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• charm, bottom, top

• mh >> 𝛬QCD , perturbative scale

• Well, charm not so heavy...

• will mostly talk about charm but also a bit 
about bottom

Heavy Quarks
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Is there charm in the nucleon?
• Standard approach: Charm entirely perturbative

• Heavy Flavour Schemes

• FFNS: charm not in the proton
keep logs(Q/m) in fixed order

• VFNS: charm PDF in the proton
resum logs(Q/m)

• Different Heavy Flavour Schemes = different ways to 
organize the perturbation series

• What is structure? What is interaction?
Freedom to choose the factorization scale

• However, charm not so much heavier than 
𝛬QCD

• There could be a non-perturbative intrinsic charm 
component (added to the VFNS or even FFNS)

• Important to test the charm PDF experimentally

  

LO NLO N2LO N3LO

Full ACOT
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WARNING: 
Not sure whether there is 

consensus on a) whether this is true 
and b) how it has to be incoprorated 

in the pQCD formalism
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• Large majority of global analyses:

Charm PDF is calculated, 
there is no fit parameter!

• Boundary condition for DGLAP evolution
calculated perturbatively: 
(matching condition when switching from nf=3 to nf=4 flavours)

c(x,Q=mc) = 0  @NLO, MSbar

Charm PDFs
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• Is there a (sizable) non-perturbative contribution to 
the twist-2 charm PDF?

• After all, we cannot calculate the strange PDF in 
perturbation theory and charm is not so heavy.

• Answers can come from:

• global analysis: 

need data sensitive to charm

• lattice calculations: 

even one or two moments would help

Charm PDFs
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• Hadron structure: (I put it on the 1st place here!)

Models exist which predict a sizable intrinsic charm 
component; pheno. consequences for a number of 
observables; 
searches for BSpQCD (Beyond Standard pQCD) physics

• LHC:

Precision PDFs required as tool,
there are observables at the LHC sensitive to charm,
new physics may have couplings ~quark mass!

• Astroparticle physics:

Calculation of neutrino fluxes in the atmosphere depend 
strongly on the charm PDF

Why do we care?
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Models predicting intrinsic charm
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How to define “intrinsic”?

• So far I have only talked about “the charm PDF”

• The question was whether a perturbatively generated 
charm PDF is sufficient or whether one needs to 
determine a non-perturbative input distribution from data

• No attempt to split up the charm PDF into something 
“extrinsic” and “intrinsic” at the end it’s the charm PDF 
which is needed for collider pheno

• However, for understanding models, the literature need to 
say precisely what we understand under “intrinsic” and 
“extrinsic”
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How to define “intrinsic”?

Extrinsic and intrinsic sea PDFs 
(�𝑞𝑞 = �𝑢𝑢, �̅�𝑑, �̅�𝑠, ̅𝑐𝑐, �𝑏𝑏)

“Extrinsic” sea
(maps on disconnected diagrams of lattice QCD for both
heavy and light flavors?)

“Intrinsic” sea (excited Fock
nonpert. states, maps on connected
diagrams of lattice QCD?)

�𝑞𝑞

p

�𝑞𝑞
p x0.1

�𝑞𝑞(𝑥𝑥)

Intrinsic

Extrinsic
Total

2017-03-22 PDFLattice 2017 workshop 39
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(Dis)connected topologies in lattice QCD(Dis)connected topologies in lattice QCD

Liu, Chang, Cheng, Peng, 1206.4339
2017-03-22 PDFLattice 2017 workshop 2

From Pavel’s talk in case we want to 
discuss this
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How to define intrinsic heavy quarks?

• For light quarks both mechanisms, “extrinsic” and “intrinsic” are non-
perturbative. There is no way to separate the parts, one can only 
access the full PDF.

• For heavy quarks, one can calculate the “extrinsic” part perturbatively 
and one can define the “intrinsic part by subtracting the “extrinsic” 
part from the full result:

Intrinsic Charm  := Charm - Extrinsic Charm

• This definition is to a good accuracy independent of the scale
(at least for a large-x intrinsic component) since the intrinsic part 
decouples from the full evolution equation

• In the following the full charm PDF will also be called 
“Fitted Charm”
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Models

• For a recent review see arXiv:1504.06287

• Most models are concentrated at large x and have 
a precise x-shape but do not predict the scale 
(BHPS, Meson cloud models)

• In some models c(x)=cbar(x) in others not

• In global analyses also phenomenological models 
with a sea-like charm (broad range in x) are 
analyzed
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BHPS model
2

Figure 1: Five-quark Fock state |uudQQi of the proton
and the origin of the intrinsic sea.

erated by gluon splitting, their PDFs are always softer
than those of the parent gluon by a factor of (1 � x).
In contrast, the high x intrinsic heavy quark contribu-
tions are kinematically dominated by the regime where
the |uudQQi state is minimally off shell, corresponding
to equal rapidities of the constituent quarks. The result-
ing momentum and spin distributions of the intrinsic Q
and Q can be distinct, e.g., s(x) 6= s(x) since the comov-
ing uudQQ quarks are sensitive to the global quantum
numbers of the proton.

A finite intrinsic charm contribution to the nucleon
has been extracted from lattice QCD. An analysis by the
MILC collaboration [9] yields a probability for the charm
matrix element hN |cc|Ni in the range of 5� 6%, consis-
tent with a four-loop perturbative QCD calculation [10].

While the first experimental evidence of intrinsic heavy
quarks came from the EMC measurement of the large x
charm structure function [11], a variety of other charm
hadron and charmonium measurments are consistent
with the existence of intrinsic charm. Open charm ob-
servables in hadroproduction include forward ⇤

c

produc-
tion at the ISR [12]1 and asymmetries between leading
and nonleading charm (D mesons which share valence
quarks with the projectile and D mesons which do not,
respectively) measured as functions of x

F

and p
T

in fixed-
target experiments, WA89 and WA82 at CERN; E791
and SELEX at Fermilab, see Refs. [13–15] and references
therein. Previous fixed-target J/ measurements also
give indications of important intrinsic charm contribu-
tions, particularly from the nuclear mass, or A, depen-
dence, as measured by NA3 at CERN as well as E772
and, later, E866 at Fermilab, see e.g. [16]. Indeed, the A
dependence, proportional to A↵, is quite different than

1 Similarly, the coalescence of comoving b, u and d quarks from the
|uudb̄b > intrinsic bottom Fock state in the proton can explain
the high xF production of the ⇤b(udb) baryon, as observed at
the ISR [12].

the ↵ ⇠ 1 expected from extrinsic-type production [17].
At large x

F

, there are indications of a A2/3 dependence,
consistent with a nuclear surface-type interaction instead
of the volume dependence of pQCD. In addition, the NA3
collaboration measured double J/ production at for-
ward x

F

in ⇡A interactions, difficult to explain without
an intrinsic charm mechanism [18]. All of these observ-
ables can be studied with higher energies and luminosi-
ties at AFTER@LHC, making precision measurements
possible for the first time.

In addition to the typical observables for intrinsic
heavy quarks, these intrinsic heavy quarks also con-
tribute to a number of more exotic observables and inclu-
sive and diffractive Higgs production pp ! ppH, in which
the Higgs boson carries a significant fraction of the pro-
jectile proton momentum [19, 20]. There are also impor-
tant implications for intrinsic charm and bottom quarks
in Standard Model physics, as in the weak decays of the
B-meson [21] and a novel solution to the J/ ! ⇢⇡ prob-
lem [22]. AFTER@LHC could also shed light on these
topics.

The rest of this paper is organized as follows. In Sec. II,
we give an overview of the theoretical models predicting
the x-shape (but not the normalization) of the intrinsic
charm and bottom parton distribution functions. In Sec.
III, we discuss the constraints on the normalization of
the intrinsic charm (IC) obtained in global analyses of
PDFs. Section IV is devoted to the intrinsic bottom (IB)
content of the nucleon for which there are currently no
quantitative constraints. In Sec. V we review collider ob-
servables sensitive to an intrinsic charm or bottom PDF.
Finally, in Sec. VI we present our conclusions.

II. THEORETICAL MODELS

The QCD wavefunction of a hadron can be represented
as a superposition of quark and gluon Fock states. For
example, at fixed light-front time, a hadron wavefunction
can be expanded as a sum over the complete basis of free
quark and gluon states: | 

h

i =

P
m

|mi 
m/h

(x
i

, k
T,i

)

where the color-singlet states, |mi, represent the fluctu-
ations in the hadron wavefunction with the Fock com-
ponents |q1q2q3i, |q1q2q3gi, |q1q2q3cci, etc. The boost-
invariant light-front wavefunctions,  

m/h

(x
i

, k
T,i

) are
functions of the relative momentum coordinates x

i

=

k+
i

/P+ and k
T,i

where k
i

denotes the parton momenta
and P the hadron momentum. Momentum conservation
demands

P
n

i=1 xi

= 1 and
P

n

i=1
~k
T,i

= 0 where n is
the number of partons in state |mi. For example, as pre-
dicted by Brodsky and collaborators, in the BHPS model
intrinsic charm fluctuations [5, 23] can be liberated by a
soft interaction which breaks the coherence of the Fock
state [24] provided the system is probed during the char-
acteristic time that such fluctuations exist.

Microscopically, the intrinsic heavy quark Fock compo-
nent in the proton wavefunction, |uudcci, is generated by
virtual interactions such as gg ! QQ where the gluons

(a) (b)

Figure 2. (a) CTEQ6.6c0 charm distribution function c(x,Q2) (solid lines) and the sum c0(x,Q2)+
c1(x,Q2) (triangles) where c0 is the radiatively generated CTEQ6.6 charm distribution and c1 is the
non-singlet evolved IC using the BHPS boundary condition (2.15) with the same normalization as
used for the CTEQ6.6c0 charm distribution. Results are shown for the input scale Q2 = Q2

0 = m2
c

and the scale Q2 = 10000 GeV2. Fig. (b) shows the ratio of the curves in (a).

e.g. 1% for CTEQ6.6c0. For convenience, we list below the first and second moments

(calculated at the input scale) for the sets referred to in the following.

R 1
0 dx c(x)

R 1
0 dx x [c(x) + c̄(x)] ⌘< x >c+c̄

CTEQ6.6 0 0

CTEQ6.6c0 0.01 0.0057

CTEQ6.6c1 0.035 0.0200

As can be seen the actual momentum carried by the charm in the CTEQ6.6c0 and CTEQ6.6c1

fits is equal to ⇠ 0.6% and 2% respectively.

In the following we compare our approximate IC PDFs supplemented with the central

CTEQ6.6 fit, which has a radiatively generated charm distribution, with the CTEQ6.6c0

and CTEQ6.6c1 sets where IC has been obtained from global analysis without the approx-

imations of Sec. 2.2.

In Fig. 2(a) the CTEQ6.6c0 charm distribution function c(x,Q2) is shown (solid lines)

for two scales, Q2 = 1.69 and 10000 GeV2, in dependence of x. The doted lines have

been obtained as the sum of c0(x,Q2) + c1(x,Q2) where c0 is the radiatively generated

charm distribution using the CTEQ6.6 PDF and c1 is the non-singlet evolved IC using

the boundary condition (2.15) with the same normalization as used for the CTEQ6.6c0

charm distribution. As can be seen in the ratio plot, Fig. 2(b), the di↵erence between

the sum c0 + c1 and the CTEQ6.6c0 charm distribution is tiny at low Q2, and smaller

than 5% at the higher Q2. In other words, the IC distribution c1 evolved according to

the decoupled non-singlet evolution equation is in very good agreement with the di↵erence

c� c0 representing the IC component in the full global analysis.

– 8 –

which, however, is very small for bottom quarks.6 We will perform numerical checks of the

validity of our approximations in Sec. 2.5 after having discussed the boundary conditions

for the intrinsic heavy quark distribution.

2.3 Modeling the boundary condition

The BHPS model [13] predicts the following x-dependence for the intrinsic charm (IC)

parton distribution function:

c1(x) = c̄1(x) / x2[6x(1 + x) lnx+ (1� x)(1 + 10x+ x2)] . (2.15)

Conversely, the normalization and the precise energy scale of this distribution are not

specified. In the CTEQ global analyses with intrinsic charm [24, 25] this functional form

has been used as a boundary condition at the scale Q = mc leaving the normalization as a

free fit parameter.

We expect the x-shape of the intrinsic bottom distribution b1(x) to be very similar

to the one of the intrinsic charm distribution. Furthermore, the normalization of IB is

expected to be parametrically suppressed with respect to IC by a factor m2
c/m

2
b ' 0.1.

Therefore, because the scale of the boundary condition is not fixed, the following two

ansatzes for b1 can be considered

Di↵erent Scales : b1(x,mb) =
m2

c

m2
b

c1(x,mc) , (2.16)

Same Scales : b1(x,mc) =
m2

c

m2
b

c1(x,mc) . (2.17)

In the following we use the Same Scales boundary condition, Eq. (2.17), which remains

valid at any scale Q.

In this case, since c1 = c�c0, it is possible to construct the IB PDF from the di↵erence

of the CTEQ6.6c and the standard CTEQ6.6 charm PDFs at any scale without having to

solve the non-singlet evolution equation for the IB PDF. We will compare the two boundary

conditions in Eqs. (2.16) and (2.17) in Sec. 2.5. Finally, let us note that it would be no

problem to work with asymmetric boundary conditions, c̄1(x) 6= c1(x) and b̄1(x) 6= b1(x),

as predicted for example by meson cloud models [16].

2.4 Intrinsic heavy quark PDFs from non-singlet evolution

For the purpose of this analysis we used the approximation of Sec. 2.2 to produce standalone

IC and IB PDFs that can be used together with any regular PDF set sharing the same

values for the QCD parameters, such as the strong coupling or the quark masses. For the IC

PDF we used Eq. (2.15) to define the initial x-dependence at the scale of the charm mass,

and fixed the normalization to match the one predicted by the CTEQ6.6c0 fit [25]. The IB

PDF was generated using the Same Scales boundary conditions of Eq. (2.17) together with

the same x-dependent input of Eq. (2.15). If not stated otherwise, the normalization for the

6It is also acceptable in case of charm provided that the allowed normalization of IC is not too big.

– 6 –

• Light cone Fock space picture

• |uudQQbar> state with heavy quarks connected to valence 
quarks, fundamental property of wave function

• Intrinsic contribution dominant at large x and on the order 
O(𝛬2/mQ2) 

• A finite IC contribution has been extracted from the lattice:
Probability for the <N|c cbar|N> ME of 5 to 6%
[MILC collab., arXiv:1204.3866]

The x-dependence predicted by the BHPS model, unknown at which scale:

Typical moments;
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Global anlyses testing intrinsic charm
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A global fit by CTEQ to extract IC

11 

Blue band corresponds to CTEQ6 
best fit, including uncertainty 

Red curves include intrinsic charm of 
1% and 3% (χ2 changes only slightly) 

A global fit by CTEQ to extract intrinsic-charm  

No conclusive evidence for intrinsic-charm  11 
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Recent PDFs with fitted charmPDFs with fitted charm or intrinsic charm (IC)

2017-03-22 5

Several studies conclude that IC 
may carry no more than 1% of the 
proton’s momentum

Constraints depend on data 
selection (e.g., on whether the EMC 
𝐹𝐹2𝑐𝑐 data are included) and 
methodology (CTEQ vs. NNPDF)  

Jimenez-Delgado et al., 
1408.1708 

arXiv:1605.06515

NNLO

NLO

NLO

PoS DIS2015 (2015) 166
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CT14 IC fits
In-depth study of CT14 IC fits (T.-J. Hou)

6

For the Brodsky-Hoyer-Peterson-Sakai (BHPS)  parametrization, 
a marginally better 𝜒𝜒2 for IC with 𝑥𝑥 𝐼𝐼𝐼𝐼 ≈ 1%
For SEA parametrization, IC with 𝑥𝑥 𝐼𝐼𝐼𝐼 ≈ 1.5% is allowed within uncertainty

11849: 𝑄𝑄0 = 1GeV, 
MMHT-like 𝑔𝑔(𝑥𝑥,𝑄𝑄0)
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On the scale evolution of intrinsic heavy quarks
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Full set of coupled evolution equations

In addition, the measurements at the LHC would provide a baseline for � +Q production

in pA [22] and AA collisions [23].

1.6 Intrinsic bottom

While there are at least a few global analyses focusing on the possibility of an intrinsic

charm (IC) component to the nucleus [11, 12], studies of intrinsic bottom (IB) PDFs

have not been performed at all. The purpose of this paper is to provide IB PDFs which

can be used to gauge the impact of such a non-perturbative component of the nucleon

structure on b-quark initiated processes. A problem is that an IB PDF is not constrained

by existing data entering a global analysis of proton PDFs and it is therefore not viable to

perform a global fit in order to obtain information on it. Fortunately, the intrinsic bottom

PDF evolves (to an excellent precision) according to a standalone non-singlet evolution

equation so that it is possible to propose simple models for the IB PDF without the need

of performing a full-fledged global analysis of PDFs.

The rest of this paper is organized as follows. In Section 2 we demonstrate that the

scale-evolution of the IB PDF is governed by a non-singlet evolution equation. We then

propose suitable boundary conditions and perform a number of numerical tests of the

quality of our approximations. In Section 3, we use the IB PDFs to obtain predictions for

several observables at the LHC. Finally, in Section 4 we summarize our results and present

some conclusions.

2 Intrinsic bottom PDFs

2.1 Evolution

In the following, we demonstrate that the intrinsic heavy quark distributions are governed

by non-singlet evolution equations. Denoting the vector of light quarks as ’q’ and the heavy

quark distribution by ’Q’ (where Q = c or Q = b) the DGLAP evolution equations read

ġ = Pgg ⌦ g + Pgq ⌦ q + PgQ ⌦Q , (2.1)

q̇ = Pqg ⌦ g + Pqq ⌦ q + PqQ ⌦Q , (2.2)

Q̇ = PQg ⌦ g + PQq ⌦ q + PQQ ⌦Q . (2.3)

Next we substitute Q = Q0+Q1 where Q0 denotes the usual radiatively generated extrinsic

heavy quark component and Q1 is the non-perturbative intrinsic heavy quark distribution:

ġ = Pgg ⌦ g + Pgq ⌦ q + PgQ ⌦Q0 +⇠⇠⇠⇠⇠
PgQ ⌦Q1 , (2.4)

q̇ = Pqg ⌦ g + Pqq ⌦ q + PqQ ⌦Q0 +⇠⇠⇠⇠⇠
PqQ ⌦Q1 , (2.5)

Q̇0 + Q̇1 = PQg ⌦ g + PQq ⌦ q + PQQ ⌦Q0 + PQQ ⌦Q1 . (2.6)

Neglecting the crossed out terms which give a tiny contribution to the evolution of the

gluon and light quark distributions the system of evolution equations can be separated

into two independent parts. For the system of gluon, light quarks and extrinsic heavy

– 3 –
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Q is the heavy 
quark

Writing: Q(x,mu)=Q0(x,mu)+Q1(x,mu) where Q0 is the perturbative piece 
and Q1 an intrinsic component with support at large x
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Evolution equation for intrinsic heavy quarkquark (g, q,Q0) one recovers the same evolution equations as in the standard approach

without an intrinsic heavy quark component:

ġ = Pgg ⌦ g + Pgq ⌦ q + PgQ ⌦Q0 , (2.7)

q̇ = Pqg ⌦ g + Pqq ⌦ q + PqQ ⌦Q0 , (2.8)

Q̇0 = PQg ⌦ g + PQq ⌦ q + PQQ ⌦Q0 . (2.9)

For the intrinsic heavy quark distribution, Q1, one finds a standalone non-singlet evolution

equation:

Q̇1 = PQQ ⌦Q1 . (2.10)

In a global analysis of PDFs with intrinsic heavy quark PDFs, using the exact evolution

equations (2.1)–(2.3), the parton distributions satisfy the momentum sum rule

Z 1

0
dx x

 
g +

X

i

(qi + q̄i) +Q0 + Q̄0 +Q1 + Q̄1

!
= 1 . (2.11)

Allowing for a small violation of this sum rule it is possible to entirely decouple the analysis

of the intrinsic heavy quark distribution from the rest of the system. The PDFs for the

gluon, the light quarks and the extrinsic heavy quark can be taken from a global analysis in

the standard approach using Eqs. (2.7) – (2.9) where they saturate already the momentum

sum Z 1

0
dx x

 
g +

X

i

(qi + q̄i) +Q0 + Q̄0

!
= 1 . (2.12)

On top of these PDFs the intrinsic heavy quark PDF can be determined in a standalone

analysis using the non-singlet evolution equation (2.10). This induces a violation of the

momentum sum rule by the term

Z 1

0
dx x

�
Q1 + Q̄1

�
(2.13)

which, however, is very small for bottom quarks. We will perform numerical checks of the

goodness of our approximations in Sec. 2.3 after having discussed the boundary conditions

for the intrinsic heavy quark distribution.

2.2 Modeling the boundary condition

The BHPS model predicts the following x-dependence for the intrinsic charm (IC) parton

distribution function:

c1(x) = c̄1(x) / x

2[6x(1 + x) lnx+ (1� x)(1 + 10x+ x

2)] . (2.14)

On the other hand, the normalization and the precise energy scale of this distribution are

not specified. In the CTEQ global analyses with intrinsic charm this functional form has

been used as a boundary condition at the scale Q = mc leaving the normalization as a free

fit parameter.
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without an intrinsic heavy quark component:

ġ = Pgg ⌦ g + Pgq ⌦ q + PgQ ⌦Q0 , (2.7)

q̇ = Pqg ⌦ g + Pqq ⌦ q + PqQ ⌦Q0 , (2.8)

Q̇0 = PQg ⌦ g + PQq ⌦ q + PQQ ⌦Q0 . (2.9)

For the intrinsic heavy quark distribution, Q1, one finds a standalone non-singlet evolution

equation:

Q̇1 = PQQ ⌦Q1 . (2.10)

In a global analysis of PDFs with intrinsic heavy quark PDFs, using the exact evolution

equations (2.1)–(2.3), the parton distributions satisfy the momentum sum rule

Z 1

0
dx x

 
g +

X

i

(qi + q̄i) +Q0 + Q̄0 +Q1 + Q̄1

!
= 1 . (2.11)

Allowing for a small violation of this sum rule it is possible to entirely decouple the analysis

of the intrinsic heavy quark distribution from the rest of the system. The PDFs for the

gluon, the light quarks and the extrinsic heavy quark can be taken from a global analysis in

the standard approach using Eqs. (2.7) – (2.9) where they saturate already the momentum

sum Z 1

0
dx x

 
g +

X

i

(qi + q̄i) +Q0 + Q̄0

!
= 1 . (2.12)

On top of these PDFs the intrinsic heavy quark PDF can be determined in a standalone

analysis using the non-singlet evolution equation (2.10). This induces a violation of the

momentum sum rule by the term

Z 1

0
dx x

�
Q1 + Q̄1

�
(2.13)

which, however, is very small for bottom quarks. We will perform numerical checks of the

goodness of our approximations in Sec. 2.3 after having discussed the boundary conditions

for the intrinsic heavy quark distribution.

2.2 Modeling the boundary condition

The BHPS model predicts the following x-dependence for the intrinsic charm (IC) parton

distribution function:

c1(x) = c̄1(x) / x

2[6x(1 + x) lnx+ (1� x)(1 + 10x+ x

2)] . (2.14)

On the other hand, the normalization and the precise energy scale of this distribution are

not specified. In the CTEQ global analyses with intrinsic charm this functional form has

been used as a boundary condition at the scale Q = mc leaving the normalization as a free

fit parameter.
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Standard coupled evolution equation without intrinsic heavy quark:

Decoupled non-singlet evolution equation for intrinsic component

Procedure valid up to small violation of momentum sum rule!
Useful for understanding and phenomenological applications

arXiv:1507.08935
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Parton-Parton Luminosities: Charm

Figure 10. Ratio of cc̄ luminosities (left) and cg luminosities (right) at the LHC14 for charm-
quark PDF sets with and without an intrinsic component as a function of

p
⌧ = mH/

p
S. The

ratio for the cc̄ luminosity (solid, green line) in the left figure reaches values of 50 at
p
⌧ = 0.5. In

addition to the curves with 1% normalization (red, dashed lines) we include the results for the 3.5%
normalization (green, solid lines) which was found to be still compatible with the current data [25].

constraints on the IB normalization, in Fig. 11 we also include an extreme scenario where

we remove the usual m2
c/m

2
b factor; thus, the first moment of the IB is 1% at the initial

scale mc.

For the 1% normalization the cc̄ luminosity ratio grows as large as 7 or 8 for
p
⌧ = 0.5,

and for a 3.5% normalization it becomes extremely large and reaches values of up to 50.

From these figures we can clearly see that the e↵ect of the 3.5% IC is substantial and can

a↵ect observables sensitive to cc̄ and cg channels. As expected, in the case of IB the e↵ect

is smaller but for the bb̄ luminosity the IB with 3.5% normalization leads to a curve which

lies clearly above the error band of the purely perturbative result. In the extreme scenario

(which is not likely but by no means excluded) the IB component has a big e↵ect on both

the bb̄ and bg channels.

4 Discussion

We have demonstrated that the scale evolution of intrinsic heavy quark distributions (both

charm and bottom) is governed by a non-singlet evolution equation to a very good approx-

imation. Furthermore, the small intrinsic heavy quark distribution does not significantly

influence the other parton distributions or the sum rules of a global analysis. This observa-

tion holds to a very good precision for the intrinsic bottom case, but also works reasonably

well for the intrinsic charm case (if the momentum fraction is not too large). Therefore, it

is possible to perform a standalone analysis of the intrinsic heavy quark distribution and

to combine it with the PDFs of a standard global analysis with dynamically generated

– 16 –
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Scale evolution of IB

(a) (b)

Figure 3. a) Boundary condition for the IB PDF according to Eq. (2.15) and Eq. (2.16) at the
scale Q

2 = m

2
b . b) Ratio of the two curves in a).

Figure 4. Scale-evolution of the IB PDF at NLO according to the non-singlet evolution equation
(2.10) using the boundary condition in Eq. (2.16) with mc = 1.3 and mb = 4.5 GeV. Shown are
results for Q2 = 1.69, 10, 100, 1000, and 10000 GeV2.

– 7 –

Can add the intrinsic b1 PDF to the radiatively generated b0 PDF: 
b(x) = b0(x) + b1(x)

Allows to estimate the effect of IB 

Black solid line: 
BHPS shape
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Parton-Parton Luminosities: Bottom

Figure 11. Ratio of luminosities at the LHC14 for bottom-quark PDF sets with di↵erent normal-
izations of the intrinsic bottom component. The plot has been truncated, and the bb̄ luminosity in
the extreme scenario reaches about 17 at

p
⌧ = 0.5.

heavy quark distributions11. Note, this allows us to use any general PDF set and generate

a matched IC or IB component without a global fit re-analysis.

Based on this observation we have modeled an intrinsic bottom distribution and dis-

cussed its e↵ect on the relevant parton–parton luminosities at the LHC14. As a general

rule, the e↵ects of IB are less pronounced than the ones from IC due to the expected

m2
c/m

2
b ⇠ 0.1 suppression factor. For example, we see from Fig. 7 (1% normalization) that

whereas c = 1 + c1/c0 ⇠ 3 at scales Q ⇠ 100 GeV and x 2 [0.4, 0.8] the corresponding

factor for IB is relatively small: b = 1+ b1/b0 . 1.4. For a 3.5% normalization, the curves

in Fig. 7 would be scaled by a factor 3.5, such that b . 2.4.

We then turned to a discussion of the parton–parton luminosities where the main

results can be seen in Figs. 10 and 11.

The cc̄ luminosities are strongly enhanced for the IC with both 1% and 3.5% normal-

ization as the heavy quark factors enter quadratically; but the e↵ect is smaller for the cg

luminosity as there is only one factor of the heavy quark PDF. However, the e↵ect is still

significant; the 1% IC lies at the edge of the PDF uncertainty band, and the 3.5% IC yields

a factor of ⇠5.

As expected, the enhancement of the bb̄ luminosity is much smaller compared to the

cc̄ case. For the 1% IB the curve lies well within the PDF uncertainty band. For the

3.5% IB the results lies above this uncertainty band and predicts an enhancement of a

factor 4 at
p
⌧ = 0.5. For the bg luminosity, both the 1% IB and the 3.5% IB curves lie

within the PDF uncertainty band. This band is largely driven by the uncertainty of the

gluon distribution and might shrink in the future such that the enhancement due to the

IB could become significant. For illustration, we have also included results for the extreme

11Needless to say, that the intrinsic heavy quark distribution could also be used together with the PDFs

in a fixed-flavor-number scheme where no dynamically generated heavy quark distribution is present.

– 17 –
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IC vs IB

Figure 6. Ratio of the dynamically generated bottom and charm parton distributions at Q2 = 100
and Q2 = 106 GeV2 as a function of x. The results for x > 0.7 are not reliable due to instabilities
in the CTEQ PDF grids for the charm distribution (note however, that for that large x values the
perturbative PDFs are nearly zero and are negligible).

(a) (b)

Figure 7. Ratio of intrinsic and dynamically generated heavy quark PDFs for (a) charm and (b)
bottom quarks. The distributions c1(x,Q2) and b1(x,Q2) have been generated using the non-singlet
evolution equation (2.11) with the BHPS form (2.15) (properly normalized to 1%) and the Same
Scales boundary condition (2.17). c0(c,Q2) is the CTEQ6.6 charm distribution and b0(x,Q2) is the
CTEQ6.6c0 bottom distribution. As in Fig. 6, the results in (a) are not reliable for x > 0.7 due to
instabilities in the CTEQ6.6 grids for very low values of the c0 distribution.

these pieces together we find b1/b0 < c1/c0 which means that the possible e↵ects due to

the IB will be less pronounced than the ones due to the IC. The ratios c1/c0 and b1/b0 are

shown for several scales in Figs. 7(a) and 7(b).

These figures are useful to illustrate the impact of the intrinsic heavy quark distribu-

tions on the physical observables. For this purpose, we define the ratio c = 1 + c1/c0
and similarly b = 1 + b1/b0 which measures the relative deviation expected due to the

IC/IB components. For example, if the b-quark initiated subprocesses of an observable

contributes a fraction rb to a cross section (say rb = 80%), the observable will be enhanced

– 12 –

• Clearly, b1/b0 << c1/c0 (for the model used)

• Questions: 

What would be the ratio  “intrinsic/extrinsic” for the strange 
sea or the light quark sea at large-x? 

If there is a “bump” due to IC, one can also expect “bumps” for 
the light sea?
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Processes sensitive to heavy quarks

Thursday 23 March 17



• F2c at HERA:

charm contributes more than 20% to the DIS 
structure functions

all charm data at x<0.1

• Fixed target DIS:

the ‘controversial’ EMC data

include larger x, new progress in the 
understanding thanks to recent NNPDF study

Processes sensitive to the charm PDF
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• Drell-Yan production of W/Z has a relevant 
contribution from the cs-channel at the 
LHC

• Exclusive processes

• c+g → c+𝛾

• c+g → c+Z

• c+g → b+W 

Processes sensitive to the charm PDF

How to Access Heavy Flavor Components Directly??? 23

c g→ c γ
b g→ b γ

s g→ c W

c g→ b W

Thursday 23 March 17
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Inclusive D meson production at LHCb
INTRINSIC CHARM: LHCB

CTEQ6.6c1/CTEQ6.6
p p � D0 X
GM-VFNS
�S = 7 TeV
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CTEQ6.6 updated:
BHPS, 3.5 % (c + c̄) at µ = 1.3 GeV high-strength sea-like charm

‹ large effects expected at large rapidities

H. Spiesberger (Mainz) DIS, 27. 3. 2012 30 / 37

arXiv:1202.0439, arXiv:0901.4130
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• F2c at EIC:

probing larger x-values (x~0.3)

• Fixed target experiments using the LHC 
beam (AFTER@LHC): √S=115 GeV

would be ideal to probe large-x IC in 
hadronic collisions

Future
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Probing IC in 𝛾+Q production at AFTER@LHCProbing IC with γ+Q at AFTER
See talk by T. Stavreva
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Conclusions
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• An intrinsic charm contribution is predicted by QCD. 

“If QCD is right, there has to be IC”

• Open question: “How much IC is there?”
(If you are believer)

Normalization is unclear.  Typically <x>c+cbar ~ 0.01 

• Need more “DATA” (real or lattice)

• Is it possible to calculate, for example,
<x>c+cbar on the lattice? With which precision?

• c and cbar independently?

Conclusions
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