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1. Introduction

Jet measurements at the LHC experiments are of great importance foalseasons: they
provide a test of perturbative Quantum Chromodynamics (pQCD) in aqugly unexplored en-
ergy region, and test the Standard Model (SM) predictions at higlggrsales. They provide
a precise measurement of the main background for many of the new plgsicshes. Jet mea-
surements can also be used for the determination of the strong couplirtgripag(Mz), test its
running at high energy scales, and provide constraints on the pamsityd&inctions (PDF’s).

In this proceedings, two new CMS measurements sensitieg(tilz) are reported. The ra-
tio of the inclusive 3-jet cross section to the inclusive 2-jet cross sediprafd of the double-
differential cross section of 3-jet evenf} [2]. Both measurements aekfos the extraction of the
strong coupling constant. The data sample was collected during 2011 atioa{proton centre-
of-mass energy of 7 TeV with the CMS detectfdr [3] at the LHC, corresimgnth an integrated
luminosity of 5.0 fb L.

2. The measurements

The ratioRs; of the inclusive 3-jet cross section to the inclusive 2-jet cross sedfiias firo-
portional toas(Q) whereQ is defined as the average transverse momentum of the two jets leading

in pr,

Q= (priz) = P2 @.1)

Many theoretical systematic uncertainties related to the choice of the renaaticaliand factor-
ization scalesy, and u;, or to nonperturbative effects are reduced in the cross section ratio. |
addition, experimental uncertainties such as those due to the jet eneftgyagely cancel in
the measurement &3, . The uncertainty on the integrated luminosity measurement cancels com-
pletely. The ratidRs» also voids direct dependence on PDFs and the renormalization groatiatu
(RGE) of QCD.

Figure[] on the left shows the measuremerRgfand next-to-leading order (NLO) predictions
using the NNPDF2.1-NNLO PDF seff| [4]. The upper panel of the plowshbe ratioRs, (solid
circles) together with the NLO prediction (solid line) corrected for nonpbsdtive (NP) effects,
the scale uncertainty, and the PDF uncertainty. At the bottom panel it isnstih@aratio of data to
the theoretical predictions, together with bands representing the scétledtines) and PDF (solid
lines) uncertainties. The error bars correspond to the total uncertaityin uncertainties the
NNPDF2.1 PDF set is able to describe the data. The same stands also fetitapredictions
employing the MSTW200d]%] 6], and CT1[3 [7] NNLO PDF sets.

At Figure[1 on the right it is shown the NLO predictions using the NNPDF2NL-8 PDF set
for a series of values afs(Mz) , together with the measurd®s,. The as(Mz) value is varied in
the range 0.106-0.124. The figure demonstrates the sensitivity of th&gatmoas(Mz) .

The value ofas(Mz)is determined by minimizing thg? between the experimental mea-
surement and the theoretical predictions. The result of the fit to the re§id@0-1390 GeV is
as(Mz) = 0.1148+0.0014(exp.) +0.0018(PDF) "5.9353(scalg with x2/Ngof = 22.0/20 at min-
imum. The experimental uncertainty contains the statistical, jet energy sc&¢, @it unfold-
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Figure 1. On the left the measurement B, and NLO predictions using the NNPDF2.1-NNLO PDF set.
In the upper panel, the ratisz (solid circles) together with the NLO prediction (solid déincorrected for
nonperturbative (NP) effects, the scale uncertainty, &aedRDF uncertainty are shown. The bottom panel
shows the ratio of data to the theoretical predictions, ttogrewith bands representing the scale (dotted
lines) and PDF (solid lines) uncertainties. The error barsespond to the total uncertainty. On the right,
the NLO predictions using the NNPDF2.1-NNLO PDF set for aeseof values ofrg(Mz) , together with
the measure®s, . Theas(Mz) value is varied in the range 0.106-0.124.

ing sources, with the JES uncertainty being the dominant one. The meastiisndeminated
by the theoretical uncertainties and is in agreement with the world averdge obas(Mz) =
0.1184+0.0007 [B].

The second measurement, reported in these proceedings, is the diffgbéxtial 3-jet mass
cross section[]2] as a function of the invariant magsnd the maximum rapiditymaxof the 3-jet
system with

me? = (p1+ P2+ pa)° (2.2)

Ymax = Sign(|max(y1,Y2,Y3)| — [min(y1,Y2,¥3)|) - mex(|ya|, [y2l, [ya|) (2.3)

wherep; andy; are the four-momentum and rapidity of the i-th jet leadingyifn The measurement
is done in two rapidity bins withymax| < 1 and 1< |y|max < 2. For this observable the LO process
is proportional taors® and theory predictions are available up to NLO such that precise compsiriso
to data are possible. Constraints on the PDFs of the proton are studied srektracted from the
lVmax| < 1 bin, which exhibits the smallest experimental uncertainty.

Figure[ presents the comparison of the unfolded 3-jet mass distribution tL{Bepredic-
tion employing the MSTW2008-NLO PDF set and multiplying by the NP correctatof. It is
observed that pQCD is able to describe the 3-jet mass cross sectionveverders of magnitude
and for 3-jet masses up to 3 TeV. To better judge potential differendesbe data and theory, the
ratios of the measured cross sections for the inner rapidityyiinx < 1 to the theory predictions
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are presented in Fifj] 3. Results are similar also for the outer rapidity Bifylnax < 2. Within
uncertainties most PDF sets are able to describe the data. Small deviationsitdeewith the
HERAPDF1.5 NLO sef[]9]. Significant disagreements are exhibited by Bid 2. PDFs [1]].
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Figure2: Comparison of the unfolded 3-jet mass cross section witNtt@ prediction times NP corrections
for the two considered regions j§|maxusing the MSTW2008-NLO PDF set. The error bars represent the
total experimental uncertainty.

Concidering the PDFs as external input, the value4tMz) can be determined by minimizing
the x? between the experimental measurement and the theoretical predictionsstilief the fit
is as(Mz) = 0.1160+99353 (exp, PDF, NP) 39988 (scalg, with x2/Ngor = 9.11/26 at minimum.
The measurement is dominated by the theoretical uncertainties and is in agte@thehe world
average valugJ8].

To investigate the running of the strong coupling constant in more detail, the: féi¢gon of
the Rzpand of the 3-jet mass cross section is split into three and eight bins, reggctind the
fitting procedure is repeated in each of these bins. @§@1z) determinations are then evolved
back to the corresponding valuasg(Q) using the solution to the RGE.

Figure[4 shows the comparison of tbg(Q) evolution as determined in the 3-jet mass cross
section analysis from all measurement bins at central rapidity (curve wiértainty band) to the
world average (upper curve). The error bars on the data pointesymrnd to the total uncertainty.
The results from th&s, analysis [[L] and a new CMS result framproduction [1]L] are also shown.
In addition an overview of measurements of the running of the strong cauginstantis(Q) from
electron-positron collider experimen{s[12] {3] 14], electron-protgesments [I5[ 16} 7], and
proton/anti-proton collider experimen{s [18] 19] is presented. All threeSGdults are consistent
with the evolution of the strong coupling as predicted by the renormalizatiampgequation and
with the world average oos(Mz) and extend the covered range in sd@lep to the value of 1.4
TeV.

Data are also suitable to constrain the PDFs. To demonstrate this, Higureehigrthe corre-
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Figure 3: Ratio of the unfolded 3-jet mass distribution to the theamydiction including NP effects using
PDF sets with NLO (left) or NNLO (right) PDF evolution in tharer rapidity bin|y|max < 1. The data
are shown with error bars representing the statistical tacgy and gray squares for the systematic uncer-
tainties. The PDF uncertainty is shown for the CT10 PDF sé8& confidence level as yellow band. In
addition the central predictions are displayed for the oftier examined PDF sets MSTW2008, NNPDF2.1,
HERAPDF1.5, and ABM11.

L=50fb" /s =7TeV

- i i T T T i I
S 0220 S o o e [—— JADE 4-jet rate
s —— LEP event shapes
0.20 Pobs. - B Beeeeeee Beeeeeeen e i —O— DELPHI event shapes H
\ : : : : )[—O— ZEUSiinc. jets
0.18 FIHE = N L o o |~ H1DIS ]
' : : : |—— Doinc. jets
: : : : ‘| —7— Do angular cor.
016 LN - """" ‘ aS(MZ) ~ 0,184 + 0.0007 (wbrld avg.)
; as(Mz) = 0.116070:09%2 (3-jet mass)
0.14 } [ NS X S R \
012 e SESTEPTR S ST bocoenneeness STRTRE e
0.10 H—@— CMSR32ratio |------ SRTPRRRIE RRRREY bl e
—l— CMS ¢t prod. : : : :
0.08 H —0— FMS 3'letlmass ,,,,,,,,,,,,,,,, R R SR 1 ,,,,,,,

i
5-10*  10* 2-103
Q [GeV]

i i
5-10° 10 2-10! 5-100 10 2-10?

Figure4: Comparison of thers(Q) evolution as determined in the 3-jet mass cross sectiorysisdtom all
measurement bins at central rapidity (curve with uncetyddand) to the world average (upper curve). The
error bars on the data points correspond to the total uringrialrhe CMS results from thBs, analysis [Il]
and fromtt production ] are also shown. In addition an overview ofsi@ements of the running of the
strong coupling constaris(Q) from electron-positron collider experimen@[ , ldlectron-proton
experiments([15, 34, 17], and proton/anti-proton colligeperiments[[4d, 9] is presented.
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lation coefficientp; (x, Q%) between the 3-jet mass cross sectimg (x, Q%) andx times the parton
distribution functionf;(x, Q%) as derived from the replicas of the NNPDF2.1 PDF set. The resulting
correlation coefficients are shown for the up- and down-quark, amdltion in the inner rapidity
bin |y|max < 1, and demonstrate the potential impact at higim particular for the gluon between
0.05< x < 0.5. The correlations behave similarly in the outer rapidity bin.
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Figure5: Correlation coefficienp; (x, Q%) between the 3-jet mass cross sectipg (X, @?) andx times the
parton distribution functiorf; (x, Q%) as derived from the replicas of the NNPDF2.1 PDF set. Theetation
is presented for the up (left), down (middle) and gluon (fjgiarton distributions in the inner rapidity bin
Y|max < 1.

3. Conclusions

Two new CMS measurements sensitive to the strong coupling constanpareetk the ratio
of the inclusive 3-jet cross section to the inclusive 2-jet cross sectimhoithe double-differential
cross section of 3-jet events. Both measurements are used for theiertizdhe strong coupling
constant, with the results found to be in agreement with the world average. \/luthermore the
two measurements serve as a test of the evolution of the strong couplinguaoasthe 1 TeV
region, where no deviation from the expected behaviour is observésialso demonstrated that
these data are suitable to constrain the PDFs.
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