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The CT18 analysis  

Heavy-flavor production measurements at HERA and LHC
currently included in CT18.



2018: New Combination of charm and beauty production at HERA, EPJC (2018), [arXiv:1804.01019].
This analysis extends previous H1 and ZEUS combination of c measurements in DIS (EPJC73, (2013) [arXiv:1211.1182]), 
and includes new c and b data. 

MSHT2020 global PDF analysis 2012.04684 [hep-ph]  

See E. Nocera’s Talk PDF4LHC March 22nd 2021

See R. Thorne’s talk PDF4LHC March 22nd 2021 

CT18  global fit discussed in this talk

CT18NNLO with new c and b combination



It seems that all PDF groups are having issues when they 
include these measurements in their global QCD analyses

• Are these data telling us something?
• Is QCD violated here?
• Is there any BSM model that explains these data?
• ….



Combined charm and bottom HERA SIDIS data 
(H1 and ZEUS Coll. 1804.01019) in the CT18 analysis 

We fit these data using the SACOT-𝜒 heavy-quark scheme at NNLO. 

In all tried scenarios, we get 𝜒!/𝑁"# no less than 1.5, reached when the combined HERA 
HQ SIDIS data is included with a large statistical weight (100). 

These data prefer a harder 
gluon at intermediate and 
small 𝑥.

Our 𝜒! values are similar to
those found by MSHT20 and to 
predictions from other groups 
reported in Table 4 of the 
HERA publication. 
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We explored the following alternative settings in various combinations:

• Fits with increased weights 
of HERA HQ SIDIS data 

• alternative parametrizations 
of the gluon

• varied MS-bar and pole 𝑚$
• varied initial scale 𝑄%
• varied parameters of the 𝑥-

dependent DIS factorization 
scale 

• varied S-ACOT-χ rescaling 
parameter

For large weights of the HERA 
𝑐/𝑏 data, the opposing 𝜒! pulls 
arise from:
LHCb 7 and 8 TeV W/Z Xsec, 
ATLAS 7 and CDF Run-2 incl. 
jets, CDF Run-2 Z rapidity and 
D0 Run-2 ele 𝐴$& data.

Combined charm and bottom HERA SIDIS data 
(H1 and ZEUS Coll. 1804.01019) in the CT18 analysis 
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This data set mildly prefers CT18XNNLO to 
CT18NNLO. 
But 𝜒#/N$% is never lower than 1.5 for all 
explored combinations

Fits with varied small-x scale
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Conclusions
• These data are important because they also provide indirect constraints on 

strangeness.
• We tried to vary several parameters in the analysis. But in the best scenario, the 
𝜒2 /Npt is no lower than 1.5.

• All the fits we tried are tricky as parameters are correlated.
• We observe that these data seem to prefer a harder gluon in the intermediate/small x 

region.
• The 𝜒2 /Npt which we find is similar to what has been found in MSHT20 and to the 

predictions from other groups reported in Tab 4 of 1804.01019 EPJC (2018) H1 and 
Zeus Coll.


