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Abstract.
Recently 2 analyses have been published by the CMS collaboration that study the effect of a specific CMS

measurement on PDFs. A review of these studies is given here.

The first analysis consists of a double differential inclusive jet cross-section measurement, performed on 4.7 fb−1

of data at
√

s = 7 TeV. Using the HERAFitter code, the effect of adding this measurement in the PDF fit

procedure together with DIS data from HERA-I is studied. The CMS data is able to significantly reduce the

uncertainties on the gluon PDF, especially for gluons with large momenta relative to the proton (x > 0.01). A

moderate reduction in the uncertainty of the u and d valence quark PDFs is also observed for x > 0.01.

The quark PDFs are more directly probed by gauge boson production. Therefore the second analysis studies

the effect of W-boson production measurements on PFDs. This consists of a W-boson charge asymmetry mea-

surement and a study of W-boson production in association with a c-(anti-)quark, both performed on 5.0 fb−1 of

data at
√

s = 7 TeV. A clear reduction in the uncertainty on the u and d valence quark PDFs is seen for x < 0.1.

Furthermore the W-boson + c-quark production measurements allow for the determination of an independent s

quark PDF, which is not possible on DIS data alone.

1 Introduction

Any process occurring in a proton-proton collision is nat-

urally dependent on the composition of partons within the

protons. For the purpose of making theoretical predictions

of these processes, the proton composition is modeled in

parton distribution functions, PDFs, which give the par-

ton content as a function of the momentum fraction, x, of

the proton carried by the parton. The PDFs depend on the

energy scale, Q, considered, with the evolution from one

energy scale to another being fully described by perturba-

tive QCD. The PDFs at a start-up energy scale Q0 include

non-perturbative effects and need to be modeled and fitted

to a wide range of experimental data. Many PDF sets are

currently in use, differing in parametrization and the data

used to fit them [1–5].

Uncertainties on PDFs are an important consideration

for interpreting any analysis at a hadron collider such as

the LHC. Reversely, specific measurements at the LHC,

where other uncertainties are relatively small, can be used

to help test and improve our understanding of PDFs. Since

the start up of the LHC, the CMS detector has collected an

integrated luminosity of approximately 5 fb−1 of pp colli-

sion data at a center of mass energy of 7 TeV and 20 fb−1

of pp data at 8 TeV. A wide range of measurements per-

formed on this data could be and is already used by dif-

ferent PDF groups to improve their fits. The main impact

comes from analyses falling within one of two categories:

a measurement of jet production, which gives a good han-
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dle on the gluon content of protons, especially for large x,

or of gauge boson production which is more sensitive to

the quark content.

The aim of this article is to discuss the effect of CMS

measurements on PDFs, by focusing on three analyses for

which the CMS collaboration has studied the direct ef-

fect on PDFs using the HERAFitter framework [4, 6, 7].

These are: an inclusive multi-jet differential cross-section

measurement [8, 9], a W-boson charge asymmetry mea-

surement in events where the W-boson decays to a muon

and a neutrino [10] and a study of the W-boson production

in association with a c-quark [11].

The remainder of this article is structured as follows.

Section 2 gives a short introduction to HERAFitter. It is

followed by a short overview of the CMS detector and the

data samples involved. Section 4 describes the inclusive

jet analysis and its impact on PDFs while section 5 does

the same for the two W-boson analyses. The last section

provides an overall conclusion and summary.

2 HERAFitter framework

For most of the relevant range in the (x,Q) plane, the tight-

est constrains on the PDFs is provided by deep inelastic

lepton-proton scattering (DIS) data from HERA-I [4]. It

is mostly at higher values of x where data from the LHC

becomes valuable. The effects on PDFs from the analyses

described in this paper are therefore studied by comparing

PDFs fitted solely on DIS data from HERA with PDFs fit-

ted on the combination of this data with the CMS results.
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This is done using the HERAFitter code, an open source

framework using the QCDNUM package [12] to evolve

the partons between energy scales. The calculations as

well as the HERA data used, follow the prescription for

HERAPDF.

In the default setting the HERAFitter fits five inde-

pendent combinations of parton distributions using the fol-

lowing parameterization:

xg(x) = AgxBg (1 − x)Cg − A′gx
B′g (1 − x)C′

g ,

xuv(x) = Auv x
Buv (1 − x)Cuv (1 + Euv x

2),

xdv(x) = Adv x
Bdv (1 − x)Cdv ,

xŪ(x) = AŪ xBŪ (1 − x)CŪ ,

xD̄(x) = AD̄xBD̄ (1 − x)CD̄ , (1)

describing, in order, the gluon PDF, the u and the d

valence quark PDFs, the u sea quark PDF and finally the

combined d and s sea quark PDF. By default the PDF for

s-quarks is taken to be proportional to that for the d sea

quark with a proportionality factor of fs = s̄/(d̄ s̄) = 0.31±
0.08 [13].

The parameters Ag, Auv and Adv of equation 1 are fixed

by QCD sum rules. Furthermore, BŪ = BD̄ and AŪ =

AD̄(1 − fs) are set to ensure equal ū and d̄ densities at x →
0. Finally C′

g is set to 25 [2, 14]. This leaves 13 free

parameters to be fitted to the data.

Three categories of uncertainties on these PDFs are

determined. The experimental uncertainty is the propa-

gated uncertainty from the experimental data, taking into

account the documented correlations between these mea-

surements. The parametrization uncertainty is calculated

by using more flexible functions for the different PDFs,

such as AxB(1− x)C(1+Dx) or AxB(1− x)C(1+Dx+Ex2).

Finally the model uncertainty is calculated by varying

fixed parameters of the model within their given uncer-

tainty. This includes varying the b-quark mass from its

default value of 4.75 GeV in the range 4.3 to 5 GeV, vary-

ing the c-quark mass from 1.4 GeV in the range between

1.3 and 1.65 GeV and changing the range of the HERA

DIS data included.

More details on the precise procedure and the settings

used can be found in Ref. [9, 10].

3 CMS detector

The analyses described in this paper are performed on data

collected by the CMS detector in 2011, corresponding to

to an integrated luminosity of 4.7 and 5.0 fb−1 of proton-

proton collision data at a center of mass energy of 7 TeV

for the inclusive jet cross-section and the W-boson mea-

surements respectively.

The central feature of the CMS detector is a su-

perconducting solenoid of 6 m internal diameter, pro-

viding a magnetic field of 3.8 T. Within the supercon-

ducting solenoid volume are a silicon pixel and strip

tracker, surrounded by a lead tungstate crystal electromag-

netic calorimeter and a brass/scintillator hadron calorime-

ter. Outside the field volume, in the forward region a

iron/quartz-fiber hadronic calorimeter increases the CMS

coverage. Muons are measured in gas-ionization detec-

tors embedded in the steel flux-return yoke outside the

solenoid.

The CMS coordinate-system has its origin at the nom-

inal interaction point in the center of the detector. It is a

right-handed coordinate-system, with the z axis pointing

along the counterclockwise beam direction and the x-axis

to the center of the LHC ring. The azimuthal angle is de-

noted by φ, the polar angle by θ and the pseudo-rapidity is

defined as η = −ln[tan(θ/2)].

A more detailed description of the CMS apparatus can

be found in Ref. [15].

4 Inclusive jet differential cross-section
measurement

Jet production dominates over any other process at the

LHC and is directly dependent on the PDFs. Very high

energetic jets are a clean way to study the gluon PDF at

high x. This section summarizes an inclusive jet double-

differential cross-section measurement to the transverse

momentum, pT, and absolute rapidity, |y|, of the jet. For

more details of this analysis please see the original pa-

per [8].

4.1 Measurement

Events for this analysis were selected using a range of sin-

gle jet triggers with different pT thresholds. All but the

most stringent of the selected trigger (with pT > 370 GeV)

were prescaled. Offline, the jets are reconstructed using

the anti-kT clustering algorithm [16] with distance param-

eter R = 0.7 as included in the FastJet package [17].

The double-differential cross-section is then given by:

d2σ

dpTdy
=

1

ε · Lint

Njets

ΔpT(2 · Δ|y|) , (2)

where Njets denotes the number of reconstructed jets in the

considered bin, ε is the combination of event reconstruc-

tion and trigger efficiencies, Lint is the integrated luminos-

ity and ΔpT and Δ|y| denote the width of the bin.

The measured differential cross-section for five rapid-

ity bins up to |y| = 2.5 and for jet pT up to 2 TeV is shown

in figure 1. The data is compared to theoretical predictions

based on a NLO QCD calculation of the jet cross-section

performed with the NLO-Jet++ program (v2.0.1) [18]

within the fastNLO package (v1.4) [19]. Non-perturbative

corrections are applied to account for multi parton interac-

tions (MPI) and hadronization effects.The renomalization

and factorizations scales are fixed to the jet pT. As defaults

the PDFs from NNPDF2.1 [20] were used.

There is good agreement between the data and the the-

oretical prediction over the entire kinematic range. For

a better comparison figure 2 shows the ratio between the

experimental measurements and the theoretical prediction

for the most central (top) and most forward (bottom) rapid-

ity bins. The ratios of the theoretical predictions obtained
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Figure 1. Inclusive jet cross-section for data (marker) and theory

using the NNPDF2.1 PDF set (thick line) for different rapidity

bins [8].
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Figure 2. Ratio of the inclusive jet cross-section over the theoret-

ical prediction using the NNPDF2.1 PDF set (black dots) for jets

in the range |y| < 0.5 (top) and 2.0 < |y| < 2.5 (bottom) [8]. The

continuous (hatched) bands show the total experimental (theoret-

ical) uncertainty while the pink line and the dotted/dashed lines

show the ratio for the cross-sections calculated using other PDF

sets to the NNPDF2.1 predictions.

with other PDF sets, CT10 [1], MSTW2008NLO [2],

HERAPDF1.5 [4] and ABKM09 [5], compared to the re-

sults obtained with NNPDF2.1 are also shown.
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Figure 3. The relative theoretical uncertainties for the inclusive

jet cross-section for jets in in the range |y| < 0.5 (top) and 2.0 <

|y| < 2.5 (bottom) [8].

4.2 Uncertainties

The size of the total experimental and theoretical uncer-

tainty is also indicated in figure 2. The experimental un-

certainty is dominated over the entire range by the uncer-

tainty on the jet energy scale. This scale represents any

bias in the reconstructed energy of jets compared to the

true energy of the particles. Due to the steeply falling dis-

tributions as a function of pT a relative small uncertainty

in the energy scale of 2-2.5% leads to an uncertainty of 5-

30% on the final distribution. 16 interdependent sources of

uncertainties on the jet energy scale have been identified,

including: pile-up effects, relative calibration of jet energy

as a function of pseudo-rapidity, absolute energy scale as

a function of pT and differences between jets from quarks

and gluons. The uncertainty from each source is consid-

ered fully correlated over the entire kinematic range, while

they are considered fully uncorrelated between sources. A

full description of these sources and the additional experi-

mental uncertainties are given in Ref. [8].

The theoretical uncertainty is dominated at low pT by

the uncertainty on the choice in renomalization and fac-

torizations scales obtained by varying them up and down

by a factor of 2. At high pT the uncertainty on the PDFs

starts to dominated. Figure 3 shows the contributions of

the different theoretical uncertainties for the most central

(top) and most forward (bottom) rapidity bins.

From this information it is clear that, especially for the

high pT range, the PDF uncertainty is one of the major

uncertainties in comparing this experimental measurement

to theoretical predictions, indicating that this analysis is

very suitable to study PDFs.

XLIV International Symposium on Multiparticle Dynamics (ISMD 2014)

07003-p.3



4.3 Effect on PDFs

The effect of this inclusive jet differential cross-section

measurements on PDFs was studies in Ref. [9] and is sum-

marized here.

Before including the data distribution of figure 1 in

the HERAFitter fit procedure, the measurement was cor-

rected for non-perturbtive, NP, effects, specifically for the

before mentioned MPI and hadronization effects. This

was done by obtaining correction factors from the LO MC

event generators pythia6 [21] and herwig++ [22] and the

NLO MC event generator powheg [23–26] with shower-

ing, MPI and hadronization done by pythia (See Ref [9]

for specifics). The central value of the envelope of these

three predictions in used as default value for the NP cor-

rection factor with the half spread as uncertainty.

The corrected data distributions with the full covari-

ance matrix for the uncertainties was included with the

HERA-I DIS data in the procedure described in section 2.

The resulting gluon PDF is shown in the top plot of fig-

ure 4 together with the gluon PDF fitted only on the

HERA-I DIS data. The CMS data introduces a clear re-

duction in the uncertainty, especially for x > 0.01. Fur-

thermore the CMS data seems to indicate a higher gluon

concentration at high x than the HERA data alone.

The u and the d valence quark PDFs fitted with and

without the CMS jet data are shown in bottom two plots of

figure 4. As expected the effect of the CMS data is smaller

on these PDFs than on that of the gluon. Nevertheless a

modest reduction in the size of the uncertainty is observed

for x > 0.01 values. The seemingly increased uncertainty

at lower x is an artifact of how the parametrization uncer-

tainty is calculated and due to the very small contribution

of valence quarks at these values of x, has a negligible ab-

solute effect. There is no noticeable effect of the CMS jet

data on the sea quark PDFs.

5 W-boson production

W-boson production at the LHC is dominated by the anni-

hilation of a valence u- or d-quark with, respectively, a sea

d- or u-anti-quark. Therefore W-boson studies can pro-

vide a handle multiple quark PDFs. When considering

events where the W-boson was produced in combination

with a single c-(anti-)quark the dominating processes are

sg → W− + c and s̄g → W+c̄. Such events give access to

the s quark PDF.

This section describes a measurement of the W-boson

charge asymmetry for W-bosons decaying to muons and

neutrinos [10] and a study of W-boson production in asso-

ciation with a c-quark [11] with the W-boson decaying to

an electron or muon with a corresponding neutrino.

5.1 W-boson charge asymmetry

5.1.1 Event selection

Events were selected using a isolated single muon trigger

with different pT thresholds. The isolation is determined

by considering both the transverse energy deposited in the
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Figure 4. The gluon (top), u valence quark (middle) and d va-

lence quark (bottom) PDFs fitted on the combination of HERA-I

DIS data and CMS jet data (filled line) are shown together with

the same PDFs fitted without the CMS data (dashed line) [9].

calorimeters and the sum of pT of tracks in the area sur-

rounding the muon candidate. Offline, the muon is re-

quired to have pT > 25 GeV, |η| < 2.4 and for the sum

of additional tracks in the cone
√

(Δη)2 + (Δφ)2 < 0.3 to

be less then 10% of the reconstructed muon pT. Here Δη
and Δφ denote the difference in η and φ between the muon

candidate and the considered track. Events with a second

reconstructed muon with pT > 15 are rejected to suppress

the background from Z/γ∗ → μ+μ−.
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The neutrino produced in the decay of the W-boson

can’t be detected directly, but will produce a imbalance in

the total transverse momentum of the event. The CMS ex-

periment uses a particle-flow algorithm [27, 28] which, by

the vectorial sum of the transverse momentum of all parti-

cles reconstructed by this algorithm, provides the missing

transverse momentum of the event, denoted by�ET . Instead

of cutting on�ET , the�ET distribution is used to fit the signal

to background ratio of the selected events. The dominant

backgrounds come from QCD multi-jet events and from

Drell-Yan.

More information on the event selection, the fit proce-

dure, and the different types of background can be found

in Ref. [10].

5.1.2 Charge asymmetry measurement

The W-boson lepton charge asymmetry is measured as a

function of the muon pseudo-rapidity and is given by:

A(η) =

dσ
dη

(W+ → l+ν) − dσ
dη

(W− → l−ν̄)
dσ
dη

(W+ → l+ν) − dσ
dη

(W− → l−ν̄)
(3)

The main advantage of measuring such a ratio, instead

of the individual W+ and W− cross-sections is that most

experimental uncertainties cancel. Therefore the charge

asymmetry in a |η| bin is very close to

Araw(η) =
NW+ − NW−

NW+ + NW− (4)

where the number of W+ (NW+ ) and W− (NW−
) are ob-

tained from the fit. Small corrections are applied to ac-

count for small differences in the μ+ and μ− reconstruction

and trigger efficiency due to detector misalignment.

The |η|-distribution of the W-boson lepton charge

asymmetry is shown in figure 5. A full description of the

uncertainties is given in the original paper [10]. The dom-

inant uncertainties are due to the remaining uncertainty in

the difference in reconstruction and trigger efficiency be-

tween positively and negatively charged muons, and to the

QCD background.

The measured lepton charge asymmetry is com-

pared to theoretical predictions obtained with fewz 3.1

[29] at NLO and interfaced with the CT10 [1],

NNPDF2.3 [3, 31], HERAPDF1.5 [4], MSTW2008 [2]

and MSTW2008CPdeut [32] PDF sets. From figure 5 we

can see that CT10, NNPDF2.3 and HERAPDF1.5 are in

good agreement with the data, but that predictions with

MSTW2008 significantly underestimate the asymmetry

especially at low |η|. The newer MSTW2008CPdeut, us-

ing a more flexible parametrization, provides better agree-

ment.

From figure 5 it is clear that the total experimental

uncertainty of this measurement is significantly smaller

then the spread in theoretical predictions from the chosen

PDFs. Therefore this analysis can be used to improve cur-

rent existing PDF sets.

The same analysis was also preformed with a pT

threshold of 35 GeV. This has the advantage of greatly
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Figure 5. The W-boson muon charge asymmetry in data (black

dots) compared to NLO predictions with different PDF sets [10].

reducing the QCD background. While the lepton charge

asymmetry distribution changes with this new threshold,

showing a smaller asymmetry, the conclusions with re-

spect to the comparison with theoretical predictions are

similar [10].

5.2 W-boson + c-(anti-)quark production

5.2.1 Event selection

This analysis considers W-boson decays in both the muon

and the electron channel. Events were selected using ei-

ther a single isolated muon trigger or an electron trig-

ger. Offline, the reconstructed lepton was required to have

pT > 35 GeV and |η| < 2.1. Furthermore electrons were

excluded in the 1.44 < |η| < 1.57 range. Electron isolation

is enforced by requiring that the sum of the pT of tracks in

a cone of
√

(Δη)2 + (Δφ)2 = 0.3 around the electron can-

didate is less the 5% of the reconstructed electron pT. For

the muon isolation a cone of size 0.4 is used and a relative

threshold of 12%.

Aside from lepton selections the trans-

verse mass of the W-boson candidate, given by

MT =
√

2pl
T�ET [1 − cos(φl − φ�ET

)], must be greater

then 40 (50) GeV in the muon (electron) channel.

Events with a c-quark candidate are selected by re-

quiring a jet reconstructed by the same anti-kT cluster-

ing algorithm as in section 4 but with a distance param-

eter of 0.5, with pT > 25 GeV and |η| < 2.5. Jets from

c-quarks are identified searching for specific decay chan-

nels. Three channels are considered: D± → K∓π±π±, se-

lected by requiring secondary displaced vertex with three

tracks and a reconstructed invariant mass compatible with

the D± mass, D∗+(2010) → D0π+ (D∗−(2010) → D̄
0
π−)

with subsequent decay D0 → K−π+ (D̄
0 → K+π−), se-

lected by requiring a secondary displaced vertex with two

tracks and a reconstructed invariant mass compatible with
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the D0 mass as well as a third track from the primary ver-

tex such that the three track invariant mass is compatible

with the D∗+(2010) mass and finally semileptonic decay

of the c-quark, selected by requiring a reconstructed muon

within the jet.

All three decay channels differentiate between c-quark

and anti-quark production, thereby allowing to separate

events where the electric charge of the c-jet and the W-

boson candidate have the same sign, SS, and where the

charges have opposite sign, OS. For most background pro-

cesses there is no correlation between the charge assigned

to the jet and the W-boson, while the signal is purely OS.

Therefore, by subtracting corresponding SS distribution

form the OS distribution, an almost pure signal can be ob-

tained, with only a small contamination from Drell-Yan

remaining.

More details on the event selection and the back-

grounds can be found in the original paper [11].

5.2.2 Measurement

The number of OS-SS events for each channel is corrected

for the branching ratio of the c-quark decay, for the re-

construction (and trigger) efficiency and acceptance and

for the integrated luminosity of the data sample, to obtain

the total cross-section within the considered fiducial vol-

ume, given by the lepton and jet pT and η requirements.

The measured total W + c cross-section in this volume is

84.1±2.0(stat)±4.9(stat). A full description of the system-

atic uncertainties can be found in the original paper [11].

The largest uncertainties are due to the uncertainty on the

c-quark decay branching ratios and on the integrated lumi-

nosity.

The measured cross-section is compared with theo-

retical predictions in figure 6. The theoretical predic-

tions are at NLO calculated from mcfm [30] and com-

bined with NNLO PDF sets, MSTW2008 [2], CT10 [1],

NNPDF2.3 [31] and NNPDF2.3coll [3]. The uncertain-

ties on the theoretical predictions shown in figure 6 only

include the PDF uncertainty. An additional uncertainty

of approximately ±5% is associated with scale variations.

The large differences in the size of the PDF uncertainties

in figure 6 are due to the parametrization of the individual

PDF sets with respect to the s-quark PDF, its correlation

with other PDFs (such at the d̄ sea quark PDF) and the def-

inition of the uncertainty on the strangeness. The normal-

ized differential cross-section with respect to the pseudo-

rapidity of the lepton associated with the W-boson decay

is shown in figure 7.

Finally the (W+ + c̄) to (W− + c) ratio is measured as a

function of |η| of the lepton from W-boson decay. The re-

sult is shown and compared to the theoretical predictions

in figure 8. As most experimental systematic uncertain-

ties cancel in the ratio, the remaining uncertainty is almost

fully statistical.

The same analysis was also performed with a lower pT

threshold on the isolated lepton of 25 GeV, but only in the

muon channel. Results of this analysis can be found in

Ref. [11].

(W + c) [pb]σ
0 20 40 60 80 100 120

= 7 TeVs at-1L = 5.0 fbCMS

Total uncertainty

Statistical uncertainty

CMS 2011
 4.9  (syst.) pb± 2.0  (stat.) ±84.1

MSTW08
 pb

 PDF -1.7 
 +1.4 78.7

CT10
 pb

 PDF -5.2 
 +6.2 87.3

NNPDF23
 pb PDF 3.3 ±78.2

collNNPDF23
 pb PDF11.8±102.7

| < 2.5jetη> 25 GeV, |jet

T
p

| < 2.1lη> 35 GeV, |l
T

p

Predictions:
NLO MCFM + NNLO PDF

Figure 6. The fiducial cross-section of W-boson production is

association with a c-quark for W-bosons decaying to an electron

or muon with pT > 35 GeV and |η| < 2.1 and for c-quarks with

pT > 25 GeV and |η| < 2.5 [11]. The comparison with theoretical

NLO predictions using different PDF sets is included.

|lη|
0 0.5 1 1.5 2

|η
(W

+
c)

/d
|

σ
(W

+
c)

 d
σ

1/

0.2

0.4

0.6

0.8

Data
MSTW08
CT10
NNPDF23

collNNPDF23

Stat. uncertainty

Total uncertainty

= 7 TeVs at -1L = 5.0 fbCMS = 7 TeVs at -1L = 5.0 fbCMS

 > 35 GeVl
T

p

 > 25 GeVjet

T
p

,e)μ(l = 
ν l →W

Figure 7. The normalized differential cross-section with respect

to |η| of the lepton from W-boson decay for W-boson produc-

tion is association with a c-quark in data (black dots) and from

theoretical predictions using different PDF sets (empty markers)

[11]. The theoretical predictions are slightly displaced along the

horizontal axis for better comparison.

5.3 Effect on PDFs

The W-boson muon charge asymmetry measurement de-

scribed in section 5.1 was included in the HERAFitter

framework. Similarly to the analysis in section 4 a full set

of PDFs was fitted both including this CMS measurement

and based purely on the HERA-I DIS data. The resulting

u and d valence quark PDFs are shown in figure 9. A clear

reduction in the uncertainty is seen for x < 0.1.

By adding the W + c measurements from section 5.2

to the fitter, it is possible to separate the s and d sea quark
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= 7 TeVs at -1L = 5.0 fbCMS = 7 TeVs at -1L = 5.0 fbCMS

 > 35 GeVl
T

p

 > 25 GeVjet

T
p

,e)μ(l = 
ν l →W

Figure 8. The cross-section ratio σ(W+ + c̄)/σ(W− + c) as a

function of the pseudo-rapidity of the lepton from the W-boson

decay in data (black dots) and from theoretical predictions using

different PDF sets (empty markers) [11]. The theoretical predic-

tions are slightly displaced along the horizontal axis for better

comparison.

PDFs. This is done by replacing xD̄(x) in equation 1 with

xd̄(x) = Ad̄ xBd̄ (1 − x)Cd̄ and

xs̄(x) = As̄xBs̄ (1 − x)Cs̄ . (5)

To retain the equal ū and d̄ densities at x → 0, AŪ = Ad̄
and BŪ = Bd̄ are required. Furthermore Bs̄ is set to Bd̄.

This leaves 15 free parameters to be fitted.

The fitted s quark fraction Rs(x,Q2) = (s+ s̄)/(ū+ d̄) is

shown in figure 10. The strange fraction decreases at high

x but increases with the energy scale. It approaches 1 for

x < 0.001 for Q2 = m2
W .

6 Conclusion

A wide range of CMS measurements are sensitive to PDFs

and can be used to improve current PDF sets. As illus-

trated by the study in section 4 measurements of jet pro-

duction at the LHC provide a direct probe on the gluon

PDFs and can help to significantly reduce their uncertainty

compared to DIS data alone. This is especially the case at

high x which is the range most relevant for LHC analyses.

Jets production, especially in the very forward region also

indirectly probes the u and d valence quark PDFs.

Gauge bosons at the LHC are predominantly produced

in the annihilation of a valence quark with a sea anti-

quark and therefore their production can be used to limit

the quark PDFs. In this paper a W-boson muon charge

asymmetry measurement was considered, which signifi-

cantly reduced the uncertainty on the valence quark PDFs

for x < 0.1. By focusing on gauge-boson production is

association with a heavy quark, the heavier quark PDFs

can be accessed. The W + c production measurements of
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Figure 9. The u (top) and d (bottom) valence quark PDFs fitted

on the combination of HERA-I DIS data and the CMS W-boson

muon charge asymmetry measurement (filled line) are shown to-

gether with the same PDFs fitted without the CMS data (dashed

line) [10].

section 5.2 were used to fit an s-quark PDF independent of

that of the d sea quarks.
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