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Event shape variables exhibit sensitivity to the structure of QCD radiation in hadron collisions. Five infrared- and collinear-safe event shape variables, each sensitive to
the different features of multi-jet production, are measured using hadronic jet data collected with the CMS detector from pp collisions at Ns = 7 TeV, corresponding to a
total integrated luminosity of 5 fb™'. The measurements are compared to predictions of various QCD-inspired event generators of multi-jet production.

Introduction mm—{ /nfolding and systematic Uncertainties

<+ Event shape variables are geometric properties of the energy flow in hadronic final

states In order to unfold the measured distributions from the detector level to the generator level, a response

matrix is formed using simulated events. The D’Agostini method [5] is used to unfold the collision data,
Many of these are collinear- and infrared-safe, as well as robust with respect to using the response matrix obtained from the fully simulated sample of events with PYTHIA6 generator

mismeasurement of soft or close-by particles. with tune Z2

Systematic uncertainty:
They are sensitive to the details of the features of quantum chromodynamics (QCD) and Unfolding
used to calculate a in e’e collider [1].

Jet Energy Scale
Jet Energy and Position Resolution

Due to lack of knowledge in initial momentum of the partonic system in hadron collider,
a large set of event shape variables measured in the transverse plane, has been proposed
which are sensitive to different radiation features in proton-proton colliders [2]. Results

These variables are normalized to the sum of the measured transverse momentum of all
reconstructed objects in the event to reduce the main systematic uncertainty due to the
jet energy scale.
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These measurements have improved the understanding of the structure of QCD and
have been used for the tuning and validation of various QCD inspired Monte Carlo (MC)
event generators.
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Event Shape Variables
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MC / Data

Transverse The event thrust observable in the transverse plane is defined by:
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where p.j represents the transverse momentum of the i-th jet, and n is the unit vector
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Comparison between data and
various Monte Carlo models, in
events with 320 < p, <390 GeV/c

for the leading jet
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that maximizes the projection (transverse thrust axis).
In the limit of a perfectly balanced two-jet event, T, is zero, while in isotropic multi-jet
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events it is (1 - 2/n).

Jet Having determined the transverse thrust axis n, the transverse region is separated into an

Broadenings upper part C;, consisting of all jets with p..n > 0, and a lower part C, with p..n; < 0. The
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pseudo-rapidities and the azimuthal angles of the axes for the upper and lower regions are
defined by:

MC / Data

Z;‘Erﬂx PLilli Zfeﬂx pPLiQi
. ;,?}X —
Zfeﬂx PLi Zfeﬂx PLi

nx =

where X refers to upper (U) or lower (L) part. The broadening in the two regions are then
defined as CMS Preliminary , CMS Preliminary pp, ¥5 =7 TeV CMS Preliminary
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where P is the scalar sum of the transverse momenta of all the jets. The total jet
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broadening is defined as
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Jet Masses For the same definitions of upper and lower regions, the normalized squared invariant
mass is defined by: 2
1
PX = P2 Z Pi
1€Cx
where P is the scalar sum of the momenta of all the constituents (pj) in jets. The jet mass is
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defined as the sum of the masses in the upper and lower regions, porc = PU -t pL, CMS Preliminary
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Similarly, the corresponding jet mass in the transverse plane, defined to be the two
dimensional jet mass p',, , is also calculated.
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Jet Resolution The third-jet resolution parameter is defined as _ min(R? x p? 3, min(py;, p1j)? x AR?) o
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Comparison between data and
Pythia8 with effect of ISR, FSR
and color connection, in events
with 320 < p1 < 390 GeV/c for the

leading jet
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where AR = (i —1;)° + (4 — &j)*, p. , is the transverse momentum of the third jet in the
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event, p_ ;) Ny and ¢, are the transverse momentum, pseudo-rapidity and azimuthal

IR
ArTT

angle of the i(j)-th jet respectively. To compute P,,, three jets are merged into two using

the k-algorithm[3,4] with a cone-size of R (= 0.6); P, is then defined as the sum of two

remaining jets’ transverse momenta. If there are more than three jets in the event, they are

iteratively merged using the same procedure as above in order to form two jets. ] , o T
- An extended set of event shape variables in multi-jet events: T,,c, Biot ¢ Prot,C, P tot, C and Y3 o

have been studied in detail and compared to simulated events using several different event
generators.

vent Selection and Monte Carlo Sam . For the central thrust, all generators show an overall agreement with data to within 10%, with
PYTHIAS8 and HERWIG++ exhibiting a better agreement than the others.

This analysis uses events collected with Range of p, 1 | Luminosity | Number of Fraction of events (%) . Variables which are sensitive to longitudinal energy flow in the event show a larger disagreement
single-jet triggers, where the p. of at least (GeV/c) (pb_ll events | Niy =2 | Nijy =3 | Ny =4 | Ny > 4 between data and theory, with the predictions of PYTHIA6 showing the worst agreement.
one jet is above a certain threshold. 110-170 0.403 96833 32.6 7.8 1.7

Events are divided into five bins of p_ , 170 - 250 7.15 228854 37.7 14.6 4.7

250 - 320 153 601554 37.8 19.1 8.3
320 - 390 521 497827 170 712 10.9 for Y,; - compared to other tunes of PYTHIAG®.

. The predictions of the virtual-ordered PS generator PYTHIA6 tune D6T show better agreement

with data for the event shape variables that make use only of the jet p,, but has worse agreement
and each bin utilizes data from one trigger

path. The choice of ranges of p. , has been

1
> 390 5 fb 2234304 »6 | 25 | 135 . The predictions from MADGRAPH agree well with the data.

determined by the trigger criteria.
-  Modeling of color connection between soft scatters and beam remnants, ISR, and FSR are the

_ Monte Carlo Samples
Jet selection criteria major sources of the discrepancies between the data and the various QCD event generators.

_ o MC Generator Tune Description
o Remove events with noisy jet

: : e Pythia6.426 D6T virtuality-ordered parton showering (PS) and based -
o Event shapes are calculated with all jets within S W
‘ ] ‘{ 2.4 and pL > 3DGEV/C PERUGIA-PO | p, -ordered PS based on LEP and Tevatron data.
. - = FiETEIISE oE ITESEEW Bs AT Continue this work with 8 TeV data and Measurements of «
o At least one Jetin both hemlsphere Pythia8.153 TUNE4C p -ordered PS and an UE description based on the S

multiple parton interaction (MPI) model of PYTHIAG

interleaved with initial and final state radiation. REfEl‘enCES
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