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¡ Hadronization and SCET phenomenology  for D and B mesons

§ This picture allows to derive the 
form of fragmentation functions 
(not as general) but comes from a 
model

HERWIG et al.PYTHIA et al.

String fragmentation Cluster hadronization 



Perturbative calculations are based on the factorization approach

C. Peterson et al. (1983)

Based on energy transfer in 
the pictured process

Fragmentation 
functions



Heavy quarks introduce a mass scale that allows the fragmentation function 
shape to be computed perturbatively.  HQET

§ Still depends on non-perturbative 
parameters r = mq/MQ, the square of 
the wavefunction in the origin. 
Fitted to data

R. Sharma et al. (2009)

Chang et al. (1992)

Braaten et al. (1995)

Pseudoscalar, vector, tensor channels – these 
contribute to the  various D and B meson states 

FONLL uses this parametrizations. Note that  
no evolution is used  



The  FF calculation is used for initial condition, which is further evolved to the 
scale of choice for the calculation

Feed down from higher excided states taken into account. Included in 
initial conditions
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Standard vacuum 
DGLAP evolution –
standard tools 

Boundary condition
Vacuum evolution
Medium evolution

The evolution equations are given by standard Altarelli-Parisi equations:
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The complete medium-induced splitting functions look like:
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where the individual terms with all the plus prescriptions and virtual pieces are summarized in
sections 2, 3. These evolution equations have to be solved with initial conditions for parton densities
for quarks, anti-quarks and gluons to equal �(1� z) at some infrared scale ⇠ fewGeV. The resulting
so-called PDF’s at the hard scattering scale Q = p

T

look like f
i/j

(z, p
T

), and have an intuitive
interpretation: probability of the parton i to be found in the parton j at the momentum transfer
scale Q = p

T

. For example f
g/q
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) is the solution for the gluon density from the evolution
equations with the initial conditions f
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As a result of solving the A-P evolution equations we get the full LL series resummed by:
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where i = q, q̄, g. It is straightforward to check, that by plugging in the lowest order solutions of
the evolution equations, into the equations above, we reproduce Eq. (42), a nice sanity check. In
addition, the equation above when combined properly with the evolution equations contains all the
leading order logarithms resummed. This should be more relevant for the LHC phenomenology where
the energies are higher than RHIC.

TODO: Check if there are additional factors from reversing A-P equations and the
cross section formulas from initial state to the final state.

The soft gluon approximation

The coupled Altarelli-Parisi evolution equations Eq. (45)-Eq. (47) simplify tremendously for x ⌘
1� z ! 0. In this small x approximation the equations decouple and reduce to describe the e↵ect of
leading patrons that shower soft gluons.

To see this we present the small x approximation of medium-induced splitting functions:
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The important part is the that with NO gluon to 
heavy  quark contribution in initial conditions it is 
GENERATED through evolution and mixing



D. Anderle et al. (2017)

T. Kneech et al. (2008)
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Charm production inside jets provides strong 
constraints in gluon fragmentation in D mesons 
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Started by Kniehl and Kneesch, treat all 
partons on the same footing



• Strictly fixed order – NLO, uses the first step in te
DGLAP evolution

• Uses fragmentation of all partons. Gluon 
fragmentation  to D mesons gives significant 
contribution

Application at LHC – strictly NLO. Uses full 
splitting functions

F. Ringer et al. (2017)



• The technique is 
developed. The 
example we have 
is cold nuclear 
matter and the 
EIC

Application at EIC – Full in-medium 
DGLAP evolution. Uses full splitting 
functions �→π+
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Normalized by inclusive 
large radius jet production. 
To LO equivalent inclusive 
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Z. Liu et al. (2020)



Application to homework – energy 
loss limit and LO cross sections
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• There are two ways to implement energy loss  
- quench the partons
- effective quenched fragmentation functions

ALICE (2017)



Application to homework – energy 
loss limit and LO cross sections

• Calculated from in-plane vs 
out-of-plane suppression

ALICE (2017)
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You recall that SCET provides a full set of splitting functions as well as 
their energy loss limit

• The full splitting functions and the energy loss limit require different 
techgniqies to implement in cross section calculations


