
 HEAVY-FLAVOR PHYSICS IN

    Greg Landsberg                                         02/14/20   
      2020 Lake Louise Winter Institute in Particle Physics                                                                                         



G
re

g 
La

nd
sb

er
g 

- H
ea

vy
-F

la
vo

r P
hy

si
cs

 in
 C

M
S 

- F
eb

ru
ar

y 
20

20
 

Outline
๏Polarization measurements 
๏Rare decays in CMS 
๏Study of excited Λb baryons 
๏CMS B physics parked data 
๏Conclusions 

๏N.B. All the references are 
clickable links
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CMS and Flavor Physics
๏ CMS has NOT been designed with flavor physics in mind 

★ Nevertheless, the large redundancy of the detector systems, 
excellent solid angle coverage, state-of-the-art all-silicon tracker, 
strong magnetic field, and flexible trigger system make it suitable 
for a number of heavy-flavor measurements, particularly ones 
involving centrally produced muons 

๏ Large integrated luminosity (nearly 20 times the LHCb) 
compensates for mainly central coverage and generally higher 
trigger thresholds 
★ This makes CMS competitive with LHCb and B factories in selected 

heavy-flavor measurements 
๏ Some of the analyses still explore the wealth of Run 1 data, with 

generally lower trigger thresholds than sustainable in Run 2 
๏ The 2018 data parking campaign made CMS even more 

competitive by allowing to study all-hadronic heavy-flavor 
decays, as well as decays with electrons, V0's, and τ leptons
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Polarization of 𝞆c1,2 States
๏ Contrary to naive NRQCD expectations, S-wave 

spin-1 states are produced largely unpolarized at the 
LHC: 
★ Tested in J/ψ, ψ(2S), Y(nS) [n = 1-3] production 
★ Can be explained by fine-tuning of LDME in NRQCD 

๏ However, there have been no measurements of  
P-wave spin-1 state polarization so far 
★ The recent global fits to the cross section and available 

polarization data predict strong and opposite 
polarizations for the P-wave 𝞆c1 and 𝞆c2 states 

๏ First such measurement of the relative polarization 
for these two states has been just accomplished by 
CMS
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Polarization of 𝞆c states 
๏ The analysis uses 8 TeV data (19.1 fb-1), which has more 

suitable triggers 
๏ The 𝞆c states are observed via radiative decays to J/ψɣ, 

with low-pT photons reconstructed via conversions 
๏ Measurement of polarization  

difference is significantly 
simpler than measurement 
of individual polarizations,  
as the results are insensitive  
to the efficiency variations  
and other systematic effects 

๏ The measurement is accomplished by comparing the 
yields of 𝞆c states as functions of helicity angles 𝜗 and 𝜑
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Figure 1: Example of a fitted J/y g invariant mass distribution, for the 0.15 < |cos J| < 0.225
bin, in the 12–18 GeV pT range. The vertical bars on the points indicate the statistical uncertain-
ties. The lines show the various fit contributions.

in the reconstruction of the cc candidates. The fits of the mass distributions were redone using
alternative options for the low- and high-mass tails of the double-sided CB functions, and by
varying the combinatorial background description, both by changing the floating parameters of
the nominal function and by using the alternative function (x� x0)

l exp (n(x � x0)), where n is
left free, l is fitted to a constant, and x0 = 3.2 GeV, a value determined in fits to the background-
only mass distributions obtained by excluding the 3.37–3.6 GeV region. The sensitivity of the
results to the acceptance and efficiency corrections was evaluated by redoing the analysis with
maps computed with alternative single-muon and photon detection efficiencies, as well as with
simulated samples generated with different pT/M shapes for each of the two cc states. All
effects lead to similar variations in the yields of the two states and cancel, to a large extent, in the
cc2/cc1 ratio, apart from a normalization shift that has no impact on the angular anisotropies.

The cc2 to cc1 yield ratios as a function of j, shown in Fig. 2 (left), are compatible with be-
ing flat, excluding large differences in azimuthal anisotropy, as exemplified by the two curves
compared to the data points in the second pT range. These curves represent the simplest con-
ceivable polarization hypotheses leading to large azimuthal effects in the helicity frame: cc1
and cc2 have maximally different polar anisotropies in the Collins–Soper frame, correspond-
ing to specific alignments of their angular momentum vectors along the collision direction
(J

cc1
z = J

cc2
z = 0 and J

cc1
z = ±1, J

cc2
z = ±2, for the dotted and dash-dotted curve, respec-

tively). In fact, the change from the Collins–Soper to the helicity quantization axis is almost
a 90� rotation, transforming polarized distributions into azimuthally anisotropic ones. This
uniform j behavior confirms the choice of the helicity axis as the one that, as expected in this
kinematic regime, should reflect most closely the natural alignment of the angular momentum
vector, maximizing the polar anisotropy effects.

In Fig. 2 (right) the measured |cos J| dependence of the cc2/cc1 ratio is compared to the ana-

lytic expression (1 + l
cc2

J cos2 J) / (1 + l
cc1

J cos2 J), derived from Eq. 1 integrating over j. Two
scenarios are considered. The “unpolarized scenario”, l

cc1

J = l
cc2

J = 0 independently of pT,
represented in Fig. 2 (right) by the dashed flat lines, gives a poor description of the data. A fit
with free normalizations leads to a c2/ndf = 31/15, corresponding to a c2 probability of only
0.9%. The “NRQCD scenario” [44], where l

cc1

J = 0.72, 0.65, and 0.56, and l
cc2

J = �0.48, �0.35,
and �0.19, for the average pT values in each of the three ranges, agrees well with the data, with
a fit c2/ndf = 13/15, corresponding to a c2 probability of 58%.
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Polarization Results
๏ The results essentially rule out unpolarized production and 

favor NRQCD predictions with the LDME from the global fits 
๏ Low pT dependence of the polarization difference 𝜆𝜗 

observed is consistent with the NRQCD predictions 
๏ This is the first observation of non-zero polarization of 

vector quarkonia in hadronic collisions!
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Figure 2: The cc2/cc1 yield ratio vs. j (left) and |cos J| (right), in the helicity frame, for the
three J/y pT ranges. The grey markers (slightly shifted horizontally) show the values before
acceptance and efficiency corrections, scaled vertically for an easier shape comparison. The
vertical bars represent the statistical uncertainties and the horizontal bars the bin widths. The
solid and dashed curves show, respectively, the “NRQCD” [44] and “unpolarized” scenarios.
The dotted and dash-dotted curves illustrate maximally different natural polarizations in the
Collins–Soper frame, leading to large differences in azimuthal anisotropy.

Figure 3: Two-dimensional l
cc2

J vs. l
cc1

J contours, at 68.3, 95.5, and 99.7% confidence levels
(CL), measured combining the three J/y pT ranges. The physically allowed region (red rectan-
gle) and six pure angular momentum configurations (markers) are also shown. The crossing of
the two dashed lines represents the unpolarized case.

Figure 3 shows the polar anisotropy parameters l
cc1

J and l
cc2

J derived from the measured |cos J|
dependence of the cc2/cc1 ratio, combining the three pT ranges. The contours in the l

cc1

J vs.

l
cc2

J plane are obtained by scanning the two lJ parameters and the three normalizations to
evaluate the c2 profiles corresponding to the 68.3, 95.5, and 99.7% confidence levels. The unpo-
larized scenario (l

cc1

J = l
cc2

J = 0), as well as more than half of the physically allowed region,
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Figure 4: The l
cc2

J values (circles) measured when the l
cc1

J values (squares) are fixed to the
unpolarized (left) or the NRQCD (right) scenarios (green curves), as a function of pT/M of
the J/y. The purple band on the right is the NRQCD prediction for l

cc2

J [44], while in the
unpolarized scenario l

cc2

J = l
cc1

J = 0. The markers are shown at the average pT/M values
in each bin, the vertical bars represent the total uncertainties, and the horizontal bars the bin
widths. The dashed lines indicate the physically allowed range of l

cc2

J .

including all cases where l
cc2

J � l
cc1

J , are outside the 99.7% contour. In terms of specific pure
angular momentum configurations, it can be seen that, in particular, the cases J

cc2
z = ±2 and

J
cc1
z = J

cc2
z = ±1 are strongly disfavored.

The correlation between the l
cc1

J and l
cc2

J parameters can be accurately expressed through a
simple parametrization: l

cc2

J = (�0.94 + 0.90 l
cc1

J )± (0.51 + 0.05 l
cc1

J ), (�0.76 + 0.80 l
cc1

J )±
(0.26 + 0.05 l

cc1

J ), and (�0.78 + 0.77 l
cc1

J ) ± (0.26 + 0.06 l
cc1

J ), for the three consecutive pT
ranges. These expressions can be used for direct comparisons to theoretical scenarios.

Figure 4 shows, as a function of pT/M of the J/y (equal on average to the pT/M of the cc1

and cc2 mothers [23]), the l
cc2

J values measured when l
cc1

J is fixed to the predictions of the two

scenarios already considered in Fig. 2. Setting l
cc1

J = 0 leads to l
cc2

J values that are significantly
different from zero (and even tend to be outside the physically allowed range). The NRQCD
prediction is, instead, in good agreement with the measurement.

In summary, the polarizations of promptly produced cc1 and cc2 mesons have been measured
in pp collisions at

p
s = 8 TeV. The analysis uses the J/y g decay channel in three J/y pT ranges

between 8 and 30 GeV. The measurement, made in the helicity frame, shows a significant dif-
ference between the polar anisotropy parameters l

cc1

J and l
cc2

J . The result strongly disfavors,
in particular, the unpolarized scenario uniformly observed in the J/y, y(2S), and U measure-
ments. Remarkably, the measurement agrees with the NRQCD prediction. This result provides
a new piece in the experimental scenario of quarkonium production at mid-rapidity and the
first significant indication of kinematic differences between the various quarkonia. It should
improve the understanding of hadron formation and of the interplay between the long- and
short-distance aspects of the strong interaction.
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J/ψ Mesons in Jets
๏ As discussed before, unpolarized production of J/ψ 

mesons in NRQCD requires rather precise 
cancellation of various terms 

๏ The relative contributions of these terms is 
determined from global LDME fits to various J/ψ 
meson production data 

๏ A sensitive measurement is production of J/ψ 
mesons within jets, as functions of the fraction of jet 
energy they carry (z), as well as jet pT 

๏ This measurement was carried for the first time by 
CMS using 8 TeV Run 1 data in three z bins of 
[0.40,0.45], [0.50,0.55], and [0.60,0.65] and the jet pT 
range [56,120] GeV
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Theory Comparison
๏ Out of four NRQCD (non-interfering) terms 2S+1LnJ: 

1S80, 3S11, 3S81, 3P8J, the 3S11 color-singlet term is 
only important at low pT, so we could ignore it 

๏ The relative energy dependence of the other three 
terms is determined by a particular LDME set 

๏ The fragmentation jet function (FJF) approach 
[Baumgart et al., JHEP 11 (2014) 003] allows to fit 
the ratio of differential cross section in a particular 
bin to that for the 0.3 < z < 0.8 range of the analysis 

๏ The results strongly prefer BCKL LDME set, as the 
only one providing reasonable data description, 
particularly at large z

10
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BCKL Predictions
๏ In the BCKL [Bodwin et al., PRL 113 (2014) 022001] LDME, the two S = 1 

color octet terms have opposite signs and nearly identical energy 
behavior, and thus nearly cancel each other, making the 1S80 term to 
dominate the total in the entire z and pT range and providing good 
description of data 

๏ In the BK [Butenschoen & Kniehl, Mod. Phys. Lett. A 28 (2013) 1350027] 
LDME, the 1S80 and 3S80 terms are similar and small, and the result does 
not describe the data anywhere in the phase space studied 

๏ In the Chao [Chao, PRL 108 (2012) 242004] LDME, all three terms are 
similar, and the result also does not describe the data anywhere in the 
phase space studied

11
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Figure 5: Comparison of X(Ejet; z1) versus Ejet from data with FJF predictions of the total dif-
ferential cross section, each normalized to unit area, for the BCKL (squares), BK (inverted tri-
angles), and Chao (diamonds) LDME parameter sets. The three z1 ranges are (left) z1 = 0.425;
(middle) z1 = 0.525; (right) z1 = 0.625. The curves show the detailed energy dependence of the
predictions. The vertical bars on the data points are the quadrature sum of the statistical and
systematic uncertainties.

the number of jets with a constituent J/y meson that would be present in the lower-energy381

region for full pT acceptance. Some jets in the Ejet = 25–44 GeV range have sufficiently large382

polar angles to pass the p
jet
T > 25 GeV requirement. These are subtracted from the extrapolation383

to avoid double counting. The number of jets from extrapolation in each 1 GeV wide jet energy384

bin i is corrected for the jet reconstruction efficiency ei to predict the total number Ni of jets385

with energy Ei.386

In order to contribute to the data sample, a jet with energy Ei must produce a J/y meson with387

energy Ej. The probability Pj for the J/y meson to have energy Ej is taken from the results of388

this analysis, normalized to unity for 55 bins covering the range 15 < EJ/y < 70 GeV. The total389

number Ai of jets with energy Ei that contain a J/y meson with energy fraction zij = Ej/Ei in390

the range 0.3–0.8 is391

Ai = Ni

55

Â
j=1

Pj w(zij). (3)

The function w(zij) is the probability that a jet of energy Ei will contain a J/y meson having392

energy Ej. To proceed, we need a specific model for the jet and J/y kinematics. We use the393

jet fragmentation model in Ref. [10] for Ejet = 50 GeV. The probability is zero for z > 0.8. The394

model predicts that (43± 3 (stat))% of the J/y mesons should be accompanied by zero observed395
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Why Does it Matter?
๏ The result may have a profound connection to the  

J/ψ [lack of] polarization puzzle 
๏ The 1S80 term is the only one that has both S and J 

equal to zero, implying that J/ψ mesons do not have 
any polarization in production 

๏ The fact that it dominates in jet fragmentation into  
J/ψ mesons at all momentum fractions and pT for the 
only set of LDME, which provides an adequate 
description of the jet data, may explain the lack of 
polarization in J/ψ meson production 

๏ It also implies that the other two LDME sets miss 
crucial information in the global fit, which results in 
their failure to describe differential jet fragmentation 
data
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Bs/B0 → µµ Results
๏ New Bs(μμ) measurement and a search for B0(μμ) 

with Run 1 + 2016 Run 2 data 
๏ Superseded the earlier Run 1 analysis, which 

became a basis of the combination with LHCb 
claiming the first observation of the Bs(μμ) decay 
[Nature 522 (2015) 68] 

๏ Main improvements: 
★ Added partial Run 2 data @ 13 TeV 
★More tight muon ID to reduce misidentified hadron 

background 
★ Addition of the lifetime measurement 
★More detailed treatment of the fragmentation function 

ratio14
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B[s]0(µµ) in CMS
๏ B(Bs → μμ) = [2.9+0.7-0.6 (exp.) +0.2 (frag.)] x 10-9 

★ Observed (expected) significance 5.6 (6.5) s.d. 
๏ B(B → μμ) < 3.6 (3.1) x 10-10 @ 95 (90)% CL 
๏ Theory prediction: B(Bs → μμ) = (3.63 ± 0.11) × 10−9 (including effects of mixing 

and the latest form factors from lattice QCD calculations) 
๏ Naive 1D average: 2.92 +0.42-0.38, i.e.,1.64σ below the SM prediction;  

2D average ~ 2σ below the prediction; the LHC average is coming shortly 
๏ Effective lifetime measurement: τ = 1.70+0.61-0.44 ps (expect: 1.615 ± 0.004 ps for 

the heavy state; light state: 1.415 ps)

15
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Bs(µµ) Candidate Event
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3

Figure 4: Event displays of a B0
s ! µ+µ�

candidate in Run 2 data. The two curved red lines

correspond to the two muons from the decay. The inset zooms in on the innermost CMS detec-

tor region. The tracks other than the muon ones have been removed for clarity. The two muons

do not come from the proton-proton collision point, shown as a yellow dot, but from the decay

vertex of the B0
s meson, shown as a red dot.
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Bs(µµ) Prospective
๏ 3x more Run 2 data is yet to be analyzed - expect a 

significant improvement! 
๏ For the B(μμ) discovery, need HL-LHC; will also be able 

to probe the lifetime with sufficient enough precision to 
resolve the two Bs states
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Figure 5: Invariant mass distributions with the fit projection overlayed, corresponding to an
integrated luminosity of 3000 fb�1. The left plot shows the central barrel region, |h f | < 0.7 and
the right plot is for 0.7 < |h f | < 1.4.
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Figure 6: The binned maximum likelihood fit to the background-subtracted decay time distri-
bution for the Phase-2 scenario. The effective lifetime from the fit is 1.61 ±0.05 ps.

We provide the sensitivities of the measurement for the B
0
s ! µ+µ� effective lifetime and the

branching fractions of the rare decays of B
0
s and B

0 mesons to dimuons in Table 3. In the table,
the total relative uncertainties on the branching fractions of the B

0
s ! µ+µ� and B

0 ! µ+µ�

include both systematics and statistical uncertainties, while the absolute uncertainty on the B
0
s

effective lifetime is the statistical only. Based on the Run-2 analysis, it can be noted that the total
uncertainty on the B

0
s effective lifetime is currently dominated by the statistical uncertainty.

We have also repeated the pseudo-experiments without any systematics included. The results
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bution for the Phase-2 scenario. The effective lifetime from the fit is 1.61 ±0.05 ps.

We provide the sensitivities of the measurement for the B
0
s ! µ+µ� effective lifetime and the

branching fractions of the rare decays of B
0
s and B

0 mesons to dimuons in Table 3. In the table,
the total relative uncertainties on the branching fractions of the B

0
s ! µ+µ� and B

0 ! µ+µ�

include both systematics and statistical uncertainties, while the absolute uncertainty on the B
0
s

effective lifetime is the statistical only. Based on the Run-2 analysis, it can be noted that the total
uncertainty on the B

0
s effective lifetime is currently dominated by the statistical uncertainty.

We have also repeated the pseudo-experiments without any systematics included. The results

10

show that the sensitivities of the B
0 branching ratios and of the range of the significance of B

0

observation do not change significantly. Therefore, it can be concluded that they are dominated
by the statistics of the total uncertainties. On the contrary, the sensitivity of the B

0
s branching

ratio reduces significantly that it is mostly driven by the systematic (⇠75%) uncertainties.

As an additional test to investigate the effect of the improved mass resolutions on the final
results, we have performed the pseudo-experiments assuming the Run-2 mass resolutions. The
studies show that there is a ⇠20% improvement in the sensitivity of the B

0 branching fraction
and the significance of its observation has a ⇠25% gain due to the upgraded Phase-2 CMS
tracker system.

Table 3: Estimated analysis sensitivity for different integrated luminosities. Columns in the
table, from left to right: the total integrated luminosity, the median expected number of recon-
structed B

0
s and B

0 mesons, the total uncertainties on the B
0
s ! µ+µ� and B

0 ! µ+µ� branch-
ing fractions, the range of the significance of B

0 observation (the range indicates the ±1s of the
distribution of significance) and the statistical uncertainty on the B

0
s ! µ+µ� effective lifetime.

L (fb�1) N(Bs) N(B
0) dB(Bs ! µµ) dB(B

0 ! µµ) s(B
0 ! µµ) d[t(Bs)](stat-only)

300 205 21 12% 46% 1.4 � 3.5s 0.15 ps
3000 2048 215 7% 16% 6.3 � 8.3s 0.05 ps

4 Conclusions
The inner tracker of the Phase-2 detector provides an order of 40-50% improvement on the
mass resolutions over the Run-2 case that will allow precise measurements of the B

0
s ! µ+µ�

and B
0 ! µ+µ� rare decays. The semileptonic background contribution into the signal regions

will be reduced substantially and the improved separation of the B
0
s and B

0 yields will lower
the signal cross feed contamination, which is crucial for the B

0 observation. With an integrated
luminosity of 3000 fb�1, CMS will have the capability to measure the B

0
s ! µ+µ� effective

lifetime with an error of about 0.05 ps and to observe the B
0 ! µ+µ� decay with more than 5

standard deviation significance.
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Observation of a Rare Λb Decay
๏ Search for a new rare Λb decay: Λb ➝ J/ψΛɸ in 2018 data (60 fb-1) motivated 

by the observation of exotic narrow pentaquark candidates in the J/ψp 
spectrum in the Λb ➝ J/ψpK decay by LHCb [PRL 122 (2019) 222001] 

๏ Use the Λb ➝ ψ(2S)Λ ➝ J/ψΛπ+π- decay as the normalization channel 
(similar topology and track multiplicity)
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Figure 1: The invariant mass distributions of (left) J/yLK+K� and (right) background-
subtracted K+K�. The points are the data, with the vertical bars giving the statistical uncer-
tainties, and the lines show the results of the fits described in the text.

represent the data and the curve is the result of the fit. The signal is described by a double-
Gaussian function with floating common mean and total normalization, while the individual
widths and the relative fraction of the two Gaussians are fixed from the fit to a simulated signal
sample. The background is described by a third-order Bernstein polynomial function. The fit
results in a signal yield of 884± 37 events. The non-y(2S) contribution in the L0

b ! J/yp+p�L
signal was estimated to be negligible in the selected mass window |M(J/yp+p�)� M

PDG
y(2S) | <

15 MeV.
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Figure 2: The invariant mass distribution of L0
b ! y(2S)L candidates. The points are the data

and the lines give the result of the fit described in the text.

5 Efficiency calculation
The L0

b selection efficiencies in the signal and normalization channels are calculated as the
ratio of the numbers of selected to generated events in simulated signal samples. The over-
all efficiency includes the trigger and reconstruction efficiencies and the detector acceptance.
The efficiency in each channel is obtained using the simulated samples described in Section 3.
The efficiency ratio, which is used in the branching fraction ratio measurement, is found to be
e(L0

b ! y(2S)L)/e(L0
b ! J/yLf) = 0.363 ± 0.011, where the uncertainty is statistical only

and accounts for the limited event counts in the corresponding simulated samples. The pT
spectrum of pions from the y(2S) ! J/yp+p� decay in the normalizations channel is softer
than the pT spectrum of kaons from the f ! K+K� decay in the signal channel, resulting in an
efficiency ratio significantly below unity.

CMS PLB 802 (2020) 135203

286 ± 29 events 
10.3σ

B(⇤b ! J/ ⇤�)

B(⇤b !  (2S)⇤)
= (8.26± 0.90 (stat)± 0.68 (syst)± 0.11 (B))%

<latexit sha1_base64="vitp9DPeHMYxsWR91TJr04OMaO8="></latexit>
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5 Efficiency calculation
The L0

b selection efficiencies in the signal and normalization channels are calculated as the
ratio of the numbers of selected to generated events in simulated signal samples. The over-
all efficiency includes the trigger and reconstruction efficiencies and the detector acceptance.
The efficiency in each channel is obtained using the simulated samples described in Section 3.
The efficiency ratio, which is used in the branching fraction ratio measurement, is found to be
e(L0

b ! y(2S)L)/e(L0
b ! J/yLf) = 0.363 ± 0.011, where the uncertainty is statistical only

and accounts for the limited event counts in the corresponding simulated samples. The pT
spectrum of pions from the y(2S) ! J/yp+p� decay in the normalizations channel is softer
than the pT spectrum of kaons from the f ! K+K� decay in the signal channel, resulting in an
efficiency ratio significantly below unity.
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5 Efficiency calculation
The L0

b selection efficiencies in the signal and normalization channels are calculated as the
ratio of the numbers of selected to generated events in simulated signal samples. The over-
all efficiency includes the trigger and reconstruction efficiencies and the detector acceptance.
The efficiency in each channel is obtained using the simulated samples described in Section 3.
The efficiency ratio, which is used in the branching fraction ratio measurement, is found to be
e(L0

b ! y(2S)L)/e(L0
b ! J/yLf) = 0.363 ± 0.011, where the uncertainty is statistical only

and accounts for the limited event counts in the corresponding simulated samples. The pT
spectrum of pions from the y(2S) ! J/yp+p� decay in the normalizations channel is softer
than the pT spectrum of kaons from the f ! K+K� decay in the signal channel, resulting in an
efficiency ratio significantly below unity.

CMS PLB 802 (2020) 135203

286 ± 29 events 
10.3σ

B(⇤b ! J/ ⇤�)

B(⇤b !  (2S)⇤)
= (8.26± 0.90 (stat)± 0.68 (syst)± 0.11 (B))%
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4-momenta of particles from the results of this vertex fit;258

(3, new baseline): fit ALL the tracks forming the PV + L0
b candidate into a common vertex, and259

use L0
b and pion 4-momenta from this vertex fit.260

As shown in Appendix J, the last method results in the best invariant mass resolution. There-261

fore this approach will be used in the analysis. In the pre-selection no requirement is applied on262

the fit quality if these vertices (even on the fit convergence, however, for all events that passed263

other selection criteria, the two mentioned vertex fits converge).264

Multiple candidates from single pp collision event are not removed unless it is specified265

explicitly.266

2.3 Optimized selection criteria267

Using the MC samples described in the next subsection, optimization of selection criteria is268

performed as described in Appendix A. For the near-threshold region, the following addi-269

tional requirements are found to be optimal and are used in the analysis: pT(p
±
2 ) > 0.3 GeV,270

pT(p
±
1 ) > 0.35 GeV (two prompt pions), cos3D(L0

b, PV) > 0.995, cos2D(L0
b, PV) > 0.995,271

pT(py(2S)) > 0.4 GeV.272

For the high-mass region, optimal requirements are found to be pT(p
±
2 ) > 0.7 GeV, pT(p

±
1 ) >273

1.40 GeV, pT(L0
b) > 16 GeV, Pvtx(L0

b) > 2%, Pvtx(L0
bp+p�) > 8%.274

2.4 MC simulation samples275

The Monte-Carlo (MC) samples used are presented in Table 1, separate 2016, 2017 and 2018276

samples were requested for each of the 10 samples. The generated numbers of events are given277

in Table 2. For the samples with y(2S), it is set to decay into J/yp+p� with 66% probability278

and into µ+µ� with 34% probability. Detailed information about configuration is presented in279

TWiki page [link].280

Simulated MC samples are reconstructed in the same way as real data. Matching of the re-281

constructed candidates to the generated particles is obtained by requiring DR =
p
(Dh)2 + (Df)2282

between 3-momenta of the reconstructed and generated particle to be < 0.004 for muons,283

< 0.02 for L and < 0.04 for slow p± from L⇤
b(5912)0 and L⇤

b(5920)0 decays, but < 0.02 for284

all other pions.285

Figure 2: L⇤0
b ! L0

bp+p� (L0
b ! yL, y ! µ+µ�) decay topology.
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Excited Λb Baryons
๏ Studies of heavy excited baryon mass spectra is an 

important test of HQET 
★ Predictions are all over the place and generally contradict 

each other 
๏ New CMS study of excited Λb baryons in the Λbπ+π- 

mass spectrum in a wide mass range with Run 2 data, 
up to 140 fb-1 

★ Triggered by the observation of Λb(5912)0 and Λb(5920)0 by 
LHCb in 2012 (only the 5920 state has been  
confirmed by CDF in 2013) 

๏ The search uses a combination  
of various J/ψ + X triggers, as no  
dedicated trigger for the signal  
is available in Run 221



G
re

g 
La

nd
sb

er
g 

- H
ea

vy
-F

la
vo

r P
hy

si
cs

 in
 C

M
S 

- F
eb

ru
ar

y 
20

20
 

Two Mass Ranges
๏ The analysis has been optimized differently at low masses, near the Λbππ mass 

threshold, and at high masses, where the background is generally large 
๏ Low-mass spectrum clearly shows Λb(5912)0 and Λb(5920)0 resonances, with the 

masses consistent with the observed ones by LHCb/PDG 
๏ High-mass spectrum shows an unresolved structure at 6150 MeV consistent with 

the Λb(6146)0 and Λb(6152)0 states very recently observed by LHCb [PRL 123 
(2019) 152001] 

๏ In addition, a wide bump around 6070 MeV is observed for the first time

22
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Figure 1: Invariant mass distribution of the selected L0
bp+p� candidates near threshold. The

vertical bars on the data points display the statistical uncertainties in the data. The overall fit
result is shown by the thick solid line, with the thin and dashed lines representing the signal
and combinatorial background components, respectively.

The background is modeled with a threshold function (x � x0)
b, where x0 is the mass thresh-

old value. The value of b, as well as the masses and normalizations of the two signal func-
tions, are free parameters of an unbinned maximum-likelihood fit to data. The best-fit signal
yields are 28.4 ± 5.8 and 159 ± 14 events, and the measured masses are 5912.32 ± 0.12 MeV and
5920.16 ± 0.07 MeV, respectively, where the uncertainties are statistical only. The presence of
each of the peaks is established with a statistical significance of 5.7 and well over 6 standard
deviations (s), for the Lb(5912)0 and Lb(5920)0 states, respectively, thereby confirming the ex-
istence of these two baryon states. The significances have been evaluated with the likelihood-
ratio technique by applying the one- and two-peak signal hypotheses. The likelihood ratios are
evaluated using an asymptotic formula [37, 38]. The means and resolution parameters of the
two peaks are allowed to vary in the fit within the Gaussian constraints from Ref. [19] and the
simulation. The significance of the Lb(5912)0 state varies between 5.4 and 5.7s with the varia-
tions in the fit model used to estimate the systematic uncertainties, as detailed in Section 6; the
significance of the Lb(5920)0 state remains well above 6s.

Higher masses in the mL0
bp+p� distribution are studied as well, as shown in Fig. 2. A narrow

peak at approximately 6150 MeV is evident, consistent with an overlap of the Lb(6146)0 and
Lb(6152)0 signals, as well as a broad enhancement in the region below 6100 MeV. None of
these features are present in the SS control region, as shown in Appendix A.

A number of cross-checks have been performed to understand if the broad enhancement can
be the result of a kinematic reflection or produced by a background process. It was found
that the enhancement is not compatible with the partially reconstructed decays of Lb(6146)0

or Lb(6152)0 states into L0
bp+p�p0 (where the p0 is lost). To check if it can be due to some

other state decaying into the L0
bK±p⌥ channels, the L0

bKp invariant mass distributions are ob-
tained by substituting the pion mass with the kaon mass. No significant enhancements over the
smooth background are found. The mL0

bp+p� background distribution is found to be in agree-

ment between the SS and OS regions in the simulation and does not show any enhancement
in the 6000–6100 MeV mass region. The two-dimensional distributions of the L0

bp+p� mass
versus the L0

bp+ and L0
bp� masses from data are shown in Appendix A. If the L0

bp± invariant

5

mass ranges corresponding to the S�
b , S+

b , S⇤�
b , and S⇤+

b baryons are vetoed, the SS and OS
mass distributions in data are found to be in agreement in the region below 6100 MeV and do
not exhibit a broad enhancement, as shown in Appendix A. This suggests that the broad excess
might be related to the intermediate S±

b and S⇤
b
± baryon states, although the current size of the

data set does not allow this hypothesis to be tested.
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Figure 2: Invariant mass distribution of the selected L0
bp+p� candidates in the high-mass re-

gion. The vertical bars on the data points represent the statistical uncertainties in the data. The
overall fit result is shown by the thick solid line. The thin lines present the contributions from
the two signal peaks and the broad enhancement. The dashed line displays the combinatorial
background.

The observed mL0
bp+p� distribution in the high-mass region is fit with a sum of three signal

functions and a smooth background function obtained by multiplying the threshold function
(x � x0)

b by a first-order polynomial. The signal function describing the broad structure below
6100 MeV is a single Breit–Wigner function convolved with a double-Gaussian resolution func-
tion obtained from simulation. The narrow peak around 6150 MeV is modeled with the sum
of two Breit–Wigner functions, each convolved with a double-Gaussian resolution function
obtained from simulation, having an effective mass resolution of about 3.8 MeV. The natural
widths of the two signals are fixed to those measured by the LHCb Collaboration [22]. The fit
results for the yields and masses, respectively, are 301 ± 72 and 6073 ± 5 MeV for the broad en-
hancement, 70± 35 and 6146.5± 1.9 MeV for the Lb(6146)0, and 113± 35 and 6152.7± 1.1 MeV
for the Lb(6152)0. The returned natural width of the broad excess is 55 ± 11 (stat) MeV.

Using the likelihood-ratio technique and the one- versus two-peak hypotheses, the presence
of two peaks has a statistical significance of 0.4s, indicating that the data are also consistent
with a single peak at 6150 MeV. For the double-peak hypothesis, the natural widths of the two
states are allowed to vary in the fit within the Gaussian constraints from the LHCb measure-
ment [22]. In the single-peak hypothesis, the mass and the natural width of the signal peak
are free parameters of the fit. In both cases, the mass resolution is allowed to float in the fit
within its Gaussian uncertainty estimated from simulation. The local statistical significance of
the single-peak hypothesis with respect to the background-only hypothesis is found to be over
6s in the baseline fit, and varies between 5.4 and 6.5s with the changes in the fit range and
the model used to estimate the systematic uncertainties, as detailed in Section 6. The broad
enhancement has a local statistical significance of about 4s. Resonances with masses between
6200 and 6400 MeV have been also considered in the fit model and no significant excess was
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Mass Measurements
๏ The following parameters of the peaks have been 

obtained: 

★ The last uncertainty is due to the Λb mass measurement 
๏ The masses of the first two resonances have been 

measured to a precision comparable with the PDG 
๏ The two higher-mass states are in agreement with 

the LHCb measurement, but measured with worse 
precision  
★We thereby confirm the existence of Λb(6146)0 and 

Λb(6152)0 resonances
23

7

Table 1: Systematic uncertainties (in MeV) in the measured masses. A dash means that the
corresponding uncertainty is negligible, and “N/A” means that it does not apply.

Source M(Lb(5912)0) M(Lb(5920)0) M(Lb(6146)0) M(Lb(6152)0)
Signal model 0.005 0.011 0.21 0.23
Background model 0.004 — 0.16 0.14
Inclusion of the broad excess region N/A N/A 0.35 0.14
Fit range — — 0.40 0.02
Mass resolution 0.007 0.001 0.01 0.09
Knowledge of G N/A N/A 0.43 0.26

Total 0.009 0.011 0.77 0.41

7 Summary

In summary, using the pp collision data recorded with the CMS detector at
p

s = 13 TeV,
corresponding to an integrated luminosity of up to 140 fb�1, the existence of the Lb(5912)0

and Lb(5920)0 baryons is confirmed. Their masses, with respect to the L0
b mass, are mea-

sured to be 292.72 ± 0.12 ± 0.01 MeV and 300.56 ± 0.07 ± 0.01 MeV, respectively, where the
first uncertainty is statistical and the second is systematic. By adding the known L0

b mass
of 5619.60 ± 0.17 MeV [19], we report the mass measurements

M(Lb(5912)0) = 5912.32 ± 0.12 ± 0.01 ± 0.17 MeV,

M(Lb(5920)0) = 5920.16 ± 0.07 ± 0.01 ± 0.17 MeV,

where the third uncertainty is the uncertainty in the world-average L0
b mass. The obtained

values are consistent with the world-average values and have similar precision.

In addition, the L0
bp+p� invariant mass spectrum is investigated in the mass range up to

6400 MeV. A narrow peak is observed with a mass close to 6150 MeV, with a significance over 5
standard deviations, consistent with the superposition of the Lb(6146)0 and Lb(6152)0 baryons
recently observed by the LHCb Collaboration [22]. Masses of these states are measured to be

M(Lb(6146)0) = 6146.5 ± 1.9 ± 0.8 ± 0.2 MeV,

M(Lb(6152)0) = 6152.7 ± 1.1 ± 0.4 ± 0.2 MeV,

where the first uncertainty is statistical, the second is systematic, and the third is the uncertainty
in the world-average L0

b mass value. The corresponding mass differences with respect to the
L0

b mass are
M(Lb(6146)0)� M(L0

b) = 526.9 ± 1.9 ± 0.8 MeV,

M(Lb(6152)0)� M(L0
b) = 533.1 ± 1.1 ± 0.4 MeV.

These measurements are not as precise as, but are in good agreement with the LHCb re-
sults [22].

In addition, a broad excess of events is observed in the region 6040–6100 MeV, not present in
the same-sign L0

bp±p± distribution. If it is fit with a single Breit-Wigner function, the returned
mass and width are 6073 ± 5 (stat) MeV and 55 ± 11 (stat) MeV. However, it is not excluded
that this enhancement is an overlap of more than one state with close masses or is created by
the partially reconstructed decays of higher-mass states. More data are needed to elucidate the
nature of this excess.

7
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corresponding to an integrated luminosity of up to 140 fb�1, the existence of the Lb(5912)0

and Lb(5920)0 baryons is confirmed. Their masses, with respect to the L0
b mass, are mea-

sured to be 292.72 ± 0.12 ± 0.01 MeV and 300.56 ± 0.07 ± 0.01 MeV, respectively, where the
first uncertainty is statistical and the second is systematic. By adding the known L0

b mass
of 5619.60 ± 0.17 MeV [19], we report the mass measurements

M(Lb(5912)0) = 5912.32 ± 0.12 ± 0.01 ± 0.17 MeV,

M(Lb(5920)0) = 5920.16 ± 0.07 ± 0.01 ± 0.17 MeV,

where the third uncertainty is the uncertainty in the world-average L0
b mass. The obtained

values are consistent with the world-average values and have similar precision.

In addition, the L0
bp+p� invariant mass spectrum is investigated in the mass range up to

6400 MeV. A narrow peak is observed with a mass close to 6150 MeV, with a significance over 5
standard deviations, consistent with the superposition of the Lb(6146)0 and Lb(6152)0 baryons
recently observed by the LHCb Collaboration [22]. Masses of these states are measured to be

M(Lb(6146)0) = 6146.5 ± 1.9 ± 0.8 ± 0.2 MeV,

M(Lb(6152)0) = 6152.7 ± 1.1 ± 0.4 ± 0.2 MeV,

where the first uncertainty is statistical, the second is systematic, and the third is the uncertainty
in the world-average L0

b mass value. The corresponding mass differences with respect to the
L0

b mass are
M(Lb(6146)0)� M(L0

b) = 526.9 ± 1.9 ± 0.8 MeV,

M(Lb(6152)0)� M(L0
b) = 533.1 ± 1.1 ± 0.4 MeV.

These measurements are not as precise as, but are in good agreement with the LHCb re-
sults [22].

In addition, a broad excess of events is observed in the region 6040–6100 MeV, not present in
the same-sign L0

bp±p± distribution. If it is fit with a single Breit-Wigner function, the returned
mass and width are 6073 ± 5 (stat) MeV and 55 ± 11 (stat) MeV. However, it is not excluded
that this enhancement is an overlap of more than one state with close masses or is created by
the partially reconstructed decays of higher-mass states. More data are needed to elucidate the
nature of this excess.
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More on the Wide Excess
๏ More data are needed for a proper interpretation of 

the wide structure, as it could be not a single state, 
but a superposition of several nearby broad states 

๏ Various reflections have been thoroughly studied and 
excluded as the nature of the bump 

๏ If fit with a single broad resonance, the parameters 
are: 
★M(X) = 6073 ± 5 MeV,  

Γ(X) = 55 ± 11 MeV,  
with the significance ~4σ  

๏ The bump is not seen in the  
Λbπ±π± mass spectrum with  
same-sign dipions

24
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A Additional studies

The measured mL0
bpp

distribution is compared between the OS signal and SS control regions

in Fig. A.1.
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Figure A.1: Comparison of the invariant mass distribution of the selected L0
bpp candidates in

the SS background (band) and OS signal (points) channels. The vertical bars on the OS data
points and the width of the bands for the SS distribution indicate the statistical uncertainties
only.

The measured two-dimensional distributions of the L0
bp+p� mass versus the L0

bp+ (left) and
L0

bp� (right) masses, in the range mL0
bp+p� < 6100 MeV, are shown in Fig. A.2.
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Figure A.2: Two-dimensional distribution of the L0
bp+p� mass versus the L0

bp+ mass (left)
and L0

bp� mass (right), in the range mL0
bp+p� < 6100 MeV. The scale on the right of each plot

gives the number of candidates per 8 MeV ⇥ 12.5 MeV bin.

Figure A.3 shows the observed mL0
bpp

distribution for OS (data points) and SS (band) candi-

dates after possible contributions from the S±
b and S⇤

b
± baryon decays into L0

bp± are vetoed:
in addition to the baseline selection requirements, a L0

bpp candidate is discarded if the L0
bp+

mass falls in the [5800, 5845]MeV region, or the L0
bp� mass falls in the [5800, 5850]MeV region.
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More on the Wide Bump
๏ The bump is consistent  

with originating from a 
resonance in the Σb/Σb* + π 
system, but no firm 
conclusion can be made 
with the present data set

25

13

6.0 6.1 6.2 6.3 6.4
 [GeV]
ππb

0Λ
m

0

20

40

60

80

100

120

C
an

di
da

te
s 

/ 5
 M

eV ±

π±π
±π±π

 (13 TeV)-1up to 140 fbCMS

Figure A.3: The distribution of mL0
bpp

for OS (points) and SS (band) candidates after the possi-

ble S±
b and S⇤

b
± baryon contributions in the L0

bp± mass spectrum are vetoed. The vertical bars
on the OS data points and the width of the band for the SS distribution indicate the statistical
uncertainties only.
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Figure A.2: Two-dimensional distribution of the L0
bp+p� mass versus the L0

bp+ mass (left)
and L0

bp� mass (right), in the range mL0
bp+p� < 6100 MeV. The scale on the right of each plot

gives the number of candidates per 8 MeV ⇥ 12.5 MeV bin.

Figure A.3 shows the observed mL0
bpp

distribution for OS (data points) and SS (band) candi-

dates after possible contributions from the S±
b and S⇤

b
± baryon decays into L0

bp± are vetoed:
in addition to the baseline selection requirements, a L0

bpp candidate is discarded if the L0
bp+

mass falls in the [5800, 5845]MeV region, or the L0
bp� mass falls in the [5800, 5850]MeV region.
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Hot off the Press
๏ Yesterday, LHCb 

confirmed the wide bump 
observed by CMS with 
similar parameters and 
interpreted it as Λb**

26
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contains only the combinatorial, ⌃±
b ⇡

±, and ⌃⇤±
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± components.
The combinatorial background is parameterised with a positive, increasing third-order

polynomial function, whose coe�cients are left free to vary in the fit. The ⌃±
b ⇡ and

⌃⇤±
b ⇡ components are described by the product of a two-body phase-space function and

an exponential function, accounting for the finite width of the ⌃(⇤)
b states. The exponential

factor is determined from the fit to the background-subtracted ⌃(⇤)±
b ⇡ mass distributions

in the 6.16 < m⇤0
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< 6.40GeV range. The shapes of the ⌃(⇤)±
b ⇡ components are taken

to be the same in all spectra. The combinatorial background shape is fixed to be the same
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2018 Data Parking
๏The 2018 B physics parking campaign: the main goal 

was to make CMS competitive with LHCb in the  
R(K)/R(K*) measurements, which attracted a lot of 
attention in the last couple of years 

๏ It also has a potential to enable a number of new 
measurements in the B physics sector, which were 
not thought possible before 

๏The goal was "simple": to record ~1010 unbiased B 
hadron decays in 2018, using the flexibility of the 
CMS data taking model 

๏Thanks to a lot of enthusiasm and help from the 
entire collaboration, we have accomplished this  
goal: 12B events recorded with b purity of ~75% 28
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B Parking Trigger Strategy
๏ As the luminosity drops, turn on various single-muon |η|-restricted seeds, which 

allow to keep L1 rate constant and increase HLT rate toward the end of each fill

29

Trigger: CMS L1 rates
Rate of the CMS L1 trigger, as a 
function of time, during the LHC 
fill 6259. The time interval covers 
approximately 15 hours in 
September 2017.  

A change in the CMS run number 
is indicated by a vertical grey 
dashed line. A change in the CMS 
prescale column is indicated by a 
vertical red dashed line.  

The L1 trigger rate is initially 
close to the system design limit of 
100 kHz, and reduces gradually 
over time as the instantaneous 
luminosity delivered to CMS falls 
during the LHC fill.  

!2

 
 

Trigger: CMS L1 rates with B parking
Rate of the CMS L1 trigger, as a 
function of time, during the LHC 
fill 7108. The time interval covers 
approximately 13 hours in August 
2018.  

A change in the CMS run number 
is indicated by a vertical grey 
dashed line. A change in the CMS 
prescale column is indicated by a 
vertical red dashed line.  

The L1 trigger menu is tuned for 
the B Parking data stream to 
deliver close to the system design 
limit of 100 kHz throughout the 
fill. 
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Trigger: CMS HLT rates with B parking
Rate of the CMS High Level Trigger 
(HLT), as a function of time, during the 
LHC fill 7108. The time interval covers 
approximately 13 hours in August 2018.  

A change in the CMS run number is 
indicated by a vertical grey dashed line. 
A change in the CMS prescale column is 
indicated by a vertical red dashed line.  

The rate for the CMS physics streams 
(black curve) falls from ~2 kHz during 
the fill.  

The rate for the B Parking stream (blue 
curve) increases in steps at changes in 
the prescale column during a CMS run, 
reaching as high as ~5 kHz. 

The L1 and HLT trigger menus are 
tuned to deliver an average throughput 
of ~2 GB/s for the B Parking data 
stream over the timescale of 1 week.
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Trigger strategy
During June−Nov 2018, approximately 12 billion events were recorded with a trigger 
logic that requires the presence of a single, displaced muon. The sample comprises bb 
events with high purity. The muon candidate responsible for the positive trigger decision 
originates from the "tag-side" b hadron that undergoes a b→µX decay. The "signal-side" 
b hadron decays naturally as it is not biased by the trigger requirements.  

The L1 µ trigger logic requires |η| < 1.5 and is subject to the pT thresholds summarised 
in the table below. The HLT trigger logic also requires thresholds to be met on the pT and 
IPsig (track impact parameter significance), which improves the trigger purity. 

The thresholds evolve during a fill, as the instantaneous luminosity (!inst) falls, to 
maximise number of signal-side b hadron decays within acceptance. The trigger purity is 
determined from simulation to be in the range 60−90% depending on the thresholds.
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Settings Peak !inst  
[1034 cm-2 s-1]

L1 µ pT 
threshold 

[GeV]

HLT µ pT 
threshold 

[GeV]

HLT µ IPsig 
threshold

Trigger 
purity    

[%]

Peak rate 
[kHz]

1 1.7 12 12 6 92 1.5

2 1.5 10 9 6 87 2.8

3 1.3 9 9 5 86 3.0

4 1.1 8 8 5 83 3.7

5 0.9 7 7 4 59 5.4

µ

Tag-side: 
b→µX

Signal-side: 
unbiased 
b hadron 
decays

_

<PU> ~ 20; ~40/fb recorded

L1 2017 L1 2018
Unused L1 BW

Nearly constant rate

HLT 2018
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originates from the "tag-side" b hadron that undergoes a b→µX decay. The "signal-side" 
b hadron decays naturally as it is not biased by the trigger requirements.  

The L1 µ trigger logic requires |η| < 1.5 and is subject to the pT thresholds summarised 
in the table below. The HLT trigger logic also requires thresholds to be met on the pT and 
IPsig (track impact parameter significance), which improves the trigger purity. 

The thresholds evolve during a fill, as the instantaneous luminosity (!inst) falls, to 
maximise number of signal-side b hadron decays within acceptance. The trigger purity is 
determined from simulation to be in the range 60−90% depending on the thresholds.
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Settings Peak !inst  
[1034 cm-2 s-1]

L1 µ pT 
threshold 

[GeV]

HLT µ pT 
threshold 

[GeV]

HLT µ IPsig 
threshold

Trigger 
purity    

[%]

Peak rate 
[kHz]

1 1.7 12 12 6 92 1.5

2 1.5 10 9 6 87 2.8

3 1.3 9 9 5 86 3.0

4 1.1 8 8 5 83 3.7

5 0.9 7 7 4 59 5.4

µ

Tag-side: 
b→µX

Signal-side: 
unbiased 
b hadron 
decays
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What we Have on Tape
๏ Here is what we have on tape:

30

More than 20x the entire BaBar B sample collected in just 6 months!

For other physics, the integrated luminosity of this sample is ~40 fb-1

Modes of unbiased B hadron decays on tape
The table indicates the number of unbiased decays of different types of B hadrons recorded to tape in 2018 
(N2018). The fractions of B hadron type that are produced ($B) and their branching fraction (%) are also indicated.  
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For other physics, the integrated luminosity of this sample is ~40 fb-1

Modes of unbiased B hadron decays on tape
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World's  
largest 
Bc sample!
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Toward R(K/K*) Measurement
๏ Clearly see J/ψ(ee)K/K* peaks (plots below are "online", 

i.e., ~1% of data!) 
๏ The main challenge is low-pT electron reconstruction, 

which was never tuned below a few GeV in CMS 
๏ Very good progress made; now have reliable ID down to 

<1 GeV, which allows us to start pursuing the actual 
analysis at full speed
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Run 2018 (13 TeV)CMSPreliminary

Commissioning: B→J/"(ee)K*(πK) decays
Invariant mass distribution obtained 
from candidate B→J/"(ee)K*(Kπ) 
decays, based on a fraction of the B 
Parking data set. 

Events are subject to requirements on: 
the pT of the daughters (K, π and e); 
the reconstructed ee and Kπ masses; 
and properties of the reconstructed 
vertices. An unbinned likelihood fit is 
performed with an exponential and 
Gaussian PDF for the background and 
signal, respectively.  

This distribution was used as part of 
the commissioning campaign, for which 
O(1%) of the B Parking data set was 
reconstructed with priority early in the 
2018 data taking run. 

This distribution provides a first 
observation of the resonant        
B→J/"(ee)K*(Kπ) decay in CMS 
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Run 2018 (13 TeV)CMSPreliminary

Commissioning: B→J/"(ee)K decays
Invariant mass distribution obtained 
from candidate B→J/"(→ee)K decays, 
based on a fraction of the B Parking 
data set. 

Events are subject to requirements on: 
the pT of the daughters (K and e); the 
reconstructed ee mass; and properties 
of the reconstructed vertex. An 
unbinned likelihood fit is performed 
with an exponential and Gaussian PDF 
for the background and signal, 
respectively.  

This distribution was used as part of 
the commissioning campaign, for which 
O(1%) of the B Parking data set was 
reconstructed with priority early in the 
2018 data taking run. 

This distribution provides a first 
observation of the resonant         
B→J/"(ee)K decay in CMS 
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CMS Simulation Preliminary 2018 (13 TeV)

Low-pT GSF Tracks
Low-pT GSF Electrons
PF electrons

Reconstruction: efficiencies for low-pT electrons
The figure shows the reconstruction 
efficiency for PF electrons (blue squares) 
as a function of the generator-level 
electron pT. No identification criteria are 
applied to the PF electrons. 

The figure also shows the efficiencies 
obtained for low-pT GSF tracks (red 
circles) and electrons (green triangles) 
that are reconstructed from electron 
candidates of the seeding logic 
described in the previous slide, which 
uses a logical OR of the loose seeding 
working points (10% mistag rate) for 
the two BDTs. No identification criteria 
are applied to the low-pT electrons. 
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Low-pT GSF tracks (Seeding WP)
Low-pT GSF electrons (Seeding WP)
PF electrons

CMS DP-2019/043

http://cds.cern.ch/record/2704495/files/DP2019_043.pdf
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What we Achieved So Far?
๏ Invested in the basic components of the R(K/K*/
ɸ) analysis: robust electron reconstruction and 
ID, and the analysis infrastructure 

๏ Developing low-energy τ ID and regression with 
the R(D/D*/J/ψ), B(s) →ττ goals in mind 

๏ Had a number of very fruitful discussion with 
theoretical community on other uses of our 
parked data, e.g.: 
★ fs/fd and fs/fu fragmentation function ratios via 

hadronic B meson decays 
★ R(Λb) 
★ a number of rare decays
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Conclusions
๏ CMS heavy-flavor program continues to be very rich, 

both experimentally and theoretically 
๏ Large LHC data sets collected in Run 2 allowed for 

the observation of new states and decays, and for 
precision studies of the properties of the already 
established decays 

๏ Some of these studies may have direct impact on  
the possible claim of flavor anomalies seen in the  
b → sℓ+ℓ- transitions 

๏ A 2018 B Physics parking campaign allowed us to 
collect world's largest sample of unbiased b hadron 
decays, offering a very rich physics program in 
months to come - stay tuned!
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