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Motivations



● TMD+CT3 pheno in tension with 
other analyzes  (delta u)

● Radici, Bacchetta, and Benel, 
Courtoy, Ferro-Hernandez used 
collinear di-hadron observables to 
extract tensor charges

● New fresh look at collinear 
di-hadron pheno 

Gamberg, Malda, Miller, Pitonyak, Prokudin, NS,  `22 (PRD)



Analysis setup



Transversity (TPDF)

Interference FF (IFF)

Dihadron FF (DiFFs)



Need to 
address scale 
dependence 



homogeneous inhomogeneous

● We work at LO in pQCD hence we 
only consider homogeneous evolution

● The scale dependence obeys standard 
timelike DGLAP evolution

● DGLAP only changes the z 
dependence 

Same for                         with transversely polarized splitting kernels 



Model assumptions in TPDF
● Traditional parametrization 

● Reconstructed flavors

● Flavor assumptions (due to lack of observables)
Expectations from 
large Nc limit

● Impose Soffer bounds

● Impose small-x constraints  
(Kovchegov, Sievert `19)

Added  50% conservative 
uncertainties 



Model assumptions in DiFFs

● Flavor assumptions 

● Flavor separation using Pythia 6&8

● Mh grid based parametrization 

Generate Pythia data and 
assign uncertainties from 
various tunes 

● Impose positivity

● Reconstructed flavors



● Error bars on Pythia 
stemming from different 
tunes. 

● Simulated Pythia data at 
different energies to constrain 
the gluon DiFF Q=10.58 - 
91.19 GeV



Model assumptions in IFFs

● Flavor assumptions 

● Mh grid based parametrization 

● Impose positivity bounds

● Reconstructed flavors



The results





● More di-hadron pairs are produced at small z
● Clear reconstruction of the resonances 
● DiFFs trend towards zero as we approach the physical threshold of 2mpi
● DiFFs goes to zero at large Mh as wide angle radiation is suppressed  
● The gluon DiFF is not fully consistent with zero and more realistic than what 

was done in the past. 

Reconstructed DiFFs



● As expected, the invariant mass of the 
di-hadron pairs grows as z grows. Quark 
mass dependence becomes more 
important at large z

● At small z, large production of di-hadron 
pairs occurs, and quark masses does not 
influence the values of <Mh|z>

● Exception is the b-quark that due to its 
large mass generates larger Mh values



● Magnitude of IFF is proportional to DiFFs 
● Marginal impact by positivity constraints
● The sign is not determined by the experimental data. 

Reconstructed IFFs



Reconstructed TPDF
● Point-by-point in x constraints from data ends around x~0.3.
● Below x<0.3, the reconstructed transversity PDFs are 

consistent with Radici et al and TMD+CT3 (JAM3D) results.
● Beyond x>0.3, only the u quark PDF has non-vanishing 

signal with some differences wrt JAM3D*
● JAM3D* includes antiquarks and small x constraints 



Reconstructed TPDF with LQCD



Reconstructed TPDF with LQCD
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Summary & outlook
● At present there is no significant tension between 

LQCD and experimental reconstruction of 
nucleon tensor charges

● Different reconstructions of tensor charges are 
mostly driven by large x data 

● More high x data is needed to reach accurate 
reconstruction of TPDF above x>0.3 

● Inclusion of LQCD calculations as priors are very 
informative/useful in QCD phenomenology

● The JAMDiFF results and JAM3D* results are 
very similar and one can perform a combined 
analysis (TMD+CT3 & DiFF)  -> indicates 
possible universal nature of all SSAs and 
nucleon tensor charges


