Study of heavy quarks production in DIS
at HERA using BGK dipole model
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Dipole model of DIS
Heavy-flavour production in DIS

Description of the charm and beauty production cross section measurements
in deep inelastic ep scattering at HERA using dipole model : results of the fits
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Analysis was done in xFitter framework using HERA data:

@ Summary
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Dipole model of DIS

@ Dipole picture of DIS at small x in the proton rest frame:

i iz v r - dipole size

z - longitudinal momentum frac-
B s tion of the quark/antiquark

@ Factorization: dipole formation + dipole interaction

p A2 e, 2 ! ~ 2 2 .
o? = 7F2 = Z d-r ; dz |97 (r,z,Q°,my)|* o(r,z)
f

@ Dipole-proton interaction:
5(r.7) = 00 (1 — exp{—}) P =1/Ry(x)
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Dipole cross section: BGK

e BGK (Bartels-Golec-Kowalski) parametrization:
6’(7’7 .27) = 0o {1 — €xp [—7’(27’2045(/142)(5‘9(257M2)/(300)]}
p? = C/r? + u? is the scale of the gluon density

gluon density is evolved according to the LO or NLO DGLAP eq.

°
e u? is a starting scale of the QCD evolution: 13 = Q2
"]
@ soft gluon:

xg(w, 1) = Aga™ (1 —2)%

soft + hard gluon:

2g(w, ) = Aga* (1 - 2)% (1 + Dy + Eya?)
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Heavy-flavour production in DIS

@ The cross section for the production of a heavy flavour of type @, with Q
being either charm ¢ or beauty b, may then be written in terms of the
heavy-flavour contributions to the structure functions F5 and F:

26R  2702(0? _ B
T ﬂx(;ég 01+ 31, 00) - PE P e, 07)

@ The results are presented in terms of reduced cross sections, defined as
follows:

GQG _ dZGQG . XBj Q4
T Qagd0? 27000 (1+ (1—3))
_ 2 _
QQ Y QQ
= F — 7F .
2 1+(1*Y)2 L
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Results of the fits

o Parameters from BGK dipole model fit with mc=1.3 GeV, mb= 4.05 GeV to
charm and beauty HERA data]

‘ 03 [GeV? ’ o [GeV] ‘ A, ’ g ‘ C, ’ C[GeV?] | Ndf | Ve ‘ P/Ndf |

‘ 1.9 ‘ 152.35 ‘1.2660‘—0.1756‘1.0670’ 4.0 | 64 |112.81‘ 1.763 |

@ Comparision with HERA data for charm production
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Results of the fits

o Parameters from BGK dipole model fit with mc=1.3 GeV, mb= 4.05 GeV to
charm and beauty HERA data

021GV [0 [GV | 4, T C, [ClGeVA[Ndf| 1% [x*/Ndf
1.9 15235 | 12660 | 0.1756 | 1.0670 | 4.0 64 | 11281 | 1763

o Comparision with HERA data for beauty production
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Results of the fits

o Parameters from BGK dipole model fit with mc=1.4 GeV, mb= 4.05 GeV to
charm and beauty HERA data

02 1GeV [ o) [GeVTT | 4, 1, C, [CIGeVA[Ndf| A* | Z%/Ndf
1.9 152.35 1.2659 | -0.1756 | 1.0667 4.0 64 112.81 1.763
@ Comparision with HERA data for charm production
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Results of the fits

o Parameters from BGK dipole model fit with mc=1.4 GeV, mb= 4.05 GeV to
charm and beauty HERA data

02 (GeV?] [ 00 [GeVT | A, Ty C, [CIGeVA [ Ndf [ »* | Z*/Ndf
1.9 15235 | 1.2659 | -0.1756 | 1.0667 | 4.0 64 | 11281 | 1.763

o Comparision with HERA data for beauty production
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Results of the fits

o Parameters from BGK dipole model fit with mc=1.5 GeV, mb= 4.05 GeV to
charm and beauty HERA data

‘Qg[GeVZ]‘JD[GeVZ]‘ A, ‘ Ay ‘ C, |C[GeV2]

Ndf‘ Ve ‘xz/Ndf‘
‘ L9 ‘ 152.35 ‘142669‘-0.1755‘L0685| 4.0 ‘ 64 ‘112.81‘ 1.763 ‘

@ Comparision with HERA data for charm production
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Results of the fits

o Parameters from BGK dipole model fit with mc=1.5 GeV, mb= 4.05 GeV to
charm and beauty HERA data

02[GeV?] | oy [GeV?1 | A A C, C[GeV?] [ Ndf | 7 1?/Ndf

g 8 8

1.9 152.35 1.2669 | -0.1755 | 1.0685 4.0 64 112.81 1.763

@ Comparision with HERA data for beauty production

0008 {02 22.5 Gev? 0008 {g2 =5 Gev? 000n {02 =7 Gev? -
o o o
ot ot o {
b o o
o o oo
—= T =
o712 6007 o= 10 Govt 7= 32600]
- o o
- X
T oo . i
3 H 1
'
0030107 =60 Gev o0 [02=120 Gev? % o030 |07=200 Gev? i
0.020- \‘* 0.020 ™\ { 0.020
oon i SE { oo
oo s o
W % & s % m

A. Luszczak (CUT) xFitter workshop 9 -11 March, 2022 10/12



Results of the fits

o Parameters from BGK dipole model fit with mc=1.3 GeV to the high
precision combined HERA data

0} [GeV?] | o, [GeV] A, g C, [CIGev2 I [ Ndf [ * [ 2’ /Ndf

1.9 270.16 2.4788 | -0.0663 | 6.9093 4.0 538 | 554.78 1.031

o Comparision with HERA data of the charm production cross section
determined from BGK dipole model and the high precision HERA data
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@ We analysed the charm and beauty production cross section measurements in
deep inelastic ep scattering at HERA using BGK dipole model

@ We added the contribution from beauty quarks to BGK dipole model in
xFitter framework

@ The obtained results from BGK dipole model fits are reasonable and similar
to other global PDF fits
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