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Interest in mW with LHCb
!2

LHCb can measure mW from the muon pT spectrum in W→μν with 
better than 10 MeV statistical precision using Run-II data.

Complementary acceptance potentially beneficial in a LHC average.

Smaller contribution from 2nd generation quarks, softer pT(W) 
spectrum, … , …

Partial anticorrelation (-60%) 
of PDF uncertainties

w.r.t. GPD measurements

Bozzi et al., EPJ. C75 12 601 2015

NNPDF3.0 replicas

Prospects with the extended trackers of the Phase II ATLAS and CMS detectors, especially with electrons. Encouraging to see Maarten’s 
report at a recent HL-LHC WG1 meeting https://indico.cern.ch/event/721951/
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Interest in mW with LHCb
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Partial anticorrelation (-60%) 
of PDF uncertainties

w.r.t. GPD measurements

Bozzi et al., EPJ. C75 12 601 2015

NNPDF3.0 replicas

Outline of the rest of the talk

•Z pT modelling and published LHCb data

•PDF uncertainties

!All work in progress!
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LHCb data, including dσ(Z→μμ)/dpT

!4



Slide

Example data from 13 TeV paper
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LHCb JHEP 09 (2016) 136

pT > 20 GeV

2.0 < η < 4.5

60 < Mμμ < 120 GeV
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Tuning to these data: Pythia
!6

LHCb JHEP 09 (2016) 136

pT > 20 GeV, 2.0 < η < 4.5

60 < Mμμ < 120 GeV

Pythia8.223

αs: 0.137

IKT: defaults
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Tuning to these data: Pythia
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LHCb JHEP 09 (2016) 136

pT > 20 GeV, 2.0 < η < 4.5

60 < Mμμ < 120 GeV

Pythia8.223

αs: 0.137 0.133

IKT: defaults*1.55
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Tuning to these data: Powheg+Pythia
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LHCb JHEP 09 (2016) 136

pT > 20 GeV, 2.0 < η < 4.5

60 < Mμμ < 120 GeV

Powheg+Pythia

αs: 0.137

IKT: defaults
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Tuning to these data: Powheg+Pythia
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LHCb JHEP 09 (2016) 136

pT > 20 GeV, 2.0 < η < 4.5

60 < Mμμ < 120 GeV

Powheg+Pythia

αs: 0.137 0.21!

IKT: defaults*1.5
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Comparing with these data: DYRES
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1)G. Bozzi, S. Catani, G. Ferrera, D. de Florian, M. Grazzini, Phys. Lett. B696 207-213 (2011) 1008.2351

2)S. Catani, G. Ferrera, D. de Florian, M. Grazzini, JHEP 12, 047 (2015) 1507.06937

LHCb JHEP 09 (2016) 136

pT > 20 GeV

2.0 < η < 4.5

60 < Mμμ < 120 GeV

NL(O,L) 
NNL(O,L)

https://arxiv.org/abs/1007.2351
https://arxiv.org/abs/1507.06937
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See paper for full error matrix, plus dσ/dΦ* and dσ/dy data
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PDF uncertainties

Numbers correspond to 25 < pT < 50 GeV fit range, NNPDF2.3. Also 
assumed that the GPDs can perfectly reject events with W pT > 15 GeV.


Negative correlation coefficients, between LHCb and GPD, are clearly 
beneficial in a LHC average. However, the standalone LHCb 
uncertainties are relatively large. Let’s try to gain a deeper 
understanding of this…


Following slides present preliminary findings of a study by Martina Pili 
(1st year DPhil student in Oxford). I’ll just show the results with W- and 
NNPDF3.1 for brevity.

!13

Bozzi et al., EPJ. C75 12 601 2015

https://arxiv.org/abs/1508.06954
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Subprocess breakdown
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Subprocess breakdown
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“Importance” study
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M. Pili et al., paper in preparation

pp→W-→μνX @ 13 TeV, NNPDF3.1NLO
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PDF uncertainty mechanism study
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PDF uncertainty mechanism study
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M. Pili et al., paper in preparation

pp→W-→μνX @ 13 TeV, NNPDF3.1NLO
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PDF uncertainty mechanism study
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M. Pili et al., paper in preparation

pp→W-→μνX @ 13 TeV, NNPDF3.1NLO
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Can this be exploited?
!20

µ
η

2 2.5 3 3.5 4 4.5
Ev
en
ts

0.01

0.015

0.02

0.025

0.03

highR
lowR

µ
η

2 2.5 3 3.5 4 4.5

m
ea
n

/R i
R

0.92
0.94

0.96
0.98
1

1.02

1.04
1.06

iR
highR
lowR

The replicas which contribute most to our PDF uncertainty could be 
discriminated against by our own data! Requires ~1% control over the η 
shape. Simply fit mW (and PDFs) against the 2D pT—η distribution.

- Replica giving      
lowest mW

- All replicas

Ratio w.r.t. reference replica

for normalised muon η distribution

- Replica giving      
largest mW

NNPDF3.1 replicas

M. Pili et al., paper in preparation
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Potential
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Roughly corresponds to Bozzi 
et al. 2015, i.e. 40-50 MeV

Fit in pT,  
no PDF profiling

Fit in pT,  
with profiling

Fit in [pT,η]  
no PDF profiling

Fit in [pT,η]  
w. profiling

Fit pT in bins of η 
w. profiling

Note that there is no double counting of the same data in the PDF fits 
(no 13 TeV LHCb W data). In general we probably want some special 
PDF sets, without any LHCb W/Z data, and many replicas!

M. Pili et al., paper in preparation
Profiling only assumes 106 signal events
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Conclusions
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Current LHCb data capable of mW with δstat ~ 10 MeV with simple 
muon based analysis.


Complementary to ATLAS/CMS, but the clear challenge is to 
control the pT(W) without full recoil coverage.


First steps with pT(Z) and PDF uncertainties shown today.
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Backup slides start here…
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8 TeV
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PDF uncertainty mechanism study
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Further optimisations
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W.r.t. fixed fit range of 30 < pT < 50 and 2 < η < 4.5, what 
happens if we separately vary the lower and upper η limit?

This is good, because the 
background is harder to control 

at low η, where part of our 
isolation cone goes out of 
acceptance

This tells us that we should 
invest some effort to understand 
how high we can go in η.


