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Production cross-sections

Inclusive single gauge boson production at ATLAS, CMS and LHCb.

Factorisation theorem:
�AB!X =

P
a, b

R 1
0 dx1

R 1
0 dx2 fa(x1,Q2)fb(x2,Q2) · �(ab ! X )

Cross-section measurements and
ratios are sensitive to PDFs.

I Partonic calculations give percent
level accuracy; but PDF
uncertainty usually larger.

Measurements used to constrain
PDFs - important for other LHC
measurements.

Together the LHC experiments
cover wide range in x � Q

2 plane.
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Motivation

•  electroweak and QCD measurements 

provide important tests of SM


•  LHCb’s forward acceptance gives 
access to previously unexplored 
kinematic regions of proton of PDFs
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•  this talk: measurements of W/Z 
production, Z AFB, W/Z+jets, and 
top


Cross-sec(ons	vary	strongly	as	
func(on	of	rapidity		

LHCb	measurements	reduce	
uncertain(es	on	PDFs	at	low	x	

x1,2 =
M

p
s

e

±y



The LHCb detector


20m	

3	

VELO:	
Si	strips	

RICH-1	

tracker:	
strawtubes\Si	strips	

RICH-2	 ECAL	
HCAL	

MUON	

Int.J.Mod.Phys.	A	30,	1530022	(2015)	

interacAon	
point	

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.
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•  optimized for flavour physics

•  full coverage for 2<η<5

•  unique acceptance at LHC

•  excellent luminosity determination

•  excellent secondary vertex reconstruction




Luminosity determination

•  essential ingredient: beam profile


•  two methods: 

1.  Van der Meer: beams scanned 

across each order 

2.  Beam-Gas Imaging: inject neon in 

beam-pipe


•  combination gives %-level uncertainty�
à allows for precise absolute cross-
section measurements





precision luminosity at LHCb

• VELO re-introduction

• Closing

• Beam monitoring

• Vertex resolution

• Luminosity measurement

Distribution of vertices overlaid on detector display. z-axis is scaled by 
1:100 compared to transverse dimensions to see the beam angle.

Beam 1 - Beam 2, Beam 1 - Gas, Beam 2 - Gas.
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Outline

· luminosity measured at LHCb using two methods:
Van der Meer Scan (VDM) and Beam-Gas Imaging
(BGI)

· beams scanned across each order in VDM scan to
trace beam profile

· in BGI method neon injected in beam-pipe to
reconstruct beams using collision vertices

· BGI and VDM methods combined to achieve precision of 1.7% in 2011 and 1.2% in 2012
· “the most precise luminosity measurement achieved so far at a bunched-beam hadron

collider”

S.Farry (Liverpool) EWK Physics in the Forward Region La Thuile, March 2016 4 / 23
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•  luminosity for datasets reported here:

•   7 TeV (2011): 1.0/fb +/- 1.7%

•   8 TeV (2012): 2.0/fb +/- 1.2%

•  13 TeV (2015): 0.3/fb +/- 3.9%    (uncertainty will improve in 2016)




Z -> ℓ+ℓ-


•  Z -> μμ	
•  trigger: 1 muon with pT > 10 GeV

•  2 muons: 2 < η < 4.5, pT > 20 GeV

•  60 < m(μμ) < 120 GeV

•  typical purity: 99%
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•  Z -> ee	
•  trigger: 1 electron with pT > 15 GeV

•  2 electrons: 2 < η < 4.5, pT > 20 GeV

•  m(ee) > 40 GeV


•  bremrecovery suffers from ecal saturation

•  final results translated to same fiducial 

region as Z->μμ using simulation 

•  typical purity: 95%�

(main background: electron mis-id)


7	TeV:	JHEP08(2015)039	
8	TeV:	JHEP01(2016)155	
13	TeV:		LHCb-CONF-2016-002	

7	TeV:JHEP02	(2013)	106	
8	TeV:JHEP05	(2015)	109	
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Z -> μμ at 13 TeV

•  300/pb of 2015 data

•  total cross-section (preliminary):


LHCb-CONF-2016-002	

Table 1: Summary of the relative uncertainties on the Z boson total cross-section.

Source ��

Z!µµ [%]
Statistical 0.5

Reconstruction e�ciencies 2.4
Purity 0.2
FSR 0.1

Total systematic (excl. lumi.) 2.4
Luminosity 3.9

Total uncertainty 4.6

shift in the beam and collision energy corresponds to a shift in the fiducial cross-section of
0.9%. This is not assigned as an additional uncertainty.

6 Results

The integrated Z boson cross-section for direct decays to a dimuon final state in the LHCb
acceptance is

�

Z!µµ = 198.4± 1.0± 4.7± 7.7 pb,

where the uncertainties are due to the sample size, systematic e↵ects, and the luminosity
determination, respectively. This cross-section is determined at the Born level in QED.

The total cross-section in the fiducial acceptance and the di↵erential measurement
as a function of the Z boson rapidity are compared to the fixed order predictions in
Figs. 2 and 3. The di↵erent PDF sets describe the LHCb data well. The measured
di↵erential cross-section is slightly larger than the next-to-next-to-leading order pQCD
predictions at lower rapidities, but since the bins are largely correlated, this e↵ect is not
significant. The di↵erences between the PDF sets, and the PDF uncertainties, are larger
than those at lower values of

p
s, and analysis of larger LHCb data samples will provide

significant ability to constrain the PDFs. The di↵erential cross-sections as a function of
p

T

and �

⇤
⌘, normalised to the total cross-section, are shown in Figs. 4 and 5. Since the

systematic uncertainties are largely independent of these variables, the uncertainties on
these normalised distributions are dominated by the statistical component. The LHCb
data agree better with Pythia 8 predictions than with Powheg + Pythia 8 predictions,
as seen in previous analyses [3,12]. The LHCb specific tune of Pythia 8 does not perform
significantly better than the Monash 2013 tune of Pythia 8.

7 Conclusions

The Z production cross-section measured in pp collisions at
p

s = 13 TeV is presented
using LHCb data, using events where the Z boson decays to two muons. The cross-section
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•  y distribution agrees well with NNLO QCD 

•  pT, φ* differential distributions agree well 

with NLO + LL predictions
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W -> μν	
•  selection:


•  trigger: 1 muon with pT>10 GeV	
•  2 < η	< 4.5, pT > 20 GeV

•  prompt, small E(CALO)/p, 

isolated

•  veto on second lepton

•  typical purity: about 77%





•  yield determination from fit to pT 
distribution

•  heavy flavour, decay in flight 

backgrounds from data

•  EW backgrounds from 

simulation
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7	TeV:	JHEP	12	(2014)	079	
8	TeV:	JHEP01(2016)155	



W->μν	at 7 and 8 TeV

•  cross-section measured  for W+ and W- in bins of muon rapidity
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Figure 6. (top) W+ to W− cross-section ratio in bins of muon pseudorapidity. (bottom) W+

(W−) to Z cross-section ratio in bins of µ+ (µ−) pseudorapidity. Measurements, represented as
bands, are compared to (markers, displaced horizontally for presentation) NNLO predictions with
different parameterisations of the PDFs.
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RW± = �(W+)/�(W�)

•  experimental precision of 2-4%: dominated by luminosity and beam 
energy uncertainty 


•  compared to NNLO predictions calculate using FEWZ 

•  good agreement with predictions for variety of PDF sets 
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7	TeV:	JHEP	12	(2014)	079	
8	TeV:	JHEP01(2016)155	
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W and Z cross-sections ratios


•  many correlated 
uncertainties between 
measurements of W and Z 
in muon final state

•  luminosity

•  detection efficiency

•  PDFs

•  scale uncertainties


•  ratios (W+/W-/Z, 7/8 TeV) 
provide even more stringent 
SM tests
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Figure 4. Two-dimensional plots of electroweak boson cross-sections compared to NNLO predic-
tions for various parameterisations of the PDFs. The uncertainties on the theoretical predictions
correspond to the PDF uncertainty only. All ellipses correspond to uncertainties at 68.3% CL.

5.2 Ratios of cross-sections at
√
s = 8 TeV

The ratios of electroweak boson production cross-sections are defined as

RW± =
σW+→µ+ν

σW−→µ−ν
, (5.1)

RW+Z =
σW+→µ+ν

σZ→µ+µ−
, (5.2)

RW−Z =
σW−→µ−ν

σZ→µ+µ−
, (5.3)

RWZ =
σW+→µ+ν + σW−→µ−ν

σZ→µ+µ−
, (5.4)

– 12 –

JHEP019(2016)155	
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W/Z cross-section ratios

•  ratios extracted from 7 and 8 TeV datasets


JHEP019(2016)155	

J
H
E
P
0
1
(
2
0
1
6
)
1
5
5

LHCb

stat
Data

tot
Data

CT14

MMHT14

NNPDF30

CT10

ABM12

HERA15

c > 20 GeV/
µ

T
p

 < 4.5
µ

η2.0 < 

2c < 120 GeV/µµM: 60 < Z

0.94 0.96 0.98 1 1.02 1.04 8TeV
−

µ+µ→Z
σ

7TeV
−

µ+µ→Z
σ

 
7TeV

ν+µ→
+W

σ

8TeV

ν+µ→
+W

σ

0.9 0.92 0.94 0.96 0.98 1 8TeV
−

µ+µ→Z
σ

7TeV
−

µ+µ→Z
σ

 
7TeV

ν
−

µ→
−

W
σ

8TeV

ν
−

µ→
−

W
σ

0.92 0.94 0.96 0.98 1 1.02 8TeV
−

µ+µ→Z
σ

7TeV
−

µ+µ→Z
σ

 
7TeV

νµ→W
σ

8TeV

νµ→W
σ

1 1.02 1.04 1.06 1.08 1.1 8TeV

ν
−

µ→
−

W
σ

7TeV

ν
−

µ→
−

W
σ

 
7TeV

ν+µ→
+W

σ

8TeV

ν+µ→
+W

σ

Figure 9. Summary of the cross-section double ratios at different centre-of-mass energies. Mea-
surements, represented as bands, are compared to (markers) NNLO predictions with different pa-
rameterisations of the PDFs.

are defined and measured as

R8/7
RW±

= 1.049± 0.005± 0.007 ,

R8/7
RW+Z

= 0.996± 0.006± 0.005 ,

R8/7
RW−Z

= 0.950± 0.006± 0.006 ,

R8/7
RWZ

= 0.976± 0.005± 0.004 ,

where the first uncertainties are statistical and the second are systematic. The largest

source of systematic uncertainty on these ratios is due to the evaluation of the purity

of the W boson sample, which ranges between 0.3% and 0.7%. The double ratios are

shown in figure 9, where the uncertainties on the predictions due to the PDF, scale, αs

and numerical integration are of similar magnitude. Taking the uncertainty on the SM

prediction to be reflected by the spread of the PDF predictions, the maximal deviation

between the measured results and the theory is at the level of about 2 standard deviations.

The ratios R8/7
RW+Z

, R8/7
RW−Z

are also measured differentially as a function of muon η.

These measurements are displayed in figure 10, where only uncertainties due to PDFs
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Figure 8. Summary of the W and Z cross-section ratios at different centre-of-mass energies.
Measurements, represented as bands, are compared to (markers) NNLO predictions with different
parameterisations of the PDFs.

The cross-section ratios at different centre-of-mass energies, measured for the same

kinematic range as the total cross-sections, are

R8/7
W+ = 1.245± 0.004± 0.008± 0.001± 0.018 ,

R8/7
W− = 1.187± 0.004± 0.007± 0.001± 0.017 ,

R8/7
Z = 1.250± 0.006± 0.007± 0.001± 0.018 ,

where the first uncertainties are statistical, the second are systematic, the third are due to

the knowledge of the LHC beam energy and the fourth are due to the luminosity measure-

ment. The measurements and predictions are in agreement, as shown in figure 8. Compared

to figure 3, the variation in the predictions is small. This indicates that the uncertainty

due to the PDF is very much reduced, which is also reflected in the calculated uncertainties

on the individual PDF predictions.

Even more precise tests can be obtained through the following double ratios of cross-

sections, which are independent of the luminosities of either data set. These double ratios

– 18 –

7	versus	8	TeV	
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Figure 5. Summary of the cross-section ratios. Measurements, represented as bands, are compared
to (markers) NNLO predictions with different parameterisations of the PDFs.

• The beam energy has been directly measured for 4TeV beams with a precision of

0.65%, but not for 3.5TeV beams [54]. No additional uncertainty is expected to enter

the energy measurement of 3.5TeV beams, so the relative uncertainty is taken to be

the same, and fully correlated between data sets with different centre-of-mass energies.

• The uncertainties (δ
√
s

i ) entering the luminosity estimates are given in ref. [23]. The

degree of correlation between the luminosity measurements at different centre-of-mass

energies is determined by assigning correlation coefficients (ci) of 0, 1, [0,0.5], [0.5,1]

or [0,1], where the last three represent intervals within which the true correlation is

expected to lie. Pseudoexperiments are studied using correlation coefficients that are

sampled from both uniform and arcsin distributions across these intervals. With this

prescription, the total correlation is calculated using

c =

∑
i ci δ

8TeV
i δ7TeVi

δ8TeVδ7TeV
(5.13)

and estimated to be 0.55± 0.06. A correlation coefficient of 0.55 is used.

A summary of the uncertainties on ratios of quantities at different centre-of-mass energies

is given in table 3.
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W	versus	Z	at	8	TeV	 double	raWo	

•  double ratios are (almost) statistically limited and have less than 1% 
experimental uncertainty


•  PDFs uncertainty on W ratios may be reduced further by measuring 
ratios differentially in properly scaled rapidity�
[Arleon, Chapon, Paukkunen, EPJC (2016) 76, 214]
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Z->μμ forward-backward asymmetry

•  particle physics textbook: forward-backward asymmetry�

in qq->Z/γ*->μμ	events due to interference of V and A couplings


AFB =

N(cos ✓ > 0) � N(cos ✓ < 0)

N(cos ✓ > 0) + N(cos ✓ < 0)

•  AFB is strong function of μμ mass and 
sensitive to sin2(θW)


•  LHC is symmetric pp collider�
à valence quarks have higher x�
à infer quark direction from Z direction �
à leads to ‘dilution’, �
   smallest in the forward region


LHCb	measurement	at	8	TeV	

JHEP	11	(2015)	190	
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Extraction of sin2θW


•  relation between AFB and sin2(θW) is 
not trivial�
à simulate MC samples with 
different sin2(θW)�
and compare to AFB(m)
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•  from combined 7/8 TeV datasets:


•  most precise measurement at LHC

•  statistically dominated

•  theory error dominated by PDFs




•  dominant exp. syst. uncertainty:�

momentum scale: �
expected to improve with more data


sin2✓e↵
W = 0.23142 ± 0.00073stat ± 0.00052syst ± 0.00056theory

PDFs,	scale,	αs,	FSR	

JHEP	11	(2015)	190	

12	eff.
lept.
θ2sin

0.224 0.226 0.228 0.23 0.232 0.234

eff.
lept.
θ2sin

0.224 0.226 0.228 0.23 0.232 0.234

0.0002±0.2315

0.0003±0.2322

0.0003±0.2310

0.0005±0.2322

0.0005±0.2315

0.0032±0.2287

0.0012±0.2308

0.0011±0.2314

LEP + SLD

(b)FBLEP A

LRSLD A

D0

CDF

ATLAS

CMS

LHCb

Phys. Rept. 427 (2006) 257

Phys. Rept. 427 (2006) 257

Phys. Rev. Lett. 84 (2000) 5945

Phys. Rev. Lett. 115 (2015) 041801

arXiv:1605.02719

JHEP 09 (2015) 049

Phys. Rev. D 84 (2011) 112002

JHEP 11 (2015) 190



Jet reconstruction

•  jets reconstruction:


•  particle flow (tracking+CALO)

•  FASTJET with anti-kT, R=0.5

•  additional jet quality criteria to 

increase fraction of hadronic jets �
(fake jet fraction ~1%)


•  well contained jets: 2.2< η	<4.2


•  energy resolution: ~10%

•  estimated from MC

•  validated by comparing pT balance 

in Z+jet events

•  validated by comparing jet pT with 

pT of secondary vertex in heavy 
flavour jets


•  scale uncertainty: ~3% (pT>20GeV)
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W+jet and Z+jet at 8 TeV


•  important tests of perturbative QCD and PDFs


•  W, Z selection: as before


•  jet selection:

•  pT > 20 GeV, 2.2 < η < 4.2

•  W+jet: pT(μ+jet)>20 GeV

•  consider only highest pT jet









•  LHCb measurements in 2.0/fb of 8 TeV data

•  Z+jet: differential in pT(jet), η(jet), y(Z), |Δφ|

•  W+jet: differential in pT(jet), η(jet), η(mu)


JHEP05	(2016)	131	
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W+jet	yield	extracted	from	
fit	to	muon	isola(on	



W+jet and Z+jet at 8 TeV

LHCB-PAPER-2016-011	

•  inclusive cross-section results:
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comparison	of	σ(W+)/σ(W-)		
to	FEWZ	for	different	PDF	sets.	
comparisons	to	POWHEF	and	
aMC@NLO	available	as	well	

•  main uncertainties: jet energy scale 
(~10%) and W purity (~7%)


�W+j = 56.9 ± 0.2 ± 5.1 ± 0.7 pb

�W�j = 33.1 ± 0.2 ± 3.5 ± 0.4 pb

�Zj = 5.71 ± 0.06 ± 0.27 ± 0.07 pb

[errors:	stat,	syst,	lumi]	

•  all results in good agreement with 
POWHEG and aMC@NLO predictions
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Figure 1. SV-tagger algorithm BDT(b|c) versus BDT(bc|udsg) distributions obtained from simulation for
(left) b, (middle) c and (right) light-parton jets.

(b,c) jets and the total number of (b,c) jets must be determined. The tagged (b,c) yields are ob-
tained by fitting the SV-tagger or TOPO BDT distributions in the subsample of jets that are tagged
by an SV. The total number of (b,c) jets is determined by fitting the c2

IP distribution of the highest-
pT track in the jet. The (b,c)-tagging efficiency is the ratio of the tagged over total (b,c)-jet yields.

An alternative approach employed by other experiments (see, e.g. ref. [25]) is to measure the
efficiency using the subsample of jets that contain a muon. This approach has the advantage that
the (b,c)-jet content is enhanced due to the presence of muons from the semileptonic decays of
(b,c) hadrons; however, the disadvantage is that this method assumes that mismodeling of the
tagging performance is the same for semileptonic and inclusive decays. Both the highest-pT track
and muon-jet methods are used in this analysis to study the jet-tagging performance.

Combined fits of several data samples enriched in (b,c) jets are performed to obtain the tagging
efficiencies. It is important to include the systematic uncertainties on both the tagged and total
(b,c)-jet yields for each data sample in the combined fits.

This section is arranged as follows: the data samples used are described in section 4.1; the
BDT fits used to obtain the tagged (b,c)-jet yields are given in section 4.2; the highest-pT-track
c2

IP fits used to obtain the total (b,c)-jet yields are described in section 4.3; the muon-jet subsample
method is discussed in section 4.4; the systematic uncertainties on the tagged and total (b,c)-jet
yields are presented in section 4.5; and the (b,c)-tagging efficiency results are given in section 4.6.

4.1 Data samples

Events that contain either a high-pT muon or a fully reconstructed (b,c) hadron, referred to here as
an event-tag, are used to measure the jet-tagging efficiencies in data. The highest-pT jet in the event
that does not have any overlap with the event-tag is chosen as the test jet. Each event-tag is required
to have satisfied specific trigger requirements and to have Df > 2.5 relative to the test-jet axis to
reduce the possibility of contamination of the jet from the event-tag.2 Therefore, all events used
to measure the (b,c)-tagging efficiency have passed the trigger independently of the presence of

2The event-tag samples are highly pure; however, when the event-tag is not properly reconstructed the non-overlap
requirements are not guaranteed to hold. Requiring that the event-tag and test jet are back-to-back in the transverse plane
greatly reduces the probability that a particle originating from the event-tag decay but not reconstructed in the event-tag
is reconstructed as part of the test jet.

– 6 –

Jet flavour tagging
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•  b, c tagging with secondary vertex in jet cone

•  2 BDTs to separate b/c and bc/light

•  input: #vertices, #tracks, SV mass


•  performance


•  b (c) efficiency ~60% (20%) for 0.3% udsg contamination

•  tagging efficiency uncertainty ~10%, calibrated using data�

(e.g. samples with exclusively reco-ed B and D decays)


where M and ~p are the invariant mass and momentum of
the particles that form the SV, and θ is the angle between ~p
and the flight direction. The corrected mass, which is the
minimum mass for a long-lived hadron whose trajectory is
consistent with the flight direction, peaks near theDmeson
mass for c jets and consequently provides excellent
discrimination against other jet types. The SV track
multiplicity identifies b jets well, since b-hadron decays
typically produce many displaced tracks. In Fig. 4, the
distributions of Mcor and SV track multiplicity for a
subsample of SV-tagged events with BDTðbcjudsgÞ >
0.2 (see Fig. 2) are fitted simultaneously. The templates
used in these fits are obtained from data in the same manner

as the SV-tagger BDT templates. After correcting for the
efficiency of requiring BDTðbcjudsgÞ > 0.2, the b and c
yields determined from the fits to Mcor and SV track
multiplicity and from the two-dimensional BDT fits are
consistent. The mistag probability for W þ light-parton
events in this sample is found to be approximately 0.3%,
which agrees with the value obtained from simulation.
From the SV-tagger BDT fits, the b and c yields are

obtained in bins of
ffiffiffi
s

p
, muon charge, and pTðμÞ=pTðjμÞ.

The pTðμÞ=pTðjμÞ distributions for muons associated with
b-tagged and c-tagged jets are shown in Figs. 5 and 6.
These distributions are fitted to determine the W þ b and
W þ c final-state yields as in the inclusiveW þ jet sample.

0

10

20

30

40

50

60

70

80

90

)udsg|bcBDT(
-1 -0.5 0 0.5 1

)c|b
B

D
T

(

-1

-0.5

0

0.5

1

LHCb data

0

10

20

30

40

50

60

70

80

90

)udsg|bcBDT(
-1 -0.5 0 0.5 1

)c|b
B

D
T

(

-1

-0.5

0

0.5

1

LHCb fit

)udsg|bcBDT(
-1 -0.5 0 0.5 1

C
an

di
da

te
s/

0.
1

0

200

400

600
LHCb

Data

b
c

udsg

)c|bBDT(
-1 -0.5 0 0.5 1

C
an

di
da

te
s/

0.
1

0

200

400

600

LHCb

Data

b
c

udsg

-3

-2

-1

0

1

2

3

)udsg|bcBDT(
-1 -0.5 0 0.5 1

)c |b
B

D
T

(

-1

-0.5

0

0.5

1

LHCb pulls

FIG. 2 (color online). Two-dimensional SV-tag BDT distribution (top left) and fit (top right) for events in the subsample with
pTðμÞ=pTðjμÞ > 0.9, projected onto the BDTðbcjudsgÞ (bottom left) and BDTðbjcÞ (bottom right) axes. Combined data for
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s

p
¼ 7 and

8 TeV for both muon charges are shown.

STUDY OF W BOSON PRODUCTION IN ASSOCIATION … PHYSICAL REVIEW D 92, 052001 (2015)

052001-5

templates	

8	TeV	data	
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PRD	92	(2015)	052001	
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W+b,c jets at 7 and 8 TeV

•  motivation


•  W+c: s-quark PDF

•  W+b: top quark production, beyond-SM


•  b, c jet fractions extracted from fits to tagger 
BDT output


•  measure ratios Wb/Wj, Wc/Wj and charge 
asymmetries, e.g.:
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•  all consistent, but W+c looks more symmetric in data than expected 
à does this tell us something about strange quark PDFs?


results
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predicWons:	
MCFM	(NLO)	
with	CT10	PDFs	



Top at 7 and 8 TeV

•  motivation:


•  step towards k-asymmetry [e.g. Kagan e.a., PRL107(2013)082003]

•  tests of gluon PDFs at high x / high Q2 [e.g. Gauld, JHEP02(2014)126]





PRL115(2015)112001


•  strategy

•  tighten Wb selection: pT(μ) > 25 GeV; 50 < pT(b-jet) < 100 GeV

•  get t->Wb from fit to yields and charge asymmetry in pT(μ+b) bins
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•  fit result:

�(top)[7TeV] = 239± 53 (stat)± 33 (syst)± 24 (theory) fb ,

�(top)[8TeV] = 289± 43 (stat)± 40 (syst)± 29 (theory) fb .

SM	(MCFM,	NLO):	
18051

41 pb

31283
68 pb

à first observation of top in forward region, consistent with SM prediction
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Summary and outlook


•  LHCb’s acceptance complementary to ATLAS and CMS

•  sensitive to high and low Bjorken-x (down to 10-5)


•  extensive set of W/Z, W/Z+jet measurements at 7,8 TeV

•  cross-section ratios particularly suitable for SM tests

•  jet flavour tagging well understood

•  both muons and electrons: tests of lepton universality


•  first observation of top in the forward region

•  7 and 8 TeV measurements in agreement with SM

•  expect ~10x higher cross-section at 13 TeV in forward region


•  expectations for run-II

•  collect about 2/fb per year

•  so far only Z->μμ: much more to come!
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overview of W/Z (+jet) measurements at LHCb 


•  Z->μμ: 7 TeV: JHEP08(2015)039, 8 TeV: JHEP01(2016)155, �
         13 TeV: LHCb-CONF-2016-002


•  Z->ee: 7 TeV: JHEP02(2013)106, 8 TeV: JHEP05(2015)109

•  Z->ττ: 7 TeV: JHEP01(2013)111


•  Z AFB: 7 and 8 TeV: JHEP11(2015)190



•  W->μν: 7 TeV: JHEP12(2014)079, 8 TeV: JHEP01(2016)155



•  low mass Drell-Yan: 7 TeV: LHCb-CONF-2012-013


•  Z+j: 7 TeV: JHEP01(2014)033, 8 TeV: LHCB-PAPER-2016-011

•  W+j: 8 TeV: LHCB-PAPER-2016-011

•  Z+b: 7 TeV: JHEP01(2015)064

•  W+b,c: 7 and 8 TeV: PRD 92 (2015) 052001

•  top: 7 and 8 TeV: PRL115(2015)112001
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