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• Pion polarizability measurements

• CPP/NPP experiment setup

• Collected statistics

• Muon detector performance

• Pion yields observed

5/15/2023
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Hadrons in very high electric field

Hadron surrounded 
by pion cloud

Hadron surrounded by 
displaced pion cloud

𝐸 ≈
0.1𝐺𝑒𝑉

1𝑓𝑚
= 1023

𝑣𝑜𝑙𝑡𝑠

𝑚

Electric polarizability = 𝛼 ≈ 10−4 × 𝑉𝑜𝑙𝑢𝑚𝑒

Magnetic polarizability = 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
𝑚𝜋𝐹𝜋

2
𝐿9
𝑟 − 𝐿10

𝑟 ≈
𝐹𝐴
𝐹𝑉

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 × 10−4𝑒𝑓𝑚3

O(p6) prediction: 𝛼𝜋 − 𝛽𝜋 = 5.7 ± 1.0 × 10−4𝑒𝑓𝑚3

𝛼𝜋 + 𝛽𝜋 = 0.16 ± 0.1 × 10−4𝑒𝑓𝑚3

O(p6) corrections are predicted to be small 

Charged Pion Polarizability
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Neutral Pion Polarizability

Has never been reliably determined

NLO calculation: 𝛼𝜋0 + 𝛽𝜋0 = 0

𝛼𝜋0 − 𝛽𝜋0 = −
𝛼𝐸𝑀

48𝜋2𝑚𝜋𝐹𝜋
2 ≈ −1.1 × 10−4𝑓𝑚3

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

𝛼𝜋0 − 𝛽𝜋0 = −1.90 ± 0.20 × 10−4𝑓𝑚3
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Methods to experimentally determine 
pion polarizability

Charged pion:

1) Radiative pion photoproduction

2) Radiative pion scattering

3) Pion pair production in two photon collision

Neutral pion:

1) Pion pair production in two photon collision
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Radiative pion photoproduction

p+

p+

~ 300 MeV

Proton target

𝑑𝜎 ∝ 𝑑𝜎𝐶𝑜𝑚𝑝𝑡𝑜𝑛

sensitive to ap and bp

𝛾𝑝 → 𝛾′𝜋+𝑛 at Mainz A2
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Radiative pion scattering

p-190 GeV π- beam

𝑑𝜎 ≈ 𝑑𝜎𝐶𝑜𝑚𝑝𝑡𝑜𝑛

sensitive to ap and bp

𝜋−𝐴 → 𝛾𝜋−𝐴 at Compass

Ni target
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Pion pair production in two photon collision

p

p

sensitive to ap-bp

~ 200 MeV

~ 200 MeV

𝐴𝛾𝛾→𝜋𝜋 → 𝑑𝑖𝑠𝑝𝑒𝑟𝑠𝑖𝑜𝑛𝑡ℎ𝑒𝑜𝑟𝑦 → 𝐴𝐶𝑜𝑚𝑝𝑡𝑜𝑛

𝛾𝛾 → 𝜋+𝜋− at Mark-II 
and Crystal Ball
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Published measurements of  charged 
pion polarizability

COMPASS: 𝜋−𝑁𝑖 → 𝜋−𝛾𝑁𝑖 @ 160 GeV  

𝛼𝜋 − 𝛽𝜋 = 4.0 ± 1.2(𝑠𝑡𝑎𝑡) ±
1.4(𝑠𝑦𝑠) × 10−4𝑓𝑚3
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The charged pion polarizability (CPP) and neutral pion 
polarizability experiments with the modified GlueX setup

p

p

𝑑2𝜎𝑃𝑟𝑖𝑚
𝑑Ω𝑑𝑀𝜋𝜋

=
2𝛼𝑍2

𝜋2
𝐸𝛾
2𝛽2

𝑀𝜋𝜋

𝑠𝑖𝑛2𝜃

𝑄4
𝐹(𝑄2) 2 1 + 𝑃𝛾𝑐𝑜𝑠2𝜙𝜋𝜋 𝜎(𝛾𝛾 → 𝜋𝜋)

𝜎(𝛾𝛾 → 𝜋𝜋)

6 GeV

sensitive to ap-bp

208
𝑃𝑏

target
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Existing data for pion pair production in two 
photon collision

𝑓2(1270)

𝑓2(1270)

charged pion pair neutral pion pair



CPP/NPP experiment with the GlueX setup 
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The goal: Pion polarizability measurement via precision Primakoff
pion pair production differential cross section measurement

New 5% rad. len. lead-208 target.
64 cm upstream from the GlueX target to get
better acceptance at low pion pair masses
Start counter removed

New TOF trigger was
commissioned and added to
the data stream

Muon detector (6 MWPC planes spaced
with iron walls) has been commissioned
and installed for π/μ separation.

Required support, gas system, and fADCs

Additional scintillators
for MWPC efficiency
control (CTOF detector

and trigger)π+π-π0

¼ of CDC’s fADCs have been

sacrificed for the muon detector

5/15/2023

π+π-π0



CPP/NPP target
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• 5% rad. len. foil lead-208 99%-enriched foil target 

with well-measured thickness uniformity 

(~0.38%) at UMASS [NIM A612, 46 (2009]

• Placed 64cm upstream from the GlueX target 

center

• Target holder has been designed by Hall-D 

engineers to be quickly manually removed and 
placed back in the beam during rapid accesses

Transverse thickness scan (UMASS)

5/15/2023



• Designed and assembled at UMASS,

tested at JLAB and in beam

• Shielding thickness distribution has

been optimized with AI

• First wall material has been changed to

lead as we were tight in space for the

deep e-m background tails after FCAL

suppression

• 8 MWPC planes have been

constructed, 6 of them were used

during the run

• Each MWPC has 144 channels (i.e.

sense wires, connected to fADC-125)

• Grounding has been improved in the

Hall, suppressing high frequency noise

• 90% Ar + 10% CO2 mixture has been

chosen after beam tests for better

timing

• Operated at ~1780V

Muon detector
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“picture frame” 

adjustable shield

Beam

5 cm lead 

absorber

6 alternating 

x-y chambers

2 35cm steel 

absorbers

15cm steel 

absorber

10cm steel 

absorber

5/15/2023
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Muon detector

8 chambers have been 

built at UMASS for CPP

chambers installed in between 

of iron walls in the Hall

Additional scintillators were 

installed behind the muon 

detector for cross-checks
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CPP/NPP Trigger

• TOF trigger has been added to the data stream (at

least one active TOF paddle group per plane, and

at least 4 active groups per both TOF planes).

TOF trigger rate at 30nA current was ~43kHz –

within expected level (40-50kHz depends on

threshold according to the previous beam studies

[GlueX doc #4796]).

5/15/2023
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The Hall D Photon tagger was reconfigured to provide a coherent 
photon peak at 6 GeV with ~80% polarization. Tagger Microscope 

has been moved to the 4.5 … 6 GeV range

Slide from Richard

• The edge of the coherent peak and 

microscope have been shifted from 

8.8GeV to 6GeV

• the fraction of events in the coherent 

peak increased from 5% to 20%

• peak polarization increased from 35% 

to ~75%

• A lot of engineering work to change 

crossing angles and increasing of focal 

plane length has been performed

5/15/2023
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Number of  triggers collected during the 
physics phase of  CPP / NPP [billions]

Trigger type Lead target @30nA Empty target @60nA

FCAL 7 2.5

TOF 50 9

PS 16 10.5

CTOF 5 1

RANDOM 1.5 0.6

~110B trigger total

5/15/2023
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MWPC track matching resolution

1
2
3
4
5
6

MWPC hit distance to muon track projection:
resolution as a function of  momentum

MWPC #

5/15/2023
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MWPC inefficiency estimate

hit time selection

𝟏 − 𝝐

5/15/2023

(𝟏 − 𝝐) ≤ 0.2%
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Events with pion tracks with
sufficient energy and correct
trajectories to hit MWPCs
beyond the 2nd chamber,
without requiring those hits

The same selection of events,
with the requirement of hits
beyond the 2nd chamber

M(π+π-π0) Lead with Empty subtracted

X

X

5/15/2023

Muon rejection test with π+π-π0 events
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Exclusive single pion photoproduction on lead at ~5 GeV: 
γ Pb → π0 Pb

NPP, 2022 at Jlab Hall-D

PrimEx-I, 2004 at Jlab Hall-B

I. Larin May 2023 Nucleon Structure at low Q

~ 5 times of the PrimEx-I lead statistics
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π+π- Yield
(very preliminary, by Andrew Schick)

Amplitude analysis is in progress

Very preliminary plot for two 

charged pion yield against (neural 

net selection is applied to reject 

electrons and muons)
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Summary
• Pion polarizability plays a special role in the Chiral symmetry test

in QCD

• CPP / NPP experiments successfully collected statistics during

summer 2022 run in Hall-D at Jefferson Lab allowing extraction

of the Primakoff pion pair photoproduction cross section and
thus measure polarizability

• Detector calibration phase is currently in the final stage

• Beam conditions and detector performance look excellent

• Our next steps are the exclusive pion pair photoproduction yields

extraction, Primakoff cross sections calculation, and

systematics assessment.

Thank you !


