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MOTIVATION AND EXISTING MEASUREMENTS

 Problem: missing resonances W > 1.8 GeV

 Largest contribution of 2𝜋𝜋 channels to the 
photonuclear cross section

 Difficult to extract information on broad and 
overlapping resonances just from cross sections

 Exploit spin-related information: polarization 
variables (related to experimental asymmetries)
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Photonuclear cross sections

2nd resonant region

 First extraction of 𝐼𝐼⊙ beam asymmetry in π+π- pairs 
photoproduction from protons with circularly polarized 
beam on unpolarized target
 e2c data taking (1.35 < W < 2.30 GeV)
 S. Strauch et al. (CLAS) PLR95 (2005), 162003

 Unsatisfactory agreement with expectations from models 
adapted from electroproduction (JM, FSU)
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EXPERIMENTAL CONDITIONS: CLAS G14 DATA TAKING

 G14 data taking (2011-2012): circularly polarized photon beam + 
longitudinal polarized target

 In one data set: both beam helicities / one fixed target polarization
 Both H and D in HD-ICE targets were polarized: mean value
 Main interest: D polarization, for the sake of studying neutrons
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 Beam: circularly polarized photons by 
bremsstrahlung from a longitudinally polarized 
electron beam (>85%) through a gold foil 
radiator 
 Circular: ↑/↓ (960 Hz flip frequency)

 Energy dependent γ polarization

 Target: “brute-force + aging” polarization 
method (< 30%)
 Longitudinal (along beam direction): ⇒/⇐

 Fixed in different data-sets

 Protons/neutrons 



G14 AVAILABLE DATA SETS
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 11 data sets available characterized by different conditions:
 maximum e- beam energy and the degree of e- beam polarization
 target polarization extent (sometimes a critical parameter)
 torus magnet polarization (determining the event acceptance)
 trigger 

 Only homogeneous/proper data samples can be combined to extract results 

Data set statistics ΛD ΛH <Λ> e-

beam 
pol. 

e- beam
energy

Torus
pol

trigger

Silver1 830M 0.256 0.147 0.201 -0.82 2.28 -- 1p

Silver2 1170M 0.230 -0.143 0.043 -0.76 2.28 -- 1p

Silver3 250M 0.209 -0.003 0.103 -0.76 2.28 + 2p

Silver4 820M -0.172 -0.008 0.046 -0.76 2.28 + 2p

Silver5a 1750M -0.155 -0.008 -0.082 +0.76 2.28 + 2p 1p pr8

Silver5b 3081M -0.155 -0.008 -0.082 +0.89 2.23 + 2p 1p pr8

Silver6a 130M -0.018 -0.025 -0.022 -0.89 2.23 + 2p

Silver6b 1200M -0.018 -0.025 -0.022 -0.89 2.23 -- 1p

Gold2a 440M 0.268 0.269 0.27 -0.88 2.54 + 2p 1p pr16

Gold2b 1660M 0.268 0.269 0.27 -0.83 2.54 + 2p 1p pr 16

Gold3 88M 0.158 0.183 0.17 -0.83 2.54 + 2p 1p pr 16
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POLARIZATION OBSERVABLES IN THE γ⊙𝑁𝑁 → 𝜋𝜋+𝜋𝜋−𝑁𝑁 REACTION

 The differential cross-section 
can be expressed by four 
contributions which depend on 
polarization observables 
weighted by the extent of beam 
δ
⊙

and/or the target Λ
polarization

 The trend of the polarization 
observables as a function of the 
azimuthal angle  depends on 
the resonance content in a 
given energy range

 Polarization observables are 
bilinear combinations of partial 
amplitudes (Roberts, Oed
PRC71 (2005), 0552001): very 
sensitive to interference effects 
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The polarization observables 𝐼𝐼⊙, 𝑷𝑷, 𝑷𝑷⊙ are experimentally 
related to beam, target, beam+target asymmetries, respectively 

𝑑𝑑𝜎𝜎
𝑑𝑑𝑥𝑥𝑖𝑖

= 𝜎𝜎0 1 + 𝜦𝜦 � 𝑷𝑷 + 𝛿𝛿⨀ 𝐼𝐼⨀ + 𝜦𝜦 � 𝑷𝑷⨀



EXTRACTION METHOD
 Problem: extract for the number of collected events in each beam/target spin 

configuration the polarization observables in W energy ranges as a function of Φ

 The cross-section formula can be split in four equations according to relative spins 
configurations, matching data sets and handling properly their relative 
normalizations 
 The system of four equations may be solved analytically to extract in each bin the values of  I⊙, 

Pz , P⊙
z and 𝜎𝜎0

 In the ratios, acceptance effects of different data sets factorize out 

 Beware: when Φ is negative (π+ emitted in the bottom hemisphere), the directions 
of all polarization vectors must be flipped
 This provides the correct (odd) symmetry to Pz
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DOUBLE PION
PHOTOPRODUCTION

ON THE PROTON



EMPTY TARGET SUBTRACTION

 Preliminary operation to select events coming from the HD target and not 
from unpolarized target walls
 Fiducial volume cuts (in r and z)
 Empty target subtraction to eliminate wall contributions

 Use of empty target data-sets: provide the absolute luminosity normalizations 
between different sets from counts on Kel-F end-wall
 Assume proportionality of 2πN cross-sections on HD and Kel-F



EXCLUSIVE γ⨀�⃑�𝑝 → 𝜋𝜋+𝜋𝜋−𝑝𝑝 REACTION: SELECTION CRITERIA

 Exclusive reaction PId:
 Particle ID for proton and pions: 

TOF
 Further identification of proton 

through (𝜋𝜋+𝜋𝜋−) missing mass 

 Selection of free proton (not a 
spectator, quasi-free in D)
 Cut on missing (= Fermi) 

momentum: < 100 MeV/c

 Exclusive reaction kinematics:
 Coplanarity cut on pion pairs: 
 180 – |ϕ(π+π-)- ϕ(p)| < 10o
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 General selection: 2 positive + 1 negative tracks, vertex in HD fiducial 
volume, in time + coincidence with best photon of the bunch (± 1 ns) 



INPUT: EXPERIMENTAL ANGULAR DISTRIBUTIONS

 φhel angular distributions are provided in 
W (initial state) ranges (100 MeV 
windows) selected by
 Photon helicity (positive/negative)

 Target polarization (different data sets)

 Differences in shapes: origin of 
asymmetries

 Solve the system of equations bin-by-bin 
in φhel
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Positive target polarization

Negative target polarization



EXPERIMENTAL BEAM ASYMMETRIES E*
 For each data-set, the experimental asymmetries E* can be extracted from 

the counts of events with different helicities, independent on the target 
polarization

 Directly comparable to Strauch’s evaluations (PRL95)

 Good agreement between old/new measurements

 Grey bars as systematic errors from the maximum spread in all data-sets

 Extensive/detailed study of systematic effects in different sets by M. Mancini 
(RomeII) 
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𝐸𝐸∗ =
1
δ
⊙

𝑁𝑁+ − 𝑁𝑁−

𝑁𝑁+ + 𝑁𝑁−

Blue points from S. Strauch et al., CLAS Coll., PRL95 (2005), 162003



𝐼𝐼⊙ (SINGLE BEAM ASYMMETRY) ON THE PROTON

 According to general symmetry (parity) principles 𝐼𝐼⊙ must be an 
odd function of the helicity angle
 Mild dependence on target polarizations (only through their ratio)

 Trend is reasonable agreement with the earlier observations by 
Strauch (CLAS), based on unpolarized targets
 Wider extension of 𝐼𝐼⊙ range
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Blue points from PRL95 (2005), 162003



𝑃𝑃𝑧𝑧 (SINGLE TARGET ASYMMETRY) ON THE PROTON

 First result ever for 𝑃𝑃𝑧𝑧, no published data available for comparison

 𝑃𝑃𝑧𝑧 expected to be odd, based on partial amplitudes symmetry
 Coplanarity condition:  𝑃𝑃𝑧𝑧 vanishing at zero angle

 W increase: improving symmetric/odd trend
 The lack of left/right symmetry could have instrumental reasons (incomplete 

acceptance cancellation, …)
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𝑃𝑃𝑧𝑧
⊙ (DOUBLE SPIN-TARGET ASYMMETRY) ON THE PROTON

 First result ever for 𝑃𝑃𝑧𝑧
⊙, no published data available for 

comparison

 𝑃𝑃𝑧𝑧
⊙ is expected to be even based on partial amplitudes symmetry

 𝑃𝑃𝑧𝑧
⊙ is roughly compatible with zero (within errors)
 Large statistical uncertainties due to the error propagation 
 Small overall extent of average target polarization (max: 23%)

15



DOUBLE PION
PHOTOPRODUCTION
ON THE NEUTRON



EXCLUSIVE γ⨀𝑛𝑛 → 𝜋𝜋+𝜋𝜋−𝑛𝑛 REACTION: PID SELECTION CRITERIA

 Exclusive reaction PId: 

 TOF for pions

 one missing nucleon through (𝜋𝜋+𝜋𝜋−) missing mass

 Neutron: 𝛽𝛽 < 0.9 + no signals in scintillators not hit 
by a charged track
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 General selection: 1 positive + 1 negative tracks (exclusive), vertex charged 
tracks in HD fiducial volume, in time + coincidence with best photon

 Δθ: difference between polar angles of neutron trajectories from EC reconstruction 
and from 2-body kinematics (particle b2b to dipion in the reaction CM)

Δ𝜃𝜃 Δ𝜃𝜃

Largest source 
of statistics 

reduction: ~50%

No hits in scint



EXCLUSIVE γ⨀𝑛𝑛 → 𝜋𝜋+𝜋𝜋−𝑛𝑛 REACTION: KINEMATIC SELECTION
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 Exclusivity cuts on 𝑝𝑝𝑡𝑡𝑡𝑡𝑡𝑡 = �⃗�𝑝𝜋𝜋+ + �⃗�𝑝𝜋𝜋− + �⃗�𝑝𝑛𝑛
 |ptot(x)|< 400 MeV/c && |ptot(y)|< 400 MeV/c 

 Coplanarity cut (loosened)
 180 – |ϕ(π+π-)- ϕ(n)| < 14 deg

 Total missing mass and momentum
 �𝑝𝑝𝑚𝑚𝑖𝑖𝑚𝑚𝑚𝑚2 = ( �𝑝𝑝𝛾𝛾 + �𝑝𝑝𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 − �𝑝𝑝𝜋𝜋+ − �𝑝𝑝𝜋𝜋− − �𝑝𝑝𝑛𝑛)2

 𝑝𝑝𝐹𝐹𝑡𝑡𝑡𝑡𝑚𝑚𝑖𝑖 = 𝑝𝑝𝛾𝛾 + 𝑝𝑝𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 − 𝑝𝑝𝜋𝜋+ − 𝑝𝑝𝜋𝜋− − 𝑝𝑝𝑛𝑛 < 170 MeV/c



𝐼𝐼⊙ (SINGLE BEAM ASYMMETRY) ON THE NEUTRON

 PRELIMINARY RESULTS 

 Extraction of polarizations variable following the same method used for 
proton: first results ever for double π production on neutron 
 Only D polarization (larger) to be considered:   Λ = ΛD

 Smaller statistics available (neutrons/protons ~ 1/100)
 Attempt to recover some more statistics suppressing the background contribution
 Use of dilution factor vs empty target subtraction

 Some more tuning needed to follow possible kinematic dependences (in addition to energy)
 Reduced angular binning (21 bins → 9 bins)
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Blue points from PRL95 (2005), 162003



PROTONS VS NEUTRON 𝐼𝐼⊙,𝑃𝑃𝑧𝑧,𝑃𝑃𝑧𝑧
⊙ COMPARISON
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OUTLOOK – TO DO LIST

 Analysis note in preparation

 𝛾𝛾p channel
 Test of all available data-sets
 tuning of uncertain target polarization values
 Extraction of weighted averages among possible all data-set pairs
 Evaluation of systematic uncertainties

 𝛾𝛾n channel
 First preliminary results extracted – require further checks

 Same as above, some more tuning needed to reduce further the background contribution

 An analysis on the proton channel was performed also on FROST data (V. Credé)
 Comparison of final results

 Possible joint publication for the two data taking periods

 Contacts needed with theoreticians to exploit fully the information contained in 
the data (new models/updates needed)
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