models was shown to be 0.12%. To check the
dependence of the decay width on the physical parameters
used inside the models, their values were changed at the
few " level, and the fitting procedure was repeated. For
example, the variation of !0N total cross section at the 2"
level resulted in only 0.1% change in the decay width. The
incident photon shadowing in the nuclei [19] is one of the
processes that contributes sizably to the model uncer-
tainty—mostly because up to now the shadowing parame-
ter was experimentally poorly determined. We have used
the value 0.25 for the shadowing parameter taken from
Meyer et al. [22]. Varying this parameter at the%30% level
changed the decay width not more than 0.13%. The uncer-
tainty from using different nuclear densities for the form
factor calculations was shown to be less than 0.1%.
Overall, the uncertainty in the decay width from model
dependence and parameters inside the models was esti-
mated to be 0.3%.
The "ð!0 ! ##Þ decay width was extracted by fitting

the experimental results with the theoretical cross sections
of the four processes mentioned above folded with the
angular resolutions ("&

!0
¼ 0:4 mrad) and the measured

energy spectrum of the incident photons (4.9–5.5 GeV). In
the fitting process, four parameters, "ð!0 ! ##Þ, CNC,
CNI, ’, were varied to calculate the magnitude of the
Primakoff, NC, NI cross sections and the phase angle,
respectively. The fit results of the two analysis groups for
the decay widths, as well as for the other three parameters
(CNC, ’, CNI), are presented in Table I for both targets,
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FIG. 4 (color online). Differential cross section as a function
of the !0 production angle for 208Pb together with the fit
('2=Ndf ¼ 123=121) results for the different physics processes
(see text for explanations).

TABLE I. The fit values extracted from the measured cross sections on 12C and 208Pb from two
analysis groups. The uncertainties shown here are statistical only including the fitting uncer-
tainties (see text for details).

Target Analysis group "ð!0 ! ##Þ (eV) CNC ’ (rad) CNI

12C I 7:67% 0:18 0:83% 0:02 0:78% 0:07 0:72% 0:06
II 7:91% 0:15 0:85% 0:01 1:01% 0:05 0:69% 0:05

208Pb I 7:72% 0:23 0:69% 0:04 1:25% 0:07 0:68% 0:12
II 7:99% 0:17 0:57% 0:05 1:13% 0:08 0:44% 0:44

PRL 106, 162303 (2011) P HY S I CA L R EV I EW LE T T E R S
week ending

22 APRIL 2011

162303-4

Upcoming analysis for CPP/NPP  

 distributions for CPP/NPP are qualitatively similar to  
distribution for single pion photo-production,  with some important 
differences: 

‣Nuclear coherent photo-production dominated by coherent 
 photo-production 

‣ Significant background from  in CPP, completely absent for NPP 

‣ Primakoff peak is broadened and shifted to higher angles 

Use incident photon linear polarization to help disentangle the  
 cross section from background reactions  

θlab
(ππ) θlab

π

f0(500)

ρ0

γγ → ππ

PrimEx I  γ Pb → π0 Pb
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FIG. 4. Definition of the angles used to describe vector-meson photoproduction. The hadronic production plane and the r(770) decay plane
are shown in red and blue, respectively. The photon polarization vector Pg is indicated in green. Diagram a) is in the center-of-mass frame of
the reaction with the z axis along the direction of the r(770) meson; b) is boosted into the rest frame of the r(770) meson, i.e. the helicity
system.

function

lnL =
N

Â
i=1

lnn(Ji,ji,Fi)+
N

Â
i=1

lnh(Ji,ji,Fi)� lnN!
| {z }

const

�
Z

dcosJdjdFn(J ,j,F)h(J ,j,F) (17)

in order to find the model parameters that match best the ob-
served angular distribution n(J ,j,F). The constant terms
S lnh and lnN! do not depend on the fit parameters and can
therefore be omitted from the fit. The recorded data sample
only appears in the first sum, where events from neighboring
beam bunches enter with negative weights to subtract back-
ground from accidental beam coincidences. The so-called
normalization integral that contains the experimental accep-
tance is evaluated using the large phase-space Monte Carlo
sample introduced in section IV. This allows us to separate
the normalization factor from the SDME fit parameters:

Z
dcosJdjdFn(J ,j,F)h(J ,j,F) =

K
Z

dcosJdjdFW (J ,j,F)h(J ,j,F)
| {z }

I

. (18)

The normalization integral I is approximated by summing
over all generated phase-space events Nacc

MC that pass the recon-
struction and selection criteria after the detector simulation:

I⇡ 8p2

NMC

Nacc
MC

Â
j=1

W (J j,j j,F j) , (19)

where NMC is the total number of generated Monte-Carlo
events. The factor 8p2 is the integration volume.

The extended likelihood function is maximized by choos-
ing the SDMEs as well as the normalization coefficient K
such that n(J ,j,F) matches the measured data best. This
formalism has been implemented using the AmpTools soft-
ware framework [35]. In contrast to conventional mass-
independent amplitude analyses, the normalization integral
depends on the fitted parameters, i.e. the SDMEs, and has
to be recalculated at every iteration of the fit, with significant
computational cost. For this reason, it was essential to use
graphical processing units for the numerical evaluation of the
large sums in Eqs. (17) and (19), which can contain up to 106

summands in this analysis.

C. Fit Evaluation

For converged fits, we can evaluate the quality of the model
with the expectation value N̄ in Eq. (15). Using the numerical
approximation of the normalization integral in Eq. (19):

N̄ ⇡ 8p2

NMC

Nacc
MC

Â
j=1

KW (J j,j j,F j) , (20)

we see that an individual MC event with the phase-space co-
ordinates (Ji,ji,Fi) contributes with a weight:

wi =
8p2

NMC
KW (Ji,ji,Fi) (21)

to the data sample. Events rejected by the reconstruction and
kinematic selection have zero weight. The acceptance of the

Utilize amplitude analysis tools developed for the GlueX  measurement for 
analysis of   data (see Phys. Rev. C 108, 055204 (2023)) 

⃗γp → ρ0p
⃗γ Pb → ππ Pb

 CM frame(ππ) Pb  CM frameππ
 polarization 

vector
⃗γ
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Very important to have 
high photon linear 
polarization, and to 
know the absolute value 
of the polarization 

Peak Polarization ∼ 80 %

ii. Enhancement of radiation from diamond relative to amorphous radiator (from J. Stevens)

Polarization vs run number

Polarization vs run number

Run polarizations ∼ 80 %

Run polarizations
∼ 80 %

i.  (from A. Austregesilo)⃗γ Pb → ρ0 Pb
Peak Polarization
∼ 80 %
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iii. New polarimetry technique developed for CPP:  where both  
and  are detected (from A. Schick)

⃗γ Pb → e+e− Pb e+

e−

Beam Polarization ∼ 80 %
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Summary 
• Pion polarizability has special importance because it tests fundamental symmetries, 

specifically chiral symmetry and its realization in QCD 

•  The JLab GlueX CPP and NPP experiments utilize a new technique for measuring pion 
polarizability: Primakoff production of and  pairs on a nuclear target 

•  Data taking for the CPP and NPP experiments has been completed. The data are of 
high quality, and we don’t see any “show stoppers” so far. We look forward to 
presenting results for  cross sections and pion polarizabilities in the near 
future

π+π− π0π0

γγ → ππ

Thanks for your attention, and thanks to the Organizers for 
the opportunity to speak at this meeting ! 
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Extra Slides
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“Thought experiment”: place a pion in a capacitor at very high electric field

Displaced pion cloud gives 
E.M. polarizability

E ≈
0.1GeV

1 fm
= 1023 volts

m

Pion surrounded by 
 pion cloud

Electric polarizability  

Magnetic polarizability 

= α ≈ 10−4 × Volume

= β ≈ 10−4 × Volume

Small numbers because  
hadrons are “sKff”

Polarizabilities encode information about the excited states of hadrons, and provide a test 
of effective field theories for low energy QCD
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II. How to measure pion polarizability

≈10%

~100 MeV

Strong electric field is needed to polarize a hadron: E ≈
100MeV

1fm
= 1023 V

m

The best technique is Compton scattering on the pion

H = HBorn − 4π ( 1
2

αE
⃗E 2 +

1
2

βM
⃗H 2)

⃗E ∼ 1023 V/mπ
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~ 300 MeV

i. Radiative pion photoproduction

Proton target

σγp→γπ+n at Mainz A2γp → γ′ π+n

σγp→γπ+n
hadronic models σCompton

γπ+→γπ+

π+
π+
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Incident 190 GeV  beamπ−

ii. Pion radiative scattering

 at Compassπ−A → γπ−A

Ni target

24

π−

σπ−A→γπ−A

σπ−A→γπ−A
LET σCompton

γπ−→γπ−
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CTOF (4 scintillator paddles)

⃗γ
⃗γ

CPP and NPP experiment at JLab GlueX 
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• 8 MWPCs built at UMASS, 6 used 
in CPP 

• Each MWPC has 144 channels 
(sense wires) 

• 90%  + 10%  gas mixture 

• 4 scintillators were placed 
downstream of the final chamber 
for triggering on muon tracks

Ar CO2

26

5 cm lead  
Absorber

10cm steel 
absorber

15cm steel 
absorber

35cm steel 
absorber

Scintillators for 
cross checks

6 Alternating  
x-y chambers

Muon detector built for the CPP measurement
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Muon detector
Assembled muon chambers 

at UMass
Chambers installed  
with iron absorbers

Trigger scintillators installed 
behind muon chambers
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Vertex resolution for charged tracks in GlueX
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Run 100423 Run 100421(MT)

Vacuum Window
Helium 

bag start

Helium bag

Helium 
bag end FDCs target208Pb

Run with  target in208Pb Run with  target out208Pb

Vertex resolution for charged tracks in GlueX
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Very preliminary look at  photoproduction 
   

ω0

γ Pb → π+π−π0

 invariant massπ+π−π0

ω0

η

From I. Larin
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“Online” look at invariant mass of pairs where 
 or  (i.e. no particle ID requirement)

h+h−

h± = e±, μ± π±

ρ0 → π+π− and    γA → e+e− γA → μ+μ−

31
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Particle identification: neural net analysis 
MLP = “multilayer perceptron” neural net 

MLP response is the “score” the neural net gives 
to an event as to it being signal or background 
based on the recorded detector responses

π+
μ+

e+Not e+

MLP+, MLP− < 0.4

MLP+ < 0.4

From A. Schick


