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• W+c experimental results at LHC: 
- ATLAS W+c at 7 TeV, 
- CMS W+c at 7 TeV and 13 TeV with 36 fb-1, 

• A 5% or better accuracy in differential variables (e.g. pT(charm), η(lepton)) feasible with full Run 2 data, 
• The unfolded data is beneficial for MC tuning and PDF fits (W+c gives access to s-quark PDF), 

- Comparisons of the unfolded data to MC generators interfaced to a parton shower are possible, 
- However, not possible to directly use the W+c data in PDF fits — important to solve!
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W+c measurements at the LHC
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2012-14/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP/WCHARM.html
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• Thanks to A. Mitov, M. Czakon, M. Pellen, R. Poncelet, T. Generet, and the ATLAS colleagues for already 
discussing this with us!  

• The main issue is the lack of a NLO (or better) W+c calculation that would include charm fragmentation, 
• A NNLO W+c-jet calculation recently available (2011.01011), overview by Mathieu on June 1 at JSS, 

- It uses a parton-level IR safe jet definition (flavored-kT jets), but fragmentation not included, 
• Experimental measurements are usually unfolded to particle-level, 

- Either directly to the c-hadron (D+, D*+) or an anti-kT particle jet, depending on the analysis, 
- Not directly comparable to the calculations without the use of a showering MC generator. 

• Ideally, we would have a NNLO W+c-jet calculation including the fragmentation / hadronization, 
• Alternatively, ‘unfold’ the experimental data to partons and accept the large associated uncertainties, 

- Is it possible at an event-by-event level or does it require correction factors to transform particle-level 
kinematics to parton-level? 

- How can this be technically performed / calculated (e.g. with MCFM, AMC@NLO, …)?
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Issues with the W+c interpretations

https://arxiv.org/abs/2011.01011
https://indico.cern.ch/event/1009701/contributions/4369353/attachments/2255322/3826709/PELLEN_Jets_2021.pdf
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• W+c measurements can exploit the charge correlation between the W and c-quark to suppress the 
charge-symmetric background from gluon splitting,
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Coherent signal definition between theory and experiments

Can be greatly
reduced using the 
‘OS-SS’ subtraction.

Question:
How well does this 
hold at NNLO?

• Z+c measurements do not have the same luxury, so coherent definitions of gluon splitting and an 
appropriate treatment of the c-quark PDF are needed and must be consistently applied in theory and in 
experimental measurements.

Can not be easily 
suppressed. A ‘good’ 
definition of the signal 
process is needed.
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• V+c measurements with Run 2 and Run 3 data will reach a ‘percent level’ precision, 

• The data can already be used for MC tuning, i.e. compare unfolded particle-level data to MC predictions, 

• Invaluable for PDF fits, but a NLO calculation that includes charm fragmentation is needed, 

- Currently one would need to unfold to parton-level and add large systematic uncertainties. 

• Would benefit from theory / experiment collaboration to work out the details of V+c, 

- Once a calculation with charm fragmentation is available, is anything extra needed from the experiments? 

- If unfolding to parton-level is necessary, how would one do it? 

- Corrections for anti-kT vs flavored-kT and / or particle-level vs parton-level? 

- Unambiguous definition of the V+c signal and gluon splitting background at the event-by-event level? 

‣ i.e. with 4/5 FNS c-quark present in the initial state, otherwise only in the HS via gluon splitting, 

‣ Is the ‘OS-SS’ subtraction in W+c sufficient to ignore the gluon splitting component?
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Summary and discussion points
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CMS W+c unfolding to parton-level


