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Why heavy flavor (D, B)?

§ pp: precision tests of our understanding of QCD, in particular, of 
quark mass effects

§ AA: produced in the early stage of the collisions, provide 
information of the hot and dense medium 
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Precision data at LHC
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Goal of our work

§ Put open heavy flavor production in pp and AA collisions at the 
same precision, i.e., consistent full NLO calculation

§ Understand the heavy flavor mass puzzle
§ Radiative E-loss in heavy quarks < E-loss for light quarks, and thus should be 

less suppressed? (Dead-cone effect)

§ Go beyond the traditional energy loss paradigm, where the 
radiated gluon is assumed to be soft (small-x limit)

4

RB < RD < Rh



Heavy flavor meson production in pp

§ Zero-Mass Variable Flavor Number Scheme (ZM-VFNS): works 
when pT >> mc,b

§ Next-to-leading order in QCD: hard function massless

§ Heavy meson fragmentation function: fitted from
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D meson at the LHC

§ ATLAS and CMS at 7 or 5 TeV: work well
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B meson at the LHC

§ ATLAS and CMS at 7 TeV
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Heavy-quark and gluon fragmentation contributions

§ In such a NLO framework, check the relative contributions of 
heavy quark, and gluons

§ Gluons play a very important role: important consequence for D/B meson 
production in heavy ion collisions?!
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Soft-Collinear Effective Theory (SCET)

§ SCET: an effective field theory of QCD
§ Suitable for processes where there are energetic, nearly light-like (collinear) 

degrees of freedom interacting with one another via soft radiation

§ Modes in SCET

§ High precision QCD phenomenology, especially for multi-scale 
problems

9

Collinear quarks, antiquarks

Collinear gluons, soft gluons

ξn , ξn
An , As

Bauer et al. 01, Pirjol et al. 04



Medium: Glauber gluons are important

§ To describe the propagation of an highly energetic jet (q/g) in the 
medium
§ t-channel dominance (forward scattering): transverse momentum transfer is 

the most important degree of freedom

§ SCETG = SCET with Glauber gluons
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SCETM,G

§ To study the propagation of heavy quark in the medium
§ Understand the interaction between heavy quark and the Glauber gluons

§ Standard SCET with mass effects

§ We find that: Feynman rules for interaction with the medium do not depend on 
the mass to leading power
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Derive parton splitting kernels: SCETM,G

§ Two situations

§ For the first case, in the medium
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Application of in-medium splitting functions

§ Parton splitting at NLO

§ At NLO, consistently we should have
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Comparison with the LHC data: D meson

§ CMS data
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Comparison with LHC data: D meson

§ ALICE data
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Comparison with LHC data: B meson

§ CMS data: non-prompt J/psi (B meson)
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Gluon fragmentation

§ Gluon fragmentation contribution plays a very important role
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Conclusions

§ SCET is a very useful tool to make reliable/precise predictions and 
computations for hard particle production at both p+p and A+A 
collisions
§ Inclusion of Glauber gluons through SCETM, G

§ With that we derived new massive in-medium splitting functions

§ With these functions in hand, we provide a pQCD framework for 
pp and AA, both at NLO accuracy

§ Such a treatment leads to good description of D and B meson 
nuclear modification in medium
§ Gluon plays a very important role in such a description
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