
SPRING MAP, Pavia, Italy

Di-hadron fragmentation functions 
 beyond LO

Supervisor:

Luca Polano

PhD Candidate:

Alessandro Bacchetta 

Marco Radici



Di-Hadron Fragmentation Functions

q
h1

h2

X

q → h1h2XNon perturbative 

1



Di-Hadron Fragmentation Functions

q
h1

h2

X

z1,2 =
2E1,2

Q

q → h1h2XNon perturbative 

1



Di-Hadron Fragmentation Functions

q
h1

h2

X

q → h1h2X

q

q̄

X

Y

e− e+

h1 h2

Non perturbative 

D1(z1, z2; Q2)

z1,2 =
2E1,2

Q

e+e− → h1h2X

1



Di-Hadron Fragmentation Functions

q
h1

h2

X

q

q̄

X

Y

e− e+

e+e− →
h1 h2

q

q̄

X

Y

e− e+

(h1h2)(h̄1h̄2)X
h1 h2

D1(z1, z2; Q2) H∢
1 (z1, z2; Q2)

h̄1 h̄2

z1,2 =
2E1,2

Q

h1h2X

q → h1h2XNon perturbative 

1



Extended Di-Hadron Fragmentation Functions
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 extraction, GOALS D1

๏ 2017 BELLE data of   at  GeVe+e− → π+π−X S = 10.58

๏ Use of  Monte-Carlo simulation for flavor separation only

๏ Push the perturbative accuracy up to NNLO

๏ Explore a Neural Network parameterisation
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Example for the up quark parameterisation
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Flavour analysis

2017 BELLE data of   
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e+e− → π+π−X
S = 10.58
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What about the gluon?

P.I. well reproduce the  
resonance structure,  
better than NN

NN has larger  
uncertainty bands

Similar features and  
compatible results 

Comparison at NNLO:

 vs 
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CONCLUSIONS AND OUTLOOKS

๏  A hierarchy among quark flavors is clear and stable.

๏  The different parameterisations allow to grasp aspects  
  of  the Di-Hadron not accessible with the single ones

๏ Good agreement between both fits and data, small χ2

• Gluon uncostrained with  data e+e−

Need for SIDIS, hadron-hadron collisions data

Unpolarized 
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2011 BELLE data at  GeV 
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Asymmetry at NLO

NLOcalculation in: A.P. Contogouris et al, Phys. Lett. B 334, (1995) 
Possible inconsistencies 
between the equations
We find different results.
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We are integrating over
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CONCLUSIONS AND OUTLOOKS

๏   NLO Artru–Collins asymmetry has been recomputed. We find differences from   
         A.P. Contogouris et al, Phys. Lett. B 334, (1995).

๏   Apply the techniques for transversely polarized SIDIS.  
    Needs to check: A.P. Contogouris et al, Phys. Lett. B 365, (1996)

T polarized 

๏   Work in progress for numerical estimations to see the impact of  the corrections. 
    Werner code with Vegas. 
    Implementation of  formulas in Apfel++. 

๏   Fit of  the Artu-Collins asymmetry data to extract at NLO.
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Backup



adapted from C. Alexandrou, QCD Evolution 24

4

Nucleon isovector (u-d) tensor charge

Continuum limit 
directly at physical 
pion mass

Precision results on the isovector tensor charge - input for phenomenology e.g. JAM3D-22 analysis 
Phys.Rev.D 106 (2022) 3, 034014, arXiv:2205.00999 
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gT = δu − δdNeutrino -decay β

Chiral-odd structures do not appear in the SM  
Tree level Lagrangian

δq = ∫
1

0
dx hq

1 (x)
constraints on CP violation

๏  Have a better knowledge of  the proton structure.         
 A solid theoretical background is fundamental, especially in view of  new data (EIC) 

๏  Transversity can be used to investigate 
 physics beyond the Standard Model
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Symmetry relations for  : 

-  Isopsin symmetry 

-  Charge conjugation 

H∢
1

For π+π−
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1 = H∢,ū→π−π+
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1
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