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Charged & Neutral Pion Polarizability Experiments

Run Report
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“Thought experiment”: measure pion electromagnetic polarizability by placing pion 
in a capacitor at very high electric field

Pion core surrounded by displaced 
pion cloud: displacement 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 “stiff”!

Polarizabilities encode information about the excited states of hadrons: test effective field theories for QCD
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CPP and NPP experiment at Jlab GlueX 

CTOF (4 scintillator paddles)
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Configuration Nominal GlueX I Charged Pion

Polarizability Neutral Pion Polarizability

Electron Beam Energy 11.6 GeV 11.6 GeV 11.6 GeV

Coherent Peak Energy 8.4-9.0 GeV 4.5-6 GeV 4.5-6 GeV

Current 150 nA 30 nA 30 nA

Radiator thickness 50 µm diamond 50 µm diamond 50 µm diamond

Collimator aperture 5 mm 3.4 mm 3.4 mm

Peak polarization 35% 73% 73%

Tagging ratio 0.6 0.56 0.56

Flux 5.5-6.0 GeV - 11 MHz 11 MHz

Flux 8.4-9.0 GeV 20 MHz - -

Flux 0.3-11.3 GeV 367 MHz 56 MHz 56 MHz

Target Position 65 cm 1 cm 1 cm

Target, length LH2, 30 cm 208Pb, 0.03 cm 208Pb, 0.03 cm

Start Counter and DIRC Nominal Removed Removed

Tagger microscope Nominal for Peak at 9 GeV Moved for Peak at 6 GeV Moved for Peak at 6 GeV

Muon Detector None Installed behind FCAL Not needed

Trigger FCAL/BCAL (40 kHz) TOF (30 kHz) FCAL/BCAL (10 kHz)

CPP and NPP Running Conditions
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In order to perform the CPP and NPP experiments, the GlueX detector was modified in many ways and complemented with a new 
muon detector system. Early in the run we completed the following activities: 

1. Installed and commissioned ten new detectors downstream of GlueX (6 MWPCs and 4 TOF scintillators) including massive iron 
absorbers between MWPC planes in a new muon detector system. 

2. Moved the tagger microscope from its 9 GeV location for GlueX down to 6 GeV and verified operation. 

3. Aligned a new diamond (JD70-103) and verified 70% polarization in the coherent peak. 

4. Developed and commissioned a new trigger based on the TOF system to trigger on two charged particles. 

5. Installed and aligned a lead shield frame near the beamline. 

6. Developed and deployed software to readout, monitor and analyze the new detectors. 

7. Determined the optimized fraction of MT target running to full target running 


Early run activities/commissioning
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Run 100423 Run 100421(MT)

Vacuum Window
Helium


bag start

Helium

bag

Helium

bag end

FDCs

Normalize yields to number of PS triggers, and correct for live time

Ñfull =
Nfull

LTfullNPS
full

, ÑMT =
NMT

LTMT NPS
MT

.

Could also normalize by matching helium bag end window

Optimizing fraction of MT target running
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ffull =
1

1 +
Rγ

full

Rγ
MT

ÑMT

Ñfull

Integration

Interval

-50cm to 50cm

-10cm to 10cm

-20cm to 10cm

-50cm to 10cm

0.17 0.15

0.12

0.12

0.12

0.11

0.11

0.11

ÑMT /Ñfull PS norm ÑMT /Ñfull He norm

Rγ
full

Rγ
MT

=
1
2

, ffull ∼ 80 % .Full Target @ 30 nA

Empty Target @ 60 nA

Optimizing fraction of MT target running

Assumption about photon rate
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MT to Full running fraction comparable in neutral channel

(350 − 50)/(1250 − 150) = 300/1100 = 27 %

150

1250

350

50

Not 5%, and not 50%. Good qualitative argument
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45      45               135    135             amorphous

Production Sequence:

45      45               135    135             amorphous

Full Target: 30 nA

MT Target: 60 nA

 x8∼

 x2∼

+2 TAC runs and straight track running 

Switching between full and empty target
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45      45               135    135             amorphous

Production Sequence:

45      45               135    135             amorphous

Full Target: 30 nA

MT Target: 60 nA

 x8∼

 x2∼

• 25 PAC days

• 130 billion triggers

• 589 total “good” 

 production runs


∼

Run Range: 100385 - 101622

RCDB Query

event_count > 1000000

daq_run == 'PHYSICS_CPP'

beam_on_current > 10

solenoid_current > 100

collimator_diameter != 'Blocking'

+2 TAC runs and straight track running 

Switching between full and empty target
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Run Extension—Beam stability plot? 

Basically, we were approved for 25 days of running.

Of those….

THERE WILL BE TEXT OR A PLOT ON THIS SLIDE BY TOMORROW
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Preliminary MWPC inefficiency study by Ilia

 runs. Selects tracks using all MWPC planes,  
matching tracks and FCAL hits.
∼ 12

Ilia's MWPC Inefficiency Study

The plane being checked is marked as "ineffficient" if there are no hits 5 sigma from the position extrapolated from other planes.

The estimated sigma is about 2 cm in plane 1, increasing to about 5 cm in planes 5 and 6 due to multiple scattering

https://logbooks.jlab.org/entry/4023548


Andrew Schick
CPP/NPP Run Report 

GlueX Collaboration Meeting September 20, 2022 13

CTOF Trigger

CTOF = Scintillators at back of wire chambers—read 
out at both ends. Test MWPC efficiency, and also to 
create a muon trigger that will be added to the 
front panel trigger supervisor

4 scintillators, 8 PMTs



Pulse Integrals with Threshold Cuts ADC and TDC

Nice minimum ionizing peaks



Counting Plots log(y) ADC and TDC

conjecture: good dimuon events

2&3 dominant topology

Continue to develop study 
Use as pure muon sample for training/testing neural net!
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Preliminary AIEC CPP results
• Goal: Implement ML system to calibrate and control the GlueX Central 

Drift Chamber


• How: Recommends anode voltages and calibration values in response to 
changing environmental and experimental conditions. 

Traditional CDC 
Operation
• HV maintained at constant 2125 V


• Gain Correction Factor fluctuates with 
atmospheric pressure, beam currents, etc


• Gain Correction Factor obtained from fit to 
dE/dx at p=1.5 GeV/c 
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Current Implementation
• HV determined from GCF predicted from a 

Gaussian Process


• Input features include gas temperature, 
atmospheric pressure, high voltage board 
current 


• Model inference performed just before 
each run


• Preliminary analysis shows < 3% difference 
compared to traditionally obtained Gain 
Correction Factor 

Preliminary AIEC CPP results
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Alex Austregesilo

Polarization
Justin Stevens

Peak Polarization ∼ 80 %
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Very Preliminary Look at Neutral Channel (Beni)
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Very Preliminary Look at Neutral Channel (Beni)
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Very Preliminary Look at Neutral Channel (Beni)
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Very Preliminary Look at Charged Channel

2  Invariant Mass, -t < 0.0030 π

 
FCAL Triggers only 
No MT subtraction 


Post MT subtraction 

γPb208 → π+π−(Pb208)

2e Invariant Mass

 
FCAL Triggers only

γPb208 → e+e−(Pb208)
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Very Preliminary Look at Charged Channel

2  Invariant Mass, -t < 0.0030 π

 
FCAL Triggers only 
No MT subtraction 


Post MT subtraction 

γPb208 → π+π−(Pb208)
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Link to Albert’s spreadsheet

Special thanks to Albert Fabrizi and Elton  
for maintaining the run spreadsheet! 

https://docs.google.com/spreadsheets/d/1sdluzy7p5vnlhw9AWJHBrYbXKTBet45o4den4zWX9dc/edit#gid=1855021251


25

Back up
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Activity J F M A M J J A S O N D J F M A Commissioning
Accelerator operation

MWPCs
   Fabrication
   Transport to Jlab
   Staging and testing in ESB
   Installation on muon detector
   Checks with beam

Muon detector mechanical
   Order major pieces
   Receive major pieces
   Assemble muon detector

Target assembly procurements
   Checks with beam

Trigger
   TOF Design  requirements
   TOF Firmware coding and simulation
   TOF Verification (Test stand)
   TOF Field test
   Trigger integration

Tagger microscope move
   Purchase alignment hardware
   Move to 6 GeV coherent peak position
   Checks with beam



A. Schick, June 2019Andrew Schick
CPP/NPP Run Report 

GlueX Collaboration Meeting September 20, 2022

CPP software
Started holding weekly CPP software meetings to address needs prior to summer run


• Thursdays at 12:30 pm on zoom, listed on CPP meeting page

Achieved goals


• AI/Machine Learning


• MWPC Neural Net for  separation, TMVA Neural Net for e/  separation

• DFMWPCHit_Factory: for creating calibrated MWPC hits from non-calibrated MWPC hits

• DFMWPCMatchedTrack_Factory: for producing objects to be used with ML models 

e.g. ,  # of MWPC wires hit, X,Y of projected track to face of MWPCs


• DFMWPCEpEm_Factory: for actually applying the , e/  inferences on their respective       
models


• Monitoring plugins for producing kinematic plots in real time 

• Updated HDView2 for CPP

μ /π π

Efcal /p

μ /π π

27

https://halldweb1.jlab.org/wiki/index.php/%CE%A0_polarizability_Meetings
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DFMWPCHit_Factory DFMWPCMatchedTrack_Factory DCPPEpEm_Factory

Monitoring Plots

  
responses in 
data analysis 

e/π and π /μ
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Open 
w/ this 
button

FMWPC Inspector in HDView2
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Open 
w/ this 
button

FMWPC Inspector in HDView2
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Tensorflow Model in the counting house
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Multivariate Analysis for μ/π

33

David Lawrence, Malachi Schram, Nikhil Kalra

Continually training new ones and improving things
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Talk Overview
Hardware


• Muon detector: Forward Multi-Wire Proportional Chambers and CTOF

• Description of FMWCP and CTOF for Shift Takers


• Tagger Microscope moved to cover 6 GeV coherent peak: GlueX-doc-5420-v1

• Target and modifications to target area to use solid Pb target

• Trigger


• CPP will use a trigger based on the TOF (new)

• NPP will use the FCAL/BCAL trigger with a high threshold


• CDC AI

Software


• FMWPC Library

• DFMPWCHit_Factory, DFMPWCMatchedTrack_Factory, DCPPEpEm_Factory

• Event viewer


• Monitoring Plots for CPP and NPP

Commissioning and Run plan

35

https://halldweb.jlab.org/hdops/wiki/index.php/Forward_Multi-Wire_Proportional_Chambers_Shift
https://halldweb.jlab.org/doc-private/DocDB/ShowDocument?docid=5420
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