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introduction ] [E2

0 At RUN1 the ATLAS and CMS General purpose detector (GPD) LHC experiments,
collected high statistics of B-hadrons and Onia allowing variety of measurements in

¥ rare B-decays, CP violation, production and polarisation,
¥ discovery of new states, and other high proble topics

a0 To benefit from high LHC luminosity B-physics groups at GPD pay attention to B-
trigger strategies and track/vertex performance at high pileup.

o GPD B-physics triggers are dominated by di-muon signatures

0 Number of studies have been published for decays: B*—=J/Y(utu) Kt , Bog—=J/P Ks,
Bog—J/P K*o |, Bs—=J/Y $,B.— J/Pme , Ap— J/P A including lifetimes, masses, CPV,
production cross sections, polarisation and decay asymmetry, or discovery of new
states.

0 While all these channels can be used for CPV measurements, since far the CPV has

been measured in Bs—J/Y . GPD cannot contribute to CPV in purely hadronic
decays - these will remain a domain of LHCb and e*e- experiments.

0 Here we present:

o Bs—J/' ¢ results in RUN1

0 prediction for RUN2 potential in this channel
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0 2010 GPD, LHCb collected similar integrated luminosities

o b—J/P(Hp)X statistics roughly proportional to the production cross sections in respective
fiducial volumes of experiments, favoured LHCb.

0 2011, 2012 GPD record nearly the full luminosity delivered by LHC.

0 To benefit from the high integrated luminosity B-physics at GPD must pay
attention to:
o B-triggers, to maintain increasing rates
o Vertexing performance within growing number of pileup events
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bb — J/!

0 Cross sections in phase space covered by GPD B-triggers

0 bb—J/YP cross section is 3 x smaller than in LHCb
0 sig/bg ratio bb—J/Y / pp—J/P ~ 3.5 x bigger than in LHCb

Fiducial vol bb — J/y cross section pp — J/y direct cross section R =bb - J/y/
(relevant for pp — J/y
Bs = J/yo)
ATLAS NP B850 (2011)387 |pr > 7 GeV 0.38 + 0.01 (stat.) £ 0.47 (syst.) = 0.98 + 0.02 (stat.) £ 0.13 (syst.) £ 0.39
CMS JHEP 02 (2012) 011 ||y| < 2.4 0.03 (spin) £ 0.01 (lumi.) ub 0.15 (spin) £ 0.03 (lumi.)
)
LHCb pr! [0; 14] GeV |1.14 £ 0.01 (stat.) £ 0.16 (syst.) ub 10.52 + 0.04 + 1.40+1.64 ub 0.11
Eur. Phys. J. C(2011) 71: |y [2.0;4.5]
1645

*) ATLAS, CMS cross sect compatible, numbers taken from ATLAS.
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Tracking, time res
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Q Tracking and vertex resolution important for CPV Bs = J/W @

time-dependent analysis

0 as pileup was increasing a quality of tracking, vertexing had
to improve to achieve stability:

0 impact parameters (d0) of reconstructed tracks with respect to the
PV for 2 different average number of interactions per beam

crossing

o Resolution (a width of main peak) remained unchanged. The tails
are potentially sensitive to the rate of secondaries and fakes. No
significant increase in the fake rate observed.

3 4 5 6 7 8 9
Proper decay length uncertainty [cm]

Q

per candidate proper decay time
errors Ot for Bs = J/W¢ candidates:

In the ATLAS 2011 data selected for
Bs analysis the average &t for signal
evts was ~90 fs

In the 2012 data of CMS ~ 70 fs

In dedicated LHCb detector this error
in 2011 was 45 fs

OT precision is important for
sensitivity to CPV

on other side a precision of lifetime
measurement depends on statistics
and how well we know 6T
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Simulation based on pp
collision data in 2011 and
typical pileup conditions,
using the reconstruction
software from the same
period. The algorithms have
been steadily evolving since
then, but still have a similar
design now.

isolated muons with pT =1, 10, and 100 GeV.

2011 CMS ID dO-resolution achieves plateau of 10-15 "m at ultimate p T,
at very low pr (1GeV) is dominated by material , the do resolutions varies ~
80-200 "m depending on #
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ATLAS dO-resolution, as a function of n for
single, isolated muons with pT =1, 5, and 100
GeV. Simulation for RUN1 conditions compared
to RUN2 with IBL

ATLAS Bs — J/Yo time resolution as a function of
pT, simulation at 2012 conditions and at RUN2
conditions with IBL

at RUN1 ATLAS ID do-resolution achieves plateau of 10-15 "m at ultimate p T,
at very low pT (1GeV) is dominated by material , the do resolutions varies ~ 110
-200 "m depending on #

at RUN2 ATLAS will run with IBL, detalls in slides 23-25




We present GPD B% — J/!$ analysis of :

0 ATLAS: Flavour tagged time dependent angular analysis of
the Bs — J/1$ decay and extraction of %& s and the weak
phase $sin ATLAS,CERN-PH-EP-2014-43, ArXiv, ID:
1407.1796, submitted to PRD, using 2011 data, 4.9 fb-1.

0 CMS: Flavour tagged measurement of the decay width %&
and the CP-violating phase $s in the Bs — J/!$ decays at
CMS, CMS PAS BPH-13-012, using 2012 data, 20 fb-1.
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Bs Mass [GeV] B, Proper Decay Time [ps]

candidates within 5.15 <
m(Bs) < 5.65 GeV used
in the fit

0 Number of signal Bs
candidates extracted
from the fit 22690 + 160
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CMS J/Y-trigger Lxy/Oixy> 3
J/PY mass window 150 MeV
¢ mass window 20 MeV
Kaons pt> 0.7 GeV
Bs-vertex probability>2%

proper decay length [0.02
- 0.3] cm.

5.24 <m(Bs) < 5.49 GeV

Number of signal Bs
candidates extracted from
the fit 49000
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ATLAS a
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0 9 physics variables to describe Bs — J/!$ and S-wave

component extracted from pt:

I %8, $s, &, IR, AR i ASOR, " 5"
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ATLAS analysis: method ]

0 per-candidate ML fit using PDF with signal Fs and two background
components Fgo and Fukg
!N

In L = In( fs - Fs(my, t;, )+ fs- fpro 'FBO(miatiagi)+(1 — fSé(l +fBO))Fbkg (mi’ti’" l))
=1

Fo(m,ti! 1, P(BIQ) = Pu(miltim) Px(tm) &L 1t PBIQ)I) 8P(#,) 8Ps(P(BIQ) 8A(! 1, pri) &P(pri)

2 Components of the fit:

= proper decay time and its error, used in per-candidate convolution, with scale
actor

O mi, Omi Mass and its error used in per-candidate convolution, with scale factor
o Qi (8, ¢, Y) transversity angles

o A(Qj,pmi) 4-D binned acceptance, applied an event-by-event (01,yT,¢T1) and pr of the
event, measured from simulations

O a per-candidate probability to the
‘Bs’ to be a Bs or Bs-bar
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ATLAS tagging for CPV measurement

0 ATLAS uses opposite side tagging, OST

0O muon-cone-charge

¥ the separation power of tag muons enhanced by a weighted sum Q- of the

charge of the tracks in a cone of %R < 0.5 around the muon
~ Z{_Vtracksqz é(pzT)K for 11

Ou = N tracks i )
: )2 S(Pl )~
o OST jet-charge: '
¥ b-tagged jet Is required, jet-charge Qjet i (g
o o o iet — i - , K=1.
0 tagging was calibrated with B+ = J/IK *events < R

0 tagging improved $s statistical error from 0.41 to 0.25 using same data statistics

Tagger Efficiency [%| | Dilution |%] | Tagging Power %]
Segment Tagged muon | 1.08+ 0.02 36.7+ 0.7 0.15%+ 0.02
Combined muon 3.37%+ 0.04 50.6% 0.5 0.86% 0.04
Jet charge 27.7% 0.1 12.68+ 0.06 0.45% 0.03
Total 32.1+ 0.1 21.3+ 0.08 1.45+ 0.05
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1+ |2 1+ |2 1+ |2

2 |(] includes possible contribution from CP violation in direct decay, assumed (|
= 1 and assigned a systematics.

0 9 physics parameters extracted from bt: %8&, $s, &s, |[A°(0)[2 |A" (0)]2, " |, |As(0)]

21IS"ll"
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CMS analysis: method

0 per-candidate ML fit using PDF with signal Fs and background Fpkg

L = Lsignalt Lbackground »

Lsignat = Nsa(Ps(©,ct; o) ® - aPs(mg,) aPs(oct) aPs(§) ,

0 Components of fit:

0 Ps(©, ct,a) signal PDF contains also angular and time efficiencies

0 g(0©) the angular efficiency 3D function, determined from MC, ©
(0, ¢, ) transversity angles

o G(et,oct), gaussian resolution with per-event error with scale
factor

0 signal mass PDF - given by a sum of 2 Gaussians
0 Ps(oct) proper time uncertainty PDF
0 tag decision (histograms)
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0 CMS uses opposite side tagging, OST
» opposite side leptons: " and e
Q tagging performance was measured with B+ = J/!K *events and

validated for Bs by comparing the tagging performance of Bs and B+
simulations.

0 Averaged performance of the combined (" and e) tagger:
0 w=32.2+0.3%, ¢tag=7.67+0.04%, Power oftag = 0.97+0.04% ,
0 the mistag ratio ) parametrised as function of the pT of the lepton.

o
o

o
o
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— r . — .
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Results summary
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New measurements & updates since this plot was released

Experimental measurements and SM predictions for
Als-'s with 68% CL boundaries. http://
atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/
BPHY-2011-05/

Statistical and systematic errors are added in
quadrature.

The ellipses are from Bs -> J/psi Phi studies: ATLAS[1]
(red), LHCb[2](blue), CDF[3](green) and DO[4](yellow).

The bands are from: Bs -> J/psi fO studies by LHCb[5]
and CDF[6] (assuming phi_s=0); Bs -> K+K- study by
LHCDb[7] (assuming A_DeltaGamma_s=-0.972[8]); Bs -
> Ds pi study by CDF[0]; Bs->Ds mu X study by DO
[10].

The prediction is by Lenz and Nierste[11].

[1]JATLAS-CONF-2013-039; [2]LHCb-CONF-2012-002;
[8]CDF note 10778; [4]D0, PRD 85,032006 (2012) and
http://www-d0.fnal/gov/Run2Physics/WWW(/results/

final/B/B11C/; [5]LHCb, arXiv:1207.878; [6]CDF, PRD

84, 05012 (2011); [7] LHCb, arXiv:1207.5993; [8] K. De
Bruyn et al., arXiv:1204.1735; [9]CDF, PRL
107:272001(2011); [10]D0O, PRL 97, 241801 (2006);
[11]Lenz and Nierste, arXiv:1102.4274.

e CMS CMS PAS BPH-13-012 Al's =0.096 = 0.014 (stat.) £ 0.007 (syst.) ps—1, ctBs = 447 + 3 (stat.) £ 3.5 (syst.) um
e [2] LHCb-CONF-2012-002" replaced by more precise, published: PHYSICAL REVIEW D 87, 112010 (2013)

- http://arxiv.org/abs/arXiv:1312.1217, lifetimes of Bs->DsDs (CP-even, measures GL), flavour specific lifetime tau(Bs->DsD)
- http://arxiv.org/abs/arXiv:1406.7204, lifetimes of Bs->KK (CP-even, measures GL) and flavour specific lifetime tau(Bs-->Kpi)
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« CMS 20 fb-1 (2012 data) ds =- 0.03 = 0.11 (stat) £ 0.03 (syst)

« ATLAS 4.9 b1 (2011 data) ds= 0.12 +0.25 (stat) = 0.05 (syst)

(2012 data will be published soon)
«  GPD results consistent with SM and with LHCb
e LHCb 1fb1 (2011 data) only Bs = J/Wd  ds= 0.07 £0.09 (stat) £ 0.01 (syst)
e LHCb 1fbl! combined with J/r ds= 0.01 £0.07 +0.01
e LHCb 1fbl combined with J/grm (3 fb1) &s= 0.070 = 0.055

 Theory value in SM of ¢s ~-0.0363 + 0.0016 - 0.0015 has a small uncertainty and there
is still room for non-SM CPV - however a potential of Future LHC should be used
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Future potential of Bs = 918 1 [E

RUNZ2 expectations
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"H$%6&S$ ()$H+,-"$.$/01$1023" /445

HL-LHC Phase-2 upgrade: Interaction Region, crab cavities?

601$$
Vs=14 TeV, L=5x10*cm?s", luminosity levelling

9%

2009 LHC startup, Vs 900 GeV
2010
2011 Vs=748 TeV, L=6x10"cm?s", bunch spacing 50ns 601$%
2012 ~25 fb’
2013
"~ ts1 =~ Go to design energy, nominal luminosity
o 60158
2016 Vs=13~14 TeV, L~1x10%cm?s", bunch spacing 25ns
2017 ~75-100 fb"
2018 LS2 ~ Injector + LHC Phase-1 upgrade to ultimate design luminosity
2019
2020 Vs=14 TeV, L~2x10%cm?s", bunch spacing 25ns 60159
2021 ~350 b
LS3
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ATLAS B

ATL-PHYS-PUB-2013-010
'a' 0.2_ L L L | L | L | L | L | L | L ]
o : -
= 0.18F —e— ATLAS 2012, <u>= 20
@; 0.163— ——— |BL Layout, <u>= 60 _f
° 014F — + ITK Layout, <u>=200  _
04oF  ATLPHYS-PUB-2013-010 E
- Bs — J/!" ]
0.1 =
0.08— =
0.06 & =
0.04— M‘ ATLAS simulation =
0.02E Preliminary 5 ATLAS Insertable B Layer (IBL) is
O: L1 1 | L1 1 1 | [ I | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 : inStaIIed and ready for RUN2
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

1/p_(B)) [1/GeV]

Q  Simulations for Bs — J/Y¢ at conditions of RUN1 and for RUN2 with IBL: ATL-PHYS-
PUB-2013-010 were performed to make prediction of future potential of Bs = J/{¢

0 Time resolution for Bs — J/QW¢ improves at RUN2 by factor of ~30% comparing to
RUN1 (for the same pT values)

_ Smizanska, CPV in GDP experiments, 50 years of CPV, July 2014 Queen Mary University of London



o 0.2y ATERRTSPUBR0I8010. CERN/LHCC 2013-021 LHCb TDR 13
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0 0.010.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 LHCDb: the 3D resolution of the IP black
1/p (BO) [1/GeV] before red after VELO upgrade.
T s

« CMS also has plans to do the RUN2 measurement with better
statistics, since they are still much statistically limited.
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QO Improvement of an average time resolution <* + > in RUN2 will also be
connected with increased prthresholds of triggers
a On the other side this will reduce statistics
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ATLAS potenti

2011 2012 2015-17 2019-21| 2023-30+
Detector current | current IBL IBL ITK
Average interactions per BXu> 6-12 21 60 60 200
Luminosity, fb? 4.9 20 100 250 3 000
Di- u trigger pt thresholds, GeV | 4-4(6) | 4-6 6-6 11-11 | 11-11 | 11-11
Signal events per fb! 4 400 4 320 3 280 460 460 330
Signal events 22000 | 86400 | 327900 | 45500 | 114 000| 810000
Total events in analysis 130 000| 550 000| 1874 000| 284 000| 758 000| 6 461 000
MC ! (") (stat.), rad 0.25 0.12 0.054 0.10 0.064 0.022

0 Estimated ATLAS statistical precisions for ¢s for RUN2 and future LHC periods: ATL-
PHYS-PUB-2013-010

0 Values for 2011 and 2012 in this table are derived using the same MC-based method as for
future periods. The method has been validated vrt 2011 data analysis ATLAS-CONF-2013-039

o Geant MC simulation was used to extract performance variables, that were used in pseudo-
experiments

0 ATLAS IBL layer has been installed - improves time resolution by 30%

0 Triggers are under preparation: 6 and 11 GeV pT thresholds shown here for RUN2
represent optimistic and conservative scenarios.
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Conclusions

0 GPD CPV measurement in 3avour tagged time dependent angular analysis
of Bs— J/1$ using 2012 data (CMS) and 2011 (ATLAS) showed the weak
phase $s consistent with SM and with LHCb measurement , also all other
measured parameters %&, &s, [Ao(0)|%, |ALO)|%, " |, [As(O0)|?," s, ' - are
consistent with LHCb.

0 Remaining data of RUN1 are analysed to be published soon (ATLAS,
LHCDb) however it is expected that in order to measure deviations from SM
a future LHC potential is needed.

0 Future RUN2, RUN3/4 ATLAS simulations show important improvements
of ID performance for Bs— J/!$ relative to RUNL1.

0 Despite very high luminosities the time resolution is not degrading with
Increasing number of pileups - Is stable.

0 GPD experiments are ready to contribute to CPV measurements at future
LHC RUNS in J/! channels
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Backups
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ATLA

o O 0O O

2011 di-muon triggers with pt thresholds 4&4 GeV or 4&6 GeV

HLT tracking & vertexing, accepting only good quality vertices, mass (2.5-4.3 GeV)
J/Y trigger rates low enough - no need for displaced J/{ vertex cuts during whole 2011 Trigger menu

No lifetime cut simplified Bs — J/Q¢ analysis and systematics

Entries / 50 MeV
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1
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B-J/! trigger in 2012, CI\/IS-

0 Atrigger optimised for the detection of B-hadrons decaying to J/y
selects a pair of reconstructed muons with transverse momentum pr(u
+u-) > 7 GeV, with pt > 4.0 GeV Inul<2.1 for each muon.

0 The two muon trajectories are fit to a common decay vertex, with a
transverse decay length significance Lxy/OLxy> 3, where Lyy IS the
distance between the primary and secondary vertices in the transverse
plane and oLy the relative measured uncertainty.

0 The 3D distance of closest approach for two muons is required to be
smaller than 0.5 cm.

0 Dimuon vertex-fit quality selection is also applied which requires that
the vertex-fit probability is larger than 15%.
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