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Production of heavy quarks
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Dominant mechanism

LO collinear approach
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Formalism of collinear - factorization

do 1 2 N T
i = Tomg D0 P i) apio ) TGP |
Pit = P2t = Pt
0
x| = \7 (exp(y1) + exp(y2)) , 7
Tt (exp(—y1) + exp(—2)) e
X2 = —(—= (&Xp{—W»n eXp{—)2
\/_ ([/ <Q

Marta tuszczak University of Rzeszow



Single and central diffraction
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Luszczak, Maciula, Szczurek, Phys. Rev. D84 (2011) 4018
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Theoretical framework

In this approach (Ingelman-Schlein model) one assumes that the Pomeron has a well defined
partonic structure, and that the hard process takes place in a Pomeron—proton or
proton—Pomeron (single diffraction) or Pomeron—Pomeron (central diffraction) processes.
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Theoretical framework

The 'diffractive’ quark distribution of flavour f can be obtained by a convolution of the flux
of Pomerons fp(xp) and the parton distribution in the Pomeron gf/p (8, 1?):

1
d;
qP(x,uz)=/dx.adﬁé(x—x.aﬁ)qf/p(ﬁ,uz)fp(XP) =/ Xi:fp(x.a)qf/p(é,uz).

The flux of Pomerons fp(xp):

tmax
fP(XP) = / dt f(XP7 t) )

t,

min

with t,in, tmax being kinematic boundaries.
Both pomeron flux factors fp(xp, t) as well as quark/antiquark distributions in the pomeron

were taken from the H1 collaboration analysis of diffractive structure function at HERA.
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Absorption has been included by multiplying cross section by gap surrival factors (violation of
Regge factorization):

for RHIC: dd*0.06; d0 or 0d*0.13

for LHC: dd*0.02; d0 or 0d*0.05
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Results (photon included)

do/dp, (nb/GeV)

gamma(e
! !

— — |
1 gc‘mmq(e ) Qn 0 uon

0O 2 4 6 8 10 2 4 6 8 10
p, (GeV) p, (GeV)

O

have rapidity gap as single diffractive processes
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Single diffractive production of ¢ and bb
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It is not completely clear where to cuts IP or R contribution
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Single diffractive production of ¢ and bb
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Hadronization of heavy quarks

@ phenomenology — fragmentation functions extracted from
ete™ data

@ often used (older parametrizations):
Peterson et al., Braaten et al., Kartvelishvili et al.

@ more up-to-date: charm nonperturbative fragmentation
functions determined from recent Belle, CLEO, ALEPH and

OPAL data: | i i
Kneesch-Kniehl-Kramer-Schienbein (KKKS08) + DGLAP
evolution!

@ FONLL — Braaten et al. (charm) and Kartvelishvili et al.
bottom

M-VFNS — KKKS08 + evolution

@ numerically performed by rescalling transverse momentum

at a constant rapidity (angle)

@ from heavy quarks to heavy mesons:

do(y,p") . [ Da—m(z) doly, pe)
dyd?py 2 dyd?p

M
where: p? = Pt and z € (0,1)

z

@ approximation:
rapidity unchanged in the fragmentation process — yq = yum
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Fragmentation functions for heavy quarks
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@ default set: Peterson FF with . = 0.05 and £, = 0.004
values extracted by H1, ALEPH and OPAL experiments

@ Cacciari et al. (FONNL framework) = rather harder functions are
suggested
BCFY FF with r. = 0.1 and Kartvelisvili FF with o, = 29.1
our choice: Peterson FF with e, = 0.02 and ¢, = 0.001
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Predictions of integrated cross sections for LHC experime

Integrated cross sections, [nb]

Acceptance Mode it Ldiffeact non-difsetive
-diffractive central-diffractive
\lllg c-difractive central-dirnractive EXP d“t“‘
ATLAS, 2.5 — i
WI<25 o Do 3461.88 (IR: 25%) 6845 (IR: 10%) -
p1 > 3.5 GeV
LHCh, 2 <y < 4.5 — . i . o i .
P ESYSEY Do DU 42663.7 (IR: 20%) 766.5 (IR: 14%) 1488000 + 182000
p1 < 8 GeV
CMS, 2.4 , : . ,
Iyl <2. (B*+B7)/2  630.0 (IR: 24%) 11.74 (IR: 9%) 28100 £ 2400 £ 2000
pL > 5 GeV
LHCh, 2 <y <45
i YSE2 Bt yB- 73169 (IR: 26%) 11.85 (IR:10%) 41400 £ 1500 £ 3100
p1 <40 GeV
LHCb, 2 <y <4 — . .
WY DIDO 22047 (IR: 27%) 3.68 (IR: 11%) 6230 % 120 + 230

3<p1 <12 GeV

@ single-diffraction: R

single—diffractive __ 2 _
non—diffractive "~
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ss sections for D” mesons prod
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Cross sections for B mesons production
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ss sections for B mesons productio

10° ET T T T T T T T B e e B B
Epp - B*X (s=14Te Fpp - B*X (s=14TeV]
10? - central-diffractive ly |<24 CM 10 = central-diffractive 20<y <45 LHCb
— E B* — E B*
% F — — pomeron % F — — pomeron
O VeSS e reggeon o W ----- reggeon
= E = E
Q sum Q £ sum
c < r
~ 1 ~ 1
— E —
g ok g
g wg— - g 10
© F © E
0% 0%
F Peterson FF, g,=0.001 F Peterson FF, ¢, =0.001 -
103\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\ 10—3www\www\wH\wH\Hw\wm\meWww\wm\wm
2 4 6 8 10 12 14 16 18 2 4 10 18 20
P, (Gev) P, (Gev)

Marta tuszczak




Total cross sections for charmed meson-antimeson

production for the LHCb detector

TABLE [: Total cross sections for charmed meson-antimeson pair production for the LHCh detector.

Integrated cress sectins, yb

Aceeptance Mode (@8] SDL (d0) SD2 (0d) non-diffractive
(1P - IP) (IP-ghon)  (shon-IP)  LEChdata

2 <45 — .

20y=is 004+ 0 219 3378 2671 L4880

P <8 GeV

2 —

s DI 0.009 0121 0135 6.23

3<p. <12 GV
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Cross sections for charmed meson-antimeson pair production
for the LHCb detector
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Cross sections for charmed meson-antimeson pair production
for the LHCb detector
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Results
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central-diffractive
1
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Conclusions

o Cross sections for single and central diffractive production of cc and
bb have been calculated.

@ Large and measurable cross section for charm single diffractive
production.

@ Cross sections for D° and B* mesons have been calculated for
different experiments (cuts).

@ LHCb wish to study such processes (G. Wilkinson).
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