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Quarkonium production at CMS
• The understanding of Quarkonia production can give an unique insight 

into QCD

• CMS is a general purpose experiment ideal for its studies 

• Large sample of Quarkonia collected in their μ+μ-decays an highly 
flexible High Level Trigger

• paths dedicated to specific analyses

• Many Quarkonia production results for LHC Run 1 and Run2


• Full picture of the event with high precision tracking and calorimetry

• study of the connection between quarkonia and event activity


• In this talk highlight on two recent results: 
• Study of J/ψ meson production from jet fragmentation in pp 

collisions at  TeV [Phys. Lett. B 804 (2020) 135409] 

• Investigation into the event-activity dependence of Υ(nS) relative 
production in proton-proton collisions at  TeV [JHEP 11 (2020) 001]
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Dimuon invariant mass spectrum
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http://cms-results.web.cern.ch/cms-results/public-results/publications/BPH/QUARKONIUM.html


Y(ns) ratio vs Multiplicity
• Y(nS) production extensively studied in Heavy Ions collision  as a 

probe for studying the Quark Gluon Plasma (QCD)


• Colour Screening and thermal broadening of spectral functions:


• Sequential suppression of Y(nS) states


• Y(nS) as a probe of QGP temperature  

• Colour recombination of uncorrelated quark negligible in 
bottomonium w.r.t. charmonium


• CMS studied Y(nS) production in PbPb, pPb collisions, founding 
evidence of suppression


• In the small pp collision (2.76 TeV) reference sample the ratio 
showed a decrease with the number of charged particles 
produced in the collision


• Extended studies performed using the full 7 TeV data 
sample (Pile-Up ~7). |<2.4η|
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Yields and Multiplicity definitions
• Y(nS) kinematic region: |y|< 1.2 and pT>7(0) GeV  

• Yields from extended binned maximum likelihood fit

• Event-by-event efficiency correction based on 

Tag&Probe on data

• Acceptance correction considering unpolarised 

hypothesis 

• Charged Track Selection: |y|<2.4 and pT>0.4 GeV 

• Multiplicity of the production vertex associated to 
the Y(nS)


• Unfolded using MC taking into account

• tracker detector efficiency 

• effect bin migration due to merging of Pile-Up 

vertices

• Evaluated corresponding fraction in Minimum Bias 

events to facilitate comparisons.
4

•



Y(ns) ratio vs Multiplicity
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Full 7 TeV 
Sample

No trigger pT threshold

• Decrease in the ratios from low- to 
high-Multiplicity bins.


• Fitted with an exponential function:


• (-22 ± 3)% for Υ(2S)/Υ(1S)


• (-42±4)% for Υ(3S)/Υ(1S)

• Comparison with previous results


• pp collision at 2.76 TeV


• pPb collision at 5.02 TeV


• Observed a compatible behaviour

• Absolute values of the ratios are 
smaller at lower pT


• Ratios increase with pT as already 
measured also in CMS

Y(2S)/Y(1S)

Y(3S)/Y(1S)

Phys. Lett. B 749 (2015) 14



Mean pT vs Multiplicity

• pT spectra of the Dimuon 
candidates are obtained using 
sPlot technique

• rescaled for efficiency and 

acceptance

• We observe a hierarchical 

structure: 
• transverse momentum 

increases more rapidly with 
Multiplicity as the mass of the 
corresponding Υ(nS) increases.
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An increase with particle mass 
was also observed in pp 
collisions at the LHC for pions, 
kaons, and protons.

EPJC 72 (2012) 2164

No trigger 
pT threshold

Full 7 TeV 
Sample



Dependence on pT
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• Doubly differential study: ratios vs multiplicity in different Dimuon pT regions

• In all the pT ranges the decrease with increase Multiplicity is observed


• Strongest decrease in the 5-7 GeV bin

• Slower decrees at higher pT 

• The Y(2S)/Y(1S) ratio in the 20-50 GeV  range is compatible to be constant 



Local multiplicity dependence

• Similar trends are obtained in the 3 angular regions. 


• Decrease in the Transverse region suggests its 
connection with the UE itself 

• particles activity along the Υ(nS) direction would 
effect only the Forward region.

8

• Ratios measured as a function of 
the number of particles in 3 different 
Δφ regions with respect to the 
Dimuon direction


• Test of the UE connection


• On average, there are ~3 less  
tracks in the transverse interval 
(11.90±0.05)



Looking for comovers effect
• Ratios vs Multiplicity are evaluated  

in different condition of isolation

• Isolation is defined as the number 

of tracks in a cone:  




• We are looking for effect on the ratios coming from 
charged tracks produced along the Υ momentum 
direction(”comovers” in [Phys. Lett. B731(2014) 57])  


• A data driven correction has been needed to take 
into account the effect of the feed down 

• This is particularly sizeable for Y(2S)/Y(1S) due 

to the  decay

• The dependence on the charged particle 

multiplicity is similar in all the categories  

• flattening in the >2 category, opposite to 
what would be expected in the comover 
picture.

ΔR = (Δη)2 + (Δϕ)2 < 0.5

Y(2S) → Y(1S)ππ

NΔR
track
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Ratios vs Sphericity

• Finally, ratios were studied as a function of the 
event sphericity


• Decrease appears linked to the UE event:

• not present in the low-sphericity region (high 

multiplicity due to jets) 

• appears in a similar way when ST>0.55 10

Sphericity→0 Sphericity→1



Measurement of the J/ψ-jet association
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• The mechanism to go from a coloured  state to a colourless  state from 
hadronic collision is of great theoretical interest

• Early Colour singlet model (CSM), underestimated Tevatron J/ψ and ψ(2S) 

production cross section by factors of 10-50.

• NRQCD approach (color-singlet+color-octet amplitudes) described Tevatron 

data and  production at LHC  
• Uses non-perturbative long-distance matrix elements (LDMEs). Adjusting 

LDMEs fits pT -dependent J/ψ and ψ(2S) differential cross sections from 
different data sets. 


• Theoretical interest in jet source of heavy quarks  
• Testing role of jet fragmentation in quarkonium production 

• Described in Fragmenting-Jet Function (FJF) approach. 


• GJ/ψ (containing all the z = EJ/ψ/E dependence) can be decomposed using 
LDMEs leading contribution from c and g partons 

• CMS: gluon-dominated mid-rapidity region  
• relevant g LDMEs: 3S1(1), 3S1(8), 1S0(1), 3PJ(8) 

QQ̄ cc̄

Phys. Lett. B 780 (2018) 251

NRQCD and Fragmenting Jet Function (FJF) Approach

theoretical interest in jet sources of heavy quarks from SCET.
FJF: form J/ from non-perturbative fragmentation of jet

d�(Ejet , z)

dEjetdz
= H ⇥ ⌃a,bfa/p ⌦ fb/p⌃iJi ⌦ G (Ejet , z |R , µ). (1)

Baumgart, Leibovich, Mehen and Rothstein: decompose
fragmentation function G for gluon jets in terms of NRQCD
amplitudes and long-distance matrix elements

for gluons, four LDME terms: 1
S
(8)
0 , 3

S
(8)
1 , 3

P
(8)
J ,3 S (1)

1 . Small

central charm fragmentation mixed into 3
S
(1)
1 term.

expect non-isolated J/ 
-µ

+µgluon
jet

fragmentation
region

Jim Russ, Carnegie Mellon University (for the CMS Collaboration)Pheno19 May 3, 2019 4 / 19
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Events Selection
• 8 TeV data, 19.1 fb-1 

• J/ψ: EJ/ψ > 15 GeV, |yJ/ψ| < 1 

• combinatorial background removed by sideband subtraction 

• Selection of only promo event with with lJ/ψ selection

• «Tag-and-probe» efficiencies used as event weights 


• Jets: Anti-kT jets with R = 0.5 
• standard CMS jet energy and pileup corrections 

• pT,jet > 25 GeV, |hjet| < 1 


• Reconstructed J/ψ compared with all the jet in the event using a ΔR test


• Considering J/ψ  associated when ΔR<0.5 :

• P(J/y associated | 1 jet) ~ 84%


• P(J/y associated | 2 jets) ~ 94% 

• When unobserved jets (pT< 25 GeV) are taken into account → jet 

fragmentation is a source of ~85% of J/ψ mesons 
12

Is there a J/ + jet correlation? - YES!

Compare J/ with every observed jet in event using �R test:
�R =

p
(⌘J/ � ⌘jet)2 + (�J/ � �jet)2.

Left Figure: events with one observed jet: sharp correlation peak for �R < 0.5
with 84% of events. If the jet contains the decay muons, jet is identified as
fragmentation source of J/ 

Right Figure: two observed jets: 94% of J/ are jet fragments.

For two observed jets: fragmenting jets: < n >= 25± 6; recoil jets:
< n >= 29± 7; global jet properties are same for fragmenting and recoil jets
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Measurement of the J/ψ-jet association

• LHCb measured the z distribution in events with 
a jet associated to J/ψ in high-rapidity region 

• Integrated in Ejet 

• Pythia8 (implementing CS+CO factorisation) 

does not describe data 

• FJF using LDME extraction by Bodwin et al. 

gives fairly good agreement 

• Goal in CMS:


• measure the experimental equivalent of 
normalized d2σ/dEjet dz to have the sensitivity 
to different LDME parameter sets


• 13
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Figure 4: Measured normalized z(J/ ) distributions for J/ mesons produced (left) promptly
and (right) in b-hadron decays, compared to predictions obtained from Pythia 8. The statistical
uncertainties are negligible. The (DPS) double and (SPS) single parton scattering contributions
to the prompt prediction are also shown (the DPS e↵ective cross section in Pythia 8 is 31mb).

Z+jet events. The data are unfolded using these alternative matrices, with the di↵erences
in the z(J/ ) distribution used to assign z(J/ )-dependent absolute uncertainties of
0.001–0.014. The pT(jet) and z(J/ ) spectra used to generate the unfolding matrices,
along with the unfolding procedure itself, are also potential sources of uncertainty. These
are studied by simulating data samples similar to the experimental data, then unfolding
them using response matrices constructed from pT(jet) and z(J/ ) distributions that are
di↵erent from those used to generate the samples. Based on these studies, an uncertainty
of 0.01 is assigned to each z(J/ ) bin due to unfolding. Finally, the uncertainties due to
the fragmentation model and due to the K0 and ⇤ components of the jet are found to be
negligible. The total absolute systematic uncertainty in each z(J/ ) bin, which dominates
over the statistical one, is 0.010–0.015.

The measured normalized z(J/ ) distributions for J/ mesons produced promptly
and for those produced in b-hadron decays are shown in Fig. 4 (the numerical values
are provided in Ref. [52]). The b-hadron results are consistent with the Pythia 8
prediction [52,55], where the uncertainty shown is due to b-quark fragmentation [56,57]
(other sources of uncertainty are ignored [52]). The prompt-J/ results do not agree with
the leading-order (LO) NRQCD-based prediction as implemented in Pythia 8, which
includes both color-octet and color-singlet mechanisms using long-distance matrix elements
determined empirically [52]. At small z(J/ ), Pythia 8 predicts that most of pT(jet)
arises from a parton-parton scatter other than the one that produced the J/ meson. The
dominant source of uncertainty on the prompt-J/ prediction at large z(J/ ) is due to the
underlying event; however, since no rigorous method exists for determining this uncertainty,
no uncertainty is assigned to the prediction. Given that the underlying event at LHCb
is well described by Pythia 8, e.g., the energy flow is accurately predicted at the 5%
level [58], the prompt-J/ results cannot be reconciled with this prediction. Furthermore,
LO and partial next-to-leading-order (NLO*) calculations in both the color-singlet and
color-octet models similarly fail to describe the data [52,59].

Prompt J/ mesons in data are observed to be much less isolated than predicted, which
qualitatively agrees with the alternative picture of quarkonium production presented in
Ref. [32] (after this Letter was submitted, Ref. [60] demonstrated quantitative agreement).

6

Phys. Rev. Lett. 118, 192001 (2017)

Phys. Rev. Lett. 119, 032002 (2017) 




The Ξ Observable in J/ψ-jet event
• We considered the experimental quantity: 

 
 
 
 
where N(Ec,z) = events in a [Ejet,z] bin 


• Compare with 3 LDME parameter sets:

• Bodwin, Chung, Kim, and Lee (BCKL) [Phys. Rev. Lett. 113 (2014) 022001]


• Butenschoen and Kniehl (BK) [Mod. Phys. Lett. A 28 (2013) 1350027]


• Chao, et al. (Chao) [Phys. Rev. Lett. 108 (2012) 242004]


• To look for dominance of a specific LDME in a certain z region, compare each LDME term to data shape for three z slices 

• The N(Ec,z) need to be unfolded, considering jet energy resolution 


• Restricting in the range 56< Ejet <120 GeV (basically constant A ∙ ε) 

• D’Agostini unfolding method [G. d’Agostini, arXiv:1010.0632] is used 


• Four unfolding iterations gave stable matches to the MC and no sensitivity on the input distribution

• There is no evidence that having a J/ψ meson as a constituent affects the jet energy distribution

14
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Figure 1: The distributions of (left) DR(jet, J/y) for one-jet events and (right) DRl(leading jet,
J/y) vs. DRsl(subleading jet, J/y) for two-jet events

p
jet
T > 25 GeV and pseudorapidity |hjet| < 1.2. The resulting J/y meson is required to have

energy above 15 GeV and rapidity |yJ/y | < 1. The jet fragmentation cross section is normalized
by integrating over the z range 0.3–0.8. The authors showed that the jet energy dependence of
the normalized FJF terms is insensitive to the exact z range used. At a fixed z value, called z1,
the ratio of the fragmenting jet differential cross section due to a single FJF term i to the sum
of the cross section integrals for 0.3 < z < 0.8 for all FJF terms is termed (ds̃i/dEjet dz)|z1

in
Ref. [16]. The sum of this ratio over all four FJF terms is denoted as (ds̃/dEjet dz)|z1

. For a
given LDME parameter set, each of the four FJF terms is different. Also, changing the LDME
parameter set changes the FJF predictions for the four terms.

The authors of Ref [16] cite next-to-leading order (NLO) calculations [30–33] to argue that the
p

J/y
T range for the three z1 values used in this analysis is large enough that the 3

S
1
1 NRQCD term

cannot contribute to the sum. Therefore, in computing (ds̃/dEjet dz)|z1
to compare to these data,

only the three color-octet terms are included. However, in the low-z region included in the
normalizing integral, the 3

S
1
1 NRQCD term can play a role and is included in their calculation

for 0.3 < z < 0.8.

The experimental proxy for (ds̃/dEjet dz)|z1
, evaluated for a jet energy bin centered at Ec, is

called X(Ec; z1):

X(Ec; z1) ⌘
N(Ec; z1)R 0.8

0.3 N(Ec; z) dz

, (2)

where N(Ec; z1) is the number of events having a J/y meson contained in a jet for a z interval
Dz centered on z1 in that Ejet bin. The number of events is weighted to correct for the J/y meson
efficiency and acceptance, as described in Section 7, as well as corrected for jet efficiency and jet
energy resolution, as described in Section 8. We use a z interval Dz = ± 0.025 around z1, which
is small enough to be insensitive to z variations in X and large enough to provide a reasonable
number of events in each Ejet bin.

7 Efficiency corrections for J/y mesons
Measuring the properties of events when a J/y meson is a jet constituent requires an event-by-
event J/y meson efficiency correction. Each entry in the signal or background event distribu-
tions has an event weight, defined as 1/eJ/y . The dimuon acceptance times efficiency eJ/y is
determined using a simulated sample of unpolarized J/y meson events, uniformly distributed

gluon
Fragmentation 

region

μ+

μ-

jet



Data vs FJF total cross section predictions 
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Figure 2: 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 (upper left) z1 =
0.425; (upper right) z1 = 0.525; (lower) z1 = 0.625. The curves show the detailed energy depen-
dence of the predictions. The vertical bars on the data points are the quadrature sum of the
statistical and systematic uncertainties.

account for only (44.9 ± 0.1)% of the prompt J/y meson sample.

To understand the source of J/y meson events with no jets passing the p
jet
T > 25 GeV require-

ment, termed zero-jet events, we note that a jet that has a constituent J/y meson can fail the
p

jet
T threshold even though the J/y meson is observed. For instance, when the p

jet
T threshold is

raised from 25 to 30 GeV, the fraction of zero-jet events with an identified J/y meson increases
from 55 to 65%. For one-jet events in data with p

jet
T thresholds of 30, 35, and 40 GeV, the ob-

served jet is found within DR < 0.5 of the J/y meson in the event (84.0 ± 0.2)% of the time,
i.e., the probability of a jet having a constituent J/y meson is independent of p

jet
T . Only jets

with Ejet > 44 GeV pass the p
jet
T > 25 GeV requirement with 100% efficiency over the range

0 < |hjet| < 1. Jets having Ejet < 44 GeV can contain observed J/y mesons with EJ/y > 15 GeV,
but some of these jets will not pass the p

jet
T > 25 GeV requirement.

In order to correct for this effect, we fit the Ejet distribution for jets containing a J/y meson to the
sum of two exponential functions in the range 44 < Ejet < 150 GeV. We use the fit to extrapolate
the number of jets containing a J/y meson to lower Ejet values, in order to estimate the number
of jets with a constituent J/y meson that would be present in the lower-energy region for full
pT acceptance. Jet reconstruction efficiency corrections are not applied at this stage. The FJF

• Considered 3 z1 values, 
centres of z subregions with ∆z 
= 0.05 from the measurement 
region  
0.3 < z < 0.8.: 


• 0.425, 0.525, and 0.625


• in these subregions FJF 
terms have different jet 
energy distributions for a 
given LDME parameter set. 

• The data uncertainties include the statistical and 
systematic components added in quadrature.


• The normalisation theoretical uncertainty is 
negligible compared to the experimental 
uncertainty



Comparison of results

• χ2 values calculated to match data and theory. 


• a priori decision of considering an acceptable match for χ2  p-value > 0.1 % 
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11 Comparison of data with FJF total cross section predictions
In this section we compare the data with the prediction for the FJF total differential cross sec-
tion from each of the three LDME sets. Figure 2 shows the normalized jet energy distributions
for the data and the FJF total cross section predictions for each LDME set at each of the three
z1 values used in the analysis. The uncertainties in the data include the statistical and sys-
tematic components added in quadrature. For each z1, the bin-averaged FJF values are used
to calculate the c2 for the comparison of the FJF total differential cross section prediction to
the data. The LDME calculations from Refs. [30, 41, 42] have normalization uncertainties, as
shown in Ref. [16]. The FJF calculations give the ratio of the cross section in a small-z region
to the cross section integral over a wide z range. The uncertainty in the predicted FJF values
due to the theory normalization uncertainty is almost completely correlated for the numerator
and denominator of the ratio. The resulting theoretical uncertainty is negligible compared to
the experimental uncertainty in the X(Ejet; z1) values. We therefore ignore it in computing the
c2 values to match data and theory. The c2 value and the associated p-value for comparison
of data to each LDME set are given in Table 1. An a priori decision was made that a model
prediction is an acceptable match to the data only if the c2 p-value is larger than 0.1% for seven
degrees of freedom. Otherwise, we say that the model does not match the data. For all three z1
ranges, the FJF predictions using the BCKL LDME parameters match data. Neither the BK nor
the Chao LDME parameter sets describe these jet + constituent J/y data for any z1 value.

The observation that these new data on J/y meson production as constituents of jets match
the FJF predictions for the BCKL LDME parameter set and reject two others validates the FJF
approach to treating jets as a major source of J/y production in the gluon-rich central region
in pp interactions. It also demonstrates that the BCKL LDME parameter set can describe new
features of J/y hadronic production at large p

J/y
T . The BCKL LDME parameters were developed

from a completely different data set than these J/y + jet data, so there is no a priori reason to ex-
pect them to have predicted these measurements. The BCKL parameters are known to predict
small J/y polarization [30], in agreement with experiment [10, 11] for the range of p

J/y
T values

selected in this analysis (10-40 GeV). Because this analysis studies only high-pT J/y meson pro-
duction and shows that the BCKL LDME parameters describe the process and other sets do
not, it suggests a tension between high-pT J/y results and global charmonium studies [12].

Table 1: The c2 value and the associated p-value (in parentheses) for 7 degrees of freedom from
the comparison of the data and the predictions for the total FJF cross section shape at z1 = 0.425,
0.525, and 0.625, using the BCKL, the BK, and the Chao LDME parameter sets.

0.425 0.525 0.625
BCKL 22.2 (0.23%) 11.0 (14%) 10.7 (15%)
BK 59.6 (<0.001%) 60.1 (<0.001%) 64.0 (<0.001%)
Chao 267 (<0.001%) 96 (<0.001%) 164 (<0.001%)

12 Total fraction of J/y mesons from jets
In this section, we determine whether jets are the major source of prompt energetic J/y mesons
(EJ/y > 15 GeV) in the central region (|hjet| < 1). Here, Ejet refers to the measured jet energy
before unfolding. As shown in Fig. 1 (left), for events with a J/y meson and only one observed
jet, (84.0± 0.1)% of the J/y candidates are within DR < 0.5 of that jet. This is consistent with jets
being the dominant source of J/y production in this kinematic range when there is at least one
observed jet in the event. However, events with one or more observed jets having p

jet
T > 25 GeV

• In all three z1 ranges, only the FJF predictions with BCKL LDME 
parameters match data.  

• developed from a completely different data set (inclusive 
hadronic production data with pJ/ψ > 10 GeV) 


• known to predict small J/ψ polarisation, in agreement with 
experiments

Phys. Rev. Lett. 113 (2014) 022001



Summary

• CMS has produced important results correlating Quarkonia with event activity in pp collisions 
• For Y(nS) production vs Multiplicity 

• A significant decrease of the exited over ground state ratio for Bottomonium was observed in pp 
with 2011 CMS data. 


• The decrease is stronger at lower Y(nS) pT


• The decrease is linked to the UE

• No effect found from Y(nS) isolation

• Decrease disappears for jetty events 


• For J/ψ production in jets 
• jets found to be source of (85 ± 3 (stat) ± 7 (syst))% of the J/ψ in EJ/ψ > 15 GeV, |yJ/ψ| < 1

• shown that FJF analysis describe J/ψ meson production from central gluonic jets and the ability to 

distinguish among different sets of LDME parameters 

• Data found consistent with an NRQCD treatment of the FJF process using the BCKL parameter set. 
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BACKUP
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J/ᶪ → ᶞ+ᶞ- barrel

9



Absolute fraction of J/ψ in jets
• Events with >0 jets (pT,jet>25 GeV) and observed  J/ψ account for 45% of the 

sample

• Is an acceptance effect?

• Raise pT,jet selection from 25 to 30 GeV 


• P(> 0 jets | J/yψ) ~ 35%  but unvaried P(J/ψ associated | 1 jet) ~ 84%

• Simple model to account for this effect:


• The jet energy spectrum can be fit with a double-exponential function in the 
constant A ∙ ε (high-energy) region and extrapolated to low energies 


• The J/ψ z-probability, when being a product of an unobserved jet 
fragmentation, is described by the gluon FJFs

19

1 jet events: 
84% of J/ψ within 

the cone

MODEL AND RESULTS

• Ni = Extrapolated number of unobserved jets
in Ejet bin i

• pj = Probability to fragment into J/y in 
acceptance for each EJ/y bin j (1-GeV bins
from 15 to 70 GeV, taken from data)  

• w(zij) = z-probability from theory

• Ai = Estimated number of unobserved jets in 
Ejet bin i fragmenting into J/y

5/12/2019 R. Covarelli 19

• Closure test performed by raising pT,jet cut, extrapolating and 
comparing to observed result

• Estimated fraction of J/y from unobserved jets:                                        
fun = (43 ± 3stat ± 7syst)% 

• Estimated fraction of J/y from jet fragmentation:                          
ftot = fobs ∙ P + fun = (85 ± 3stat ± 7syst)%

• Estimated fraction of J/ψ from unobserved jets: fun = (43 ± 3 stat ± 7 syst)%  

• Estimated fraction of J/ψ from jet fragmentation: ftot = fobs ∙ P + fun = (85 ± 3 stat ± 7 syst)% 

• Ni = Extrapolated number of unobserved jets in Ejet bin i 

• pj = Probability to fragment into J/ψ in acceptance for each EJ/ψ bin j (1-GeV bins from 15 to 

70 GeV, taken from data) 

• w(zij) = z-probability from theory 

• Ai = Estimated number of unobserved jets in Ejet bin i fragmenting into J/ψ



Prompt fraction measurement

• Fit on dimuon invariant mass and pseudo-proper decay 
length

• to measure prompt and non-prompt yields 

simultaneously 

• to disentangle the two contributions 


• Pseudo-proper time measured thanks to precision 
tracking 

20

		

June 23, 2018 Quarkonium S-wave C. Biino 

9	

To	measure	prompt	and	non-prompt	yields	simultaneously	
and	disentangle	the	two	contribuEons	CMS	exploits	a	fit	on	
dimuon	invariant	mass	and	pseudo-proper	Eme.		

Pseudo-proper	Eme	measured	with	precision	tracking	

ϒ(1S,2S,3S):			

7	TeV

ψ(2S)

J/ψ

7	TeV

PRL	114	(2015)	191802	

PLB	749	(2015)	14	

PROMPT CHARMONIUM FRACTION

• Use estimate of proper decay length

• Event-by-event upper cut (remaining
non-prompt contamination ~ 5%) or 
fit:
• Prompt: d-function
• Non-prompt: exponential (with an effective 

smearing due to J/y motion in the B frame)
• Continuum background: determined from 

mass side-bands

convoluted with lJ/y resolution factors

5/12/2019 R. Covarelli 5

Primary vertex


