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Introduction

Heavy quarks measurements at BNL RHIC

Phys. Rev. Lett. 97, 252002 (2006) 5
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Nonphotonic electron production

3-step process
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@ Heavy quarks QQ pairs production
@ m. = 1.5GeV, mp, = 4.75 GeV — perturbative QCD

@ Heavy quarks hadronization (fragmentation)

© Semileptonic decays of D and B mesons
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Nonphotonic electron production
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Hadroproduction of heavy quarks within ki-factorization approach

Dominant mechanisms of Q& production

@ Leading order processes contributing fo QQ production:

@ gluon-gluon fusion dominant at high energies
@ gg anihilation important only near the threshold

@ some of next-to-leading order diagrams:

Q (& q
D - & /
Q005 - b /
\J('QLQLD.."’ k‘\"‘;‘%‘) /
%) gcwcjj\\
7 7 g q
g
o
== PrNac e
A thg’} L\)'QQQ
q q

very important NLO contributions — factor 2



Nonphotonic electron production
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Hadroproduction of heavy quarks within ki-factorization approach

pPQCD standard approach

collinear approximation — transverse momenta of the incident partons
are assumed to be zero

@ quadrupuly differential cross section:

do 1 , ,
- x1pi(x1. 1) x2pi(x2. M2
dy1dy2d2p, 167252 ,Z/ 1D,( .U ) 2pj( o, U ) | ul

@ pi(x1. 1), pj(x2. 1?) - standard parton distributions in hadron
(e.g. CTEQ, GRV, GJR, MRST, MSTW)

@ NLO on-shell matrix elements well-known

several packages:

@ FONLL (Cacciari et al.) - one particle distributions and total

cross sections
@ more exclusive tools - PYTHIA. HERWIG, MC@NLO



Nonphotonic electron production
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Hadroproduction of heavy quarks within ki-factorization approach

ki-factorization (semihard) approach

@ charm and bottom quarks production at high energies
— gluon-gluon fusion

@ QCD collinear approach — only inclusive one particle
distributions, total cross sections

LO k;-factorization approach — x4, 1o # 0
= QQ correlations
multi-differential cross section

do dz;c” d2x2,, 1 I VE——]
2 2 = Z 2 2 Mzl
dyrdyad?pr 1d?pot 7 T T 16m2(x1%28)

X & (Rt + Ror — By — Bos) Filx.1%,) Fi(x0. 15 ,)

off-shell I/\/(ggﬁgél2 — Catani, Ciafaloni, Hautmann (very long formula)
major part of NLO corrections automatically included

Fi(x, ;c%f). Fi(xo. Kgf) - unintegrated parton distributions

m,

x = “Fexp(n) + % exp(y2).

Xp = % exp(—y1) + % exp(-y2).  where mi; = \/p?, + md,.



Nonphotonic electron production
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Hadroproduction of heavy quarks within ki-factorization approach

Unintegrated parton distribution functions

@ k-factorization — replacement: py(x, u2) — Fi(x. 12, p2)
@ PDFs — UPDFs

wilesl) = [ s (e if)
0

@ UPDFs - needed in less inclusive measurements which are sensitive to the transverse

momentum of the parton

gg-fusion dominance = great test of

existing unintegrated gluon densities! @
especially at LHC (small-x)

several models:
@ Kwiecinski (CCFM, wide x-range)
Kimber-Martin-Ryskin (higher x-values)

o
@ Kutak-Stasto (small-x, saturation effects)
o

Ivanov-Nikolaev, GBW, Karzeev-Levin, efc.



Nonphotonic electron production
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Hadronization into open heavy mesons

Fragmentation functions technique

fragmentation functions extracted from e e~ data

often used: Braaten et al., Kartvelishvili et al., Peterson et al.

rescalling fransverse momentum

at a constant rapidity (angle)

@ from heavy quarks to heavy mesons:

do(y,pM) NfD@HM(Z) . dO(y,pf’)dz
dyd?p}! 72 dyd?pf?

where: pf? = g andz € (0, 1)
@ approximation:
rapidity unchanged in the fragmentation process — yg =~ ym ﬁ



Nonphotonic electron production
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Hadronization into open heavy mesons

Different models of FFs

a5k Kartvelishvili /7/;:\
' @ Peterson et al.
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06 DQ—)M(Z) (] (] l’)Z) (F] + FZ)
Fi = 6—18(1 = 2r)z + (21 — 74r + 68r?)2?
6 N
Kaalistwili ——— >/ | Fy = 3(1-r)2(1-2rr?)2* =2(1—r)(6—19r+182)

sf //
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Nonphotonic electron production

Semileptonic decays of open charm and bottom

Experimental decay functions and Monte Carlo approach

dridp, (D - X e'v,) (ps™ Gev)

® CLEO e" e~ — W(3770) — DD — Xev
BR(D" — et 1eX)=16.13+0.20(stat.)+0.33(syst.)%
BR(D® — &1 1eX)=6.4620.17(stat.)+0.13(syst)%

@ BABAR e e  — T(10600) — BB — Xev
BR(B — ev,X)=10.36+0.06(stat.)+0.23(syst.)%

@ Monte Carlo = directions and lengths of outgoing leptons momenta

@ Our input == experimental decay functions: fCLEO(p)’ fBABAR(p)
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Results for single leptons
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Effects of hadronization and decay

N
[
Q
o
=] =
- S
Qo [
(=
© g
S
©
N :
3 @ degradation of transverse
E momentum, much softer
s spectra for electrons
Slo
° e . . .
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Results for single leptons
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p; distributions vs. PHENIX and STAR data
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@ g contributions are negligible



Results for single leptons
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p; distributions vs. PHENIX and STAR data
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@ very strong dependence on up and Ur



Uncertainties due to factorization and renormalization scales

Results for single leptons
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Results for single leptons
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Uncertainties due to heavy quarks masses
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@ charm quarks are much more sensitive to the mg value



Results for single leptons
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LO k;-factorization vs. FONLL
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Phys. Rev. Lett. 95, 122001 (2005)
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@ large uncertainties — good description only with upper limits
@ LO ks-factorization results comparable with FONLL at p; > 2 GeV
BUT some missing strength at low transverse momenta



Results for single leptons
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How to improve LO k;-factorization?

Wo200Gey
Kwiecinski UPDF E

s ] @ to apply other UGDFs (KMR,
8 B scale dependence , Kutak-Stasto)
3 A PHENIX E
E @ some of mechanisms (e.g. flavour
B excitation) which are
) automatically included in NLO
g processes should be included by
- hand to improve LO calculations

peteson FF @ single quark production in the

L e k;-factorization

@ large uncertainties — good description only with upper limits

@ LO k;-factorization results comparable with FONLL at p; > 2 GeV ﬁ
BUT some missing strength at low transverse momenta



Kinematical correlations
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Inclusive measurements of e e~ pairs

@ et e pair invariant mass spectrum (0 — 8 GeV)
PHENIX, p+p @ /s = 200 GeV, A. Adare, et al., Phys. Lett. B 670 (2009), 313-320

T T a T
at\'s =200 GeV * DATA- COCKTAL
o

 ae (EYTHIA)

e (PYTHIR)
o (PYTHIY

1IN, dN/dm,, (c¥GeV) IN PHENIX ACCEPTANCE

1IN, dN/dm, (c%GeV) IN PHENIX ACCEPTANCE

m,, (Gevic?) Mg, (GeVic?)

@ dielectron mass spectrum dominated by semileptonic decays of charm
and bottom mesons — nonphotonic electrons

@ alternative method — dielectron correlations

@ a new tool for testing pQCD techniques, fragmentation functions
and semileptonic decays of D and B mesons



Kinematical correlations
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Cross section for nonphotonic e™e™ pairs production

@ multi-differential cross section:

do d2x1,, d2K2'f 1 VR
T ) S
dy1dpi+dyz Aozt d T T . 167?(x1X8)

X & (Rt + Rop = B — Bosr) Filx.k2,) Fi(x0. 05 ,)

@ hadronization of the quark/antiquark pair:

da(yr. P}, 2. P, @) fD@aM(m) Da-in(z) do(yr.p1. v2. P51 @)
X . . dzdz

dy dp}idy,dpyide 7 2 dy1dp$idy-dp5idp

M M
P Pay

where: p§l = ;,p?, =7 andz,2€(0,1)

@ the same experimental decay functions with proper normalization:
BR(M — e) - BR(IM — e) = 0.01

@ new differential distributions: Gg+ o~ . Mg+ e~ Pt.sum ﬁ



Kinematical correlations
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Related processes: Drell-Yan mechanism

@ Szczurek, G. Slipek
Phys. Rev. D 78 (2008) 114007
@ ks-factorization approach with Kwiecinski UPDFs

@ 0-th and 1-st order gg-anihilation and 1-st order

Compton scattering

@ 0O-th order Drell-Yan cross section

do f
dy,dysdpirdpy Z

d2K1f d2K32,« 1 2
— 5 0 (K + %t — P11 — P
- T 1672 (x1x5)2 (R ot = P1t — Pat)

[Far (1.1 1) o (2. 50, 12) IM(q — o7 07 )P
+ P (1154 122) oy (2. 15, 12) MGG — &7 )P |

@ unintegrated quark distributions



Kinematical correlations
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Related processes: elastic and inelastic yy — e e~ reactions

@ pp — ppete”

b1
p1

P2

@ exact momentum space calculations
with 4-body phase space

@ consistent with LPAIR Monte Carlo
package

@ collinear kinematics

@ MRST 2004

(Martin-Roberts-Stirling-Thorne)
photon distributions in nucleon



Kinematical correlations
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Dilepton invariant mass spectrum
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@ similar description of the data like in the single lepton case



Kinematical correlations
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Dilepton invariant mass spectrum
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@ Kutak-Stasto UGDF dedicated for smaller x-values



Kinematical correlations
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Dilepton invariant mass spectrum
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@ very good description of the data even at small invariant masses



Kinematical correlations
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Uncertainties - ur, up scale dependence
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Kinematical correlations
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Uncertainties - quark mass dependence
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Kinematical correlations
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Sensitivity to the fragmentation function

L
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@ this source of uncertainties can be neglected, especially at low-py



Kinematical correlations
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Transverse momenta correlations

p,, (GeV)

P, (Gev)

@ et e decorrelation during each step of calculation
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Azimuthal and p; sum correlations
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LHC, charmed mesons
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ALICE, LHCb (LHCb-CONF-2010-013)



LHC, charmed mesons

Kinematical correlations
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LHC, charmed mesons
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something missing?
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KMR UGDF, scale dependence
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KMR UGDF, scale dependence
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Production of two ¢C pairs in double-parton scatt

Production of two cc¢ pairs in double-parton scattering

Consider two hard (parton) scatterings

o

ol

Luszczak, Maciula, Szczurek, arXiv:1111.3255 ﬁ



Production of two ¢C pairs in double-parton scatt

Formalism

Consider reaction: pp — ccccX
Modeling double-parton scattering
Factorized form:

ODPS ( OSPS (

pp — ccctX) = — pp — ctXi) - oSPS(pp — cCXp).

Oeff

The simple formula can be generalized o include differential
distributions

do
dy, dy,d?pydysdysd?poy

1 do do
2001 dyrdysdPpyy  dysdysdPpat ‘ﬂﬁ

Oefr is @ model parameter (12-15 mb)




Production of two ¢C pairs in double-parton scatt

Formalism

1
@0 = 1l 1. 12)
Oeff

’ 2 ’ 2 ’ ’
dOgg—ca(X1, X], 13 )dOgg—cz (X2, X5, 145) AxyAxadX]dX; .

Fog(x1. %2, “12’ Vg) Fog (X%, “12’ Vg)
are called double parton distributions

dPDF are subjected to special evoultion equations
single scale evolution: Snigireev

double scale evolution: Ceccopieri, Gaunt-Stirling ﬁ



Production of two ¢C pairs in double-parton scatt

DPS results

E T T
ESPS pp-~cCX vs. DPS pp-ctctX

GRV94LO
— ——GJROBLO

5 (Bonnachie - Landshof)

(mb)
(mb)

-=o - MSTWOB LO
CTEQ6 LO

{ERTTTR B TV | SN, |

O (VS)

0\UI (Vg )

Inclusive cross section more difficult fo calculate

e
Oss, 20ps < 027 < 0gs + 20ps



Production of two ¢C pairs in double-parton scatt

DPS results

10 T T T T T T T T

DPS pp - ccceX Js=7Tev \5=7TeV ]
g -
10°E Lo: gg-cT — —-GIROBLO E
1of = Mz CTEQ6LO ]
Py O=15mb —eeee MSTWO8 LO — — - GJRO8 LO 3
E CTEQ6LO 3
B - (Y= [t A N, MSTW08LO o
o 3
N 3
2 3
S 3
°

P E
2Pp - czy 3

. p, (Gev)

In the factorized model inclusive double-scattering distributions
in y and p; are identical as for single scattering.



Production of two ¢C pairs in double-parton scatt

DPS results

3
m

T E| T T T E|
\s=7TeV 3 EDPS pp - cGcTX \Ns=7TeV ]
_ A 10F 10: gg-ct E
——-cf or el . E Lo oo-et E
. g, or e, o P 1L ——-CF, or ¢, o
-E E _% ok e, or eF,
. 3 £ E 3
= L E 10°F 3
2 T~ 3 s F E
B : N S 107F =
° 3 E E|
] 5] L 4
[E S 07 yisso 5 pp E
] s[| CTEQ6LO tx4
E 10°E] w2=pz=M E
E| of=f5mb E
| | | = o | | |
10710 3 0 5 1 10 20 20 60 80 100
Yt M (GeV)

DPS: large rapidity differences, large invariant masses
@ Noft possible for quarks (antiquarks)

@ Difficult for mesons

@ Nonphotonic electrons (muons) ?



Formalism of theoretical predictions

Kaidalov-Khoze-Martin-Ryskin approach

The amplitude forpp > pp Q Q:

beic 2
Map, =s- 2N2 ‘_2] ﬁfd oLV, chz
BT aB T e 6 6B )
2
q(JJ_ q12J_ q%J_

@ k;-factorization approach with exact off-shell g*g* — Q& matrix
element (without any approximations and selection rules)

@ off-diagonal unintegrated gluon distributions
@ genuine 4-body reaction with exact kinematics in the full phase space:

Ppr Ppp dPps o

1
do = —|Mo_u?(2m)* 6" -p1—p2—p3—
o 2s| a4l (2m)* 6% (Pa + Po — o1 — P2 — P3 — Pa) (2m)32E, (2m)32E, (21)32E; (27[)325%




Formalism of theoretical predictions

g‘g" — QQ matrix element

@ gluon-gluon fusion dominant at high energies
@ Effective vertex in QMRK approach

@ 3-gluon vertex drops out in projection to the color
singlet final state




Formalism of theoretical predictions

Off-diagonal unintegrated gluon distributions

@ KMR method based on Shuvaev et al. prescription for
collinear off-diagonal PDFs & < x12)

(X X012, &, For o ME) = Ro(X' ) To(X12. G2 1E)

@ two gluons = one gluon effective kinematics
— (2 A2
Q12,2r = min(qg;. a7 51)

ngA[R(‘/Lv ‘Llﬂ Qf* /L27 IL)/*RQW [“Lg(‘l“/ qu) T!/(Qf: N'Z)L[?:Qf? F(f)

g

integrated density, Sudakov f.f. ;j(f;(j?g f(bff/Z)
defined at Q; > Qo (ensures the purity v rp72 en
of rapidity gaps) b=4GeV

27+3 [(A+5/2 . f
o Ry = 2ﬁ ﬁ(ﬂﬂ)) ~ 1.2 — 1.3 at high energies ﬁ

accounts for
skewed ef fect




Formalism of theoretical predictions

Sudakov form factor and gap survival probability

@ suppresion of real emissions from the active gluon
during the evolution so the rapidity gap survive
(probability of not emitting any extra partons)

1w a(id)

Tg(qi’ iuz) = exp| — P kQL o X

% J(‘)]-A

Pog(2) + Zq qu(z)]dz)

@ crucial sensitivity to upper and lower scales g2, 1

ils



Formalism of theoretical predictions

Sudakov form factor and gap survival probability

suppresion of real emissions from the active gluon
during the evolution so the rapidity gap survive
(probability of not emitting any extra partons)

1w ay(id)

Tg(qi,,uz)—exp(—qg 2 on <

% J(‘)]-A

A= &

ki +Mqg

Pog(2) + Zq qu(z)]dz)

crucial sensitivity to upper and lower scales qﬁ, 12

absorption corrections (soft rescattering effects
between interacting protons)

not universal value — depends on collision energy
and typical proton fransverse momenta

S =0.03, V=01, & =0.15



Differential cross sections at the LHC and Tevatron

LHC @ /s = 14TeV

1035‘”....”‘..‘.‘H.HH...H‘.. P R I L A R I I I L LA |
12 B P‘P%IPFACC‘ I \E:I‘M eV 1105 pp—ppcc Js=14TeV
2 B\ =25 w2=M;

= 1E\\ cTEQSs MLO E
< GRVG4 NLO E s wf E
@ 4 © E
& - GJROB NLO E 5 10%f =
= CTEGE NLO = 3, 3
= 3 £ 10y ) =
=] MSTWoE MLO = = El
B _ E Biote N, - 5
= T8 T = El
o 4 ZwtE I
B E [e} 3
5 4 ° 10% E
] 07 3
E SfE . =
10l E |25 = 10 T, E
IO'Q”“"'I'”“"“"“"I““"'I e 10@I\\II\\‘II\‘\I\‘\\\II\\II\\‘II\LI'I-P—‘IIT
0 20 40 80 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200

M (GeV) M, (GeV)

@ some uncertainties due to PDFs

@ different quark helicity states



Differential cross sections at the LHC and Tevatron

LHC @ /s = 14TeV

10 g T g 10° Er- T 1 T T 1T L I L L
Epp—ppcT Ns=14TeV 3 EPpP—ppccT \s=14TeV 3
[ =25 uf=M : [ nJs25. =M o ]
[ cTEGE NLO sum b 102 | CTEGSNLO () or(=) 3
1 3 (Ao ERE= § (e O () §
g FE (4) OF (4] T £ [ ]
o [ ] B 10 & =
5 L B T g — E
s T F ER N ]
C ] 1 N oo
L= B \ ;
1 - \ ]

Eu cle v b v b e b 1 |E 107 L L L | \

2 1 0 1 2 2 El 0 1 2
M e

@ rather flat pseudorapidity distributions



Differential cross sections at the LHC and Tevatron

LHC @ /s = 14TeV

L o e e e S 10} prer e e

10° & = [& — = E —= = 3

ggF’P*PPECﬂ Ns=14TeV 3 Fpp—ppcc \s=14TeV 3

F& =25 p=M; B r - 2_ 7

102 5% cTEasNLO E 10° ;|qc‘,-2.5, = <

. A Epe E cTEGs NLO 3

e t sum ki [ L sum b
L 10E = O

O] E () Or (=) 3 F 1Pk L Ao B

= CAY NN 1 = E E

£ L 3 E 3

& E Ty -

T b 1 2 ¢

8 "¢ \ S I F 3

10‘2;* | *; 1? E

i ) I | | \\\-7\'("'- ] sl Ll | L S N

10—3 TR I T T O Tt P ] N 10' L L1 L I 11 L1 L L 1Ny L 1

0 2 4 6 8 10 12 0 02 04 06 08 1 12 14 16 18 2

GeV
b, (GeV) P o, (G

@ quark distributions fully perturbative, opposite sign helicities dominates at
large transverse momenta

@ proton distributions much narrower (below 1 GeV) and controlled by
non-perturbative proton form factor —
sensitive to internal structure of the proton



Differential cross sections at the LHC and Tevatron

LHC @ /s = 14TeV

R SRR E RS e W
10° = [ S R I A R R A IR
Eﬁfz_s)ﬁf—iﬁc e TaTey Epp—ppcc Ns=14TeV 4

10 C;E_QEM’_O i F /=25, pf =M ]

% sum [ CTEQE NLO sum i
E 10 e or () 107 e ot s
N et e (9 OF (o) 1

3
B 10! - —
£ 3
102 g
wa‘-'w'ww-wlw--\-w-\w-w\ww\w-\---lww PP SRR AT TRV ENRITEN AN PRI ATREr B
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
de
¢_ (deg) 0, (deg)

@ quarks preference for the back-to-back configuration, opposite
helicities much more correlated

@ protons almost decorrelated



Differential cross sections at the LHC and Tevatron

Tevatron @ /s = 1.96 TeV

1k PP~ ppctT \'s = 1960 GeV 100
sE 3 F
S E 0%
T = — E
O Tk E T
£ 10 E = W0'E
S0 | 3 [
8 107 E B 10°
2 [ 3 SWE D
B E E [ S et
© -

N
53

Q2. = 0.26 GeV?

Q7. = 0.26 GeV?

o Ll b b b e B b L it

107, ~ E
2 4 6 8 10 12 14 16 18 2 4 2 0 2 4

N
o

AL AL

M (GeV) y

@ exclusive/inclusive ~ 0.1 — 1%

@ Mcz, pr. pt,sum distributions much steeper, narrower



Differential cross sections at the LHC and Tevatron

Tevatron @ /s = 1.96 TeV

\/s = 1960 GeV

pp - ppcc \s = 1960 GeV

(nb/GeV)

t

do/dp (nb/GeV)
t,sum

do/dp

Q2. =0.26 GeV?

eut

Qt=025Gev?

ol vl ol ol vl el el

P B PR TSR o E SR SRR B
2 3 4

,_‘
5]

o

N

NE

=)

®

.

15

S

p, (GeV) p._ (GeV)

t t,sum

@ exclusive/inclusive ~ 0.1 — 1%

@ Mcz, pt. pt.sum distributions much steeper, narrower



From charm quarks to D mesons

Fragmentation functions (FF) technique

@ phenomenology — fragmentation functions
extracted from et e~ data

@ often used: Braaten et al., Kartvelishvili et al., Peterson et al.

@ numerically performed by rescalling transverse momentum

at a constant rapidity (angle)

@ from heavy quarks to heavy mesons:

do(yr. P}, vo. P31, @) fDQHM(A) Da () do(yi, P53, v2. PS5 @)
~ . . dZ]dZQ

dy dp}idy,dpyidg 7 2 dy1dp$idy-dp5idp

Q _ Py
P5) and z, € (0, 1)

=7

Q _ Py
where: p}; = Z—‘W’

@ approximation:
rapidity unchanged in the fragmentation process — yq = yum

ils



From charm quarks to D mesons

Numerical effects of the fragmentation

10 | B 7‘ LA L B g

WL PPoPPec (DDX)  Vs=1.96Tev E @ sufficient approach for rough predictions before having
s N exclusive Monte Carlo hadronization

w0y N E
5 E N — - chamaquarks 3 @ decorrelation during fragmentation process
2 0t N Dmesons
~ E N E
g'F \\\ E @ work in progress:
5 S . ¢ — Dt — Kk~ ntnt BF ~ 9.51%)

o ] c — D% - K " (BF ~ 3.80%)
-~ ] .80%
fMsso ‘ ‘ S ¢ — D° — 2-prongs (BF ~ 67.0%)
* 2 ‘ o oo c - D} = KTkt BF ~ 5.2%)
Py (GeVv)

charm quarks D mesons
[ 1




Inclusive Double Pomeron Exchange

@ Ingelman and Schlein approach

@ well defined partonic structure of Pomeron

@ hard process takes place in a Pomeron-Pomeron
interactions

2

M|

doj _ —
oD Kigg [(X1 q?(X1,u2)X2qf’(X2.u2)) + (X1 q?(X1,u2)X2q?(X2.u2))]

dyrdyodo?

1
ax X
Q,P(X, uz) = de/Pdﬁ 6(x = xipB)ayr/p (B. 142) fir(xp) = f X—IP f/P(X/P)Qf//P(X_-ﬂQ)
x X P
(

convolution of the flux of Pomerons fip(xp) and the parfon distribution in the Pomeron gy /s (8. 14%)



RHIC @ /s = 500 GeV

T
Vs

102} Vvs=500CeV |

do/dp, (nb/GeV)

= 500 GeV

@ dashed black - inclusive central diffraction

@ solid red and green - exclusive central diffraction




LHC @ /s = 14TeV

T T T T ™]
Vs = 14000 GeV 1

1041 9
Vs = 14000 GeV

do/dp, (nb/GeV)

il IS A A A PR N o
0 2 4 6 8 10

-5-250 25 5
Yi pt (GeV)

@ huge difference between LO or NLO PDFs for exclusive mechanism
= good description of the exclusive dijets data with NLO PDFs

ils



QCD mechanisms

Standard QCD LO mechanisms:

Let us considered photon-induced mechanisms



Photon-induced mechanisms




Photon as a parton of the proton

The factorization of the QED-induced collinear divergences leads to
QED-corrected evolution equations for the parton distributions of the

proton.

) [yt )
_— ‘ PPaaly) et 1) + Panly) efy(Zi))

aaloTuQ = ;—;jj %{qu()’) Zj:qj(_’ﬂQ)"‘ng(y) }

V) 2 [ g ) T )+ ) ),



Distributions in tfransverse momentum

P~
3
O
N
o
c
-
ot
a
4
~
o
°

"W =5000CeV

do/dpt (nb/GeV)

- MRST2004
MSTW2008

10 L L L L i1°

0 2 4 6 8 10 0 2 4 6 8 10
pe (Gev) pe (GeV)

Luszczak, Maciula, Szczurek, Phys. Rev. D84 (2011) 4018



Distributions in rapidity

gg —> ¢t

W = 14000 GeV

GRvV94 E

79 —> ctond gy —> et

Y1

3 W = 14000 GeV \ 3

MRST2004

79 —> cEand gy —> &

3 Yy —>ct




Off-shell quarks and antiquarks

Opp—pp@d = fdmldm2 p(m1)p(m2)fdy1dy2d2p,
const |1 (31, 1)@ (0. 1) Mggaa(mi, mo)P?
+ X (X1 , HE)Xzaz(Xz, H§)|Mqa—>@é(m1 , m2)|2
+ X1 (Xl’ME)XQQQ(XQ’ME)|MQG—>Qé(m1’m2)|2 .

o(m). p(my) distribution of quark(antiquark) mass ﬁ

take log-normal distributions



Off-shell quarks

Now we have two-dim distribution in quark (my) and antiquark (m»)
nMasses

sig(m1,m2) (mb/GsV)

left: gg  midle: gg(pp)  right: aG(pP)
W =20 GeV



Off-shell quarks

1 O T T 1 O T T
8 8
O 7 ] 7
(- 6 . . 6
5 g = 0.5 CeV 5 o = 0.5GeV
4 4
3 3
2 2
1 1 1 W 1 sl n
10 107 10 10°
W (GeV) W (GeV)
left: gg. aa(pp). aa(pp) right: pp (solid), pp (dashed) ﬁ
large effect at small energies



Off-shell quarks

o 5 T »n 5
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W =20 GeV



Off-shell quarks

o 10 » 10 .
g o g
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left: gg. aa(pp). aa(pp) right: pp (solid), pp (dashed) ﬁ
W =20 GeV



charm/bottom cross section at LHC

Conclusions:

@ very good agreement with
PHENIX data using KMR UGDFs

@ electron-hadron correlations — way to
separate charm and bottom contributions

A. Mischke, Phys. Lett. B 671 (2009) 361

L B B o B R
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charm/bottom cross section at LHC

Conclusions: LHC era:
@ very good Ggreemenf with o nonphofonic electrons at LHC
PHENIX data using KMR UGDFs = selection of UGDFs at

@ electron-hadron correlations — way to
separate charm and bottom contributions

A. Mischke, Phys. Lett. B 671 (2009) 361 @ charm and bottom at LHCb in
unique kinematical region:
2< N <6, \s=7TeV=>
very small x region!!!

50

much smalller x-values

R e B AL
F p+p at\s =200 GeV ® PHENIX (data - cocktail)

vi<035
P, >02Gev

@ - e'e
bb - e'e
— — Drell-Yan

KMR UGDF

- -— MCFM

40|

(GeVY) IN PHENIX ACCEPTANCE

— FONLL

o des 30
3 dy
% k) 70|
s
=
= 10
Mg (GeV) )
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Conclusions

@ Huge contribution of double-parton scattering for
pp — (CE)(C@)X.
Go to mesons and nonphotonic electrons (muons).
@ pp — p(cc_:)p requires Monte Carlo studies to understand whether
it can be measured.
@ Single and central diffractive production should be measured.
@ Photon-induced contributions are small (~ 1 %).
@ off-shell cc production = systematic studies at low energies
(RHIC low-energy scan?)

Thank You for aftention! g‘i
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