
Plans for a LHCb mW measurement
Mika Vesterinen
University of Oxford

W mass workshop, CERN, 22/6/2017

With input from O. Lupton,
and largely based on EPJC (2015) 75: 601

with G. Bozzi, L. Citelli, A. Vicini.

http://arxiv.org/abs/1508.06954


Mika Vesterinen, University of Oxford

Why at LHCb?

Surely not? Smaller kinematic acceptance than 
ATLAS/CMS. No missing pT, hence poorer purity.

The unique kinematic acceptance is exactly WHY 
we want to measure mW with LHCb. 

Statistics isn't an issue. LHCb will have ~10M W 
decays by the end of Run-II.
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Complementarity
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Complementarity
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Effect on PDF uncertainties
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The lepton-acceptance driven PDF uncertainty is highly 
anti correlated between central and forward mW 
measurements.

EPJC (2015) 75: 601

(Assuming only pT
lept based measurements)

a factor of two with the increased collision energy in Run-II. The Run-I yield of around two million can
be compared with the 0.6(0.5) million W ! µ(e)⌫ candidates that were used in the CDF measurement
with 2.1 fb�1 [6,7]. The D0 measurement with 4.3 fb�1 [8,9] used around 1.7 million W ! e⌫ signal
candidates. The Run-II W ! µ⌫ yield in LHCb, assuming an integrated luminosity of 7 fb�1, will be
around eight million.

In order to estimate the statistical precision on the mW fit with LHCb data, we take the p`T templates
described in Sect. 2. The dominant background reported in Ref [26] is Z/�

⇤ ! µµ where one muon
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Fig. 1 The fitted mW in the GPDs versus LHCb for each NNPDF3.0 set, and for (left) W+ and (right) W�.
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Fig. 2 The fitted mW for W+ versus W� and for (left) LHCb and (right) the GPDs. Based in the NNPDF3.0 PDF sets.

Run-I Run-II
3 fb�1 7 fb�1

W+ W� W+ W�

Signal yields, ⇥106 1.2 0.7 5.4 3.4
Z/�⇤ background, (B/S) 0.15 0.15 0.15 0.15
QCD background, (B/S) 0.15 0.15 0.15 0.15

�mW (MeV)
Statistical 19 29 9 12

Momentum scale 7 7 4 4
Quadrature sum 20 30 10 13

Table 4 The estimated experimental uncertainties on a mW measurement with LHCb.

5

W+

a factor of two with the increased collision energy in Run-II. The Run-I yield of around two million can
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Even with a modest target for our experimental 
uncertainties, the LHCb measurement would improve 
the total uncertainty on the LHC average by ~30%.

EPJC (2015) 75: 601

http://arxiv.org/abs/1508.06954
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Even with a modest target for our experimental 
uncertainties, the LHCb measurement would improve 
the total uncertainty on the LHC average by ~30%.

EPJC (2015) 75: 601

This study may be underselling LHCb since it assumes 
that ATLAS/CMS could perfectly veto events with 
pT(W) > 15 GeV.

It is obvious that we must carefully co-ordinate the 
treatment of correlated systematics so that we can 
best exploit our complementarity. 

http://arxiv.org/abs/1508.06954
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About the LHCb measurement
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• Only with charged lepton pT.

• Only with muons.

• Plan to proceed directly to 7,8,13 TeV analysis.

• (Limited?) use of recoil activity.
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About the LHCb measurement
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LHCb

Single arm spectrometer, fully instrumented in forward region
(2.0 < ⌘ < 4.5).

Designed for flavour physics.

Overlap with GPDs in 2.0 < ⌘ < 2.5,
LHCb unique precision coverage in 2.5 < ⌘ < 4.5.

W. Barter (CERN) Electroweak Production Physics at LHCb 27/10/2015 3 / 52
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VELO

• Only with charged lepton pT.

• Only with muons.

• Plan to proceed directly to 7,8,13 TeV analysis.

• (Limited?) use of recoil activity.
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About the LHCb measurement
• Only with charged lepton pT.

• Only with muons.

• Plan to proceed directly to 7,8,13 TeV analysis.

• (Limited?) use of recoil activity.
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VELO

Preliminary studies indicate that a “LHCb-visible” 
missing pT estimator is surprisingly effective in 
improving our purity, but of course we must worry 
about the modelling…
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About the LHCb measurement
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LHCb challenges: 

pT(W) model: less able to test modelling with 
recoil in W events. Modelling in forward direction 
is less charted territory — expect surprises!

Purity: no “proper” missing pT.

• Only with charged lepton pT.

• Only with muons.

• Plan to proceed directly to 7,8,13 TeV analysis.

• (Limited?) use of recoil activity.
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W purity and yield
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Expect to have ~107 W decays by the end of Run-II.

We must carefully control this background. 

JHEP 01 (2016) 155 

http://dx.doi.org/10.1007/JHEP01(2016)155
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W pT model
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ATL-PHYS-PUB-2014-015

We will have ~106 Z/𝛾*→μμ decays.

The problem is the translation Z to W.
E.g. heavy quark effects
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W pT model
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Perhaps this is even more motivation to make a mW

measurement in a unique kinematic region.

Powheg+Pythia
W+ Z/𝛾*
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W pT model
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Question to our theory friends: What are the 
most important unfolded (Z/𝛾*→μμ, or anything 
else) measurements that we should focus on in the 
short term?

We certainly plan to make measurements of 
angular coefficients, and (1/σ) (d3σ/dpTdydM) with 
the finest granularity that our Z data statistically 
allows.
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Conclusion

We look forward to joining our 
theory, ATLAS, CMS, CDF and D0 
friends in this mW effort!

17



Mika Vesterinen, University of Oxford

Backup slides start here
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