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1. Intrinsic heavy flavours in the proton

The Large Hadron Collider (LHC) at CERN can be a useful latooyafor investigation of the
unique structure of the proton, in particular for the stuéithe parton distribution functions (PDFs)
with high accuracy. It is well known that the precise knovgedf these PDFs is very important
for verification of the Standard Model and search for New Risys

By definition, the PDFfa(x, ) is a function of the proton momentum fractiarcarried by
partona (quarkq or gluong) at the QCD momentum transfer scale For small values ofu,
corresponding to the long distance scales less thiag, the PDF cannot be calculated from the
first principles of QCD (although some progress in this dicgchas been recently achieved within
the lattice methods [1]). The PD(x, 1) at 4 > Lo can be calculated by solving the perturbative
QCD evolution equations (DGLAP) [2]. The unknown (input fbe evolution) functionga(X, to)
can usually be found empirically from some “QCD global as@y[3, 4] of a large variety of data,
typically atpt > L.

In general, almost alpp processes that took place at the LHC energies, includinglibgs
boson production, are sensitive to the chdgx, 1) or bottomfy(x, 1) PDFs. Nevertheless, within
the global analysis the charm content of the protop at u. and the bottom one at ~ u, are
both assumed to be negligible. Hemg and iy, are typical energy scales relevant to theand
b-quark QCD excitation in the proton. These heavy quark campts arise in the proton only
perturbatively with increasin@?-scale through the gluon splitting in the DGLAF evolution [2].
Direct measurement of the open charm and open bottom produntthe deep inelastic processes
(DIS) confirms the perturbative origin of heavy quark flaww{B]. However, the description of
these experimental data is not sensitive to the heavy qusiibdtions at relatively large (x >
0.1).

As was assumed by Brodsky with coauthors in [6, 7], thereeatensic andintrinsic con-
tributions to the quark-gluon structure of the protdaxtrinsic (or ordinary) quarks and gluons
are generated on a short time scale associated with a lamgg/rse-momentum processes. Their
distribution functions satisfy the standard QCD evolutaruations.Intrinsic quarks and gluons
exist over a time scale which is independent of any probe mtumetransfer. They can be asso-
ciated with bound-state (zero-momentum transfer regimdjdn dynamics and are believed to be
of nonperturarbative origin. Figure 1 gives a schematien\oéa nucleon, which consists of three
valence quarks,q quark-antiquark g g and gluon sea, and, for example, gfding intrinsic charm
(a5, G,) andintrinsic bottom quarks ®'q,).

It was shown in [7] that the existenceiafrinsic heavy quark pairsc: andbb within the proton
state could be due to the virtue of gluon-exchange and vaquolarization graphs. On this basis,
within the MIT bag model [8], the probability to find the fiverark componentuuda) bound
within the nucleon bag was estimated to be about 1-2%.

Initially in [6, 7] S.Brodsky with coauthors have proposedséence of the 5-quark state
|uudct) in the proton (Fig. 1). Later some other models were develog@ne of them consid-
ered a quasi-two-body sta@(u@ /T;f(udc) in the proton [9]. In [9]-[11] the probability to find
the intrinsic charm (IC) in the proton (the weight of the w@et Fock state in the proton) was as-
sumed to be 1-3.5%. The probability of the intrinsic bottdB) (n the proton is suppressed by
the factorm2/mg ~ 0.1 [12], wherem; andmy, are the masses of the charmed and bottom quarks.
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Figure 1: Schematic presentation of a nucleon consisting of threeneal quarks.g quark-antiquark g'q
and gluon sea, and pairs of the intrinsic chariy §g) and intrinsic bottom quarks $ad,).

Nevertheless, it was shown that the IC could result in a fézaintribution to the forward charmed
meson production [13]. Furthermore the IC “signal” can ¢ibate almost 100% of the inclusive
spectrum ofD-mesons produced at high pseudorapiditieand large transverse momerga in
pp collisions at LHC energies [14].

If the distributions of the intrinsic charm or bottom in theofpon are hard enough and are
similar in the shape to the valence quark distributions ¢hére valence-like form), then the pro-
duction of the charmed (bottom) mesons or charmed (bott@myjoms in the fragmentation region
should be similar to the production of pions or nucleons. E\my, the yield of this production
depends on the probability to find the intrinsic charm ordmotin the proton, but this yield looks
too small. The PDF which included the IC contribution in tletpn have already been used in the
perturbative QCD calculations in [9]-[11].

The probability distribution for the 5-quark stateud) in the light-cone description of the
proton was first calculated in [6]. Assuming that the lightudu (u,d) masses and the proton
mass are smaller than tieeguark mass one can get the following form for this probgb[lL0] at
Q? = mg (m; = 1.69 is the c-quark mass):

dP 5 5

= fe(x) = fa(x) = A'X {(1— %) (1+ 10x+X°) + 6X(1+X) In(x) } |, (1.2)
where the normalization constant determines some probability to find the Fock statpiudc)
in the proton. The solid line in Fig. 2 shows the intrinsic kha?DF x f;(x) as a function ok at
Q? = mZ when the probabilityv,c = 3.5%. The dashed curve in Fig. 2 is the density distribution
of the (ordinary) sea charm in the proton. One can see fromZFibat the IC distribution (with
w,c = 3.5% [11]) given by Eq. (1.1) has rather visible enhancemerta0.2 — 0.3 and it is much
larger (a few orders of magnitude) than the sea (ordinargraldensity distribution in the proton.
The valence quark density distributionsf(y), the distributions of the sea charmdy) and the
intrinsic charm fic(x)) atQ? = 100 GeV£? are presented in Fig. 3. One can see from Fig. 3. that
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Figure 2: The distributions of charmed quarks in the proton; the déihe is the sea charmed quarks),
the solid curve is the sum of the intrinsic charm ans the sex ) + Cin(x)
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Figure 3: The distributions of the valence,d) quarks and sea quarks in the proton as a function of the
Bjorken variablex.
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the sea charm and the intrinsic charm distributions are rferolaller” than the valence ones in the
whole region ofx. However, in the hargp collisions the gluons and sea quarks make the main
contribution to the inclusive hadron spectra. Therefdne,ibclusion of the intrinsic heavy quark
components in the proton makes sense.

Due to the nonperturbativimtrinsic heavy quark components one can expect some excess
of the heavy quark PDFs over the ordinary sea quark PDBs>af.1. The “signal” of these
components can be visible in the observables of the heavguitgsroduction in semi-inclusive
ep DIS and inclusivepp collisions at high energies. For example, it was recentlynghthat
rather good description of the HERMES data on xtgx, Q%) + xfs(x, Q%) atx > 0.1 andQ? =
2.5 GeV/c? [15] could be achieved due to existence of intrinsic straege in the proton. Similarly,
possible existence of the intrinsic charm in the proton ead to some enhancement in the inclusive
spectra of the open charm hadrons, in particOlanesons, produced at the LHC jrp-collisions
at high pseudorapidities and large transverse momemta[14].

2. Intrinsic heavy quarks at the LHC

e Intrinsic charm
It is known that in the open charm/beaupyp-production at large momentum transfer the hard
QCD interactions of two sea quarks, two gluons and a gluoh aisea quark play the main role.
According to the model of hard scattering [21]-[29] the tiglatic invariant inclusive spectrum of
the hard procesg+ p— h+ X can be related to the elastic parton-parton subprdaeegs— i’ + j/,
wherei, j are the partons (quarks and gluons). This spectrum can kergeal in the following
general form [25]-[27] (see also [30, 31]):

do _ 2 [z [* e 17 de kot (x n 900 (86 DIy ()

Herek; j andk/ ; are the four-momenta of the partdra j before and after the elastic parton-parton
scattering, respectivelyr, kjr are the transverse momenta of the partoasd j; z is the fraction
of the hadron momentum from the parton momentdimjs the PDF; and, ; is the fragmentation
function (FF) of the partonor j into a hadrorh.

When the transverse momenta of the partons are neglectechipecison with the longitudinal
momenta, the variables f; G andz, can be presented in the following forms [25]:

- u X1 X
’ U:Xj—, Zh:_l—i__zv (22)
Zy X X
where
u XT t XT

X=—2= Ecot(Q/Z), Xo=—2= Etan(Q/Z), X =2V/tu/s=2pr/vs  (2.3)
Here as usuak = (p1+ p2)%, t = (p1 — py)% u= (p2 — py)% and py, p, p; are the 4-momenta
of the colliding protons and the produced hadmmespectively;8 is the scattering angle for the
hadronh in the pp c.m.s. The lower limits of the integration in (2.1) are

6 6
min __ Xt COt(?) xmin _ XiXt tan(?)

X 2—xrtan(8)’ = 2w ol @) (2.4)
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Actually, the parton distribution function§(x;, kit ) also depend on the four-momentum transfer
squaredQ? that is related to the Mandelstam variab$els 0 for the elastic parton-parton scattering
[27]

g 280
&+t2+02
Calculating spectra by Eq.(2.1) we used the PDF which iredutie IS (and does not include
it) [11], the FF of the type AKKO08 [29] andia;; (5,f)/df calculated within the LO QCD and
presented, for example, in [28].
In particular, Fig. 4 shows our estimation of the inclusively of singleD%-mesons inpp-
production at,/s= 7 TeV and 10 GeYc < pr < 25 GeV/c as a function of the pseudorapidity.
This estimation is obtained within PYTHIA8, where the PDFEIJ66 (without the IC, given by

(2.5)
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Figure 4: TheD +_50 distributions (with and without intrinsic charm contribart) over the pseudorapidity
n for pp— (Do+ Do) + X aty/s=7 TeV and 10< pr < 25 GeV/c [14].

the dashed blue curve in Fig. 4) and CTEQG6c¢ (with the IGxgr~ 3.5%, given by the solid red
curve) were used &2 = m¢ =(1.69 GeV¥ [11].

One can see from Fig. 4 that there in some enhancement due G ttontribution at largey,
which is due to the above-mentioned enhancement in the IC&RE- 0.1, given in Fig. 2. Its
amount increases with growingr. For example, due to the IC the spectrum increases by a factor
of 2 atn = 4.5. A similar effect was predicted in [32].

One can see that the Feynman varialpl®f the produced hadron, for example, & meson,
can be expressed via the variabfgsandn, or 8 the hadron scattering angle in thg c.m.s,

_ 2P _2pr 1 2pr
XF_\/§_\fstan9_\/§smhm)' (2.6)
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At small scattering angles of the produced hadron this féerbecomes

2pt 1
~ WXk (2.7)
It is clear that for fixedor an outgoing hadron must possess a very séhall very largen in order
to have largexe (to follow forward, or backward direction).

In the fragmentation region (of large) the Feynman variablg: of the produced hadron is
related to the variable of the intrinsic charm quark in the proton, and accordindhlongitudinal
momentum conservation law, thke ~ x (andxs < X). Therefore, the visible excess of the solid
(red) histogram over the dashed (blue) one in Fig. 4 at3.5 is due to the enhancement of the IC
distribution (see Fig. 2) at> 0.1.

One expects similar enhancement in the experimentalldisions of the open bottom produc-
tion due to the (hidden) intrinsic bottom (IB) in the protevhich could have the PDF very similar
to the one given in (1.1). However, the probabiltys to find in the proton the Fock state with
the IB contribution|uudt5> is about 10 times lower than the IC probabilty: due to the relation
Wig /Wic ~ m2/mg, wheremy, is the bottom quark mass [7, 12].

e Intrinsic strangeness
Let us analyze now how the possible existence of the intriaBiangeness in the proton can be
visible in pp collisions. For example, consider tie -meson production in the procepp —
K~ + X. Considering the intrinsic strangeness in the proton [1&falculated the inclusive spec-
trum EDa /d3p of such mesons within the hard scattering model (Eq.(2uh)ch describes sat-
isfactorily the HERA and HERMES data on the DIS. The FF andpéon cross sections were
taken from [29, 28], respectively, as mentioned above. ¢s.H5,6) the inclusivey-spectra of

XF
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Figure 5: The K~-meson distributions (with and without intrinsic charm trdsution) over the transverse
momenturmp for pp— K~ + X at the initial energfe = 158 GeV, the rapidity =1.3 andp; > 0.8 GeV/c.
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Figure 6: TheK~-meson distributions (with and without intrinsic charm trilsution) over the transverse
momentunp; for pp— K~ + X at the initial energ¥, = 158 GeV, the rapidity =1.7 andp; > 0.8 GeV/c.

K~ -mesons produced ipp collision at the initial energ¥e, =158 GeV are presented at the rapid-
ity y =1.3 (Fig 5) andy =1.7 (Fig 6). The solid lines in Figs. (5,6) correspond to aaiculation
ignoring theintrinsic strangenes$lS) in the proton and the dashed curves correspond to the cal
culation including the IS with the probability about 2.5%carding to [15]. The crosses show the
ratio of our calculation with the IS and without the IS minusdne can see from Figs. (5,6, right
axis) that the IS signal can be above 200 % at 1.3, p; = 3.6-3.7 Geyc and slightly smaller,
than 200 % ay = 1.7, pr ~ 2.5 Gevc. Actually, this is our prediction for the NA61 experiment
that is now under way at CERN.

We also calculated the inclusive spectrakof andK™ mesons produced in thep collision
at LHC energies. Note that the spectrakof-mesons, which consist af andu- quarks, can give
us information on the IS at large- (X >1) or at the certain region gfr andn, according to
Eq.(2.6) and Fig. (2), because they are produced mainly fhenfragmentation of the strange sea
(sseg and theintrinsic strange $,) quarks in the proton. One can see from Fig. (7, right axia) th
the IS signal at/s=7 TeV,y =4.5 can be about 400 % af ~ 32-33 GeV/c, the measuring of
which at LHC can be difficult. Anyway, gir >15 GeV/c andy =4.5 the IS signal is about 200 %
and more, as the crosses show in Fig. (7,right axis). How#wespectra ok *-mesons almost do
not give us such information because -meson consists of the ands-quarks and its production
at largexg is due to the fragmentation of the valeneguark by thepp collision. It illustrates
Fig. (8), the notations are the same as in Figs. (5,6). Thigesieffect but for thdC signal can be
visible in the inclusive spectra @ - andD"-mesons produced ipp collision at LHC energies.

Let us also note that we calculated the inclusive specti§-and D-mesons within the LO
QCD. The NLO calculation, in principle, can change the isila spectra. However, the ratio of
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the spectrum oK~ (or D7) to the spectrum oK™ (or D) can not be very sensitive to the NLO
corrections.
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Figure 7: The K~-meson distributions (with and without intrinsic charm trdsution) over the transverse
momentump; for pp— K~ + X at+/s= 7 TeV, the rapidityy =4.5 andp; > 10 GeV/c.
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Figure 8: The K*-meson distributions (with and without intrinsic charm tridsution) over the transverse
momentump, for pp— Kt + X at/s= 7 TeV, the rapidityy =4.5 andp; > 10 GeV/c.
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3. Conclusion

In this paper we have shown that possible existence of thasitt heavy flavour quark compo-
nents in the proton can be seen by the forward productioreafplen heavy flavour ipp-collisions.

Our calculations of the charmed meson productiopircollisions within the hard scattering
model using the PYTHIA8 MC generator [14] and the PDF inahgdthe intrinsic charm [11]
showed the following. We found that the contribution of th&insic charm in the proton could
be studied in the production @-mesons inpp collisions at the LHC. The IC contribution for the
single D°-meson production can be large, about 100 % at high ragdgti€ y < 4.5 and large
transverse momenta X0 p; < 25 GeV/c. For the double® production this contribution is not
larger than 30 % ap; > 5 GeV/c and 3<y < 4.5. These IC contributions for the single and
doubleD-meson production [14] were obtained with the probabilityhe intrinsic charm taken to
bewz=3.5 % [11], and they will decrease by a factor of 3 wheg~ 1 %. Therefore, this value
can be verified experimentally at the LHCb.

The presented predictions could stimulate measuremeriteo$ingle and double D-meson
production inpp collisions at the CERN LHCb experiment in the kinematic oegmentioned
above to observe a possible signal for the intrinsic charine iftrinsic beauty in the proton is
suppressed by a factor of 10, therefore its signal in theigiad spectra oB-mesons will probably
be very weak.

We also analyzed the inclusii€"-meson production irpp collision at the initial energy
Ep =158 GeV and gave some predictions for the NA61 experimemggon at CERN, and made
some predictions for the inclusive spectrakof-mesons produced ipp at the LHC energy,/s =
7 TeV. We showed that in the inclusive spectrumKof-mesons as a function g at the initial
energyE, =158 GeV and some values of their rapidities the signal ofrttrésic strangeness can
be visible and reach about 200% and more at large momentusfaérave took. The signal of the
intrinsic strangeness in the inclusive spectrunkKof-mesons produced ipp collision at./s =7
TeV can be about 200% and even 400%yat-15 GeV/c,y =4.5. The probability of théntrinsic
strangeness to be about 2.5%, as was found from the besiptiescof the HERA and HERMES
data on the DIS, see [15] and references therein.
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