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Outline

üLifetime measurements of b hadrons reconstructed in 
final states with a *Ⱦʕ ÍÅÓÏÎ

üObservation of ɭɉρS) pair production in proton-proton 
collisions at ЍÓЀψ 4Å6

üSearch for X(5568)

Charge conjugate candidates are implied throughout the presentation
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Lifetime measurements of b hadrons

üMany models have accurate predictions for b hadron 
lifetimes and their ratios, HQE model estimates are in 
agreement with existing measurements

üCMS is capable of making the lifetime measurements with 
precision competitive to LHCb and B-factories, using a J/ʕ
trigger

üThere was some discrepancy in B+
c lifetime: LHCb results 

exceed Tevatron results (~500 fs vs~450 fs) and a new 
independent measurement is needed to resolve it

üThe presented results include measurement of B0, B0
s , B

+
c , and 

L0
b lifetimes

EPS-HEP 2017, Venice, I talyCMS-PAS-BPH-13-008 

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-13-008/index.html
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Lifetime measurements of b hadrons

üThe lifetime is measured using variable

üDataset: 19.7 fb-1 of pp collisions at 8 TeV  (2012)

üTriggered by J/ʕ­m+mɀ

üThe following decays are used (always J/ʕ­m+mɀ):

ÁB0 ­ J/ʕK*(892)0,   K*(892)0­K+pɀ

ÁB0 ­ J/ʕK0
S , K0

S ­p
+pɀ

ÁB0
s­ J/ʕj(1020),   j(1020)­K+Kɀ

ÁB0
s­ J/ʕp+pɀ (in f(980) 0 region)

ÁL0
b ­ J/ʕL0 ,  L0­ p+pɀ

ÁB+
c­ J/ʕp+  (and referenceB+­ J/ʕK+)

EPS-HEP 2017, Venice, I talyCMS-PAS-BPH-13-008 

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-13-008/index.html
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Lifetime measurements of b hadrons
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üFor each b-hadron, a 3-dimensional unbinned maximum-

likelihood fit is used:  m,   ct,    ʎct

b-hadron mass per-event ct uncertainty

üEfficiency dependence on ct is taken into account in the fits

More details in backup

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-13-008/index.html
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Lifetime measurements of b hadrons
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ÁB0 ­ J/ʕK*(892)0,   K*(892)0­K+pɀ

Fit results:

cʐ(B0 ­ J/ʕK*(892)0) =453.0ϻ1.6mm

pT(leading/ subleadingtrack) > 2.5 / 1.5 GeV

K-pmass assignment: closer to MPDG(K*(892)0)

0.796 < m(K*(892) 0) < 0.988 GeV

pT(K*(892)0) > 3.5 GeV

pT(B
0) > 13 GeV

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-13-008/index.html
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Lifetime measurements of b hadrons
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ÁB0 ­ J/ʕK0
S , K0

S ­p
+pɀ

Fit results:

cʐ(B0 ­ J/ʕK0
S ) =457.8ϻ2.7mm

consistent with previous slide

K0
S  mass constraint, L0 vetoed

pT(leading track) > 1.8 GeV

track dxy/ ʎ> 2,  K0
S  vertex Lxy/ ʎ> 15

0.4876 < m(K0
S) < 0.5076 GeV

pT(B
0) > 13 GeV

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-13-008/index.html
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Lifetime measurements of b hadrons

EPS-HEP 2017, Venice, I talyCMS-PAS-BPH-13-008 

ÁB0
s­ J/ʕj(1020),   j(1020)­K+Kɀ

Fit results:

cʐ(B0
s­ J/ʕj(1020)) =445.2ϻ2.0mm

pT(K
ϻ) > 0.7 GeV

1.0095 < m(K+Kɀ) < 1.0295 GeV

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-13-008/index.html
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Lifetime measurements of b hadrons
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ÁB0
s­ J/ʕp+pɀ (in f(980) 0 region)

Fit results:

cʐ(B0
s­ J/ʕp+pɀ) =504.3ϻ10.5mm

pT(leading/ subleadingtrack) > 2.5 / 1.5 GeV

0.924 < m(p+pɀ) < 1.0204 GeV

pT(p
+pɀ) > 3.5 GeV

pT(B
0
s) > 13 GeV

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-13-008/index.html
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Lifetime measurements of b hadrons
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ÁL0
b ­ J/ʕL0 ,  L0­ ppɀ

Fit results:

cʐ(L0
b ­ J/ʕL0) =457.8ϻ2.7mm

L0 mass constraint, K0
S vetoed

pT(leading track) > 1.8 GeV

track dxy/ ʎ> 2, L0 vertex Lxy/ ʎ> 15

1.1096 < m(L0) < 1.1216 GeV

pT(L
0
b) > 13 GeV

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-13-008/index.html
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Lifetime measurements of b hadrons
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ÁB+
c­ J/ʕp+  (using referenceB+­ J/ʕK+)

pT(K+/p+) > 3.3 GeV;pT(B+
(c)) > 10 GeV; |y| (B+

(c)) < 2.2

R(t) = [ N(B+
c) / N(B+) ]( t) = Re(t) exp(ɀDGt)

Signal yields in bins of ct Efficiency-corrected yield ratio

4ÈÉÓ ȰÒÅÆÅÒÅÎÃÅȱ ÍÅÔÈÏÄ ×ÁÓ ÕÓÅÄ ÂÙ ,(#Â Phys.Lett.B 742 (2015) 29­cʐ(B+
c) = 153.9ϻ3.7mm

Fit result: DG= 4.12ϻ0.30 c/mm ­ cʐ(B+
c) = 162.3ϻ8.2mm

Using Ű(B+) = 1.638Ñ0.004 ps (PDG)

B+

B+
c

R(t) / Re(t)

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-13-008/index.html
dx.doi.org/10.1016/j.physletb.2015.01.010
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Lifetime measurements of b hadrons
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Systematic uncertainties

ÁThe high.stat . and most precise mode B+­ J/ʕK+ is used to validate the 
absolute cʐaccuracy

ÁCommon sources :
ɀ PV selection
ɀ Detector alignment
ɀ Finite MC size
ɀ Choice of approximation functions
ɀ ct resolution and absolute cʐaccuracy 

ÁChannel-specific:

�‡ B0 ­ J/ʕK*(892)0 : K-pmass assignment

�‡ B0
s­ J/ʕp+pɀ: B+­ J/ʕK+ contribution

p+pɀmass window

�‡ B0
s­ J/ʕj(1020): ct range (since different lifetime of eigenstates)

Non-resonant B0
s­ J/ʕK+Kɀcontribution (CP-odd)

�‡ B+
c­ J/ʕp+: ct binning

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-13-008/index.html



























