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1. Introduction

In leading-order (LO) perturbative Quantum Chromodynamics (pQg¢&D}roduction in pp
collisions occurs when two partons interact via the strong force to peotiue final-state outgoing
partons which manifest themselves as hadronic jets. Events with three or sdretfe final state
originate from hard-gluon radiation and other higher-order QCD m®ee The understanding
of multijet production is of great inportance because QCD-induced pseseconstitute, in some
cases, the dominant backgrounds for signals of new physics at the LHC

In this paper, three new measurements sensitive to QCD multijet productiare@oeed,
using data collected with the CMS detectfr [1] during 2010. The dijet azimdéwdrrelations,
the hadronic event shapes and the ratio of the 3-jet to 2-jet productiss-sections confront the
QCD multijet dynamics at a previously unexplored kinematic regime. The dateoanpared to
various QCD Monte-Carlo (MC) generators.

2. The measurements

The dijet azimuthal decorrelations can be used to study QCD radiatiortsetieer a wide
range of jet multiplicities. The observable chosen, is the differential dig$scsection in the
azimuthal separatioAggijet between the two leading jets, normalized by the dijet cross section
integrated over the entirA¢gie: phase spacel/ dgiet) (d0gijet/dAdgiet). The normalized dijet
cross section is measurefd [2] in bins of the leadng® using the first 2pb ! of data. The
measurement provides an indirect handle on the multijet production Aifw;e; values close tat
denote back-to-back dijet production, while value271/3 denote the multijet regime.

Figure[1, on the left, shows the normalizAdie; distributions in severapr™® regions, to-
gether with predictions fronPYTHIAG, PYTHIA8, HERWIG++, andMADGRAPH MC generators.
The predictions fronPYTHIAG6 andHERWIG++ describe the shape of the data distributions well,
while MADGRAPH (PYTHIA8) predicts less (more) azimuthal decorrelation than is observed in the
data. The same figure, on the right, shows the ratios of measured normafiggeldistributions
to NLO pQCD predictions. The NLO predictions provide a good descripticthe shape of the
data distributions over much of thdgiie: range. Compared to the data, the reduced decorrela-
tion in the theoretical prediction and the increased sensitivity tqthend u; scale variations for
Aggijet < 271/3 are attributed to the fact that the pQCD prediction in this region is effectaedit-
able only at leading order, since the contribution from tree-level fautem final states dominates.

The hadronic event-shape variables provide information about the QCtethproduction.

The central transverse thrust is definedragy = 1 — max;, % wherep ; is the transverse
momentum of selected jét The axisnt which maximizes the sum, and thus minimizes;, is
called the thrust axist . Two-jet events that are well balanced have low values of this variable,
while isotropic multijet events have high values. The measurerfient [3] haspeermed using

3.2 pb*1 of data, and for three different momentum bins of the leadingyjet

Figure[2, on the left, shows the distribution of the logarithm of the centrabwense thrust
for events with leading jepr between 125 and 20GeV/c, from data and PTHIAG, PYTHIAS,
MADGRAPH, ALPGEN, and HERwIG++ MC generators. In the same figure, on the right, the ratio
between data and the different MC generators samples is shown. viiteA6 and HERwIG+H+
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Figure 1. On the left, the normalizedggie: distributions in severapr™® regions. The curves represent
predictions from four MC generators. The error bars on th g@ints include statistical and systematic
uncertainties. On the right, the ratios of measured nomadhgyjje; distributions to NLO pQCD predictions
with non-perturbative corrections in seve@™® regions.
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Figure 2: On the left, the distribution of the logarithm of the centraihsverse thrust for events with leading
jet pr between 125 and 20B8eV/c, from data and five MC simulations. The error bars on the datatp
represent the statistical uncertainty on the data, andhhdexl bands represent the sum of statistical and
systematic errors. On the right the plots show the ratio betwdata and the different simulated samples.
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predictions agree with the measurements in all three momentum bins, whileLtheEA and
MADGRAPH curves deviate from the data as a result of an overestimate of the frattiacloto-
back dijet events, which enter the lower tail of the distributions. Th&H?A 8 predictions agree
with the measurements in all bins of the event-shape variables except in Heshign, where an
underestimate is observed (only 0.5% of all events).

The measuremeiRs; of the inclusive 3-jet to 2-jet cross section ratio is another direct prbbe o
the multijet production. The measurement has been perforfhed [4] usintegreited luminosity of
36pb ! and expressed as a function of the scalar sum of the jet transverse tadinen ZiNzl PTi-
Figure[B, on the left, shows the measuRed (solid circles) as a function dfir and the prediction
of PYTHIAG, PYTHIA8, MADGRAPH, ALPGEN, and HERwIG++ (curves) MC generators. In the
same figure, on the right, the ratios of the predicked value from the MC generators to the
measured value is shown. All models considered in this study are consigtarthe data for
Ht > 0.5 TeV. The predictions of MD GRAPH are in agreement with the measufeg throughout
the range of this measurement.

ST L B L B I 15— —_— —
o 4 cMS L,,=36 pb™* - 8 o cMs PYTHIAS tune Z2 .
r . VY eemmeaa PYTHIAG tune D6T .
- i-K ; R=0.5 —]
\E=7Tev anti-K ; 1 5 14 T Vs=7Tev — — = PYTHIAB tune 2C R
[ o N ] s E L =36 pbt — MADGRAPH + PYTHIAG6 tune D6T E
0.8 ,f——'-.‘,;;?fﬁ' e Ceeer| 13k =30 P ALPGEN + PYTHIAG tune D6T -
[ g ] B antK R=05 oo HERWIG++ tune 2.3 .
L '/',_‘ i :\ Combined Statistical and Systematic Uncertainty .
06 7 ] L2E E
L = v g =]

L Data 1.1FAs P

PYTHIAG tune 22 RN . s =
04 PYTHIAG tune D6T N z \u\\f-\:’;m‘,\ § ’4‘2 : .
¥ — — - PYTHIAB tune 2C = N NIER AT ~ =
} — © — MADGRAPH + PYTHIAG tune D6T 1= /- S — NN = =
~ieiim ALPGEN + PYTHIAG tune D6T F* ~ NN\~ 3
0.2 e HERWIG++ tune 2.3 — - 7
Systematic Uncertainty 0.9+ —
i c E
ol Lo v v b b b 0.8 c . . 1 P | I L P P | L L | =

0.5 1 15 2 25 0.5 1 15 2 2.5

H, (TeV) H, (TeV)

Figure 3: On the left, the measurdgb, (solid circles) as a function dft and the prediction of five different
MC generators (curves). On the right the ratios of the ptediBs» values from the MC generators to the
measured value.

3. Summary

CMS has performed various QCD multijet studies using the 2010 data frotarppwoton
collisions at a centre-of-mass energy of 7 TeV. The dijet azimuthal deations, the hadronic
event shapes and the ratio of the 3-jet to 2-jet production cross-sectioifiront the QCD multijet
dynamics at a previously unexplored kinematic regime. The predictionsriofugaQCD Monte-
Carlo generators are in good agreement with data. The small discrepavithiedata, which have
been observed, can be used for further tuning of these widely usegdvi€rators.
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