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The detectors
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Some taste on HF production at ATLAS and CMS
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All heavy flavor results from ATLAS and CMS can be found at:

• https://twiki.cern.ch/twiki/bin/view/AtlasPublic/BPhysPublicResults

• https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH

74 results from both experiments, some of them … 

• Quarkonium cross sections (CMS & ATLAS)

• Polarization of the Λ𝑏
0 (CMS and ATLAS)  

• Study of 𝐵𝑑
0 → 𝐾∗𝜇+𝜇− (ATLAS)

• Search for 𝑋+(5558) → 𝐵𝑠𝜋
+ (CMS and ATLAS)

• Lifetime of B hadrons (CMS) 



b physics triggers
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ATLAS & CMS use dimuon triggers for b and 
charm physics. In general :

• Quarkonia:  𝐽 𝜓 → 𝜇𝜇, Υ → 𝜇𝜇
• Exclusive decays: 𝐵 →  𝐽 𝜓 𝜇𝜇 + 𝑋
• Rare decays: 𝐵 → 𝜇𝜇 + 𝑋

Minimum differences between ATLAS and 
CMS.

6/5/2018



Quarkonium production @ CMS

Well established framework: NRQCD ~ factorizes 
short-dist. (SDCs, perturbative calculations) and 
universal long-dist. (LDMEs, from fits to data) 
contributions.
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Contrary to expectations, LHC measurements indicate 
quarkonia are produced unpolarized ⇒ important to 
add more data to constrain LDMEs.

For J/ψ, ψ’ and Y(nS) (n=1,2,3) @13 TeV, 
CMS measures:

prompt signal events (cannot distinguish feed-
down decays of heavier cc)̅

y and pT bin widths
(|y| < 1.2 , pT = 20 - 150 (130) GeV ) 

Acceptance

Integrated lumi
Reconstruction efficiency



CMS yields and prompt fraction
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• UML fits to Mμμ (Mμμ-ct) in each y-pT bin (for 
J/ψ and ψ’):

• Each: CB icomposed of a Gaussian core.
• Means: fixed · common factor.
• Widths: ~common.
• CB params: constrained to the fit of the pT-integrated distribution.
• Bkg.: exponential.

• CB (+ Gauss. J/ψ) + 
exponential bkg.

• Mean and CB params. 
constrained to pT-int.

• Prompt = Res. (R): event-by-
event-scaled double-Gauss.

• Non-prompt: Exp ⊗ R.
• Bkg.: R’ + exp ⊗ R’.



CMS results
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Shapes consistent across y region: 
can integrate over y.

• NLO NRQCD predictions in agreement with data. 

• As expected from evolution of PDFs, cross 
sections increase with energy.

• These measurements should reduce theoretical 
uncertainties from the extraction of LDMEs.

PLB 780, 251 (2018)



ATLAS quarkonium production in HI and pp collisions

6/5/2018 RENCONTRES DE BLOIS 2018 8

The main goal is to study the modification of J/, ´, and (nS) 
(n=1,2,3) in p+Pb collisions wrt to their production in pp collisions.

Eur. Phys. J. C. 78 (2018) 171



ATLAS quarkonium production in HI and pp collisions
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ATLAS quarkonium production in HI and pp collisions
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CMS Helicity study of Λ𝑏
0 →  𝐽 𝜙 Λ decays
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HQET: A large fraction of transverse b-polarization remains after 

hadronization.

This analysis: Λb ⇾J/ψΛ 5D angular decay function [Kramer & Simma, NPB-

P.S. 50, 125 (1996)] is partially integrated:

P: Λb polarization.

Asymmetry param. in Λb⇾J/ψΛ →

Long. polarization of the Λ →

J/ψ long./transv. pol. Parameter →

• P(LHCb) =  0.06 ± 0.07 ± 0.02
• P(HQET) = 0.1 - 0.2

• α1
(LHCb) = -αb

(LHCb) = -0.05 ± 0.17 ± 0.07
• Many theoretical predictions for α1:

• 0.1 - 0.2 (PQCD, factorization, several quark 
models).

• -0.78 (HQET). 

αΛ: asymmetry param. in Λ⇾pπ- decay (fixed to PDG 0.62 ± 0.013).



CMS Helicity study of Λ𝑏
0 →  𝐽 𝜙 Λ decays

Simultaneous 3D UML fit to Λ𝑏
0 and Λ𝑏

0 in 7 
and 8 TeV data assuming CP conservation
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PRD 97 (2018) 072010

The measurements are consistent with 
LHCb results and theoretical predictions.



ATLAS Helicity study of Λ𝑏
0 →  𝐽 𝜙 Λ decays
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• Study performed by ATLAS with dataset at 7 TeV
• Assume zero polarization.
• Assume CP conservation.

𝛼𝑏 = 0.30 ± 0.16 𝑠𝑡𝑎𝑡 ± 0.06 (𝑠𝑦𝑠𝑡)

6/5/2018

Phys. Rev. D. 89, 092009



ATLAS angular analysis of 𝐵0 → 𝐾∗0𝜇+𝜇−
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This is a FCNC decay cannel on which LHCb has 
reported a potential hint on a deviation of 3.4 sigmas
from the SM calculations.



ATLAS angular analysis of 𝐵0 → 𝐾∗0𝜇+𝜇−
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Control samples



ATLAS angular analysis of 𝐵0 → 𝐾∗0𝜇+𝜇−
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All results are compatible within 3 
s.d. with different predictions, 
and are compatibles with results 
from the LCHb, CMS, and Belle 
experiments.

Submitted to JHEP



Search for 𝑋+(5568) → 𝐵𝑠𝜋
+
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ΔR < 0.3

6.6σ local

5.1σ global+syst

Not favored
due to mass far 
from B-K thresh.

Possible, but 
theory predicts 
more states

• DZero reported the 
observation of a tetraquark
candidate in 𝑋+(5568) →
𝐵𝑠𝜋

+

• LHCb reported a non-
confirmation result of 
these candidate.

• CMS and ATLAS has 
recollected several 
thousands of 𝐵𝑠 →  𝐽 𝜓 𝜙
decays on what to look for.

𝜌𝑋 ≡
𝜎(𝑝𝑝→𝑋 5558 +𝑎𝑛𝑦𝑡ℎ𝑖𝑛𝑔)×𝐵(𝑋(5558)→𝐵𝑠𝜋

±)

𝜎(𝑝𝑝→𝐵𝑠+𝑎𝑛𝑦𝑡ℎ𝑖𝑛𝑔)
=

𝑁𝑋

𝑁𝐵𝑠

𝜀𝐵𝑠
𝜀𝑋



CMS search for 𝑋+(5568) → 𝐵𝑠𝜋
+
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Search for resonances in the Bs π± invariant mass spectrum: Bs (⇾J/ψφ(1020)) + prompt pion.

No excess is visible.



Fit to CMS data
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ATLAS search for 𝑋+(5568) → 𝐵𝑠𝜋
+
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ATLAS search for 𝑋+(5568) → 𝐵𝑠𝜋
+
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Summary of the search for𝑋+(5568) → 𝐵𝑠𝜋
+

6/5/2018 RENCONTRES DE BLOIS 2018 22

• CMS and ATLAS find not significant 
structure in M(Bsπ±) for masses up to 5.9 
GeV, disfavoring predictions of tetraquark 
models.

• No signal found despite trying different 
kinematic & quality cuts, variants of bkg. 
modeling and fit regions. 

CMS:
𝜌𝑋 < 1.1%@95% 𝐶. 𝐿. for pT(Bs)>10 GeV
𝜌𝑋 < 1.0%@95% 𝐶. 𝐿. for pT(Bs)>15 GeV

ATLAS:
𝜌𝑋 < 1.5%@95% 𝐶. 𝐿. for pT(Bs)>10 GeV
𝜌𝑋 < 1.6%@95% 𝐶. 𝐿. for pT(Bs)>15 GeV

PRL 120, 202007 (2018)

D0: reconfirms with 6.7σ using Bs semileptonic decays [PRD 97, 092004 (2018)]

CDF: ρ < 6.7% for pT(Bs) > 10 GeV & |y| ≲ 1 

does not favor D0 results [PRL 120, 202006 (2018)]
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) 𝜌𝑋
𝐷𝑍𝑒𝑟𝑜 = 8.6 ± 1.9 𝑠𝑡𝑎𝑡 ± 1.4 (𝑠𝑦𝑠𝑡. ) %

𝜌𝑋
𝐷𝑍𝑒𝑟𝑜 = 7.3−2.4

+2.8 (𝑠𝑡𝑎𝑡)−1.7
+0.6(𝑠𝑦𝑠𝑡. ) %

See A. Druskoi presentation.

hadronic
Semileptonic

PRL 120, 202005 (2018)



b hadron lifetimes
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•B-lifetimes determine importance of non-spectator contributions.

•Discrepancies among previous measurements of, e.g., Λb & Bc
+ lifetimes:

LHCb results significantly larger than Tevatron 
measurements

B & quarkonia @ CMS -- Ivan Heredia XXXII-AM-DPyC

http://www.quantumdiaries.org/tag/b-physics/

Λb
Bc

τ

6/5/2018 RENCONTRES DE BLOIS 2018



Measurement strategy
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Primary 
vertex

Lxy

( ct > 200 μm )

Measurements based on reconstruction of 
the transverse decay length Lxy and UML fits 
of reco. mass (M), ct and σct of the b
hadrons: 

𝑅(𝑐𝑡) ≡
𝑁𝐵𝑐

+ 𝑐𝑡

𝑁𝐵+ 𝑐𝑡
≈ 𝑅𝜀 𝑐𝑡 𝑒𝑥𝑝(−ΔΓ𝑡)

For the Bc meson, we use a 
ratio technique:

𝐵+, 𝐵0, 𝐵𝑠, Λ𝑏
0

B+⇾J/ψK+: reference mode, for 
evaluation of syst. uncertainties.



Mass distributions of b hadrons

25
B & quarkonia @ CMS -- Ivan Heredia XXXII-AM-DPyC
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Lifetime results

6/5/2018 RENCONTRES DE BLOIS 2018 26

vs. 455.7 ± 1.2 μm (HFAG) 

vs. 443.4 ± 3.6 μm (HFAG) 

vs. 440.7 ± 3.0 μm (HFAG) 

vs. 495 ±10 (LHCb), 510 ±36 (CDF), 508 ±45 μm (D0) 

vs. 152.0 ± 2.7 μm (HFAG) 

Precision from each channel is as good as or better than previous measurements. 

Γ𝑑 = 0.662 ± 0.003 stat ± 0.003 𝑠𝑦𝑠𝑡 𝑝𝑠−1

ΔΓ𝑑 = 0.023 ± 0.015 stat ± 0.016 𝑠𝑦𝑠𝑡 𝑝𝑠−1

 ΔΓ𝑑 Γ𝑑 = 0.034 ± 0.023 stat ± 0.024 𝑠𝑦𝑠𝑡

Combination of theses results leads to:

 𝜏Λ𝑏
0 𝜏𝐵0→  𝐽 𝜓𝐾∗(892)0 = 0.978 ± 0.018 𝑠𝑡𝑎𝑡 ± 0.006 𝑠𝑦𝑠𝑡

 𝜏𝐵𝑠0→  𝐽 𝜓𝜙(1020) 𝜏𝐵0→  𝐽 𝜓𝐾∗(892)0 = 0.980 ± 0.006 𝑠𝑡𝑎𝑡 ± 0.003 𝑠𝑦𝑠𝑡

vs. 0.967 ± 0.007 (HFAG)
vs. 0.993 ± 0.004 (HFAG) 

Ratios compatible with the 
current W.A. values (≲1.5σ)

Accepted by EPJC
(arXiv:1710.08949)

vs. 423.6 ± 1.8 μm (HFAG) 

vs. -0.002 ± 0.010 (HFAG) 

𝑐𝜏𝐿 𝐵𝑠 = 420.4 ± 6.2 𝜇𝑚

All results are in agreement with 
current W.A. values and with HQE 
predictions and other theoretical 
models



Conclusion and prospects

• Data sets of 8 TeV are still producing important results, in addition to the analysis of data at 13 TeV. 

• ATLAS and CMS are profiting of their trigger on dimuons, suitable for studies on rare decays of b-
hadrons, so new results on that line will come soon, in addition to properties and other observations.

• CMS and ATLAS can not confirm the peaking structure observed by Dzero.

• Both experiments, ATLAS and CMS have a strong opportunities on the study of heavy hadron.

• ATLAS and CMS has produced much more results than what can fit in this talk.
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Backups
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CMS search for 𝑋+(5568) → 𝐵𝑠𝜋
+
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CMS search for 𝑋+(5568) → 𝐵𝑠𝜋
+
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Efficiencies and lifetime fits
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Lifetime fits
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