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1. Introduction

The production fo b-hadrons have been an important experimental tool to understand QCD,
and for this reason several experiments at CERN and Fermilab had included these as an essential
part of their physics programs. With the Run 2 of the LHC, the b-hadron production at energies
never reached before provides a new input to test theoretical calculations, and the large statistics
opens a new window to search for new and exotic decay channels.

In this contribution a summary of selected studies performed by the ATLAS [1] and the CMS
[2] experiments is reported. Both experiments have a rich program on b-hadron physics and they
have produced a large number of new results that were not included due to lack of time and space.
However several other contributions in this conference include some of the new results not covered
here.

2. Quarkonium cross sections at 13 TeV and non-prompt fraction

At ATLAS and CMS, the b-hadron production studies are based mainly on the reconstruction
of J/w — uTu~ decays, since their represent excellent tools to calibrate the response of detectors
owing to their relatively large branching fraction into di-lepton pairs, allowing simple and reliable
candidate selection and reconstruction methods to be used. In addition, those J/y coming from
a b-hadron decay are in average separated from the main collision point. Both experiments have
studied [3, 4] the production of heavy quarkonium (the bound state of a heavy quark and anti-
quark) and measured their production cross section and the non-prompt fraction (the fraction not
coming from the main interaction point). Figures 1 and 2 show the measurements performed on
the quarkonium sector in data at 13 TeV.
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Figure 1: Left: Invariant mass distribution of J /W — u* ™ decays in the ATLAS data. Right: Non-prompt
fraction of J/y — utu~ decays.

3. BT production at 13 TeV

The B* meson is the b-hadron most copiously produced of all b-hadrons, and as such the one
used for first measurements or as a detector performance tool. In the ATLAS experiment, the B



b-hadron production Eduard De La Cruz Burelo

< 10t 24" 10127 51 (13 Tev) 2.7 b (13 TeV)
% = Jy,13TeV o 7TeV > 10°F " Y(18)x 100,13 Tev © 7TeV
8 10°k CMS 8 E CMS
% 10 £ Preliminary * y(25),13TeV © 7TeV % 10*E  Preliminary © Y(29)x10,13TeV o 7TeV
T 0%k, <12 = 10k, - Y(3S), 13 Tev & 7Tev
o 10F "7C85Ee.. Sty TPy, <12
£S] F o %o g . © E o Sogs
x e s ., oo x Fo° s . a8
& 10f . ° A & 1t CeBss. ., 0 e .
E ° . a . -iE i LRI °
102F o . EE or Pag oL 0 e .
E o o 102k PR SN °
3L E N
107, . . P 107 . . . R
4 5 4 5
3= [ % ] 3= [ ]
. = 4 ° 3F ]
Sl 3¢ 6o B @ $ 9 1 e IS¢ 1 é{ % ]
5*_:',: 2;wuwuu&9@°f19’fﬁ 77777777777777 L”””% 7777777 - 5*_:',: 2;71?57.,,\7“»&%&%9&%?@%7&%7 . SR M
L . . . R S Ll . . . . L
20 30 40 50 60 70 80 9010 20 30 40 50 60 70 80 90 10°
p; [GeV] p, [GeV]

Figure 2: Differential cross sections times branching ratios for 7 TeV [5, 6] and 13 TeV CMS data,
for y(nS) (left) and Y(nS) (right), for |y| < 1.2, assuming isotropic dimuon decays. The inner error bars
represent the statistical uncertainty while the total errors show the statistical and systematic uncertainties.
The uncertainty on the luminosity measurement is not included.

was reconstructed in the decay channel B* — J/wK™*, with J/y — utu~ in 3.2 fb~! of data to
test the momentum calibration of the tracker detector [7]. Figure 3 shows the mass distribution of
the B™ in the ATLAS data and also the mass measurement performed for this meson by ATLAS.
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Figure 3: Left: Mass of the BT in bins of the rapidity y. Right: Invariant mass distribution of the B* —
J/ WK™ for the entire rapidity sample.

The CMS collaboration reconstructed the B in the same decay channel but using a data sam-
ple of 50.8pb~! [8]. In these data, CMS measured the differential cross section for the B* and
compared it with predictions, finding a reasonable agreement with FONNL calculations and with
the results obtained with the PYTHIA [9] event generator.

4. Observation of BT — y(25)¢K™ in the CMS data

Recently several experiments have reported the observation of structures in the J/y¢@ mass
spectrum from Bt — J/l//(;bKJr decays [10, 11, 12, 13, 14, 15, 16]. A natural extension of these
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Figure 4: Differential cross sections do/dpr for |y| < 2.4 (left) and do /dy for 10 < pr < 100 GeV (right),
for BT production in pp collisions at s = 13 TeV.

searches is to study the mass spectra of Y(2S)¢K™ and y(2S)¢ decays. The CMS experiment per-
formed such studies and as part of them CMS reported the first observation of BT — w(2S)¢pK™
decays [17], with y(2S) — u*u~ and ¢ — K"K~. The CMS collaboration measured the cor-
responding branching fraction using 19.6 fb~! of data collected in pp collisions at 8 TeV. The

branching fraction was measured using as a reference channel the decay B™ — y(2S)K*. Figure

5 shows the invariant mass distribution for the B reconstructed in the CMS data.
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Figure 5: Invariant mass distribution of Bt — y(2S)K™ (left) and BT — w(2S)¢K ™ (right).

The branching fraction Br(B* — w(2S)¢K ™) was determined to be 4.0+0.4(stat) +0.6(syst ) +
0.2(Br)) x 10~ where the third uncertainty reflects the imprecision in the value of Br(B* —
y(2S)KT).
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5. Search for the X (5568) in the CMS data

The evidence of a new BY7* state presented by the D@ Collaboration [18] awakened a lot of
interest within the community that studies exotic hadrons [19] and triggered this search at several
hadron collider experiments, including CMS [20] and LHCb [21].

The CMS search for resonance-like structures in the BYz* invariant mass spectrum was per-
formed using an integrated luminosity of 19.7 fb~! of pp collisions at \/s = 8 TeV. The B? can-
didates are reconstructed in the decay chain BY — J/w¢, J/w — u*u~, ¢ — K*K~. The B{n*
invariant mass distributions do not show any unexpected structures for different kinematic require-
ments imposed to the 7%, B? and BYz* candidates. An upper limit on the relative production of
X (5568) and B, multiplied by the branching fraction of the decay X (5568) — By« is estimated to
be 3.9% at 95% CL in the most conservative case.
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Figure 6: (a) Mass distribution of events in the By signal region (black points with error bars) with fit results
superimposed (blue line). (b) The pull distribution for (a). The (red) vertical band indicates the region of the
D@ observation around the mass of the claimed state.

6. Summary

Both experiments, ATLAS and CMS, have a rich program on b-hadron production, exploiting
their large cross section at the high energies of the LHC. This has allows both experiments to
measured production cross sections, to observe new decays, and to search for new exotic decays.
ATLAS and CMS have oriented their trigger on dimuons, suitable for studies on rare decays of b-
hadrons, so new results on that line will come soon, in addition to properties and other observations
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