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1. Introduction

The measurement of the inclusive jet and di-jet cross-sectiondwgttark content tests theory
predictions and is the first step in understanding other processes iryahgnproduction ob-
guarks. For example, processes likgets produced in association witl or Z bosons represent
substantial backgrounds in many searches for new physics at the LHC.

On the other hand, exclusihadron cross-sections offer a cross-check and additional com-
parisons with hard-scatter models. CertBthadron decay channels can be used as references for
rare, more interestinB-decays, therefore their exclusive cross-section is of particulaestter

2. Detector and tools overview

The mostimportant parts of the ATLAS detector for measurements invdiwvjets and hadrons
are the Inner Detector (ID) and the Muon Spectrometer (MS). The fdoewause precise tracking
near the interaction point is crucial for identifying thelecay products, and the latter because, in
studies withb-jets containingl/( 's, the final products of thé/( are a muon pair. More details
about the ATLAS detector and its performance can be found in Ref. [1].

The ID consists of detectors of three different technologies for optimsitipn measurement
and track reconstruction and it is immersed in a 2T solenoid magnetic field. Thermmhomscale
measured in the ID is accurate to about 0.1% at low energy and about 184199 GeV, where
alignment becomes the dominant effect. The primary-vertex resoluti@(Léum).

The MS consists of chambers of four different technologies for optimalmmaconstruction
and triggering and it is immersed in a toroid magnetic field with an average streh@th T. The
muon reconstruction efficiency is almost 100% far> 4 — 6 GeV and the fake rate is-0.1%,
and they have been both measured with data-driven methods. The momestlation for 50
GeV muons is~5%. For details about the muon reconstruction and its performance, §¢@Re

Muon tracks are first reconstructed in the MS and then extrapolated tDilehere they are
combined with an ID track. These are the best-quality muons (“combined’rder to increase
efficiency, reconstruction can start from a track in the ID, which is themhkined with a track
segment in the first station of the MS to create the “tagged” muons. Both thogetanstruction
approaches have been used in the following analyses.

2.1 Track-based b-tagging

The track-basel-jet identification b-tagging) relies on the long lifetime &hadrons. In par-
ticular, secondary-vertex-based algorithms explicitly try to reconstracvéntex of theb-decay.

The algorithm used here (“SV0”) starts from two-track vertices andigreed decay-length signif-
icance is its b-tag weight of the jet.

The tracking performance is crucial fortagging. It can be seen in Fig. 1 and Ref. [3] that
the transverse impact parameter significartz @q,), which is the most important quantity for
track-basedb-tagging, is in pretty good agreement with Monte Carlo simulation (MC). Theeagr
ment for low trackpr’s shows a good understanding of the detector material, whereas the slight
disagreement at highgx’s is due to residual misalignment which is constantly being improved.
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Figure 1. Transverse impact parametek) significance signed with respect to the jet axis (left) asd i
resolution as a function of tragikr convolved and de-convolved with the primary-vertex resofu(right)
for data and MC.

The SVOb-tagging efficiency has been measured with the data-dp&method [4]. First
jets containing one or more muons are selected, which are naturally edhartendependent
of any track-based-tagging. Then the relativer of the muon with respect to the jet axig{{')
can be used to differentiate between lighgndb jets. The amount db-jets is measured by a fit
of the data to different templates derived either from data (for light jet8)©r(for c andb jets).
Then the ratio ob-jets found by this fit after and before the SVO cut is applied iskttagging
efficiency. As a closure test of this calibration method, the SVO decay laigtificance for data
and for calibrated MC is shown in Fig. 2.
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Figure 2: SV0-based decay-length significance: data and MC compardter correcting the MC with the
data-driven tagging efficiency and mis-tag rate.

3. Inclusive b and bb cross-section

For the calculation of the inclusivi@andbb cross-section, jets reconstructed with the amti-k
algorithm [5] and corrected to the Jet Energy Scale and for the muoneartdiio energy are used.
The SVO0 tagger is used to identifijets, then the efficiency correction derived with ¢ method
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Figure 3: Inclusive double-differentidb-jet cross-section as a function of jet for differenty’s (left) and
inclusive differentiabb cross-section as a function of the di-jet invariant massfjats with pr >40 GeV
and|y| < 2.1 (right). Both cross-sections are compared with LL and@®NUC.

is applied. The fraction db (di-)jets in the final sample is derived from a binned log-likelihood fit
of the secondary-vertex (SV) mass distribution to MC templates (the sum 8Mheasses of the
two jets for the case of di-jets). The double-differential inclugivet cross-section (with respect
to transverse momentumy and rapidityy) and the differential inclusivéb cross-section (with
respect to di-jet madel) are given by

d20'b . 1 Ny - fracy % C
dprdy AprAy &rig - £sel Ebtag- L
dM gtng eI Sligag L

Whel’er(*) is the number of SVO-tagged (di-)jetracy, the fraction of them that are (di-)jets

found by the purity fltgtrlg , Sel>,sétag the (di-)jet trigger, selection and b-tagging efficiencless
the integrated luminosity ard s the bin-by-bin unfolding correction to particle level.

The results shown in Fig. 3 come from 3 phbof data, for which single-jet and minimum
bias triggers were used. The measurement is systematics dominated, withBherdg Scale and
the b-tagging efficiency and purity determination being the main sources of tantgr There is
broad agreement with the Leading-Logarithm (LL) Pythia6 MC,as well as Mekt-to-Leading-
Order (NLO) POWHEG MC within the systematic uncertainties. Note that the Bygrediction
is rescaled by a factor 0.52, determined by normalizing the Pythia predictioa sathe integrated

cross-section as the measurement. More details can be found in Ref. [6].

4. B— J/X cross-section

The inclusiveB — J/ (X cross-section is calculated by convolving the inclusivey — p*u~
production cross-section with the non-prondgip fraction. The latter expresses the fraction of



Open b and b cross-section measurements using inclusive and exelasannels at ATLAS
llektra Athanasia CHRISTIDI on behalf of the ATLAS collaladion

2
= E 3 = 10 E 3
8 10 L Non-prompt cross-section a 8 E Non-prompt cross-section B
= g v ATF_AS. |ym‘\<0.75 g S 10 a AT‘LASVO.75 <|yjlw|<1.5 =
=8 f= ‘Y‘.y. Il Spin-alignment envelope - =5 S Il Spin-alignment envelope 3
2 1= e {777 FONLL B J/gX 3 2 1k t o 7 FONLL B J/gX ]
. E o 3 - TE . E
g e ] = e ]
& 107 T E = 10t Py .
£ E - E £ E e E
5 r b g = e B
: 107 —R E 1025 - .
c E iy, 3 c E g 3
© F 3 © E E
B10°E S N— BT e 3
T C E ATLAS E S 107 amias o E|
= F \s=7Tev N = E Vs=7Tev RS-
1104 ’ g 110" " g
s F IL dt=2.2pb 3 s E IL dt=2.2pb E
5 r b 5 F ]
E 10 b——— 1\0 . . R E 10° L 1\0
Iy Iy
P [GeV] P [GeV]
S‘ E T 3 S‘ 102 T
[©] 3 Non-prompt cross-section ] [ E Non-prompt cross-section 3
Q 10°¢ ATLAS 15<ly_[<2.0 E Q E ATLAS 2.0<ly_|<2.4 3
5 E L] . !~ 3 K} C * DY yyl<e 3
£ 102 L Il Spin-alignment envelope 7| S 10k Il Spin-alignment envelope  _|
_U>~ E {71 FONLL B- J/gX E %\ Bl {7771 FONLL B- J/gX El
S ] SR e E
.2 10 ? = = ! " E “Q 1= e -
g E e 3 g E E
5 r i B £ £ + f}{@ E
s 1= o, E s 0 @ ]
< E . 3 s 107 E!
o 10tk = i R . N E
o 107 L = o r 7
o L ATLAS Ta ] 102 ATLAS -
3 % 3 E e 3
S 102 \s=7Tev e I E \s=7Tev s
! F L E 1 F . &
g Ldt=22pb 3L |Ldt=22pb —
210° | P E 2107 I P E
2 E A 3 2 £ . ) 3
[} 1 10 o 10
Iy Iy
P [GeV] P [GeV]

Figure 4: Non-promptJ/( production cross-section as a functionJgip pr for differenty regions, com-
pared to predictions from FONLL theory. Overlaid is a bangresenting the variation of the result under
spin-alignment variation on the non-prompty component as described in Ref. [7].

J/y s coming from the decays of long-lived particles suctBasadrons, as opposed to prompt
mechanisms (QCD processes in which neither charm quark id/thecomes from the decay of
a B hadron). The measurement of the two components of the incl@sivel/ (/X cross-section
are described in the following chapters. More details can be found in R&f. The resulting
non-prompt double-differential cross-section is shown in Fig. 4, amdgsod agreement with the
Fixed-Order-Next-to-Leading-Logarithm (FONLL) theoretical préidic.

4.1 Inclusive /Y — p*u~ cross-section

For the measurement of the inclusi¥éy cross-section, events with at least two muons are
selected, at least one of which is MS-ID combined. The ID tracks adedcia those muons
are fitted to a secondary vertex and the opposite-charge di-muon invaréas is recomputed.
EachJ/y candidate is multiplied by a correction fact@rin order to estimate the true number of
J/Y — ptu~ decays that occured, with given by

—1 2
W =A-M-&y-Eu1-Eu2- Erig

whereAis the acceptance that depends on the kinematics, the detector geomety mreditiction
model g/ polarization) M the bin migration correction artqik, €,11/2; &rig the ID tracking, muon
reconstruction and trigger efficiency.
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Figure 5: Invariant-mass distributions of reconstructetiy candidates used in the cross-section analysis
with fit results, for the most central and the most forwgregions.

This acceptance and efficiency-corrected di-muon-mass distributionndittesl in a binned
minimum x? fit to get theJ/ mass, mass resolution and number of signal events, as well as the
background normalization and slope. Thap signal is modeled by a Gaussian, and the back-
ground by a straight line. The results of this fit in the most central and mosafdy region are
shown in Fig. 5 for 2.27 pb* of data, where single-muon and minimum-bias triggers were used.

4.2 J/y non-prompt fraction

The discriminant between prompt and non-prordpty 's is the pseudo-proper time =

nyf};/w, whereL,y is the signed projection of th&/y flight distance onto it9r. A simultane-
ous unbinned maximume-likelihood fit is performed in di-muon mass and psewgeiptime, in
order to get thd/y mass and resolution, tl ¢ signal fraction, the non-promgy ¢ fraction and
the pseudo-proper time slope and resolution. The result of such a fawsnsh Fig. 6 for a given
pr andy bin. The signal pseudo-proper time model is derived from candidate® iméss-peak
region [2.9,3.3] GeV shaded in red, and the background one from the sitleands outside this

region, shaded in blue. They both contain a prompt and a hon-prompioceEnp
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do(pp—B+X—=J/P+X)
do(pp—J/W+X")inc

The non-prompt to inclusivaé/y fraction fg =
the four differenty regions can be found in Ref. [7].

as a function ofpr for

5. Exclusive B decays

The exclusive decays & hadrons tal/ plus light mesons offer a variety of interesting mea-
surements: exclusivB-hadron lifetimes and differential production cross-sections, double life
times and helicity amplitudes in the case of mixing, detector performance testeowor they
serve as a reference to radBedecays branching ratio measurements. For all those measurements,
the observation of the exclusive decays reported here is the first step.

5.1 B* — J/WK* observation

For the detection dB* — J/WK* decays, a di-muon in th&/ ¢y mass range is combined with
a third track with the kaon mass assigned. Then all three tracks are fittedotoraan vertex,
with theJ/@ mass constraint on the di-muon. The background is further suppregseduiring
a transverse decay lengthy > 0.3 mm. TheB* mass and number of candidates are extracted
by an unbinned maximum-likelihood fit on the three-track mass, where thd sgnadeled with
a Gaussian and the background with a straight line. The result of this fibisrsin Fig. 7 for
3.4 pb! of data, where single- and di-muon triggers were used. Bthenass found is in good
agreement with the PDG value. The excellent agreement bet#/eandB~ results shown in the
same figure prove a good understanding of the detector. More detaitedannd in Ref. [8].
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Figure 7: Invariant-mass distributions of reconstruc&t — J/(K* candidates with fit results (left) and
of B andB~ candidates separately (right).

5.2 By — J/WK% and Bs — J/ W observation

For the detection dBy — J/WK®% andBs — J/ W decays, a di-muon in th/ ¢y mass range
is combined with two other tracks with the appropriate mass assignments andaogdas The
B4/s mass and number of candidates are extracted by an unbinned maximum-ligdfitha the
four-track mass, where the signal is modeled with a Gaussian and thertac#igvith a line. The
result of this fit is shown in Fig. 8 for 40 pb of data, where a cut on the decay time has also been
applied to further suppress the background. More details can be folref. [9].
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Figure 8. Invariant-mass distributions of reconstruc@g— J/ @K% (left) andBs — J/@¢ candidates

(right) with fit results.

6. Conclusions

The most up-to-date ATLAS measurements of the inclusive and exclBsoress-sections
have been presented. The first ATLASet andbb cross-section results show good agreement
with LL and NLO MC. TheB — J/¢X inclusive cross-section is also in agreement with FONLL
predictions and other experiments. A number of excluBive J/ (K channels have been observed
and show an excellent understanding of the detector. This bodes weldbis-section and lifetime
measurements, as well as searches for and measurements of rame decay
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