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1. Intrinsic flavour in proton
Nucleon

BHPS model
S.J. Brodsky,P. Hoyer, C. Peterson
and N. Sakal, Phys.Lett. B93 (1980)
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Intrinsic QQ in proton
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J.Pumplin, H.L. Lai and W.K.Tung, Phys.Rev.D75 (2007) 054029
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Schematic graph of the QQ pair creation in a nucleon.

If the gluon-gluon scattering box diagram, gg—QQ—gg ,
IS Inserted into the proton self-energy graph the cut of this
amplitude generates the five-quark state of the proton |uudQQ >

This 1s analog of the cut diagram of the light-by-light scattering
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INTRINSIC HEAVY QUARK
STATES

Two types of parton contributions

The extrinsic quarks and gluons are generated on
a short time scale in association with a large
transverse-momentum reaction.

The Intrinsic quarks and gluons exist over a time
scale independent of any probe momentum, they
are assoclated with the bound state hadron
dynamics.

P (X, X )‘Na .Z XMZ 'Z i]
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where © = x5, ¢ = m3%; /m?,

P(z) =

101(2) + ¢2(2)[In(z) — In[l — (1 — z)z]]},

olz)=(1—2)(1 —cx) 1+ 210+ 2z —¢(l —z)(z(10 — e(—x)) + 2)]] ,

G2(z) =62[1 + (1 — (1 — x))][1 — (1 — z)x]

Here N is found from the normalization equaton:

ful P(z)dz =




INTRINSIC HEAVY QUARK DISTRIBUTION
IN PROTON

Integrating P(Xl )over dx...dx, and neglecting of all quark
masses except the charm quark mass we get

)= - 205 )20 34 )

Where N5_N /m normalization constant . Here M, =M. =M, =m

is the bar mass of the charmed quark. N, determines some probablllty W,
to find the Fock state \uudQQ in the proton

One can see qualitatively that p(x) vanishes at x —0
and X, >1 and has an enhancement at 0<x <1
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2. PDF including 1Q CHARM QUARK DISTRIBUTIONS IN PROTON
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Charm quark distributions within the BHPS model. The three panels
correspond to the renormalization scales = 2,5100 GeV respectively.
The long-dashed and the short-dashed curves correspond to
(x_)=0.57%,2.% respectively usingthe e PDF CTEQS66c. The solid
curve and shaded region show the central value and uncertainty from
CTEQSG6.5, which contains no IC.

There isan enhancement at x>0.1 due to the IC contribution
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COMPARISON OF LIGHT AND HEAVY QUARK
DISTRIBUTIONS IN PROTON
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The dotted line is the gluon distribution, the blue long-dashed curve is the valence
u-distribution, the blue short-dashed line is the valence d-distribution, the green
long-dashed-dotted line is the intrinsic u, the short dashed-dotted line is the
intrinsic d distribution , the dashed-dot-dotted is the intrinsic S =S and the
solid curves are € =C with no IC (lowest) and with IC, <X> =0.57%,2.%
respectively. It is shown that IC contribution is larger than U,d,S at x>0.2
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For example, leading order QCD.
P e S
~ i

Parton - parton interactions within LLO QCID,
the wavy line is the gluon, the solid line is the quark.

= ==

‘;_’._’_.-_n_n_s_,

| LLL

Cic}-,‘,‘ 87z >
4 — o 2

S —— T P ST >
R L2 7D

3.Hard processes and HF production
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PRODUCTION OF HEAVY FLAVOURS IN HARD P-P COLLISIONS

PP
o Z [ Phy [ Phyp [ dz, [.]- 4z, fi(s, k) f (2, ) 2225 H) Pi (31)

,:f p J gpin dt TZh
9 & . 1 [
min __ TTCcot(3) N 2p.  2pr 1 2pr sinh (1)
T, Ip = = = SHL
: ) IT‘MH(%J \/: \/Z tan @ \/:

)—[ 'R — TF)

Onecanseethat x =x_. If Xx_. > 0.1 then, x >0.1
and the conventional sea heavy quark (extrinsic) contributions
are suppressed in comparison to the intrinsic ones.

X Is related to P, and 7 . So, at certain values of these
variables, in fact, there is no conventional sea heavy quark
(extrinsic) contribution. And we can study the 1Q contributions
In _hard processes at the certain kinematical region.
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4. 1C in proton and open charm production

5 9000f L B B L L B B
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Single D’ production in p-p at §°=7 TeV.
XFZ% sinh(n) = x;sinh(n) ; IC signal, when xz > 0.1
G.L., V.A.Bednyakov, A.F.Pikelner, N.P.Zimin, Eur.Phys.Lett. 96 (2012)21002
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5. 1C signal iny(Z) +c-jet production
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The data-to-theory ratio of cross sections as a function of p;¥ for p+bar{p}->y + Q+X,
at s¥2 = 1.98 TeV (Q=c,b). The points are D° data at Tevatron. There is the three time
excess of the data above the theory at p;* ~ 120 GeV if the IC is included (solid red lone)

the probability about 3.5 %. It stimulates us to study a possible IC signal at LHC.
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PHOTON (DI-LEPTON) AND c¢(b)-JETS PRODUCTION IN P-P

c(h) _ A e l

9 DO0000000 —— %) 1 OOOOO0000" e(b)
Fig.a. Feynman diagram Fig.b. Feynman graph for
for the process c©)+g—y+c(@©) the process c b)+g—y/z2°+c (b)
— 2pT - — i m|2+| f
X = 7 Sh(’?)7 P, = = Pr.- X X_S R
To observe the IC
for Fig.a for Fig.b
m: .
XCZ XF> 0.1 Xc(b)_ XI:S. +Xc(b) >0.1
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pp =2y+Q + X, Q=cb

N
A AT

e)
Feynman QCD diagrams: a): Q +g->y +Q;
b-c): Q + barQ->Q + barQ + v; d-e): Q(q)+q(Q)->Q(a)+q(Q)+y
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ICsignal in pp— y+c(jet)+ X

pp—v+e+X VS =8TeV _ V.A.Bednyakov,
10 e Cteaébm M.A.Demichey,
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P - distribution of photons produced inpp->y+c+ X

The blue line is calculation without the IC. The red curve includes the IC, its
probability is about 3.5 % (top). The ratio of spectra with and without the IC
The IC signal is about 200%-250% at p; ~ 150-200 GeV/c,

where the cross section is about 20-80 fb (400-3200 events) and can be measured
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PP>y+Q+X,s2=8TeV;15<n<24;Q=c)b
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p; —distribution within the k,—factoriaztion of QCD
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—c(y + C)/o(y + b) for p bar{p} > v+ Qats’2=198 TeV

— DO, L =8.7 fb' data
(t. - NLO (Stavreva, Owens)
© N emessssas k+ fact. (Lipatov, Zotov)
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p+ —distribution of R, points are the DO data; red solid line
IS NLO without IC ; short dash line is BHPS with IC probability
about 3.5 %




R=c(y + C)/o(y + b) forpp ->y+ Qats’?2=8TeV ; 1.5<n< 2.4
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p+ —distribution of R at different IC probability w
A.V.Lipatov, G.L., Yu.Yu. Stepanenko , V.A.Bednyakov,
arXiv:1606.04882 [hep-ph] (2016)
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6. IC probability in a nucleon from the LHC data

‘TC{‘T' 1“5) — LCext {l‘- ﬁié) + X Cint (51-"-. ng .
C(X) = P(z) = 600ws? [6(1+2)In(z) + (1 - 2)(1+ 10z +2?)]

1
/ Plx)dr = w
Jo

At any p? the charm density xc(x) is calculated using the
DGLAP within the CTEQ66¢ (= 17 and 1 = 357

or CT14 (v =11 adw=27) sets. In general case , there is some
mixing between xc. (X, 4%) and xc;,, (X, 4?). However, such
mixing, especially at large pu? and x is negligible. Therefore,
one can apply DGLAP separately to the first part and the

second one.
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PP97+Q+X 51/2—8TeV Q=cb

pT>1DDGeV —_ =]
pr > 200 GeV — — - |
pt = 300 GeV

0 0.5 1 1.5 2 2.5 3

Ratio between the x-sections of y +c and y + b production
Integrated over p; Bands mean the QCD scale uncertainty
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PP>vy+Q+X,s2=13TeV,Q=c¢c,b

pr > 200 GeV —— « = |
pr> 300 GeV — — - |
pt = 400 GeV

Ratio between the x-sections of y +c and y + b production
Integrated over p; Bands mean the QCD scale uncertainty
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PP>Z+Q+X,s¥2=13TeV,Q=cb

p—r}.EDOGeV.—-— !
pr > 300 GeV — — - ;
pr = 400 GeV

(9%

o(Z + c-jet) / o(Z + b-jet)

1

0 0.5 1 1.5 2 2.5 3 3.5
Ratio between the x-sectionsof Z+candZ+Db p%%ihction
Integrated over p; Bands mean the QCD scale uncertainty.
A.V.Lipatov, G.L., Yu.Yu. Stepanenko , V.A.Bednyakov,
arXiv:1606.04882 [hep-ph] (2016)
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PP->Z+b+X at 81/2 =13 TeV
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Left: distribution versus the leading jet transverse momentum
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c- an b-jets

7.1C signal in the production of W/Z accompanied by both

[ Zh+Z o+ I +b)+Zof{+c) WWh-+Wo-+-Whj) ratio 1CinolC
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The ratio for the processes (Zb+Zc+ Zb(+b)+ Zc(+c))/ (Wh+We+Whj)
including the IC contribution and ignoring it (P.-H. Beauchmin,
V.A.Bednyakov, G.L., Yu.Yu. Stepanenko, Phys.Rev. D92, 034014 (2015) )
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8. SUMMARY

1. Itis shown that at X5 >0.1 the contribution of the conventional
(extrinsic) sea heavy quark distributions is negligibly small in
comparison to the INtrinsic one.

2. The signal of the Intrinsic charm (IC) in proton can be studied
In the inclusive open charm production in p-p at the LHC. The IC
signal can be about 200 % -300% at high y and p;
3. These intrinsic heavy quark contributions to the PDF can be
studied also in the hard SM processes of production of y and
W/Z associated with the heavy flavour c- and b-jets.
4.The IC can be about also 250%0-300 % at certain values of rapidities
and transverse momenta of photons or vector bosons. They can be
measured at LHC.
5. The ratio (o(y(Z2)+c)/(a(y(Z)+b) is sensitive to the scale uncertainties
much smaller than p; — spectra. Therefore, this observable is more
promising for search for the IC signal in pp->y(Z2)+Q +X at LHC.
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Q@)

q Q3 Q%)

Figure 2: The LO Feynman diagrams for the process Q f((;’ £)9 — W=Q%( Q}) where
Q¢ = c.b and Q} = b, ¢ respectively.

Qs(Qy) A Q(Qy) 7
N AVAVAVAVAV. Qr(Qr)
Q:(Qy)
‘OO000000————
q Q f ':'Q_." ) q Q }'((? f )

Figure 3: Feynman diagram for the process Qf(@f)g — ZQf(Qf)




WHAT we dre deoing new ?

pp —>W +c— jet + X




pp->K X, E,=158 GeV, y=1.3

i ' ' ' " ppKX, AKK oS ]2 G.L., A A.Grinyuk,
S Ratio-1  + | 1.V.Bednyakov, Proc.
T 1e-05 [ 1 15 Baldin Conference,
= | ! Dubna, Sept. 2012; C12-
f teof 11 09-10.4;
< _- arXiv:1212.6381 [hep-phl].
& 1 o5 Theredlineis the P; —
1e20 | ] spectrum of K~ mesons
. . . .\ 1, producedinp-p at E, =158
08 o ooV | o Gev, y=1.3 (top) and y=1.7
pp->K X, E,=158 GV, y=1.7 (bottomn) without IC ; the
1f | | PP->K'X, AKK, no IS 1 14 green curve is the same as the
B Rate-1 1 . red one butwith the IC
g |, contribution, its probability
F ool 1., s about 2.5 %.
& The dotted line corresponds to
G sl 1 ©© the ratio of the spectra with IC
g 1 °#and without IC minus 1.
1e20 | \ 4 02The IC signal is about 200 %
. . . . 11, at high transverse momenta
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SEARCH FOR INTRINSIC STRANGENESS IN P-P
pp—K ™™ 7 X

At xs%sinh(n) above 0.1
there can be an enhancement due to the IS.

It means that the possible IS signal depend on %
and does not depend on /s

K+(US)'K_(U S) Therefore, it makes the certain sense to
’ measure K~ mesons in p-p collisions at

NAocl, CBM & NICA

to observe a possible intrinsic strangeness in the proton
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The x-distribution of the intrinsic Q calculated within the
BHPS model. There is an enhancement at x > 0.1
Jen-Chieh Peng & We-Chen Chang, hep-ph/1207.2193.
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HEPDATA

xf(x,Q2)

Qes2= 1.69 GeVes2

cteq66c—(BHPS—3.5z—c,cbar)
cteqb66—(central—value)

—charm
- Charm

10_ L 2 PR T X M " L X " P B
10" 1
The x-distribution of the charm quarks xc(x,Q2) in proton; the solid black ling is the
IC contribution with its probability about 3.5 %, the dash green curve is the see charm

quark contribution xc, (x,Q?) at Q>=1.69 GeV?2. There is enhancement at x>0.1.
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The x-distribution of the charm quarks )?E:(x, Qz)in the proton at Q2=1000
GeV? ; the solid black line is the radiatively generated charm density

XC,, gx, ng distribution only , whereas the dashed curve is the sum of

XC, (X,Q%)and the intrinsic charm density XC, (X, Q*) with its probability

about 3.5 %. There is the sizable enhancementat x> 0.1.
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o Herafitter parametrization
05 | File qijll2.out, column 4, w|g=2.5 %, finite quark masses
File gijll2.out, column 6, w|g=2.5 %, infinite proton mass ...
Eq.(3), infinite proton mass, Wig=2.5 % e
HERMES data
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Comparison of the HERMES data with calculation within the BHPS at Q2 about 2.5
Gev?, u is the QCD scale. A.Airapetian, et al., Phys.Lett.B666 (2008) 446; J.Peng,
W.Cheng, hep-ph/1207.2193.
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The x-distribution of the intrinsic Q calculated within the
BHPS model. There is an enhancement at x > 0.1
Jen-Chieh Peng & We-Chen Chang, hep-ph/1207.2193.




