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» Heavy flavor physics at CMS

¥ CMS heavy flavor program uses (mainly) di-muon Eeoo™ .~ * " ‘cws-
triggers. 5000 || Simulation T o

- = Data 0.4 <P;[Gev/c]< 0.8 ]

. . o . 4000 LT — Simulation_ B

¥ Di-muon mass resolution competitive with LHCDb, : * Data 0.8 <Py [Gevic] < 12

Primary Vertex Resolution Z [u

we still separate the Y states. S0
200~
¥ Owing to the pixel detector, we have excellent ook
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¥ B-jet production cross sections

¥ BB angular correlations

¥ B hadron differential cross sections
¥ B meson production
¥ B baryon production

¥ A, /A, production ratios

¥ Observation of Z;baryon

¥ A, lifetime and B? lifetime differences

all results can be found at https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
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s Inclusive b-jet production — reroseor o

Inclusive jet analysis

CMS L 34 pb'1 /s =7 TeV

¥ Triggered with minimum bias and single jet *50; Yl <22
(pt depended) g e
¥ Cpollecried luminosity 34 pb f:**##%%i
¥ b-Jet selection by secondary vertex fit with ¢ +H%
3+ tracks y ;

¥ c-Jet rejection using 3D decay length sign. .

40 60 80 100 120 140 160 180 200

¥ Selected 43,046 jets b-jet p, (GeV)

CMSL 30pb \s=7TeV

Jet + muon analysis

¥ Single muon trigger

¥ Collected luminosity 3 pb! e
¥ b-Jet selection secondary vertex fit 2+ tracks =so

Number of events
LN (@)
(@) o
o (@)
(@) o

¥ Muon in region of b-jet 2000
¥ Selected 113,561 jets 1002
¥ b-fraction from template fit: (86 + 5)% T Piuonpr(Gev)
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» Inclusive b-jet results

¥ The b jet cross sections are presented in

(scaled) rapidity ranges versus jet pr.

¥ The cross section drops four orders of

magnitude in the pr range.
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¥ The ratio plot shows the comparison with

MC@NLO and PYTHIA
¥ MC@NLO:

ntly underestimates the cross sections
ne central region at high pr

ntly overestimates the cross sections

ne forward region at high pr

¥ PYTHIA: overestimates the cross sections

at low pr
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JHEP 04 (2012) 084

- Jet+muon analysis

¥ Differential cross sections compared to MC@NLO and PYTHIA

¥ Low pr jets show difference with PYTHIA prediction.
¥ Rapidity distribution shape different from MCeNLO prediction.
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s b-jet cross section comparison e os oz o

¥ For a comparison: adjustment for the visible phase space for
the jet+muon analysis using PYTHIA.
(reduced pseudorapidity region, exclusion of neutrinos)

¥ Jet and jet+muon analyses agree.
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o bb cross section with muon pairs e oseo o

¥ Inclusive bb cross section reconstructed through
double muon events: pp — bbX — puX’

¥ Using u* ' pairs, single muons with pr>4 GeV or 6 GeV, |! |<2.1.

¥ Fraction of bb! Pt estimated with 2D & o8 arri i oare o
template fit to muon impact parameter. e

pi >4 GeV, 'l < 2.1

¥ Removal of Z and Y by rejecting
my >70 GeV and 8.9<my <10.6 GeV

Number / 0.004
500

Pull

0 0.05 0.1 0.15 0.2
d,, [cm]

pr>4 GeV pr>6 GeV
data 25.7+0.14+2.24+1.0 nb 5.034+0.05+0.460.2 nb

MC@NLO 19.74£0.3557 nb  4.40+0.1475 gy nb




»BB angular correlation JHEP 03 2011 136

Measurement of angular correlations in BB hadron production
¥ Lowest order pQCD diagrams predict back-to-back BB production
¥ Higher order diagrams emit additional partons (gluons).

¥ Sensitive test to LO versus NLO cross sections and underlying
production subprocesses.

Iterative vertex finding (IVF) method to distinguish b jets

¥ Able to reconstruct multiple B hadrons in overlapping jets.
b-Jets only merge at very low angles. AR =%n2 A

CMS \/s =7 TeV, Simulation
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BB angular correlation
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¥ Distribution normalized in shaded region to see effects in small angle region.

¥ Sizable fraction of B-hadron pair cross section in back-to-back region.

¥ Collinearity increases for harder scattering region.

¥ Measurement is between PYTHIA and Madgraph predictions.

e MC@NLO and CASCADE are below the data.
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. Phys Rev D 84,
2 3 meson Cross sections 032008 2011
¥ Reconstruction of exclusive B meson channels: B® — J/9¥K?,
Bt = J/YKT and BY — J/v¢ .

¥ Candidate selection based on reconstructed masses, muon pr, secondary
(tertiary) vertex reconstructions and utilizing kinematic, mass constrained
fits of the B-meson candidates.

¥ Reconstruction mass- and lifetime distributions fit simultaneously with
extended maximum likelihood fits. Pdf’s setup for signal and background

components.
10
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= BO @ - Bg ; J/¢¢ ®
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s Bt differential cross section ™% 12

¥ Cross section measurement corrected for efficiency and
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¥ Distribution shapes are in reasonable agreement with MC@NLO
and PYTHIA

¥ Measured integrated cross section (pr>5GeV and |y®|<2.4):
U(pp — B+X) =28.14+241+2.0% 3.1,ub

in agreement with MC@NLO: 25.5788(scale) T22 (mass) + 0.8(PDF) ub
but significantly below PYTHIA: 48.1ub

Hella Snoek - University of Zurich - Berkeley Workshop HF production 2013




PRL 106, 252001

1+ BY differential cross section oo

¥ BY cross sections, corrected for luminosity and efficiency.
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¥ pr diff. distributions fall slightly faster than predictions.

¥ |y| diff. distributions flatter than PYTHIA, compatible with
MC@NLO

¥ Integrated for (p2 > 5 GeV, |yP| < 2.4):
o(pp — B°X) —332—-25--35,ub
compatible with MCeNLO:25.272:5 b
below PYTHIA: 49.1ub




s B differential cross section i
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¥ The differential distributions fall more rapid in pr and are
more flat in |y| than the pYTHIA predictions.

¥ The integrated cross section for (p7 > 8 GeV, [y”| < 2.4)
o (pp— B X)x B(B—.J /1$) = 6.9 + 0.6 + 0.6 nb
and is higher than mcenLo: 4.6712 4+ 1.4 nb

smaller than pyTHIA: 9.4 4+ 2.8 nb
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« " p production teno s

¥ measurement of the differential " |, cross section and the
" /" b production ratio.

¥ Reconstruction: Ay — J/YA — (u™p™) j/0 (P77 ) A
¥ Selection: 1252 + 42 candidates
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Phys Lett B 714

7" p differential cross section &%

¥ Results compared to POWHEG and PYTHIA
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e Prspectrum falls faster than POWHEG and PYTHIA
while |y| distribution shape in agreement.

¥ Total cross section for p%B > 10 GeV, \yAB\ < 2.0:
o(pp— Ay X)X B(Ap—J/1A)=1.16+£0.06+0.12 nb
PYTHIA: (1.19 + 0.64) nb, POWHEG: 0.6370 37 nb
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s /" p ratlio

¥ Ratio o(Ay)/o(Ay) =1l Jex - en,/n

St1qg
P 2 T T T T | T T T T | 2 T T T T | T T
<n - CMS \/s =7 TeV - CMS\s =7 TeV
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¥ o(Ay)/o(Ap) =1.02£0.07+0.09

¥ Ratio is consistent with unity;
No evidence for asymmetries.
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»B hadron summary

CMS Preliminary,Ns=7 TeV Spring 2012
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¥ Integrated cross sections compatible with predictions MmceNnLO/POWHEG.
Predictions tend to be too low.

1 dN CpT (1_|_ \/p%ﬂ—m?_m)

¥ From Tsallis fit ¥ apy = T
n(B*BY) =5.7 +0.3, n("g) =7.6 £ 0.4 (4.7 # tension)

¥ pr differential cross sections for ", fall faster than for the B mesons.
s there a different pr dependence in baryon/meson production?
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» Reconstruction of B: mesons
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¥ B¢ is the heaviest B meson and its production is heavily
suppressed.

¥ Reconstruction of Bf — J/¢ntand B — J/¢Yntn~mtdecays.

¥ First goal to measure relative branching ratios.
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' Observation of #°,°

¥ Decay chain kinematically fit with masses constrained.

¥ Selection based on mass and flight lengths.
¥ mE;o — 5945.0 = 0.7 -

= 2.1+1.7 MeV

¥I

¥ 21 events observed, 3.0 + 1.4 bkg events exp.

¥ significance = 6.9
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22 Ab Iifetime

¥ Ajreconstructed in Ay, — J/¢YA decays.

¥ Lifetime from combined mass and proper decay time fit:
1.503 = 0.052 == 0.031 ps
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CMS-PAS-

» B lifetime difference

¥ Lifetime difference AT'y measured with BY — J/4¢ decay.
¥ Event selection through BY—J/1¢— (T p™) 50 (KTK ™)

¥ Kinematic fit with J/$ and %masses constrained.

¥ CP eigenstates separated through angular fit.

¥ Mixing phase ¢4 assumed zero.

¥ Untagged analysis.
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CMS-PAS-

B. lifetime difference
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s Summary

Several CMS b-production studies in pp collisions at 7TeV presented
¥ b-tagged jets, two independent measurements agree with MC@NLO.
¥ bb cross sections with muon pairs agree with MC@NLO and with ATLAS.

¥ Angular correlation of B hadrons measured with secondary vertex fits.
Measurement falls between MadGraph and PYTHIA predictions at small
opening angles.

¥ Exclusive B hadron differential cross sections measured in B*, BY, BS°
mesons and Ay baryons. MC@NLO predictions tend to be too low.

¥ A,/ Ay production ratio measurement consistent with 1.

¥ Observation of a new 2} baryon.
¥ Preliminary results from precise A lifetime measurement.

¥ Lifetime difference AI'y measured through BY — J/vyo .
Result in agreement with world average.

all results can be found at https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
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7 Inclusive b-jet cross sections  IIEXIENT

Data (pb) MC@NLO (pub) PYTHIA (ub)
pr>18 GeV  9.75+0.32+1.67+0.39 7.3+5% £1.2+0.7 15.3
Jet

pr>32 GeV  1.73+£0.07+0.20+0.07 1.3+93 £0.2£0.1 2.1
pT>3O Ge\/,

pr' > 9 GeV, 0.113+0.001+0.014+0.005 0.113=>94 +0.003+0.005 0.158

Jetsn |&|<2.4
pr>30 GeV  2.25+0.01+£0.31+£0.09  1.83+3:%} +0.05+0.08 3.27
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BB angular correlation
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» B lifetime difference

CMS-PAS-BPH-11-006

¥ Result: AT, = 0.048 4 0.024 & 0.003 ps~*!

¥ Agrees with world average.
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