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FONLL features

(MC, M. Greco, S. Frixione, P. Nason)
http://home.cern.ch/cacciari/FONLL

FONLL (Fixed Order plus Next-to-Leading Logarithms) is a code for calculating
double-differential, single inclusive heavy quark production cross sections in
pp(bar) and (electro)photoproduction

FONLL merges the massive NLO calculation with the NLL resummation
of terms of collinear origin, X glog(p/m), which become large when p+ >>m

Advantages of the FONLL framework:
g The perturbative uncertainty does not increase when p+ >>m

@ non-perturbative input describing the quark-to-meson
hadronization can be extracted from e+e- data and included in
predictions for hadronic collisions in a self-consistent way

@ It predicts total heavy quark production rates according to NLO QCD.

Not always the case with other approaches (e.g. GM-VFNS can predict the
differential distributions for heavy hadrons, but needs to extract from e+e- data a
normalization factor)



FONLL predictions
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Motivations |: production yield

Recent data from RHIC have been analyzed by the PHENIX and STAR

collaborations, yielding differential heavy quark production cross sections up to
P ~ 2-10 GeV, often in the form of an electron spectrum
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Most of the times, such data are only compared to empirical fits or to leading order
Monte Carlo predictions, usually rescaled by some ‘suitable’ (and often large) fudge
factor



Motivations |: production yield

The purpose of this work is:

|- to provide a solid QCD benchmark against which to compare directly the
experimental data

2- to check if FONLL can describe these data as well as the Tevatron ones

We implement (Q = c and b):

pQCD NPfragm decay

pp ) Hop — e

The most up-to-date ingredients, both at the perturbative (HVQ production) and
non-perturbative (HVQ hadronization) level, are employed.



Motivations ll: relative charm/bottom yield

Heavy ion collisions show the phenomenon of quenching: the production of
hadrons at large transverse momentum is suppressed due to their passage through
the nuclear matter after production in the hard interaction

Observation/prediction of the quenching ratio
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represents one of the important issues in heavy ion physics
The calculation of the quenching ratio for electrons coming from heavy quarks

depends critically on the relative charm/bottom yield. Hence the need for an
accurate prediction of their respective production cross sections

More on this later on



pQCD NPfragm decay

Three Steps: Hyp — e

0

|. Perturbative QCD

Next-to-Leading Order + Next-to-Leading Log resummation: FONLL
Inputs: charm (1.5 £ 0.2 GeV) and bottom (4.75 + 0.25 GeV) masses,

strong coupling (O(S(Mz) =0.118)

2. Non-Perturbative QCD

Proton Parton Distribution Functions (CTEQ6M) 00
Heavy Quark Fragmentation functions: extracted from LEP data. o Qe‘e’(

R
3.Weak Decay

Decay spectra measured by CLEO and BaBar. Phenomenological fit used.
Branching fractions, heavy meson masses taken from PDG.

NB. Last but most important: we shall estimate theoretical uncertainties, so as to be
able to compare to data and quantify likelihood of seeing an agreement or a disagreement.
The predictions will be presented in the form of a theoretical uncertainty band



Non-perturbative fragmentation

Besides improving pQCD, FONLL (or, rather, collinear log resummation) allows to
consistently extract from data non-perturbative information regarding the
heavy quark — heavy meson fragmentation

In fact, there is an unavoidable interplay between the perturbative and the
non-perturbative fragmentation processes:

| Arbitrary separation NOt being the C/b Cluai’k a
physical particle, the
non-perturbative
fragmentation
function cannot be a
physical observable:
its details depend on the
perturbative calculation it
is interfaced with.

An experiment _B =

A single
H=Qq fragmentation
P=mvq % S function cannot do
for all calculations

Q -
4 q=Avg
q

Non-perturbative: hadronization



Extraction of the non-perturbative component

Three issues are therefore important:

I. The perturbative description (and its parameters) used in extracting the FF must match the one
used in calculating predictions using the FF

2. Try to extract as universal as possible non-perturbative FFs. Resumming the perturbative collinear
logarithms via FONLL ( large at LEP: log(¥S/m) ) helps doing precisely this

3. Because of the steep slope of transverse momentum distributions in hadron-hadron collisions,
higher moments of the FF are actually more important than its x-space shape:

do 1 do dz , z do
Assuming A N weget  ——— /— () f2) = fu—
dpr  pr dpr Z Pr dpr
Heavy quark spectrum Heavy meson Mellin moment of Heavy quark
N typically ~ 4,5 spectrum the fragmentation spectrum

function

Fitting well the proper moments (N ~ 4-5) is therefore more important then describing the whole
fragmentation spectrum in e+e- collisions, if the fragmentation function is then to be used for making
predictions in hadronic collisions



Extraction of the non-perturbative component

Fit moments of LEP fragmentation data:
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The fragmentation functions that we extract are specific to our FONLL framework.
For a comparison, they roughly correspond to Peterson et al. FF’s with €. = 0.005 and €}, = 0.0005

= quite harder than ‘usual’ values € . = 0.06 and €, = 0.006

= hadronic cross sections will be larger (cfr. RamonaVogt’s observation that bare quark distributions for
charm - i.e. delta function-like FF - seem to agree better with RHIC data)



How these tools fare at RHIC

Charm and D mesons
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 Electrons from Heavy Quarks @ RHIC
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From pp to AA

Initial state: nuclear modification of parton distribution functions
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Final state: energy loss enhanced by interaction with matter
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Quenching in Pb-Pb collisions @ LHC
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Bottom is less suppressed than charm, due to its larger mass

N.B. size of effect, up to 80%

i i I O T T [
0 2 4 & 8 10 12 14

| 4 i EEEEEN %
16 18 20 22
D meson py [GeV]

{
(

)

Couldn’t‘ﬁnd plot for
RHIC, apologies.
Same qualitative
behaviour

Bottom

2

4

G

Pb-Pb 0O- ‘IU% QSN 5 5 TeV

8

I|JI.I|I.II.|IIJ|.III.

Jlaow i B a sl e alae o ool os ol ow i lonaloanl ssaloanlsssyl

10 12 14 16 18 20 22 24
B meson py [GeV]



Charm and bottom production @ RHIC

How well can be predict the relative contribution of charm and bottom to the electron yield?
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contribution is fairly similar: the crossing
point easily moves, though the relative
contributions are less affected by
uncertainties
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R A for charm and bottom @ RHIC

The charm and bottom spectra easily translate into RAA via the application
of quenching weights
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Conclusions

We have calculated QCD predictions for charm and bottom production at
RHIC, also including fragmentation to D and B mesons and their decay to
electrons

These predictions, which still neglect matter effects, include all the available
knowledge for calculating heavy quark production in QCD, as implemented in
the FONLL framework.They are not "just another model’, and they also provide
an estimate of the theoretical uncertainties

FONLL predictions seem to agree well with Tevatron data for charm and
bottom production. For Heavy lon collisions they provide a solid
benchmark against which to compare in the search for nuclear effects.
Agreement with pp and dAu RHIC data is fair

Matter effects can be added via modified PDF’s and quenching weights. Energy
loss as seen at RHIC in Au-Au collisions roughly reproduced, but pQCD control
of charm/bottom relative contributions still limited

Final note: given the size of intrinsic pQCD uncertainty, it is very unlikely that
effects of the order of a few (tens of) percent will ever be visible just by
comparing to the absolute value of the cross sections



