
For the large valence-like IC scenario, a sizable intrinsic
beauty (IB) component may also be present. While IB is
expected to be suppressed relative to IC by a factor of
roughly ½mðcÞ=mðbÞ$2 [55], it may still be possible to
observe a large valence-like IB component by studying Zb
production. Given that the jet-tagging algorithm developed
by LHCb simultaneously determines both the b-jet and
c-jet yields, we expect that both Zc

j and Z
b
j will be measured

in the same analysis with about the same precision.

V. IMPACT ON OTHER PROCESSES

The IC content of the proton directly affects the
production cross sections of many processes at the LHC.
For example, valence-like IC content increases W boson
production due to an increased probability for cs → W
scattering [56]. Similarly, the rate at which the hypothetical
charged Higgs boson is produced in pp collisions is highly
sensitive to IC [57]. Furthermore, an increase in the charm
component of the proton must be balanced by a decrease in
the other components. This results in IC indirectly affecting
many production cross sections via the momentum
sum rule.
Figure 5 shows the impact on the major Higgs produc-

tion cross sections within the acceptance of the ATLAS and
CMS detectors, assuming a SM Higgs boson (details on
these calculations are provided in the Appendix). Since the
PDF uncertainties do not include a contribution due to the
assumption of no IC in the proton, one should view the shift
due to IC as an additional uncertainty in each Higgs
production process. Higgs production in the central
region via gluon fusion (gg → H) is affected by ≲1% by

valence-like IC, but by up to ≈2.5% by sea-like IC. Higgs
production via vector-boson fusion (VV → H) is also
affected by sea-like IC by ≈2% but in the opposite way.
This is expected since adding sea-like IC increases the
quark content of the proton while decreasing its gluon
content. Associated production of tt̄H is affected by up to
1.5% by valence-like IC due to the largeQ, and hence large
x of one parton, of this gg-initiated process. The predicted
sensitivity to IC at LHCb in Run 3 will be sufficient to
constrain the effect of valence-like (sea-like) IC on all
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FIG. 4. Predictions for Zc
j for (left) Run 2 and (right) Run 3. For each IC model prediction, the expected experimental statistical

uncertainty is shown by the error bar, while the expected total experimental uncertainty is given by the shaded box. The total theory
uncertainty is shown as the hashed box around the CT14NNLO-based prediction. The bottom plots show the relative impact of
the various IC PDFs; note the log scale. N.B., the experimental systematic uncertainty is nearly 100% correlated across yðZÞ bins; the
IC-model predictions are staggered within each bin to aid readability.
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FIG. 5. Impact of IC models on Higgs production in the central
region. The hashed boxes show the PDF uncertainties.
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