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NLO pQCD evaluation of 
charm pair production.
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§ DS is the lowest mass charm 
hadron to decay into ⌫̄⌧ ⌧
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§ Pion-like decay: prompt

Tau decay also prompt.

B(Ds ! ⌫̄⌧ ⌧) = 5.48± 0.23%
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§ PROSA PDFs with scale 
& PDF uncertainties.

§ Transverse momentum 
smearing.

§ Other PDFs.

Forward production, 𝜂! > 6.9

§ Charm is dominant source 
of 𝜈" + 𝜈̅" - a factor of 
more than 10 larger than 
from b-quarks.



Charm pair production
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Short white paper 2109.10905

§ PDFs, small x and large x
§ Intrinsic kT/ kT smearing 

(mimicking higher order effects?)
§ Renormalization, factorization

scale effects
§ Intrinsic charm
§ Fragmentation, spectator effects

§ PROSA 2019 fit to heavy flavor production 
including LHCb. Zenaiev et al, JHEP 04 (2020) 118.

Fits include LHCb and HERA charm 
production cross sections.
3 flavor PDFs.

§ We use LHCb DS data to (in part) anchor 
our FPF calculation.

§ DS rapidity correlated with 𝜈" rapidity.



Rapidity/pseudorapidity
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A. Di Crescenzo for 
SND@LHC, 3rd FPF Meeting

charm quark and 𝜈" DS and 𝜈"

Neutrino rapidity correlates better with charm rapidity 
than with charm pseudorapidity in the forward region.

⌘D
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spread of neutrino rapidity for 
restricted charm or meson 
rapidity/pseudorapidity
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PROSA PDF fits done with                                               also used here. Scale uncertainty band.mT,2 ⌘
q

(2mc)2 + p2T
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Gaussian smearing with:
hkT i = 0.7 GeV
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similar to POWHEG 
+ PYTHIA results 
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hkT i = 0.7 GeV
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Blue solid lines:

Red dashed lines:

hkT i = 1.2 GeV
<latexit sha1_base64="sPxOJ1lebpVaCDV/sGUKGGPKvNQ=">AAACCnicbZDLSgMxFIYzXmu9jbp0Ey2CqzJTBbsRCi50WaE36JSSSU/b0CQzJBmhDF278VXcuFDErU/gzrcxnXahrT8EPv5zDifnD2POtPG8b2dldW19YzO3ld/e2d3bdw8OGzpKFIU6jXikWiHRwJmEumGGQytWQETIoRmObqb15gMozSJZM+MYOoIMJOszSoy1uu5JwIkccMCjbi1QGV77xVKA00AJfAuNSdcteEUvE14Gfw 4FNFe1634FvYgmAqShnGjd9r3YdFKiDKMcJvkg0RATOiIDaFuURIDupNkpE3xmnR7uR8o+aXDm/p5IidB6LELbKYgZ6sXa1Pyv1k5Mv9xJmYwTA5LOFvUTjk2Ep7ngHlNADR9bIFQx+1dMh0QRamx6eRuCv3jyMjRKRf+iWLq/LFTK8zhy6BidonPkoytUQXeoiuqIokf0jF7Rm/PkvDjvzsesdcWZzxyhP3I+fwB3XJlw</latexit>

Default (1,1)

(1,2) factor
for (R,F) scale
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x < 0.3
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xg(x,Q)



Forward physics: small x and large x PDFs
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charm quark energy distribution

x < 0.3
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all x
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40 PROSA
PDFs

7-point
scale

variation

CT14 is
outlier

M0 = 1 ton
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1 m tungsten, namely 60.63 ton


