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Outline

 Lifetime measurements of b hadrons reconstructed in 
final states with a J/ψ meson

Observation of Υ(1S) pair production in proton-proton 
collisions at √s=8 TeV

Search for X(5568)

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

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

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

There 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

The presented results include measurement of B0, B0
s , B

+
c , and 

0
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

The lifetime is measured using variable

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

Triggered by J/ψ+–

The following decays are used (always J/ψ+–):

 B0  J/ψ K*(892)0,   K*(892)0K+–

 B0  J/ψ K0
S , K0

S +–

 B0
s  J/ψ (1020),   (1020)K+K–

 B0
s  J/ψ +– (in f(980)0 region)

 0
b  J/ψ 0 ,  0  p+–

 B+
c J/ψ +  (and reference B+ J/ψ K+)

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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For each b-hadron, a 3-dimensional unbinned maximum-

likelihood fit is used:  m,   ct,    σct

b-hadron mass per-event ct uncertainty

Efficiency 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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 B0  J/ψ K*(892)0,   K*(892)0K+–

Fit results:

cτ (B0  J/ψ K*(892)0) = 453.0±1.6m

pT(leading/subleading track) > 2.5 / 1.5 GeV

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

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

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

pT(B0) > 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 

 B0  J/ψ K0
S , K0

S +–

Fit results:

cτ (B0  J/ψ K0
S ) = 457.8±2.7m

consistent with previous slide

K0
S  mass constraint, 0 vetoed

pT(leading track) > 1.8 GeV

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

0.4876 < m(K0
S) < 0.5076 GeV

pT(B0) > 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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 B0
s  J/ψ (1020),   (1020)K+K–

Fit results:

cτ (B0
s  J/ψ (1020)) = 445.2±2.0m

pT(K±) > 0.7 GeV

1.0095 < m(K+K–) < 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

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

 B0
s  J/ψ +– (in f(980)0 region)

Fit results:

cτ (B0
s  J/ψ +–) = 504.3±10.5m

pT(leading/subleading track) > 2.5 / 1.5 GeV

0.924 < m(+–) < 1.0204 GeV

pT(+–) > 3.5 GeV

pT(B0
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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 0
b  J/ψ 0 ,  0  p–

Fit results:

cτ (0
b  J/ψ 0) = 457.8±2.7m

0 mass constraint, K0
S vetoed

pT(leading track) > 1.8 GeV

track dxy/σ > 2, 0 vertex Lxy/σ > 15

1.1096 < m(0) < 1.1216 GeV

pT(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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 B+
c J/ψ +  (using reference B+ J/ψ K+)

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

(c)) < 2.2

R(t) = [ N(B+
c) / N(B+) ](t) = R(t) exp(–t)

Signal yields in bins of ct Efficiency-corrected yield ratio

This “reference” method was used by LHCb Phys.Lett.B 742 (2015) 29cτ (B+
c) = 153.9±3.7m

Fit result:  = 4.12±0.30 c/mm  cτ (B+
c) = 162.3±8.2m

Using τ(B+) = 1.638±0.004 ps (PDG)

B+

B+
c

R(t) / R(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

 The high.stat. and most precise mode B+ J/ψ K+ is used to validate the 
absolute cτ accuracy

 Common sources :
– PV selection
– Detector alignment
– Finite MC size
– Choice of approximation functions
– ct resolution and absolute cτ accuracy 

 Channel-specific:

• B0  J/ψ K*(892)0 : K- mass assignment

• B0
s  J/ψ +– : B+ J/ψ K+ contribution

+– mass window

• B0
s  J/ψ (1020): ct range (since different lifetime of eigenstates)

Non-resonant B0
s  J/ψ K+K– contribution (CP-odd)

• B+
c  J/ψ +: ct binning

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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Results

In agreement with LHCb (JHEP 1404 (2014) 114, Phys.Lett.B 742 (2015) 29) 
and world-average values (PDG)

Lifetime measurement precision it at the level of best measurements

Confirm larger  (w.r.t Tevatron [*])  B+
c lifetime, in agreement with LHCb [**]

Interest on the theory side: Precise B+
c lifetime measurements can provide new constraints on 

new-physics interpretations of the anomalies observed in B D(*)τ, Phys. Rev. Lett. 118 (2017) 081802

[*] Phys. Rev. Lett.97(2006) 012002, Phys. Rev. D.87(2013) 011101, Phys. Rev. Lett.102(2009) 092001

[**] JHEP74(2014) 2839, Phys. Lett. B742(2015) 29

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-13-008/index.html
dx.doi.org/10.1007/JHEP04(2014)114
dx.doi.org/10.1016/j.physletb.2015.01.010
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.118.081802
http://dx.doi.org/10.1103/PhysRevLett.97.012002
http://dx.doi.org/10.1103/PhysRevD.87.011101
http://dx.doi.org/10.1103/PhysRevLett.102.092001
http://dx.doi.org/10.1140/epjc/s10052-014-2839-x
http://dx.doi.org/10.1016/j.physletb.2015.01.010
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Outline

Lifetime measurements of b hadrons reconstructed in 
final states with a J/ψ meson

Observation of Υ(1S) pair production in 
proton-proton collisions at √s=8 TeV

Search for X(5568)
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Observation of Υ(1S) pair production
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Quarkonium pair production cross-section measurements are 
one of the key points in understanding SPS and DPS contributions 
and the parton structure of the proton

Υ(1S) pair production in pp collisions at √s=8 TeV is observed
by CMS using a data set of 20.7 fb–1 , using dimuon Υ decay

pT() > 3.5 GeV,   |()| < 2.4,   |y(Υ)| < 2.0
Pvtx(Υ) > 0.005,    Pvtx(4) > 0.05,  

Using 2-dimensional fit to {M1
 , M2

} where M1
> M2



If more than one ΥΥ candidate is found, an event is discarded

http://dx.doi.org/10.1007/JHEP05(2017)013
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Observation of Υ(1S) pair production

EPS-HEP 2017, Venice,  I talyJHEP05(2017)013

2-dimensional distribution
{M1

 , M2
}

None of 1D M distributions 
shows signs of Υ(3S)

2-dimensional fit has 5 components:
• Υ(1S)Υ(1S) signal
• Υ(2S)Υ(1S) signal
• Υ(1S)–combinatorial other contributions are negligible
• Υ(2S)–combinatorial 
• combinatorial–combinatorial 

Signals: Double Crystall-ball with fixed shape parameters
Combinatorial: polynomial

M1
> M2



http://dx.doi.org/10.1007/JHEP05(2017)013
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Observation of Υ(1S) pair production
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Significance of Υ(1S)Υ(1S) is well above 5σ, Υ(2S)Υ(1S) – 2.6σ

Cross-section: Details in backup

σ(Υ(1S)Υ(1S)) = 68.8±12.7(stat)±7.4(syst)±2.8(B)

in pp collisions at √s=8 TeV, for |y(Υ)| < 2.0

If Υ are produced with different polarizations, the measured cross-section varies in [-38%, +36%]

N1 = 38±7
N2 = 13+

–
6
5

Result

http://dx.doi.org/10.1007/JHEP05(2017)013
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Outline

Lifetime measurements of b hadrons reconstructed in 
final states with a J/ψ meson

Observation of Υ(1S) pair production in proton-proton 
collisions at √s=8 TeV

Search for X(5568)

EPS-HEP 2017, Venice,  I taly
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Search for X(5568)
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Significance: 3.9σ

ΔR<0.3

Significance: 5.1σ
NX = 133 ± 31
MX = 5567.8 ± 2.9 MeV
ΓX = 21.9 ± 6.4 MeV

DØ Collaboration:

Evidence for a B0
s 

± state
10.1103/PhysRevLett.117.022003

Later confirmed D0 Conference Note 6496

Using semileptonic B0
s decay channel

LHCb collaboration does not see X(5568) 

using much larger and cleaner B0
s sample

Phys.Rev.Lett.117,152003(2016)

87±62

DØ measured

ρX =8.6±2.4%    (10<pT(B0
s)<30 GeV)

LHCb set upper limit

ρX < 2.4% @ 95%CL    (pT(B0
s)>10)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.022003
https://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/B/B68/B68.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.152003
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Search for X(5568)

EPS-HEP 2017, Venice,  I taly

LHCb and DØ inconsistency ⇒ another independent analysis 
is needed

There are theoretical papers both for and against X(5568) 
existence

CMS can probe the pT,  region complementary to LHCb and 
closer to DØ

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

 Use B0
s  J/ψ (1020),   (1020)K+K– decays

 Triggered by displaced   J/ψ+–

 pT(K±) > 0.7 GeV,   pT(B0
s) > 10 GeV,

 |m(K+K–) – m
PDG| < 10 MeV Lxy/σLxy

(B0
s) > 3

 cos αT(B0
s) > 0.99 * Pvtx(B0

s) > 1%

* αT = B0
s  pointing angle to PV in xy plane

CMS-PAS-BPH-16-002

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-16-002/index.html
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Search for X(5568)

EPS-HEP 2017, Venice,  I taly

Fit: Double Gaussian function
with common mean + exp

N= 49277±278

B0
s signal window ±2σeff

B0
s sidebands          [-10σeff , -4σeff] U [+4σeff , +10σeff]

B0
s signal 

B0
s sidebands

MX±ГX

The distribution does not have 
any visible peaks and is in a good 
agreement with sidebands

CMS-PAS-BPH-16-002

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-16-002/index.html
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Search for X(5568)
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N= –175±134

Obtained upper limit ρX < 3.9% @ 95%CL (pT(B0
s)>10 GeV)

DØ measured ρX =8.6±2.4%    (10<pT(B0
s)<30 GeV)

The result is preliminary, uses very conservative systematic uncertainty.
The updated one will become public in several weeks, 

Keep an eye on arXiv or CMS BPH physics results

CMS-PAS-BPH-16-002

http://cms-results.web.cern.ch/cms-results/public-results/publications/BPH/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-16-002/index.html
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Summary
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b hadrons lifetimes are measured

 Results agree with w.a. and have precision at the level of the best 
measurements

Υ(1S) pair production is observed in pp collisions at √s=8 TeV

X(5568) is searched for, no excess is found, in agreement with 
LHCb result

 Paper with updated limit will become public soon (in a few weeks)
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BACKUP
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Lifetime measurements of b hadrons
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Efficiency dependence 
on cτ

Y-axis scale is arbitrary

Fit with inverse power 
function

In the baseline selection, 
cτ>0.02 cm is applied to 
avoid turn-on region

(>0.01 cm for B+
(c))

Tracking efficiency is the reason for 
non-flat shape JINST 9 (2014)(10)

http://iopscience.iop.org/article/10.1088/1748-0221/9/10/P10009/meta;jsessionid=E1FF38862B0E59B24E2792EF4A495AC1.ip-10-40-1-105
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Lifetime measurements of b hadrons
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 B+
c J/ψ +  (using reference B+ J/ψ K+)

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

(c)) < 2.2

R(t) = [ N(B+
c) / N(B+) ](t) = R(t) exp(–t)
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Lifetime measurements of b hadrons
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 B+ J/ψ K+ pT(K+) > 3.3 GeV; pT(B+) > 10 GeV

Gaussian for signal, 
exponential for 
background
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Observation of Υ(1S) pair production
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http://dx.doi.org/10.1007/JHEP05(2017)013
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Observation of Υ(1S) pair production
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http://dx.doi.org/10.1007/JHEP05(2017)013
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Search for X(5568)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-16-002/index.html
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Search for X(5568)

EPS-HEP 2017, Venice,  I talyCMS-PAS-BPH-16-002

Remove |m(K+K–) – m
PDG| < 10 MeV cut

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-16-002/index.html

