
SIDIS DIHADRON BEAM SPIN 
ASYMMETRIES WITH CLAS12

July 2020 CLAS Collaboration Meeting

Timothy B. Hayward & Christopher Dilks



PAPER PLANS

2

❖Aim to publish a PRL paper with CLAS12 dihadron beam spin asymmetries.

❖Fall 2018 RG-A, 10.6 GeV, inbending data.

❖Measurements:
• sin(ϕR) modulation ALU, which significantly improves constraints on twist-3 

PDF e(x).

• sin(ϕH-ϕR) modulation ALU, sensitive to the not-yet-constrained 

helicity DiFF G1
⊥
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❖Aim to publish a PRL paper with CLAS12 dihadron beam spin asymmetries.

❖Measurements:
• sin(ϕR) modulation ALU, which significantly improves constraints on twist-3 

PDF e(x).

• sin(ϕH-ϕR) modulation ALU, sensitive to the not-yet-constrained 

helicity DiFF G1
⊥

• Additional modulations which are included in a simultaneous fit to 

mitigate linear dependence between the amplitudes.
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PARTICLE ID
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• EventBuilder used as base.

• Fiducial cuts for PCAL and DC.

• Additional refinements (sampling fraction, PCAL energy deposition, vertex, chi2PID).

• See Stefan Diehl’s slides.

• Full agreement between SIDIS single and dihadron publications.

• Heavily vetted and discussed in the RG-A common analysis note.

EVENT SELECTION

• QA cuts: QADB OkForAsymmetry cuts

• SIDIS cuts: Q2 > 1.0 GeV2, W > 2.0 GeV

• Current fragmentation region: xF > 0.00*

• Exclusivity and radiative effects: MX > 1.5 GeV, z < 0.95, y > 0.8*, ppi > 1.25 GeV*
• *under debate



ALL MODULATIONS
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G1
⊥

G1
⊥

e(x)

Mρ = 0.775 GeV



SIDIS MONTE CARLO
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• Equal inbending Monte Carlo statistics already produced.

• clasdis generator.



BARYONIC CONTRIBUTIONS
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• Use MC to determine baryonic contribution to signal.

• Find all events were one or both pions is from baryonic 

decay.

• AM = (1-f)Atrue + f Abaryonic background

• Scale systematic calculated 



RADIATIVE EFFECTS
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• Use RadGen to generate a distribution of true beam 

energies.

• Proceed through analysis as normal but use Eb’ 

instead of Eb = 10.6 GeV.

• Calculate the events per bin that actually fall below 

Mx < 1.5 GeV but are misattributed to our signal 

due to radiative effects.

• AM = (1-f)Atrue + f Aγ

• Estimate Aγ from BSA(MX < 1.5 GeV)

Eb = 10.6 GeV

Eb = RadGen



BIN MIGRATION
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Contamination from n-1 bin

Contamination from n+1 bin• Use MC to estimate the rate of counts in each bin coming 

from a separate bin.

• Separate contamination rates from bins before and after 

the bin of interest (mean of resolution is not zero).

• Assign an asymmetry based on measured values of 

adjacent bins.

• We’re fortunate: x and z change                              

slowly and mass resolutions are                                           

good.
• AM = fi-1 Ai-1+ fi+1 Ai+1+(1-fi-1- fi+1)Atrue
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SUMMARY OF SYSTEMATICS
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• Assuming the AUU waves are treated separately we are dominated by the baryonic contributions… but please don’t 

quote us on these until the analysis note.

Systematic Average Scale Error

Beam Polarization 3%

Baryonic Contributions 22%

Radiative Effects 3%

Bin Migration 3%

Relative Luminosity 7% effect, correctable

PID Assignment (Kaon contamination) --, probably relatively large

Acceptance Effects --, likely correctable

Uncertainty in AUU Supplementary table of inner products



ONE DIMENSIONAL RESULTS
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G1
⊥ G1

⊥e(x)

• Significant nonzero asymmetry sensitive to e(x) is measured and will help greatly 

constrain the PDF.

• First measurements sensitive to G1
⊥ are shown and a nonzero signal is 

present.

• The sign change around the ρ mass was recently predicted in the 

“spectator model”.



COMPARISON TO CLAS6 / THEORY
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• Comparison to preliminary results from e1f CLAS6 data (Mirazita et al.)

• Spectator model (green), bag model (red), LFCQM (grey dotted).

• All plots are sin(ϕR) modulations.

• Good agreement… CLAS12 statistics dwarf CLAS.

CLAS6

CLAS12

CLAS6

CLAS12



CONCLUSIONS
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• Significant measurements sensitive to the PDF e(x) and the DiFF G1
⊥ are observed.

• RG-A common analysis in final steps.

• SIDIS dihadron analysis note/paper has significant progress and will hopefully be 

finalized in the coming weeks
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BACK UP
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BEAM POLARIZATION
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• From Stefan Diehl

• Final numbers 

under discussion 

among experts.



INJECTED ASYMMETRIES
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BSA OF MISSING MASS
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