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1. Introduction

The strong coupling constant) and the Parton Distribution Functions (PDFs) are a key in-
gredient for precision measurements at hadron colliders. The reaegg Hadron Collider (LHC)
data allow the determination @fsat energies beyond 1 TeV, and provide additional information
on PDFs in a previously unexplored energy region.

In these proceedings four different measurementss@ire presented, based on the analysis of
data collected a{/s = 7 TeV with the Compact Muon Solenoid (CMS) detec{gr [1] at the CERN
LHC. Additionally, results on constraining PDFs using the inclusive jettspecand the muon
charge asymmetry in the inclusive W production are also presented.

2. The agmeasurements

The first determination afis(Mz) is based on the measurement of the inclusive jet production
cross section as function of j@ and rapidity. The CMS collaboration has delivered this mea-
surement[[] for five different rapidity bins, at it is shown in Hip. 1 (og téft) in comparison to
next-to-leading order (NLO) predictions using the NNPDF2.1 PDF set timeesdh-perturbative
(NP) correction factor.

The inclusive jet spectrum is proportionaldg? and is used to extract the strong coupling con-
stant, see Ref[]3]. Figuf¢ 1, on the right, shows the ratio of the incljeticeoss section to theoreti-
cal predictions using the CT10 PDF set for one rapidity bin, wheregl;) value is varied in the
range 0.112-0.126 in steps of 0.001, demonstrating thus the sensitivityintthsive jet spectrum
to as. Theas(Mz) is extracted by performing a generalizegifit over the five rapidity bins using
the CT10-NLO PDF set. The renormalizatiqn)and factorizationys) scale was set tg; = s =
pr. The result isas(Mz) = 0.1185+ 0.0019exp) =+ 0.0028 PDF) 4+ 0.0004NP) 0935 (scale
dominated by the scale uncertainties.

The differential 3-jet production cross section as a function of the ismamassrms and the
maximum rapidity|y|maxof the 3-jet system is an observable proportionabt®. The CMS
collaboration has published the measurement in REf. [4] for two rapidity veitis |y|max < 1
and 1< |ymax < 2 using an integrated luminosity of 5fh collected with the CMS detector
during 2011. Figurg]2, on the left, shows the comparison of the meastje¢gp®duction cross
section with the NLO prediction multiplied by the NP correction factors for the &gions using
the CT10-NLO PDF set. The same figure on the right shows the sensitivityeobbservable
to as. The as(Mz)is extracted by performing a generalizgd fit over the two rapidity bins
using the CT10-NLO PDF set. The resultdg(Mz) = 0.1171+ 0.0013exp + 0.0024 PDF) +
0.0008 NP) 9538 scale dominated also by the scale uncertainties.

The ratioRg,of the inclusive 3-jet cross section to the inclusive 2-jet cross section is a
observable proportional tas. In Ref. [§] the CMS collaboration has delivered this measurement
using an integrated luminosity of 5fb collected with the CMS detector during 2011. Figfire 3,
on the left, shows the ratiBg,together with the NLO predictions using the NNPDF2.1 NNLO
PDF sets for a series of values @§Mz). The result of a generalizeg? fit gives as(Mz) =
0.1148+0.0014exp +0.0018 PDF) +0.005Q T heory), dominated by scale uncertainties.
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Figure 1: On the left: the inclusive jet cross sections for the fivead#ht rapidity bins, for data (markers)
and theory (thick lines) using the NNPDF2.1 PDF set. On tghtrithe ratio of the inclusive jet cross
section to theoretical predictions using the CT10-NLO PBfer one rapidity bin, where thes(Mz) value

is varied in the range 0.112-0.126 in steps of 0.001. The bars correspond to the total uncertainty.
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Figure 2: On the left : the comparison of the measured 3-jet mass cext®B with the NLO prediction
multiplied by the NP correction factors for the two regiorsing the CT10-NLO PDF set. On the right: the
ratio of the measured 3-jet mass cross section in the inpatitaregion, divided by the theory prediction
at NLO while using the CT10-NLO PDF set and for different \edwfas(Mz) ranging from 0.112 up to
0.127.

The top quark pair production cross section in the dilepton chafhel [Grisits/e to the
mP%®andas. By constrainingn®'®to the latest average from direct mass measurements the de-
termination ofasis possible [[7]. Figurd]3, on the right, shows the predidtecross section at
NNLO+NNLL, as a function of the strong coupling constant, using fiveedéht NNLO PDF sets,
compared to the cross section measured by CMS assumiﬁgmﬁo'e. The result of the fit us-
ing the NNPDF2.3-NNLO PDF isis(Mz) = 0.1151:399 7 (exp) *3991%PDF) + 0.0013 mP°'®) +
0.0013Enc) F33958(PDF) and it is the most precise measurement at a hadron colider.
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Figure 3: On the left : the ratidRgotogether with the NLO predictions using the NNPDF2.1 NNLOFPD
sets for a series of values ag(Mz). On the right: the predictett cross section at NNLO+NNLL, as a
function of the strong coupling constant, using five differdNLO PDF sets, compared to the cross section
measured by CMS assuming s mP>'®.

Table[l summarizes the CMS collaboration measuremerts(dfz) . All results are in agree-
ment with the world average value;(Mz) = 0.1185+ 0.0006 [§]. These measurements are used
also to investigate the running of the strong coupling, by splitting the fitted rexgiearious bins
of pror mass, depending the observable. The extragt¢l;) values are evolved to the corre-
sponding energy scale Q using the two-loop solution of the renormalizatap @quation (RGE).
Figure[} shows the running of the strong coupling using the four CMS memasumts which cover
the 1 TeVregion, and also measurements from other experiments at lowkr dgviation of the
predicted running ofrsis observed.

Table 1: The CMS collaboration measuremetsas(Mz) .
Observable as(Mz)
Inclusive Jets 1185+ 0.0019exp) + 0.0028 PDF) & 0.0004NP) *5-35>>(scale
3-Jets 01171+ 0.0013exp) + 0.0024 PDF) + 0.0008 NP) *3-35¢5(scale

R3o 0.1148+0.0014exp + 0.0018 PDF) + 0.005Q T heory)
tt 0.115199%M exp *3 9913 PDF) + 0.0013mP*'®) + 0.0013 Ey )
+0.0009(PDF)
—0.0008!

3. Constraining PDFs

The inclusive jet spectrum measured by the CMS collaboration is also useohstrain
PDFs [B], and mainly the gluon PDF which is highly correlated to this obsevahis is demon-
strated in Fig[]J5 presenting the gluon (left) and sea quark (right) PDBsiveras derived from
HERA-I inclusive DIS data alone (dashed line) and in combination with CM&isne jet data
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Figure 4: The strong coupling running using the four CMS measuremevtiech cover the 1 TeV region,
and also measurements from other experiments at lower Q.

(full line). For the gluon distribution, the parametrization and model uncdaimre reduced
significantly for almost all x range, while for the sea quark distribution soadeiction in their
uncertainty is visible at high x.
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Figure 5: The gluon (left) and sea quark (right) PDFs versus x as défieen HERA-I inclusive DIS data
alone (dashed line) and in combination with CMS inclusivedigta (full line). The PDFs are determined
employing the HERAPDF method with@,;,, = 7.5 Ge\? selection criterion.

The muon charge asymmetry in the inclusive W production probes the vaigiack distribu-
tions. The asymmetry, as measured by CJ}S [9], is shown in[Fig. 6 (on theén&imparison to
NLO predictions calculated using the FEWZ3.1 MC tool interfaced with fodediht PDF sets.
The same figure depicts the u valence (center) and d valence (righk)djstibutions versus x as
derived from HERA-I inclusive DIS data alone (dashed line) and in doatlon with CMS muon
asymmetry data (full line). A reduction of the uncertainties and a change ghigtréution shapes
within the total uncertainties is observed.
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Figure 6: Comparison of the measured muon charge asymmetry (left).@ predictions calculated using
the FEWZ3.1 MC tool interfaced with four different PDF setsistiibutions of u valence (center) and d
valence (right) quark PDFs as function of x at the s@fe= mg,. The results of the fit to the HERA
data and muon asymmetry measurements (light shaded badp #IERA only (dark hatched band) are

compared.

4. Conclusions

The CMS collaboration has already provided four measurements of thg stoaipling con-

stant based on different observables. All measurements are in goeenagnt with the world
average value and the runningafis confirmed for the first time at the TeV scale. The inclusive
jet spectrum and the muon charge asymmetry in the inclusive W productiordstagprovide
additional constraints to PDFs, thus improving the gluon and the valenck-dgjs&ibutions.
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