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Searching for intrinsic charm in the proton at the LHC
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Abstract. The LHC with pp-collisions at /s = 7-14 TeV will obviously supply extra unique information
concerning the non-zero intrinsic (or valence-like) heavy quark component of the proton distribution functions
component of the proton. On the basis of theoretical study it is demonstrated that investigaton of the intrinsic
heavy quark contributions looks very promising at the LHC in processes like pp — y + ¢(b) + X.

1 Introduction

The Large Hadron Collider (LHC) opens up new and
unique kinematical regions with high accuracy for the in-
vestigation of the structure of the proton, in particular for
the study of the parton distribution functions (PDFs). It is
well known that the precise knowledge of the PDFs is very
essential for the verification of the Standard Model and the
search for New Physics.

Analyzing hadroproduction of so-called leading
hadrons Brodsky et al. [1, 2] (about thirty years ago)
has assumed co-existing of extrinsic and intrinsic contri-
butions to the quark-gluon structure of the proton. The
extrinsic (or ordinary) quarks and gluons are generated
on a short time scale associated with large-transverse-
momentum processes. Their distribution functions sat-
isfy the standard QCD evolution equations. The intrinsic
quarks and gluons exist over a time scale which is indepen-
dent of any probe momentum transfer. They can be associ-
ated with a bound-state (zero-momentum transfer regime)
hadron dynamics and one believes they have a nonpertur-
bative origin.

It was shown in [2] that the existence of intrinsic heavy
quark pairs ¢¢, and bb within the proton state can be due
to the virtue of gluon-exchange and vacuum-polarization
graphs. On this basis, within the MIT bag model [3], the
probability to find a five-quark component |uudcc) bound
within the nucleon bag is nonzero and can be about 1-2%.

Initially in [1, 2] S. Brodsky and coauthors proposed
the existence of the 5-quark state |uudcc) in the proton.
Later some other models were developed. One of them
considered a quasi-two-body state D°(u¢) A} (udc) in the
proton [4]. In order to not contradict the DIS HERA data
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the probability to find the intrinsic charm (IC) in the pro-
ton (the weight of the relevant Fock state in the proton) was
found to be less than 3.5% [4]-[6]. The probability of find-
ing intrinsic bottom state (IB) in the proton is suppressed
by a factor of m2/m? =~ 0.1 [7], where m, ~ 1.3 GeV and
myp = 4.2 GeV are the current masses of the charm and
bottom quarks. Therefore, the experimental search for a
possible IC signal in pp collisions at the LHC energies is
more promising than the search for the IB contribution.

If the distributions of the intrinsic charm or bottom in
the proton are hard enough and similar in the shape to the
valence quark distributions (i.e. have valence-like form),
then one expects the production of the charmed (bottom)
mesons or charmed (bottom) baryons in the fragmentation
region to be similar to the production of pions or nucleons
(from the light quarks). However, the yield of this produc-
tion depends on the probability to find intrinsic charm or
bottom in the proton, but this amount looks too small. The
PDFs that include the IC contribution in the proton have
already been used in perturbative QCD calculations in [4]-
[6].

In this paper, having in mind these considerations
we give predictions for the LHC semi-inclusive pp-
production of prompt photons accompanied by c-jets in-
cluding the intrinsic charm component in the PDF.

For completeness, in these predictions the sea-like
charm PDF [5] is also considered. As described in [5] this
is a purely phenomenological scenario, where the intrinsic
sea-like charm at the initial scale Q¢ = m, is believed to
be proportional to the light sea PDFs, i.e. c¢(x) = ¢(x) ~
f(x) + d(x). This distribution tends to be larger at most x-
values when compared to the ordinary charm distribution
(CTEQ6.6M).

In the next section we analyze in detail the hard pro-
cess of the real photon production in pp collision at the
LHC energies accompanied by the c-jet including the IC
contribution in the proton.
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2 Prompt photon and c-jet production

Recently the investigation of prompt photon and c¢(b)-
jet production in pp collisions at /s = 1.96 TeV was car-
ried out at the TEVATRON ([8]-[10]. In particular, it was
observed that the ratio of the experimental spectrum of the
prompt photons, (accompanied by the c-jets) to the rel-
evant theoretical expectation (based on the conventional
PDF which ignored the intrinsic charm) increases with p;
up to factor about 3 when p). reaches 110 GeV/c. Fur-
thermore, taking into account the CTEQ66¢ PDF, which
includes the IC contribution obtained within the BHPS
model [1, 2] one can increase this ratio up to 1.5 [11].
For the y + b-jets pp-production no enhancement in the
pr-spectrum was observed at the beginning of the exper-
iment [8, 10]. However in 2012 the D@ collaboration has
confirmed observation of such an enhancement [9].

This intriguing observation stimulates our interest to
look for a similar “IC signal” in pp — y + ¢(b) + X pro-
cesses at LHC energies. In Fig. 1 the distribution do-/dp?.
of prompt photons produced in the reaction pp — y+c+X
at /s = 8 TeV is presented in the interval of the photon
rapidity 1.52 <| y, |< 2.37 and the c-jet rapidity | y. |< 2.4
The upper line (open circles) in the top of Fig. 1 is calcu-
lated with the CTEQ66¢ PDF and includes IC, while the
lower line (dark circles) uses the CTEQ66 PDF where the
charm PDF is radiatively generated only. The probability
of the IC contribution is about 3.5% [6]. The ratio of the
spectra with IC and without IC as a function of pJ. is pre-
sented in the bottom of Fig. 1 the distribution do-/dp}. of
prompt photons produced in the reaction pp — y+c+X at
4/s = 8 TeV is presented in the interval of the photon ra-
pidity 1.52 <| y, |< 2.37 and the c-jet rapidity | y. |< 2.4 ..
including the radiation corrections for the initial (ISR) and
final (FSR) states along with the multi-parton interactions
(MPI) within PYTHIAS.

According to this figure, the IC signal can be about
180%-250% at p}. ~ 150-200 GeV /c and the cross section
is about 10—40 fb, which corresponds to about 1000-4000
events in the 5 GeV/c bin at L=20 fb~!.

In Fig. 2 the differential cross-section do-/dp; calcu-
lated at NLO in the massless quark approximation as de-
scribed in [11] is presented as a function of the transverse
momentum of the prompt photon. The following cuts are
applied : p; > 45 GeV, p4. > 20 GeV with the c-jet rapid-
ity in the interval | y. |< 2.4 and the photon rapidity region
1.52 < y, |< 2.37.

The solid blue line represents the differential cross-
section calculated with the radiatively generated charm
PDF (CTEQ66), the dash-dotted green line uses as input
the sea-like PDF (CTEQ66¢c4) and the dashed red line the
BHPS PDF (CTEQG66c¢2). In the lower half of Fig. 2 the
above distributions normalized to the distribution acquired
using the CTEQ66 PDF and i, = uy = pup = py., are pre-
sented. The shaded yellow region, represents the scale de-
pendence. The difference when using the BHPS IC PDFs
is about 200% at p; ~ 200 GeV and increases almost up
to 300% for p}. ~ 400 GeV. In this rapidity region the dif-
ference between the BHPS and sea-like spectra is clearly
visible even as early as p? ~ 200 GeV. However as in
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Ficure 1. The distribution do-/dp}, of prompt photons produced
in the reaction pp — ycX over the transverse momentum pJ. in-
tegrated over dy in the interval 1.52<| y, | 2.37, <| y. I< 2.4
at v/s = 8 TeV. The red open points correspond to the inclusion
of the IC contribution in PDF CTEQ66c¢ with the IC probability
of about 3.5% [6]; the blue solid points is our calculation us-
ing the CTEQ66 without the IC contribution in the proton. The
calculation was done within PYTHIAS using the LO QCD and
including the ISR, FSR and MPL.
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Ficure 2. The do-/dp}. distribution versus the transverse momen-
tum of the photon for the process pp — y + ¢ + X at /s =8 TeV
using CTEQ6.6M (solid blue line), BHPS CTEQ6c2 (dashed red
line) and sea-like CTEQ6c4 (dash-dotted green line), for forward
photon rapidity 1.52<| y, [<2.37 (top). The ratio of these spec-
tra with respect to the CTEQ6.6M (solid blue line) distributions
(bottom). The calculation was done within the NLO QCD ap-
proximation without ISR, FSR and MPI.

Fig. 1 while the IC is more accentuated, the cross-section
and hence the number of events is less than those for the
photon central rapidity.

Note that comparing Fig. 1 to Fig. 2 one can see that
both the LO QCD and NLO QCD cross-section results in
approximately the same IC contribution, which increases
when the photon transverse momentum grows. Neverthe-
less the values of the spectra calculated within the NLO

20047-p.2



LHCP 2013

QCD are larger by a factor of about 1.2 than the ones ob-
tained within the LO QCD at p; > 100 GeV/c including
the ISR, FSR and the MPI. Note that all the calculations
presented in Figs. (1-2) were done for the isolated photons.

Therefore Figs 1,2 show that the IC signal could be vis-
ible at the LHC energies with both the ATLAS and CMS
detectors in the process pp — vy + ¢ + X when p; ~
150 GeV/c. In the region the IC signal dominates over the
all non-intrinsic charm background with significance at a
level of a factor of 2 (in fact 170%).

3 Conclusion

In this paper we have shown that the possible existence
of the intrinsic heavy quark components in the proton can
be seen not only in the forward open heavy flavor pro-
duction in pp-collisions (as it was believed before) but it
can be visible also in the semi-inclusive pp-production of
prompt photons and c-jets at rapidities 1.5<| y, |< 2.4,
| yo |< 2.4 and large transverse momenta of photons and
jets.

In the inclusive photon spectrum measured together
with a c-jet a rather visible enhancement can appear due to
the intrinsic charm (IC) quark contribution. In particular,
it was shown that the IC contribution can produce much
more events (factor 2 or 3) at p; > 150 GeV/c and forward
Y, in comparison with the the relevant number expected
in the absence of the IC. Furthermore, the same enhance-
ment is also coherently expected in the transverse momen-
tum, p., distribution of the c-jet measured together with
the above-mentioned prompt photon in the pp — y + ¢-
jet+X process.

Searching for the signal of intrinsic charm in such pro-
cesses is more pronounced than the search for the intrinsic
bottom because the IB probability is, at least, in 10 times
smaller than the IC probability in the proton.

Our predictions can be verified at the LHC by the AT-
LAS and CMS Collaborations. To this end further consid-
eration of non-charm (light quarks) backgrounds for the
discussed processes is mandatory.
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