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Outline

m ATLAS [1] has a wide program of studies in heavy flavour physics:
from QCD tests performed on production cross section and properties
of states containing heavy quarks, to searches for new physics in EW
processes

m In this talk:

» Differential production cross section of J/1) pairs (separating
associated production and multi-parton scattering) [2]

» Differential production cross section for X(3872), observed in the
decay to J/ymtm [3]

m Measurement of the width difference in the B%-B° system (via the
comparison of the decay time distributions to CP and flavour
eigenstates) [4]

m Recent results and Run 2 expectations for FCNC process in the BY
systems: rare decays to muon pairs [5] and CP violating phase ¢5 in
the decay to J/v¢ [6]

LLWI 2017 T. Jakoubek: Beauty and Charm Physics at ATLAS 1/17



The ATLAS Experiment
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= Muon Spectrometer: triggering |n| < 2.4 and precision tracking |n| < 2.7

= Inner Detector: Silicon Pixels and Strips with Transition Radiation Tracker,
pr > 0.4 GeV and |n] < 2.5
= NEW for Run 2: “Insertable B-Layer” (IBL) - additional inner-most pixel layer (r =
33 mm) and lower x/Xo beam pipe
m Resolution in m(u"p™): Around 50 MeV at J/v, 150 MeV at 1(nS)
= Resolution in b-hadron proper decay time: ~100 fs (30 % improvement with IBL)
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Prompt J/4 Pair Production Cross-section

Test of non-perturbative QCD
Di-J/4 events can be produced from

m single gg collision via Single Parton Scattering (SPS) or
m two independent parton-parton scatters - Double Parton Scattering
(DPS)

2012 pp data: 11.4 tb~1, /s = 8 TeV [2]

Differential cross-section as a function of the sub-leading J/4 pr,
di-J/v¢ pr, and di-J/1¢ mass

» Measured in two rapidity regions of the sub-leading J/4:

ly(J/92)| < 1.05 and 1.05 < |y(J/v)| < 2.1

m Assuming unpolarised J/1) mesons
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Prompt J/4 Pair Production Cross-section

m Total cross-section over the full fiducial J/4 rapidity:
Trotal(pp — J/J /1) + X) = 160 £ 12 (stat) & 14 (syst) 2 (BF) & 3 (lumi) pb
m DPS/SPS weights as a function of A¢ and Ay:
fops = 9.2 + 2.1 (stat) + 0.5 (syst)%
u Effective cross-section of DPS:
et = 6.3 £ 1.6 (stat) & 1.0 (syst) + 0.1 (BF) = 0.1 (lumi) mb
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Production of (2S) and X(3872)

in the Decay to J/¢(puTpu~)ntn™

= X(3872) first discovered by Belle 2003 in B* — K*J/¢n"n~, soon confirmed by
other experiments

= Current world average (3871.69 + 0.17) MeV [7] places X(3872) mass very close to
the D°D*® threshold

= The structure of the resonance remains unclear: tetraquark, molecular, and mixed
models

= Measuring X(3872) and the well-studied 1(2S) in the same analysis and in the same

final state J/v(ut ™ )nt 7~ helps reduce systematics for various ratios and
comparisons
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Production of (2S) and X(3872)

in the Decay to J/¢(puTpu~)ntn™

m The (2S) cross-section measurements: good consistency with NLO NRQCD for
prompt and FONLL for non-prompt production

= Prompt X(3872) cross-section measurement: good agreement with the
NLO NRQCD model, which considers X(3872) to be a mixture of xc1(2P) and a
D°D*® molecular state, with production dominated by xc1(2P)

m FONLL overestimate the non-prompt production of X(3872), especially at large pr

B(B—X(3872) + any)B(X(3872—J/¢n 7 7)
B(B—(25) + any)B(y(25)—J/ypmtn—)

m Branching fraction ratios Rg =

RE- = (3.9540.32(stat) 4 0.08(syst)) x 1072, R2- = (3.57 +0.33(stat) £ 0.11(syst)) x 1072
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Relative Width Difference in B — B® System

» Value of Ar—zd is reliably predicted in the SM [8]: (0.42 + 0.08) x10~2

» Relatively large variation of Al'y due to a possible new physics
contribution would not contradict other existing SM results

m Current! experimental uncertainty on Al is much larger than the SM
central value: Ar—zd = (0.141.0) x 1072 [9]

m 201142012 pp data: 4.9 fb~1, /s =7 TeV, 20.3 fb~!, /s = 8 TeV [4]

n Ar—:d determined from ratio of proper decay time distributions of
BY — J/wK2 and BY — J/ypK*0

= BY production asymmetry Ap measured from a charge asymmetry Aops,

from a difference between B — J/y¥K*® and BY — J/¢K*0 decays as

a function proper decay lengths L[’fmp

!Before the ATLAS measurement
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Relative Width Difference in B — B® System

m ATLAS result is consistent with other measurements of Ar—zd and with
the SM prediction
m Currently it is the most precise single measurement
ATLAS: (—0.1 + 1.1(stat) % 0.9(syst)) x 1072
LHCb: (—4.4 £ 2.5(stat) + 1.1(syst)) x 1072

Belle: (1.7 + 1.8(stat) & 1.1(syst)) x 1072
BaBar: (0.8 + 3.7(stat) 4 1.8(syst)) x 1072
SM: (0.42 4 0.08) x1072

m Ap = (0.25 4 0.48(stat) + 0.05(syst)) x 1072 in agreement with
expectations
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Rare Decays of B? and B)

into Muon Pairs

m FCNC processes highly suppressed in the SM
» B2, — "y~ additional helicity suppression

m Predicted in the SM [10]: (B0 — utuT) =(3.6540.23) x 1072 and
B(BY — p*p~) = (1.06 + 0.09) x 10~ 1°

m 2011+2012 pp data: 4.9 fb~!, /s = 7 TeV, 20.0 fb~*, /s = 8 TeV [5]
m B(BY — puTp™) <42 x1071° 95 % CL, compatible with SM and CMS+LHCb

w B(B) —» p"p7) <3.0x107°95 % CL, £ °F A ]
lower than SM, in better agreement with T F \s=7TeV, 491" ]
CMS+LHCb 4 [ \s=8TeV,20fb" 1

T o4 ]

m B(B? — pTp™) =(0.9751) x 107° BT ]
errors include both the statistical and 0.2 ]
systematic uncertainties c: \

n p-value of 4.8 % is found for the E\ ATLAS Contrsor 2.0 =23, 1
compatibility of the results with the SM 02 Loy NN 3

T2 3 4 5 6
B(BS — ut ) [1079]
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Rare Decays of B? and B)

into Muon Pairs

m FCNC processes highly suppressed in the SM
» B2, — "y~ additional helicity suppression

m Predicted in the SM [10]: (B0 — utuT) =(3.6540.23) x 1072 and
B(BY — p*p~) = (1.06 + 0.09) x 10~ 1°

m 2011+2012 pp data: 4.9 fb~!, /s = 7 TeV, 20.0 fb~*, /s = 8 TeV [5]
m B(BY — puTp™) <42 x1071° 95 % CL, compatible with SM and CMS+LHCb
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LLWI 2017 T. Jakoubek: Beauty and Charm Physics at ATLAS 9/17



CP Violating Phase ¢

in the decay BY — J/v¢ [6]

m CP violating phase ¢ is defined as the weak phase difference between the B — B?
mixing amplitude and the b — cZs decay amplitude

= New physics processes could introduce additional contributions to the box diagrams
describing the B? mixing
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Summary

m ATLAS has produced impressive and competitive results in beauty
and charm physics

m Presented today:
» Differential production cross-section for X(3872), observed in the
decay to J/ym ™
m Currently the most precise single measurement of the BY width
difference Ar—zd
m Differential production cross-section of J/v pairs
m Rare decays of B? and B
u Outlook for CP violation measurement in B — J/1¢ in Run 2
m_More public results on ATLAS B-physics TWiki page:

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/
BPhysPublicResults
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2015 Trigger yield
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Prompt J/1 Pair Production Cross-section

Eff. cross-section of DPS
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Prompt J/1 Pair Production Cross-section

Eff. cross-section of DPS as a function of /s
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Rare Decays of B? and B)

into Muon Pairs

B(Bly = p'u7) = Nt [B(BT — JJWKT)xB(J/v — u )]

€J/pK+ fu
€t Nyjpre fas)

(1)
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