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constraints on the intrinsic charm content of the proton from recent LHC data
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OUTLINE

1. Hard processes pp->y/Z/W+b(c)+X, K+ -
factorization of QCD and MC generators.
2.BHPS model on the intrinsic charm (1C)
content in proton.
3.Constraints of the 1C contribution from resent
LHC data.
4. p+ —spectra of Z-bosons in pp->Z+b(c)+X
at s¥2=7 & 8 TeV and comparison to
ATLAS and CMS data
5.Difference between results obtained within
the QCD k- — factorization and MC SHERPA.
6. Predictions on similar spectra at s¥2 =13 TeV.
7. Summary



HARD PRODUCTION OF y/Z/W ACCOMPANIED
BY c/b JETS IN PP COLLISIONS AT LHC ENERGIES

At low x corresponded to the CMS and ATLAS kinematics

. The k; — factorization of QCD using the unintegrated gluon
distributions g(x,kt, 4?) & the MCFM p? -evolution equations.
The input g(x,k+, 1o?) for this equation is very significant.

We found it from calculation of the cut one-Pomeron exchange
graph between the non perturbative gluons in colliding protons.
. In the forward rapidity region of the CMS and ATLAS (|y[>1.5)
and large p;+ > 100 GeV/c, when x¢ >0.1, the k; — factorization
can not be applied successfully. Therefore, the conventional
collinear QCD approach with the mass shell gluons can be used .
. For processes pp -> Z/W + c/b-jets the MC generator as a Sherpa
can be used including NLO corrections.

. Unfortunately for pp -> y + c/b-jets there was only Sherpa (LO),
version 2.2.1.



BHPS model: S.J. Brodsky,P. Hoyer, C. Peterson and
N.Sakal, Phys.Lett.B9(1980) 451; S.J. Brodsky, S.J. Peterson
and N. Sakal, Phys.Rev. D23 (1981) 2745.
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CHARM QUARK DISTRIBUTIONS IN PROTON

1072 - S 107% 1072
P I', - B B
1 | 1 1
] e :4
Y 3 Y, .3 =
m 10" 10 10
5 5 5
" o "
Wik na o 104k aa WtE o/
e G0 at pom 2GeV G0 at pw HGeV G, C at p= 100 GeY
L (I i I.|I|I.J|J Bl 1 [ i J....l.|. [N bdd, i i .I.I.II.II| i .....I..|. Bk I:l.
1072 1072 i 1071 g0 103 1072 . 101 10 1073 10°° . 191 10

Charm quark distributions within the BHPS model. The three panels
correspond to the renormalization scales 4=Z910( GeV respectively.
The long-dashed and the short-dashed curves correspond to
N=05P62Y% respectively using the PDF CTEQ66c. The solid curve
and shaded region show the central value and uncertainty from CTEQS.5,
which contains no IC.
There isan enhancement at x>0.1 due to the IC contribution, see
J.Pumplin, Phys.Rev. D73, 114015 (2006) .



pp 29/ Z/W+Q +X,Q=c,b

s <

Feynman QCD diagrams: a): Q +g->y/Z/W +Q);
b-c): Q + barQ->Q + barQ + y/Z/W;
d-e):Q(a)+a(Q)>Q(q)+a(Q)+y/Z



According to the BHPS model
XC(X’HOZ) = XCextr(X’uOZ) t XCintr(X’HOZ)

The extrinsic quarks and gluons are generated on a

short time scale 1n association with a large transverse-
momentum reaction.

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

=

A simple linear interpolation over the I1C probability w:
at w less or equal to w, .,
XCingr(WX,H2) = (W/Wpa0) XCintr (Wi X, H2)
The quadratic w interpolation leads results differed from these no

more than 0.5%o, as Is shown In
A.V.Lipatov, G.l.Lykasov, Yu.Yu.Stepanenko, V.A. Bednyakov,
Phys.Rev. D94, 0653011 (2016)



ASSUMING THE BHPS MODEL
THE QUESTION ARISES TO CHECK IT FROM RECENT LHC DATA

=)
.,},_ﬁ 1D3E|:E:|
g = —a—
= 107 g
o F ’
- 10 ] =
= = i
c - i
- IF = s
= » = ——
10'E —s— ATLAS = 10, Cent. - ':F
= —=— Sherpa x 19.5, Cent. == =i
102 ——ATLAS, Fwd. =3 +
_2F —=—Sherpa x 1.95, Fwd. i
10 ﬁzl
E wc—DU
1074
- 2F
== Mﬁ%
s % TEERE
I{:I2

E, [GeV]
TRANNSVERSE ENERGY SPECTRUM OF PHOTONS

PRODUCED in P-P AT S¥2 =8 TeV
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V.A.Bednyakov, S.J.Brodsky, A.V.Lipatov, G.l.Lykasov, M.A. Malyshev, J.Smiesko,
S.Tokar; arXiv: 1712.09096 [hep-ph], December 2017



TRANNSVERSE ENERGY SPECTRUM OF PHOTONS
PRODUCED in P-P AT S%2 =8 TeV
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Central: |n| <1.37; Forward: 1.56<|n|<2.37; w. =1.14 % is the IC probability

V.A.Bednyakov, S.J.Brodsky, A.V.Lipatov, G.l.Lykasov, M.A. Malyshev, J.Smiesko,
S.Tokar; arXiv: 1712.09096 [hep-ph], December 2017



TRANNSVERSE ENERGY SPECTRUM OF PHOTONS
PRODUCED in P-P AT SY2 =8 TeV
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Combined QCD: k; at low x (c g*-> vy ¢, g* g*->y c bar{c})
and conventional collinear QCD for quarks and antiquarks graphs at large x
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TRANNSVERSE ENERGY SPECTRUM OF PHOTONS
PRODUCED in P-P AT SY2 =8 TeV
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Sherpa, Fwd.
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Solid line: x? is a function of w at the forward rapidity region in SHERPA.
Dashed line: the similar x? obtained by the combined QCD calculation.



SHERPA [%]  Comb. QCD [%]

We 1.14 1.00
wy. 1. (68% C.L.) 2.74 3.69
w1, (90% C.L.) 3.77 6.36
wy. 1. (95% C.L.) 4.32 > 7.5

TABLE I. Central w. value and upper limits w,,. ;. obtained
within SHERPA and combined QCD calculations.

The first line corresponds to the central value w,; the second (3rd, 4th) line
Is w, plus one (two, three) standard deviation(s) o, w,, =w, + 1(2,3)oc.

Even at a level of one standard deviation the w, is comaparable to w=0,
therefore it is reasonable to indicate only the upper limit w, .

Recently the global PDF analysis showed that the upper limit for the
|C probability is about w,, = 5%.
(T.J. Houetal., JHEP 02, 059 (2018); arXiv:1707.00657)



PP->Z+b+X, 2 =7 TeV
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uncertainties.
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PP->Z+c(b)+X, s2=8TeV
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PP->Z+c+X, s2=13 TeV
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SUMMARY

1. A first estimate of the intrinsic charm (I1C) probabilityw in the proton has been carried
out from the recent ATLAS data.

2. Big experimental and theoretical uncertainties at allowed us to estimate only the upper
limit w,, = 2.74% at CL=68 % and w, =4.32% at CL=95%.

3. To obtain more accurate results on the IC contribution one needs additional data and at
the same time reduced systematic uncertainty coming from light jet tagging.

4. One need s also the reduce the theoretical uncertainties related to the QCD scale.

5. We have the satisfactory description of ATLAS and
CMS data on p; —spectra of Z-bosons produced in pp->Z+b(c)+X
at s¥2 =7 and 8 TeV in the whole pseudo-rapidity region [n4| <2.5

6. The results obtained within the k; — factorization of QCD

and MC generator SHERPA are closed each to other

7. The k+ -factorization predictions on similar spectra were done at
s¥2 =13 TeV both at central and forward rapidity regions.

8. For pp->Z+c+X we predict an enhancement in the p; — spectrum
of Z-boson at p+ >100 GeV/c due to the intrinsic charm (IC)
contribution in the proton PDF.
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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 1n association with a large transverse-
momentum reaction.

The Intrinsic quarks and gluons exist over a time

scale independent of any probe momentum, they are
associated with the bound state hadron dynamics.
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One-Pomeron exchange (left) and the cut one-Pomeron
exchange (right): P-proton. g-gluon. h-hadron produced in PP

In the light cone dynamics the proton has a general decomposition:

S_J.Brodsky, C.Peterson. N.Sakai, J

juud).|uudg).|uudqg)... Phys.Rev. D 23 (1981) 2745.
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PRODUCTION OF HEAVY FLAVOURS IN HARD P-P COLLISIONS

| doij(5,1) D7y (zn)
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Onecanseethat X =X If X2 >0.1 then, X >0.1
and the conventional sea heavy quark (extrinsic) contributions
are suppressed in comparison to the intrinsic ones.

X- isrelated to B 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.



