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1. Introduction

In these proceedings several measurements of differential propettiesollision events in
\/S=T7 TeV collisions at the ATLAS experiment at the LHC are presented. Iti@e2 differen-
tial measurements of various kinematic spectrat gfairs are presented. Comparisons are made
with the predictions of a number of Monte Carlo generators as well as with L@ ptedictions
of MCFM [1]. The prospects for using such measurements to constraiorFaistribution Func-
tions (PDFs) are discussed. In Section 3 measurements of the multiplicity afraxiiated jets
are presented. These measurements are compared to the predictiorarietyaof Monte Carlo
generators and showering tunes. Finally, in Section 4 a measurementficdtien of events with
extra radiated jets that are heavy flavour (charm or bottom) is presentedaenpared with the
predictions of various generators and showering tunes. All of thessureraents are important to
understand the backgrounds for many new physics searches.

2. Measurements of differential kinematic spectra

ATLAS has published three measurements of kinematic quantities involving tsggusing

2.05 fot of /s= 7 TeV data [2]. These measurements are of the invariant mags b+, and
rapidity (y) of thett system in the decay channel with a single prompt lepton. The ATLAS detector
itself is extensively documented elsewhere [3]. Events are requiredécgiéeast four jets, exactly
one electron or muon, lxtagged jet, and to pass a requirement on the missing transverse energy to
reject events with fake leptons. A kinematic likelihood fit is also performeddomnstruct the top
guark andV boson masses in the event from the reconstructed objects. This fit isaetm pass
a minimumx? probability for consistency with & pair hypothesis.

Each of the measured quantities for the analysis are reconstructed wsimegdsured jets, lep-
tons and missing transverse energy. However these quantities haverbeared by the imperfect
reconstruction and resolution of the detector. An unfolding procedunrects for these effects:

%Mﬁl('\'j —Bj)
AL
whereg; is the cross section forta pair to be produced with true kinematic properties in bin

i after final state radiatiorVlj; is a migration matrix that determines the probability for an event

in bin i to be reconstructed in bip, N; is the number of reconstructed events in IpjrB; is the

number of estimated natt-background events in bij A is the probability (*acceptance”) forta
pair to be produced and decay in a manner that leads to its identification@rsteiction in bin

j, and [ .Z is the integrated luminosity of the data that is analyzed.

It is expected that the data from analyses such as this could be usedsttaco®DF mod-
eling uncertainties. However, in addition to PDFs, other modeling uncertaintegling scale
uncertainties, the strong coupling constang)(uncertainty, the top mass uncertainty, and the LHC
beam energy uncertainty [4] must be considered. Comparisons ofl#diveesize of the sources

of modeling uncertainty have been made [5]. They are shown basedthpgmedictions of the
NLO NNPDF 2.3 PDF set interfaced with NLO MCFM in Figure 1. It can bengbat while PDF
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Figure 1: Relativett modeling uncertainties on the differential cross secti®a function ofmg (a) andy;r
(b) are presented using the NNPDF 2.3 PDF set. Further degil be found elsewhere [5].
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Figure 2: Kinematic distributions are compared between the data dr@d MCFM interfaced to five dif-
ferent NLO PDF sets. In this figure the vertical width of therpe for each model represents the size of
all modeling uncertainties added in quadrature. The thstions that are shown represent (a) the invariant
mass of thet system and (b) the rapidity of thesystem. Further details can be found elsewhere [5].

uncertainties are the dominant modeling uncertainties for the rapidity distribatiloer important
uncertainties may effect theg distribution to a greater extent.

The fully unfolded data is compared to the predictions from five PDF sets iné&R) In each
case ay? probability is evaluated for consistency between the data and the modelidigtjme,
accounting for correlations between each bin in the data. Even accotmttialh sources of mod-
eling uncertainty, it appears that the discrepancies between the preglicfivarious PDF sets are
large enough that more precise data measurements in the future may be gsedttain which
PDFs are correct.
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3. Measurements of the multiplicity of radiated jets

A differential analysis of jets it events in the single lepton decay channel has been per-
formed at ATLAS [6] using 4.7 fb! of \/s= 7 TeV data. The selection requirements are similar
to those of the kinematic differential cross section measurement of Sectiom&ewvdr, due to
combinatoric difficulties in many-jet final states, no kinematic fitter is run to rsiraot the top
quark decays. Instead the number of observed jets is simply comparedpitbtations.

The number of reconstructed jets are unfolded to the number of expetdejstered using
stable, final state particles. This unfolding is done according to the follofeimgula:

M f (3.1)

i g i i i j j
Npart— fpart!reco reco— part ‘recolpart 1Eaccept(NreCO_ Nbackgrounéi

Here,NrjeCOis the number of events withreconstructed jemkj)ackgrounds the number of

non+t background events‘,écceptcorrects for the acceptance of non-jet based selection require-

ments, frjeco'partcorreCtS for events which pass the reconstructed jet requirementobthen

particle-level jet requirements/,lirjeco_) part is a matrix that corrects for the jet resolution effects
that may lead to a different number of reconstructed jets than particle jetsiuea gvent, and

f;i)artlrecocorreCtS for events which are identified at parton level but are nonisgoucted. Finally,

Nbart is the resulting unfolded distribution of the number of parton jets.

Unfolded results are compared to the predictions of a wide variety of gererand showering
schemes. In Figure 3a a comparison is made with@eN showered with PTHIA under a variety
of settings for the strong coupling constarg. A strong dependence on the number of radiated
jets is observed, and it is observed that a lower setting leads to the bestragt with data.
In Figure 3b comparisons are made with additional generators including MC@showered
with HERWIG, POWHEG showered with PTHIA, and ALPGEN showered with EHRwWIG. Decent
agreement is observed with most generators except for MC@NLO pawswts. It may be that
the HERWIG showering underestimates the number of radiated jets when coupled with M@@ N
while it leads to good agreement in association with jets from the matrix element PG AN.
Additional comparisons with highgrr jet thresholds [6] also lead to the same observations.

4. Measurement of the flavour of radiated jets

One of the most significant backgrounds to searches for many newgses, including the
associated production ¢f with a Higgs boson, is the production tifevents in association with
one or more heavy flavour radiated jets. The flavour of radiated jets atiasi®n withtt has been
measured in/s= 7 TeV collisions [7]. This analysis is performed in a channel with two leptons
plus missing transverse energy in order to minimize the presence of charimgiesse occasionally
misidentified ad jets in a single lepton analysis. At least two jets lttagged, and a third jet is
also required to be present. Studies of all three jets must be performeel ifcose of them might
be an extra radiated heavy flavor jet. Overall the analysis then measargsahtityR,:

_ o(tt+HF jet)
P70 o(ti+jet)

, o(tt+HF jet) = f't';g (4.1)
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Figure 3: Unfolded jet multiplicity distributions in single lepta events are compared between data and
a variety of generators and showering schemes. The domimaettainty in the data is the jet energy scale
uncertainty. Further details can be found elsewhere [6].

wherea (tt +jet) represents the cross section to produtiepair in association with a particle
jet, anda (tt + HF jet) represents the same cross section but where the extra jet is initiated by either
a charm or a bottom quark. Here, the cross-sections are defined isubéway, based upon the
number of events divided by the integrated luminosity and the selection efficien

The denominator on the left of Equation 4.1 is measured simply by simply coungngutin-
ber of events with twd-tags, subtracting the expected backgrounds, and unfolding to a cross
section result. For the numerator, however, it is necessary to measumartiteer of these events
that have an extra heavy flavour jet. To do this the invariant mass distrilnftive reconstructed
secondary decay vertices within theiagged jets is formed. The distribution for tagged jets that
originate from direct top decays is taken from control regions in the ddtéde the distributions
for extra radiated tagged jets ihevents and from background processes is modeled in the simu-
lation and validated in control regions of the data. This distribution is formedreetregions of
increasingo-flavour purity based upon the tightness of the tagger that is used, ahdeslregions
are fit to determine the number of radiated heavy flavour jets in the dataas #h&igure 4.

The fit of Figure 4 is performed using separate templateb,forand light flavour tagged jets.
However due to the limited number of events in the 7 TeV dataset, the statistichlti@s of the
number of radiated) or cjets is poor when the flavours are considered individually. Instead the tota
number of heavy-flavour+-cjets is measured. This choice leads to a complication, however, when
evaluating the cross section for the process because the accepfaneeraffactore, includes the
probability for the heavy flavour jet to be tagged. Sirecess much larger fotb-jets than it is for
c-jets, the resulting heavy-flavour cross-section is strongly depermenhat fraction &, /,-) of
the radiated heavy flavour jets originate frdmjets. The effects of this on the analysis resBlf;,
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Figure 4: The distribution that is fitted in order to determine the nembf heavy-flavour jets that are
radiated in association witl pairs. The invariant mass of secondary verticeb-tagged jets is fit in three

regions ofb-flavour purity to determine the fraction of events with extreavy flavour jets. Further details
can be found elsewhere [7].

is illustrated in Figure 5. The measuregl, value from the three-component fit of Figure 4 with
the unphysical value of -0.02 is shown, along with the significant statistica@ntainties. This fit
result is consistent at roughly the two sigma level with the LO predictions fta@wents generated
with MADGRAPH or with ALPGEN plus HERWIG. The simulated value d#, - from ALPGENis
therefore used to determine the baseline analysis result, and an asymnmsginayc modeling
uncertainty is taken that covers the analysis result that arises if the redatata value foF,

is used instead. This modeling uncertainty fgjA,- ends up being the largest uncertainty of the
analysis.

R.e Is measured to bé7.1+ 1.3 (stat 2:8 (syst)%, consistent with the LO predictions of
(3.4+1.1)% using ALPGEN plus HERwIG and (5.2 + 1.7)% using PWHEG plus HERWIG. Fu-
ture measurements using more statistics will allow for the simultaneous measudrttenindi-
vidual b andc flavour fractions with higher statistical precision and without the currelintiyting
uncertainty fromR, .

5. Conclusions

Measurements of a variety of differential distributions usifig= 7 TeV collisions at AT-
LAS have been presented. Measurements of the kinematic distributithpaifs show promise
for constraining PDF uncertainties if experimental uncertainties can lieeedn future measure-
ments. Measurements of the multiplicity of jetstinevents provide important information for
validating different generators and shower models. Finally, a first nnemnt of the flavour of an
additional radiated jet itt events has been performed. While experimental uncertainties are signif-
icant, they promise to become much smaller in future measurements with additidisdilcstaAll
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Figure 5: The dependence of the measured fraction of radiated jétseirents that are heavy-flavouR,e,
depends strongly on the fraction of these heavy-flavouthetsoriginate fronb jets rather thaie jets (5, )

as shown in the red distribution. The fitted valueFgfy is shown in the solid vertical black line at -0.02.
This negative value, while unphysical, has significantigiaal uncertainties. This is shown in the yellow
(green) band that represents a 1-sigma (2-sigma) statisticertainty. Also shown are the leading order
predictions off, ;- according tdt events generated usingAWGRAPH and ALPGEN.

of these measurements are important for understanding backgrouhdsettkay to a wide variety
of searches for new physics.
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