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Intrinsic Heavy Quarks

[Brodsky et al., arXiv: 1504.06287]

The proton as a bound-state in light-front QCD 
The light-front wave function ψ is defined in light-cone quantization at 

fixed light-front time τ+ =t+z via HLC |ψ> = (M2 /P+)|ψ>

• Note hadronic “light-by-light” gg       QQ      gg

“Intrinsic’’ heavy quarks appear through 
multiple gluon interactions

Although a rigorous prediction of QCD, 
they have not been established 

experimentally

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

[Brodsky, Hoyer, Peterson, and Sakai (BHPS), 1980; Brodsky, Peterson, Sakai, 1981… ]

N.B. a coupled-channel problem in the free Fock-state basis



Intrinsic Heavy Quarks
Dominant configurations thus appear when HLC (“P-”) is minimized;

in the BHPS model this appears when       is minimized

Appear in the solution of the hadron eigenvalue problem 
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Or when the parton constituents of Fock state    have equal rapidity`

In contrast, extrinsic quarks are generated by gluon splitting 
Intrinsic quarks appear at larger xBj and are (relatively) of higher twist

[Brodsky Hoyer, Peterson, and Sakai (BHPS), 1980]

N.B. suitable integrals of |ψ|2 yields the PDFs with xBj = xi of the struck parton 
[Lepage and Brodsky, 198o]

[Vogt and Brodsky, 1995]



Intrinsic Heavy Quarks

[Freeman & Toussaint (MILC), 2013; Gong et al. (χQCD), 2013]

Since extrinsic heavy quarks appear radiatively,  
their strength is fixed by the gluon PDF at   

Enter theoretical models and estimates
An OPE analysis of  T++ in the proton gives the 1/mQ2 scaling;  
intrinsic charm carries few x 10-3 of the nucleon momentum   

[Franz, Polyakov, and Goeke, 2000]

There are different models of the shape of the intrinsic charm PDF; 
its normalization can then be assessed from fits to DIS data 

Lattice QCD calculations of             also indicate significant 
intrinsic charm probabilities           

hN |cc̄|Ni

Q0 ' mQ

An NLO analysis of the EMC data with intrinsic & extrinsic charm also 
supports intrinsic charm at the ~1% level [Harris, Smith, & Vogt, 1996]

More recent global fits have come to similar conclusions
[Pumplin, Lai, & Tung, 2007, Dulat et al., 2014]



Intrinsic Heavy Quarks

[Aubert et al., 1983; Hoffman & Moore, 1983]

They can, e.g., materialize from soft interactions and appear at large xF  
Can engender novel phenomena 

[Brodsky et al., 1985; Brodsky, Hoyer, Mueller, & Tang, 1992]

Early evidence for intrinsic charm came from the EMC measurement of the 
charm structure function F2c

Also from data on the large xf production of open charm in hadroproduction 
(ISR, WA89 and WA92 @ CERN, E791 and SELEX @ Fermilab)

Its appearance (at expected strength) would be pertinent to many puzzles…

[Gari et al., 1991; Vogt, Brodsky, & Hoyer, 1992; Vogt & Brodsky, 1996; Gutierrez & Vogt, 1999]

[Brodsky & SG, 2002]Could mimic the effect of “charming penguins” in B    πK  decays

These examples are not exhaustive — my apologies if your favorites are missing!



Intrinsic Heavy Quarks: Why now?  

“Science thrives on controversy”

Different recent global fits have come to differing conclusions…

Many new efforts to probe intrinsic heavy quarks are being developed

χ2 arise from the SLAC deep-inelastic proton and deuteron
structure functions [25], with smaller contributions from
HERA charm production at low x [13], and NMC proton
and deuteron cross sections in the medium-x region
[32]. All other data sets have little or no sensitivity to
IC, as evidenced by the rather shallow χ2 profiles. The total
χ2 for the global fit gives χ2=Ndat ¼ 1.25 for Ndat ¼ 4296
data points.
Because of the more restrictive Q2 and W2 cuts

employed in previous global IC studies [20,22], which
were tuned more to collider data, lower energy fixed-target
data such as from SLAC were excluded from the fits. This
produced rather weak limits on the IC momentum fraction,
hxiIC ≲ 2%–3%. Including the full data set, we find a much
more stringent constraint on the momentum carried by IC,
with hxiIC < 0.1% at the 5σ level. The rest of the χ2 profile
allows slightly larger IC values, as illustrated in Fig. 2(a),
with hxiIC < 0.1% at the 1σ level.
Note that a significant portion of the SLAC data (360

points from a total of 1021) lie below the partonic charm
threshold, W2 < 4m2

c, so that these data do not provide
direct constraints on IC. However, through Q2 evolution
the stronger constraints on the light-quark PDFs at high x
from the low-W region allow important limitations on the
magnitude of the IC to be obtained from the global fit to
the expanded data set. In fact, the partonic threshold is
lower than the physical threshold at which charmed
hadrons can be produced, which in DIS would correspond

to W2 > W2
thr ≈ 16 GeV2. Even above this value there are

still 157 data points in the SLAC p and d data sets.
To take into account the mismatch between the partonic

and hadronic charm thresholds, various prescriptions have
been adopted in the literature. The MSTW analysis [34]
employed a “modified threshold” approachwith an effective
charm quark mass mcð1þ Λ2=m2

cÞ in the threshold depen-
dent parts of coefficient functions, where Λ is a “binding
energy” parameter. An alternative prescription [33] advo-
cates a phase space factor θðW2 −W2

thrÞð1 −W2
thr=W

2Þ
weighting Fc

2 in Eq. (3) to suppress charm contributions
near threshold. The fits with the hadron suppression
factor, illustrated in Fig. 2(a), show a generally shallower
χ2 profile, with hxiIC at most ≈0.5% at the 4σ level. The
minimum χ2 in this case occurs at hxiIC ¼ ð0.15% 0.09Þ%
for the full data set.
The differences between our analysis without the SLAC

data and those in Refs. [20,22] are partly explained by the
different tolerance criteria used: in our fits the PDF errors
refer to variations ofΔχ2 ¼ 1 around the minimum [24,35],
whereas the previous analyses [20,22] assumed a tolerance
of Δχ2 ¼ 100. There is no unique criterion for selecting the
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circles), relative to the value χ20 for no IC, of various data sets
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SLAC inclusive deuteron (blue triangles) and proton (brown
circles) structure functions, HERA Fc

2 (orange triangles) and
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2 data are not
included in this fit.
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FIG. 2 (color online). Contributions of various data sets to the
total χ2, relative to χ20, as a function of hxiIC (in percent) for (a) the
standard data set, and (b) including the EMC Fc

2 data. In (a),
the upper curves (filled symbols) represent the standard fit, while
the lower curves (open symbols) include a threshold suppression
factor [33].
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A new global fit with more low energy 
data yields    hxICi < 0.1%at 5�

[Jimenez-Delgado, Hobbs, Londergan, & Melnitchouk, 2015]

We also find some evidence that the 
charm PDF … has an “intrinsic” 
component, …, carrying about 1% 
of the total momentum of the proton.

Incurring discussion & more work:

[NNPDF, Ball et al., arXiv:1605.06515, 2016]

[Brodsky & SG, 2016]



Intrinsic Charm at the GHP workshop 
PDF’s — Intrinsic Charm I  (this session!)

PDF’s — Intrinsic Charm II  [16:00 Thurs., Feb. 2 (Coolidge)]

• Hadron structure studies with a fixed target experiment 
at the LHC — AFTER@LHC [Andrea Signori (JLab)]

• Intrinsic charm at LHCb [Philip Ilten (MIT)]

• Intrinsic Charm from CTEQ/TEA PDF fits [Sayipjamal Dulat (Michigan State)]
• Constraints and implications for the nucleon’s intrinsic charm from QCD global 

analysis [Timothy Hobbs (Univ. Washington)]
• IC at IC: IceCube can constrain the intrinsic charm of the proton [Ranjan Laha 

(KIPAC, Stanford & SLAC)]
• Towards combined QCD global analysis of polarized and unpolarized PDFs and 

fragmentation functions [Nobu Sato (JLab)]

Unfortunately, NNPDF was unable to send a speaker….



Why do the results differ? 
This is more important than the differences themselves!

• Unlike other PDF analyses, NNPDF assumes no underlying analytic forms
      This may be particularly pertinent to the study of intrinsic charm, 
      in that its size is better predicted than the shape of its PDF

• At low Q2 and/or W2, additional theoretical corrections can appear (due to 
higher twist and/or heavy quark (meson!) threshold effects)

•  In global fits, there can be problems with data set compatibility (e.g., cross 
section normalizations)

• Associated with this, what is the best statistical way to accept or discard a 
hypothesis? Altered tolerance criteria have been used in place of scale factors 
(Δχ2=100 vs.  Δχ2=1)

Some salient points:  



[Jimenez-Delgado, Hobbs, Londergan, & Melnitchouk, 2015]

These issues do have impact

With adjustment for mismatch in 
charmed parton and hadron mass 
thresholds

Note result for the EMC data on Fe 
— a “nuclear” PDF is employed, 
though NNPDF neglects this

Data set not included in other analyses
because of low Q2 and/or W2 

χ2 arise from the SLAC deep-inelastic proton and deuteron
structure functions [25], with smaller contributions from
HERA charm production at low x [13], and NMC proton
and deuteron cross sections in the medium-x region
[32]. All other data sets have little or no sensitivity to
IC, as evidenced by the rather shallow χ2 profiles. The total
χ2 for the global fit gives χ2=Ndat ¼ 1.25 for Ndat ¼ 4296
data points.
Because of the more restrictive Q2 and W2 cuts

employed in previous global IC studies [20,22], which
were tuned more to collider data, lower energy fixed-target
data such as from SLAC were excluded from the fits. This
produced rather weak limits on the IC momentum fraction,
hxiIC ≲ 2%–3%. Including the full data set, we find a much
more stringent constraint on the momentum carried by IC,
with hxiIC < 0.1% at the 5σ level. The rest of the χ2 profile
allows slightly larger IC values, as illustrated in Fig. 2(a),
with hxiIC < 0.1% at the 1σ level.
Note that a significant portion of the SLAC data (360

points from a total of 1021) lie below the partonic charm
threshold, W2 < 4m2

c, so that these data do not provide
direct constraints on IC. However, through Q2 evolution
the stronger constraints on the light-quark PDFs at high x
from the low-W region allow important limitations on the
magnitude of the IC to be obtained from the global fit to
the expanded data set. In fact, the partonic threshold is
lower than the physical threshold at which charmed
hadrons can be produced, which in DIS would correspond

to W2 > W2
thr ≈ 16 GeV2. Even above this value there are

still 157 data points in the SLAC p and d data sets.
To take into account the mismatch between the partonic

and hadronic charm thresholds, various prescriptions have
been adopted in the literature. The MSTW analysis [34]
employed a “modified threshold” approachwith an effective
charm quark mass mcð1þ Λ2=m2

cÞ in the threshold depen-
dent parts of coefficient functions, where Λ is a “binding
energy” parameter. An alternative prescription [33] advo-
cates a phase space factor θðW2 −W2

thrÞð1 −W2
thr=W

2Þ
weighting Fc

2 in Eq. (3) to suppress charm contributions
near threshold. The fits with the hadron suppression
factor, illustrated in Fig. 2(a), show a generally shallower
χ2 profile, with hxiIC at most ≈0.5% at the 4σ level. The
minimum χ2 in this case occurs at hxiIC ¼ ð0.15% 0.09Þ%
for the full data set.
The differences between our analysis without the SLAC

data and those in Refs. [20,22] are partly explained by the
different tolerance criteria used: in our fits the PDF errors
refer to variations ofΔχ2 ¼ 1 around the minimum [24,35],
whereas the previous analyses [20,22] assumed a tolerance
of Δχ2 ¼ 100. There is no unique criterion for selecting the
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the lower curves (open symbols) include a threshold suppression
factor [33].
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These multiple effects impact conclusions 
regarding the role of intrinsic charm 

 



NNPDF and the EMC data
The EMC data provide the only measurement of  F2

c at large x
NNPDF also cannot fit the EMC data with “perturbative charm” only; 
in their best fit χ2 /Ndat=7.3 ( the total χ2 increases by >100)

Including “fitted charm” they find χ2 /Ndat=1.09

Regarding fitted (intrinsic) charm they note it key to include
 “massive corrections to the charm-initiated contributions” 

as well — this has not been done in other fits

[NNPDF, Ball et al., arXiv:1605.06515, 2016]

N.B. validation of the EMC data possible through LHC 
measurements, e.g., of Z + c jets at large rapidity, pT



Understanding the origins of the differences is important, for 
they allow us to probe and refine different global analyses

Summary  

These new insights will hopefully enable 
sharpened Standard Model benchmarks for 

BSM searches at high-energy colliders

  Differing results for the intrinsic charm content of 
the proton has spurred new analyses, both theoretical 

and experimental
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• Hadron structure studies with a fixed target experiment 
at the LHC — AFTER@LHC [Andrea Signori (JLab)]

• Intrinsic charm at LHCb [Philip Ilten (MIT)]

• Intrinsic Charm from CTEQ/TEA PDF fits [Sayipjamal Dulat (Michigan State)]
• Constraints and implications for the nucleon’s intrinsic charm from QCD global 

analysis [Timothy Hobbs (Univ. Washington)]
• IC at IC: IceCube can constrain the intrinsic charm of the proton [Ranjan Laha 

(KIPAC, Stanford & SLAC)]
• Towards combined QCD global analysis of polarized and unpolarized PDFs and 

fragmentation functions [Nobu Sato (JLab)]
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χ2 arise from the SLAC deep-inelastic proton and deuteron
structure functions [25], with smaller contributions from
HERA charm production at low x [13], and NMC proton
and deuteron cross sections in the medium-x region
[32]. All other data sets have little or no sensitivity to
IC, as evidenced by the rather shallow χ2 profiles. The total
χ2 for the global fit gives χ2=Ndat ¼ 1.25 for Ndat ¼ 4296
data points.
Because of the more restrictive Q2 and W2 cuts

employed in previous global IC studies [20,22], which
were tuned more to collider data, lower energy fixed-target
data such as from SLAC were excluded from the fits. This
produced rather weak limits on the IC momentum fraction,
hxiIC ≲ 2%–3%. Including the full data set, we find a much
more stringent constraint on the momentum carried by IC,
with hxiIC < 0.1% at the 5σ level. The rest of the χ2 profile
allows slightly larger IC values, as illustrated in Fig. 2(a),
with hxiIC < 0.1% at the 1σ level.
Note that a significant portion of the SLAC data (360

points from a total of 1021) lie below the partonic charm
threshold, W2 < 4m2

c, so that these data do not provide
direct constraints on IC. However, through Q2 evolution
the stronger constraints on the light-quark PDFs at high x
from the low-W region allow important limitations on the
magnitude of the IC to be obtained from the global fit to
the expanded data set. In fact, the partonic threshold is
lower than the physical threshold at which charmed
hadrons can be produced, which in DIS would correspond

to W2 > W2
thr ≈ 16 GeV2. Even above this value there are

still 157 data points in the SLAC p and d data sets.
To take into account the mismatch between the partonic

and hadronic charm thresholds, various prescriptions have
been adopted in the literature. The MSTW analysis [34]
employed a “modified threshold” approachwith an effective
charm quark mass mcð1þ Λ2=m2

cÞ in the threshold depen-
dent parts of coefficient functions, where Λ is a “binding
energy” parameter. An alternative prescription [33] advo-
cates a phase space factor θðW2 −W2

thrÞð1 −W2
thr=W

2Þ
weighting Fc

2 in Eq. (3) to suppress charm contributions
near threshold. The fits with the hadron suppression
factor, illustrated in Fig. 2(a), show a generally shallower
χ2 profile, with hxiIC at most ≈0.5% at the 4σ level. The
minimum χ2 in this case occurs at hxiIC ¼ ð0.15% 0.09Þ%
for the full data set.
The differences between our analysis without the SLAC

data and those in Refs. [20,22] are partly explained by the
different tolerance criteria used: in our fits the PDF errors
refer to variations ofΔχ2 ¼ 1 around the minimum [24,35],
whereas the previous analyses [20,22] assumed a tolerance
of Δχ2 ¼ 100. There is no unique criterion for selecting the
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[Jimenez-Delgado, Hobbs, Londergan, & Melnitchouk, 2015]



correct Δχ2 interval, and we use the traditional Δχ2 ¼ 1
choice based on statistical considerations alone. Choosing
Δχ2 ¼ 100 would inflate the uncertainty and accommodate
hxiIC ≈ 1% at the 1σ level, which is comparable to that in
the earlier work.
While the global fits in Fig. 1 incorporate the charm

production cross sections from HERA [13], they do not
include the earlier charm structure function data from EMC
[12]. Since the HERA cross sections are predominantly
measured at small x, they have less sensitivity to the
presence of IC than the fixed-target data at larger x, as the
χ2 profile in Fig. 1 illustrates. On the other hand, the EMC
Fc
2 measurements include data points at large x values,

which do have greater impact on the IC determination. In
Fig. 2(b) the χ2 values for the global fits including the EMC
data indicate a slight preference for a nonzero IC, with the
EMC data alone favoring a value ∼ð0.3–0.4Þ% (the addi-
tional threshold suppression factor has a minor impact on
the EMC data). However, the description of the EMC data
is clearly far from satisfactory, giving a χ2 value of 4.3 per
datum for 19 data points.
The comparison with the full set of Fc

2 data from EMC is
shown in Fig. 3 for several models of IC from Refs. [10,11],
as well as for a fit without IC. At small x values (x≲ 0.02)
the global fits generally overestimate the data, regardless of
whether IC (which is negligible in this region) is included
or not. At intermediate x (0.02≲ x≲ 0.1), where the IC
contributions are still small, the agreement improves, while
at the largest x values (x≳ 0.2) the fit with no IC clearly lies
below the data. Here the addition of IC improves the
agreement for all models considered, with the meson-
baryon model for the confining c quark-diquark interaction
[10] and the BHPS model [11] resulting in the biggest
enhancement. On the other hand, the experimental uncer-
tainties at the high x values are rather large compared with
those in the small-x region, where the fit to the EMC Fc

2

data is worse. Better agreement with the EMC data would
require significantly larger IC at high x, together with some
additional suppression mechanism at low x values, neither
of which appear very probable. Because of the significant
tension with the other global data sets, the EMC data
are usually not included in most global PDF analyses
[21–24,26–28,34].
These conclusions are more consistent with those

reached in the MSTW analysis [34], which found reason-
able fits including the EMC data for NIC ¼ 0.3% using
the BHPS model. On the other hand, the analysis [34]
also utilized more stringent cuts (Q2 ≥ 2 GeV2 and
W2 ≥ 15 GeV2) than those used in our fit, which removed
much of the SLAC data at large x, and did not consider
higher twist corrections—both of which are important in
the region where IC is expected to contribute.
In summary, we have performed a comprehensive global

QCD analysis of the world’s high-energy scattering data,
synthesizing the latest developments in global fitting

technology and nonperturbative studies of charm produc-
tion to fully exploit all of the available data that may have
bearing on the question of IC in the nucleon. By relaxing
the cuts onQ2 andW2 used in earlier global fits [20,22,34],
while systematically accounting for finite-Q2 and other
hadronic and nuclear corrections [24,26,28], we found that
the low-Q2, high-x data from fixed-target experiments, in
particular, place stronger constraints on the magnitude of
IC than found previously. Excluding the older Fc

2 mea-
surements from the EMC [12], which give a very large χ2,
our fits generally rule out large values of IC, with hxiIC at
most 0.5% at the 4σ level, even after taking into account
nonperturbative charm threshold suppression factors. The
tension between the EMC data and the more precise
measurements of Fc

2 at HERA at low x [13] has prompted
many global PDFs analyses to omit these data from their fits.
Given that the signal for IC relies so heavily on charm
production data at large values of x, it would be essential to
obtain new, more precise data on Fc

2 to determine limits
(upper or lower) on the nonperturbative charm content
of the nucleon with greater confidence. Such measurements
could be feasible at a future electron-ion collider facility [36].
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FIG. 3 (color online). Comparison of the total fittedFc
2 structure

function with the full set of EMC data [12] forQ2 between 1.39 to
78.1 GeV2. The results with no IC (black solid lines) are compared
with those using the confining (red dashed lines), effective mass
(blue short-dashed lines), BHPS (green dotted lines), and δ-
function (pink dot-dashed lines) models for IC [10].
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