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�  More than 15 papers or conference notes on charm hadrons since last summer 
�  A brief tour through these recent results 
�  Many previous papers not covered here 
 

�  Hidden charm production 
�  Charmonium in pp collisions at 7, 8 and 13 TeV 

�  Open charm 
�  D meson production in pp and pp collisions 
�  D meson production in pPb and PbPb collisions 
�  Multiplicity dependence and azimuthal correlations 

�  Associated production 
�  Υ and open charm 
�  J/ψ+Υ, J/ψ+J/ψ	

�  More results in “X(3872) and its bottomonium counterpart” (Konstantin Toms) and 
in the Heavy Ion sessions 

Introduction: Charm hadrons 

_ 
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The	dimuon	invariant	mass	spectrum

 invariant mass [GeV]-µ+µ
1 10 210

Ev
en

ts
 / 

G
eV

310

410

510

610

710

810

910

1010

ω

φ
ψJ/

'ψ

sB
Υ

Z

Trigger paths
φ

ψJ/
'ψ
sB

Υ

low mass double muon + track
double muon inclusive

 (13 TeV, 2016)-10.9 fb

CMS
Preliminary

Overview of charmonium analyses 

�  Use di-muon decays J/ψ, ψ(2S) à µµ: 
�  Easy for reconstruction and triggering 
�  Di-muon triggers with invariant mass 

windows 
 
 

�  Prompt:  Produced directly in the pp 
interaction or through feed-down decays 
from higher charmonium states 

�  Non-prompt: Produced in decay chain of             
B-hadrons (decay vertex can be displaced 
from primary pp vertex) 

 

µµ 
invariant 
mass 

µµ pseudo-proper time 
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�  Prompt and non-prompt production: 
�  J/ψ, ψ(2S) at 7 TeV (2.1 fb-1), 8 TeV (11.4 fb-1) 
�  Double-differential: range 8 < pT ≤ 110 GeV and |y| < 2 
 

arXiv:1512.03657, 
Eur. Phys.J. C76 
(2016) 5, 283 

�  Prompt compared to NLO 
NRQCD theory calculations 

�  Fair agreement between 
calculation and data 

7 TeV 
Prompt J/ψ	

Differential J/ψ, ψ(2S) cross sections, 7+8 TeV (pp) 

�  Non-prompt compared to fixed-order-next-to-leading-
log (FONLL) calculations 

�  J/ψ: FONLL predicts slightly harder pT 
�  ψ(2S): Shapes agree, but yields higher in FONLL 

8 TeV Non-
Prompt ψ(2S) 

8 TeV Non-
Prompt J/ψ 
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�  Inclusive production: 
�  J/ψ, ψ(2S) at 8 TeV (1.2 pb-1) 
�  Differential: range 0 < pT < 20 (12)  GeV and 2.5<y<4 
 

arXiv:1509.08258, 
Eur. Phys. J. C 76 
(2016) 184 

 
Forward quarkonium production at 8 TeV  (pp) 
 

JHEP 1306 (2013) 064, arXiv:1304.6977 

Measured down 
to pT=0 

ψ(2S) /J/ψ	
vs. pT 

ψ(2S) /J/ψ	
vs. y 

σ(ψ(2S)) /σ(J/ψ) = 0.14±0.01±0.02	 fiducial 
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CMS-PAS-BPH 
-15-005  
April 2016 

 
Quarkonium production at 13 TeV (pp)  
 
�  Prompt and non-prompt production: 

�  J/ψ, ψ(2S) at 13 TeV (2.4-2.7 fb-1) 
�  Double-differential: range 20<pT <120 (100) GeV and |y| < 1.2 
 

Shapes consistent 
between rapidity 
slices 

13 TeV / 7 TeV: 
Factor 2-3 higher and 
increasing with pT 

 

Increase expected 
from evolution of 
PDFs 
 

Miriam Watson ICHEP2016 
6 



arXiv:1509.00771, 
JHEP10(2015)172 

 
Forward J/ψ production at 13 TeV (pp) 
 
�  Prompt and non-prompt production: 

�  J/ψ at 13 TeV (3.05 pb-1) 
�  Double-differential: range pT<14 GeV and 2.0<y<4.5 
 

�  Prompt cross-sections 
compared to NLO NRQCD 

�  Non-prompt compared to fixed-order-
next-to-leading-log (FONLL) calculations 

Models agree 
well within 
uncertainties 

Prompt 	
Non-
prompt 	

13 TeV / 8 TeV: 
NRQCD 
reasonable 
agreement, 
FONLL below data 
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�  Fraction = N( non-prompt J/ψ or ψ(2S) )/ N(inclusive) 

 
 

arXiv:1509.00771, 
CMS-PAS-BPH-15-005,  
arXiv:1512.03657, 
ATLAS-CONF-2015-030 

Non-prompt fractions at 7, 8 and 13 TeV (pp) 

�  Central:  
�  increases with pT 
�  no strong dependence on y 
�  some change from  lower c.m. energies 
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�  Forward: 

�  increases with pT 
�  tends to decrease with y 

13 TeV 
13 TeV 



Open charm production: D mesons 

�  D mesons produced in c and b 
fragmentation 

�  Theoretical calculations to NLO and NLL 
�  Still large theoretical uncertainties (scales, 

multiple interactions) 

�  Aim:  
�  Test QCD 
�  Understand backgrounds to new physics 
�  Baseline for heavy ion collisions 

�  Decay modes: 
�  D0 → K− π+  
�  D+ → K− π+ π+  
�  Ds 

+→ φ π+ → (K− K+) π+  

�  D∗+ → D0 + π+ → (K− π+) +π+ 

 (+charge conjugates) 

D0 

ALICE 
pPb 

D± 

D*± 

Miriam Watson ICHEP2016 
9 



D+ meson production at low pT, √s=1.96 TeV (pp) 

�  D+ → K− π+ π+ in full Run II 
dataset (10 fb-1) 

�  pT>1.5 GeV and |y|<1 

�  Simultaneous fit to mass and 
transverse impact parameter 

CDF note 11199, 
June 2016 

CDF note 11199

Measurement of D+
-meson production cross section at low transverse momentum in

pp̄ collisions at

p
s = 1.96TeV

The CDF Collaboration
URL http://www-cdf.fnal.gov

(Dated: June 30, 2016)

We report on a measurement of the D+-meson production cross section as a function of
transverse momentum in proton-antiproton collisions at 1.96 TeV center-of-mass energy, using
the full data set collected by the CDF experiment in Tevatron Run II, and corresponding to 10
fb�1 of integrated luminosity. We use D+ ! K�⇡+⇡+ decays fully reconstructed in the central
rapidity region |y| < 1 with transverse momentum extending down to p

T

⇡ 1.5 GeV/c, a range
unexplored in proton-antiproton collisions. Events are selected online using minimally biasing
requirements and an optimization is used to determine the o✏ine selection. A two-dimensional
simultaneous fit of the K�⇡+⇡+-mass and D+ transverse impact-parameter distributions allows
determining a signal of 2950 D+ decays produced directly in the hard scattering. The total cross
section is �(D+, p

T

> 1.5 GeV/c, |y| < 1) = 71.9± 6.8(stat)± 9.3(syst) µb. The results agree with
earlier determinations at higher transverse momentum in the region where data overlap. While
the measurements lie within the band of theoretical uncertainty, di↵erences in shape suggest that
theoretical predictions can benefit by further refinement taking account these results.

CDF note 11199

Measurement of D+
-meson production cross section at low transverse momentum in

pp̄ collisions at

p
s = 1.96TeV

The CDF Collaboration
URL http://www-cdf.fnal.gov

(Dated: June 30, 2016)

We report on a measurement of the D+-meson production cross section as a function of
transverse momentum in proton-antiproton collisions at 1.96 TeV center-of-mass energy, using
the full data set collected by the CDF experiment in Tevatron Run II, and corresponding to 10
fb�1 of integrated luminosity. We use D+ ! K�⇡+⇡+ decays fully reconstructed in the central
rapidity region |y| < 1 with transverse momentum extending down to p

T

⇡ 1.5 GeV/c, a range
unexplored in proton-antiproton collisions. Events are selected online using minimally biasing
requirements and an optimization is used to determine the o✏ine selection. A two-dimensional
simultaneous fit of the K�⇡+⇡+-mass and D+ transverse impact-parameter distributions allows
determining a signal of 2950 D+ decays produced directly in the hard scattering. The total cross
section is �(D+, p

T

> 1.5 GeV/c, |y| < 1) = 71.9± 6.8(stat)± 9.3(syst) µb. The results agree with
earlier determinations at higher transverse momentum in the region where data overlap. While
the measurements lie within the band of theoretical uncertainty, di↵erences in shape suggest that
theoretical predictions can benefit by further refinement taking account these results.

Measurements lie in 
FONLL uncertainty 
band, but some shape 
difference 

m(Kππ) d0(D+) 
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D∗±, D± and Ds
± meson production at 7 TeV (pp) 

�  Fiducial cross-sections for D∗+, D+, Ds
+:   3.5<pT<100 GeV, |η|<2.1 

�  Differential cross-sections for D∗+, D+ compared to NLO predictions: 
�  GM-VFNS - agrees both in shape and normalization 
�  FONLL, POWHEG, MC@NLO  ~agree within large theoretical uncertainties 
�  MC@NLO - shape differs from data in |η| at higher pT 

�  Extrapolated to give total       cross-section and charm fragmentation ratios 

arXiv:1512.02913, 
Nucl. Phys. B907 
(2016) 717 

736 ATLAS Collaboration / Nuclear Physics B 907 (2016) 717–763

extrapolation factors are calculated as ratios of the total NLO cross sections of D mesons pro-
duced in charm hadronisation, σ tot

cc̄ (D), to those in the visible kinematic range. The extrapolation 
factors from the visible low-pT D∗+, D+ and D+

s cross sections to the full kinematic phase 
space are of the order 12–14.

The extrapolated D cross sections are used to calculate the total cross section of charm 
production in pp collisions at 

√
s = 7 TeV, and two charm fragmentation ratios: the strangeness-

suppression factor in charm fragmentation and the fraction of charged non-strange D mesons 
produced in a vector state. The GM-VFNS calculations cannot be used for extrapolation because 
they originate from the massless scheme. For estimation of the total cross section of charm pro-
duction, the extrapolation is performed with the FONLL calculations. However, as the FONLL 
calculations are not available for D+

s production and do not include such a sophisticated frag-
mentation scheme as PYTHIA, the extrapolation for extraction of the charm fragmentation ratios 
is performed with the POWHEG + PYTHIA calculations.

The results obtained by extrapolating the visible high-pT D cross sections agree with the 
results presented, but have larger extrapolation uncertainties.

9.1. Total charm production cross section

To calculate the total cross section of charm production, the total production cross section of a 
given D meson should be divided by twice the value of the corresponding charm fragmentation 
fraction from Table 1. The weighted mean of the two values calculated from D∗± and D± cross 
sections is

σ tot
cc̄ = 8.6 ± 0.3 (stat) ± 0.7 (syst) ± 0.3 (lum) ± 0.2 (ff)+3.8

−3.4 (extr)mb (ATLAS) ,

where the fourth uncertainty is due to the uncertainty of the fragmentation fractions and the last 
uncertainty is due to the extrapolation procedure. The extrapolation uncertainty is determined by 
adding in quadrature the changes in results originating from all sources of the FONLL theoreti-
cal uncertainty (Section 4). The uncertainties in the charmed meson decay branching fractions, 
which are common to the measured cross sections and fragmentation fractions, do not affect the 
calculation of the total cross section of charm production.

The calculated total cross section of charm production can be compared with a similar calcu-
lation performed by the ALICE experiment [50]:

σ tot
cc̄ = 8.5 ± 0.5 (stat)+1.0

−2.4 (syst) ± 0.3 (lum) ± 0.2 (ff)+5.0
−0.4(extr)mb (ALICE) .

The ATLAS and ALICE estimates of the total charm production cross section at LHC are in good 
agreement. Both estimations are performed using extrapolations outside the visible kinematic 
ranges with analogous FONLL calculations. The different extrapolation uncertainties of the two 
estimations are due to different visible kinematic ranges. ATLAS extrapolates from the kinematic 
range 3.5 < pT(D) < 20 GeV and |η(D)| < 2.1, while the ALICE visible kinematic range is 
1 < pT(D) < 24 GeV and |y(D)| < 0.5.

9.2. Charm fragmentation ratios

The total cross sections for D production are used to calculate two fragmentation ratios for 
charged charmed mesons: the strangeness-suppression factor, γs/d , and the fraction of charged 
non-strange D mesons produced in a vector state, P d

v . The strangeness-suppression factor is 

D*± D± 
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Prompt charm production at 13 TeV (pp) arXiv:1510.01707, 
JHEP 03 (2016) 
159 

�  Double-differential cross-
sections for D0,D+,Ds

+,D∗+:  
0<pT<15 GeV, 2.0<y<4.5 

�  Data generally lie above 
NLO predictions but agree 
within uncertainties: 
�  POWHEG+NNPDF3.0L 
�  FONLL 
�  GMVFNS 

Ratio 13 TeV / 7 TeV: 
data consistently 
above predictions 

Table 3: Prompt charm production cross-sections in the kinematic ranges given. The computation
of the extrapolation factors is described in the text. The first uncertainty on the cross-section is
statistical, and the second is systematic and includes the contribution from the extrapolation
factor. No extrapolation factor is given for D+

(s)

as a measurement is available in every bin of the
integrated phase space.

Extrapolation factor Cross-section (µb)

D0 0 < p
T

< 8 GeV/c 2 < y < 4.5 1.0004 ± 0.0009 3370 ± 4 ± 200
D+ 0 < p

T

< 8 GeV/c 2 < y < 4.5 - 1290 ± 8 ± 190

D0 1 < p
T

< 8 GeV/c 2 < y < 4.5 1.0005 ± 0.0009 2460 ± 3 ± 130
D+ 1 < p

T

< 8 GeV/c 2 < y < 4.5 - 1000 ± 3 ± 110
D+

s

1 < p
T

< 8 GeV/c 2 < y < 4.5 - 460 ± 13 ± 100
D⇤+ 1 < p

T

< 8 GeV/c 2 < y < 4.5 1.0004 ± 0.0023 880 ± 5 ± 140

Table 4: Ratios of integrated cross-section-times-branching-fraction measurements in the kine-
matic range 1 < p

T

< 8 GeV/c and 2 < y < 4.5. The first uncertainty on the ratio is statistical
and the second is systematic. The notation �(D ! f) is shorthand for �(D) ⇥ B(D ! f).

Quantity Measurement

�(D+ ! K�⇡+⇡+)/�(D0 ! K�⇡+) 0.959+0.003

�0.003

+0.060

�0.055

�(D+

s

! [K�K+]
�

⇡+)/�(D0 ! K�⇡+) 0.107+0.003

�0.003

+0.008

�0.010

�(D⇤+ ! [K�⇡+]
D

0⇡+)/�(D0 ! K�⇡+) 0.244+0.001

�0.001

+0.027

�0.026

�(D+

s

! [K�K+]
�

⇡+)/�(D+ ! K�⇡+⇡+) 0.112+0.004

�0.004

+0.006

�0.009

�(D⇤+ ! [K�⇡+]
D

0⇡+)/�(D+ ! K�⇡+⇡+) 0.254+0.001

�0.001

+0.016

�0.017

�(D+

s

! [K�K+]
�

⇡+)/�(D⇤+ ! [K�⇡+]
D

0⇡+) 0.444+0.013

�0.013

+0.042

�0.052

The combination of the D0 and D+ measurements, based on the Blue method [43],
gives

�(pp ! ccX)
pT < 8 GeV/c, 2.0<y< 4.5

= 2940 ± 3 ± 180 ± 160 µb,

where the uncertainties are due to statistical, systematic and fragmentation fraction
uncertainties, respectively. A comparison with predictions is given in Fig. 9. The same
figure also shows a comparison of �(pp ! ccX) for 1 < p

T

< 8 GeV/c based on the
measurements of all four mesons. Ratios of the integrated cross-section-time-branching-
fraction measurements are given in Table 4.
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D meson production in pp (and pPb) arXiv:1605.07569,  
sub. to JHEP 

�  Cross-sections for D0,D+,Ds
+,D∗+:  pp at 

7 TeV, pPb at 5 TeV 
�  D0 production down to pT=0 without 

vertexing: background estimates from 4 
methods 

�  Combine with vertexing results for 
highest precision 

D-meson production in p–Pb and pp collisions ALICE Collaboration

The central values of the prompt and inclusive dσ/dy are numerically very similar. However, this
should not lead to a conclusion that the prompt fraction is essentially unity, because the two cross
section determinations are to a large extent independent. Indeed, the contribution of D0 mesons with
pT > 2 GeV/c is taken from the results obtained with different analysis techniques in the two cases:
the analysis ‘with decay-vertex reconstruction’ is used for the prompt cross section and the analysis
‘without decay-vertex reconstruction’ for the inclusive one. The uncertainties on the results from these
two analyses are to a large extent independent, having in common only the 8.5% contribution due to the
tracking and PID efficiency correction, and the contributions from the luminosity and the BR.

The cc production cross section per unit of rapidity at mid-rapidity (|y| < 0.5) was calculated by
dividing the prompt D0-meson cross section by the fraction of charm quarks hadronising into D0
mesons (fragmentation fraction, FF), 0.542± 0.024 [70] and correcting for the different shapes of the
distributions of yD0 and ycc (cc pair rapidity). This correction is composed of two factors. The first factor
accounts for the different rapidity shapes of D0 mesons and single charm quarks and it was evaluated to be
unity based on FONLL calculations. A 3% uncertainty on this factor was evaluated from the difference
between values from FONLL and the PYTHIA6 [63] event generator. The second factor is the ratio
dσ/dycc

/

dσ/dyc, which was estimated from NLO pQCD calculations (MNR [74] and POWHEG [75])
as σ cc|y|<0.5/σ

c
|y|<0.5 = 1.034. A 1.5% uncertainty on this factor was estimated from the difference among

the values obtained varying the factorisation and renormalisation scales in the MNR calculation and
interfacing, via the POWHEG-BOX package [76], the NLO calculations with a parton shower simulation
with PYTHIA. The resulting cc cross section per unit of rapidity at mid-rapidity is:

dσ ccpp,7TeV/dy = 988±81(stat.)+108−195 (syst.)±35(lumi.)±44(FF)±33(rap.shape) µb . (10)

The total production cross section of prompt D0 mesons (average of particles and antiparticles) was
calculated by extrapolating to full phase space the cross section measured at mid-rapidity. The extrapo-
lation factor was defined as the ratio of the D0 production cross sections in full rapidity and in |y| < 0.5
calculated with the FONLL central parameters: 8.57+2.52−0.38. The systematic uncertainty on the extrapo-
lation factor was estimated by considering the contributions due to i) the uncertainties on the CTEQ6.6
PDFs [77] and ii) the variation of the charm-quark mass and the renormalisation and factorisation scales
in the FONLL calculation, as proposed in [6]. The resulting cross section is:

σ promptD
0

pp,7TeV = 4.43±0.36(stat.)+0.49−0.88 (syst.)
+1.30
−0.19 (extr.)±0.16(lumi.)±0.06(BR) mb . (11)

The total charm production cross section was calculated by dividing the total prompt D0-meson produc-
tion cross section by the fragmentation fraction reported above. The resulting cc production cross section
in pp collisions at

√
s= 7 TeV is:

σ ccpp,7TeV = 8.18±0.67(stat.)+0.90−1.62 (syst.)
+2.40
−0.36(extr.)±0.29(lumi.) ±0.36(FF) mb , (12)

which has smaller systematic and extrapolation uncertainties as compared to the value of Ref. [49].
We verified that the precision of the cc production cross-section determination does not improve if the
results calculated from D+ and D∗+ mesons, which have significantly larger extrapolation uncertainties
as compared to the D0 one, are included via a weighted average procedure, as done in Ref. [49]. In
Fig. 10, the total charm production cross section is shown as a function of the centre-of-mass energy of
the collision together with other measurements [49, 66, 71, 78–80]. The LHCb value was computed by
multiplying the pT-integrated charm cross section at forward rapidity [66] by the rapidity extrapolation
factor given in Ref. [81]. The proton–nucleus (pA) measurements were scaled by 1/A, assuming no
nuclear effects. The curves show the results of next-to-leading-order pQCD calculations (MNR [74])
together with their uncertainties obtained varying the calculation parameters as suggested in [6]. The
dependence of the charm production cross section on the collision energy is described by the pQCD
calculation, with all the data points lying close to the upper edge of the uncertainty band.
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The central values of the prompt and inclusive dσ/dy are numerically very similar. However, this
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dividing the prompt D0-meson cross section by the fraction of charm quarks hadronising into D0
mesons (fragmentation fraction, FF), 0.542± 0.024 [70] and correcting for the different shapes of the
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/
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c
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σ promptD
0
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√
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We verified that the precision of the cc production cross-section determination does not improve if the
results calculated from D+ and D∗+ mesons, which have significantly larger extrapolation uncertainties
as compared to the D0 one, are included via a weighted average procedure, as done in Ref. [49]. In
Fig. 10, the total charm production cross section is shown as a function of the centre-of-mass energy of
the collision together with other measurements [49, 66, 71, 78–80]. The LHCb value was computed by
multiplying the pT-integrated charm cross section at forward rapidity [66] by the rapidity extrapolation
factor given in Ref. [81]. The proton–nucleus (pA) measurements were scaled by 1/A, assuming no
nuclear effects. The curves show the results of next-to-leading-order pQCD calculations (MNR [74])
together with their uncertainties obtained varying the calculation parameters as suggested in [6]. The
dependence of the charm production cross section on the collision energy is described by the pQCD
calculation, with all the data points lying close to the upper edge of the uncertainty band.

22

D0 in pp 

Miriam Watson ICHEP2016 
13 

Data are described 
by theory within 
uncertainties 
 
Central values: 
Data/FONLL~1.5 
Data/GM-VFNS~0.75 
Data/kT factorisation 
varies with pT 
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D0 meson production in pp, pPb and PbPb 

Nuclear modification 
factors are consistent 
with expectation 
 
σ(pPb or PbPb) vs. σ(pp) 
with scaling factors 

CMS-PAS-HIN-16-001, 
June 2016  
LHCB-CONF-2016-003, 
May 2016 

�  More details in Heavy Ion session: a quick overview here 

2<pT<10 GeV, 
|y|<1.0 

pp at 5 TeV 

Data at 
top of 
FONLL 
band 

pPb at 
5 TeV 
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Multiplicity dependence and azimuthal correlations (pp, pPb) 

�  Yields for D0, D+ 
and D∗+ as a 
function of 
charged particle 
multiplicity 

�  Average D meson 
yields in pT bins 

�  Yield increase 
independent of pT 

�  Faster than linear 
increase with 
multiplicity at 
central rapidity 

 
�  Consistent with 

models which 
produce cc in 
multi-parton 
interactions 

arXiv:1602.07240, 
arXiv:1605.06963, 
sub. to JHEP,EPJC  

�  Azimuthal correlations: 
hadronic activity near 
and away from D-meson 
momentum vector 

�  Very similar for pp, pPb 
�  Described by Pythia and 

Powheg MC 
 

Ionut Arsene, LHCP 2016, Lund 22

D – hadron correlations in pp and p-Pb
ALICE, arXiv: 1605.06963
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Associated production of Υ and open charm (pp)	

�  Combine D0, D+, Ds
+, Λc

+ with 
Υ(1S,2S,3S) in 7, 8 TeV pp data 

�  Observe production of      
Υ(1S)D0, Υ(2S)D0, Υ(1S)D+, 
Υ(2S)D+, Υ(1S)Ds

+ 

arXiv:1510.05949, 
JHEP 07(2016)052 

ΥD0 

ΥD0 
Υ(1S)D0 

Υ(2S)D0 Υ(3S)D0 

Cross-sections and kinematic distributions 
consistent with double parton scattering (DPS) 
expectations 

where B2/1 is the ratio of dimuon branching fractions of ⌥(2S) and ⌥(1S) mesons and
where the systematic uncertainties are negligible compared to statistical uncertainties.
These values are smaller than, but compatible with the DPS expectations from Eq. (6b).
For the ⌥D+ production one obtains

R

⌥(2S)/⌥(1S)

D+ = B2/1 ⇥
�⌥(2S)D+
p
s=7TeV

�⌥(1S)D+
p
s=7TeV

= (22± 7)% ,

R

⌥(2S)/⌥(1S)

D+ = B2/1 ⇥
�⌥(2S)D+
p
s=8TeV

�⌥(1S)D+
p
s=8TeV

= (22± 6)% ,

where again the systematic uncertainties are negligible with respect to the statistical ones
and are ignored. These values are compatible with the DPS expectation of 25% from
Eq. (6b).

Neglecting the contributions from SPS mechanism, the e↵ective cross-section �e↵ is
determined using Eq. (10a) for the

p
s = 7TeV data as

�e↵ |⌥(1S)D0 = 19.4± 2.6 (stat)± 1.3 (syst)mb ,

�e↵ |⌥(1S)D+ = 15.2± 3.6 (stat)± 1.5 (syst)mb .

The central values of �e↵ increase by up to 10% if SPS contribution exceeds by a factor of
two the central value from Eq. (1). Both values are consistent with previous measurements
of �e↵ [11, 15, 40, 83–88], and their average is

�e↵ |⌥(1S)D0,+
,

p
s=7TeV = 18.0± 2.1 (stat)± 1.2 (syst) = 18.0± 2.4mb .

For the
p
s = 8TeV data the e↵ective cross-section �e↵ is estimated using the meas-

ured ⌥(1S) cross-section at
p
s = 8TeV [41] combined with �C, extrapolated fromp

s = 7TeV [38] to
p
s = 8TeV using FONLL calculations [65–67]. The obtained e↵ective

DPS cross-sections are:

�e↵ |⌥(1S)D0 = 17.2± 1.9 (stat)± 1.2 (syst)mb ,

�e↵ |⌥(1S)D+ = 22.3± 4.4 (stat)± 2.2 (syst)mb ,

The mean value of

�e↵ |⌥(1S)D0,+
,

p
s=8TeV = 17.9± 1.8 (stat)± 1.2 (syst) = 17.9± 2.1mb , (20)

is in good agreement with those obtained for
p
s = 7TeV data. Averaging these values,

�e↵ is found to be

�e↵ |⌥(1S)D0,+ = 18.0± 1.3 (stat)± 1.2 (syst) = 18.0± 1.8mb .

The large value of the cross-section for the associated production of ⌥ and open charm
hadrons, compatible with the DPS estimate of Eq. (4), has important consequences for
the interpretation of heavy-flavor production measurements, especially inclusive meas-
urements and possibly for b-flavor tagging [89–92], where the production of uncorrelated
charm hadrons could a↵ect the right assignment of the initial flavour of the studied beauty
hadron.
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ured ⌥(1S) cross-section at
p
s = 8TeV [41] combined with �C, extrapolated fromp

s = 7TeV [38] to
p
s = 8TeV using FONLL calculations [65–67]. The obtained e↵ective

DPS cross-sections are:

�e↵ |⌥(1S)D0 = 17.2± 1.9 (stat)± 1.2 (syst)mb ,

�e↵ |⌥(1S)D+ = 22.3± 4.4 (stat)± 2.2 (syst)mb ,

The mean value of

�e↵ |⌥(1S)D0,+
,

p
s=8TeV = 17.9± 1.8 (stat)± 1.2 (syst) = 17.9± 2.1mb , (20)

is in good agreement with those obtained for
p
s = 7TeV data. Averaging these values,

�e↵ is found to be

�e↵ |⌥(1S)D0,+ = 18.0± 1.3 (stat)± 1.2 (syst) = 18.0± 1.8mb .

The large value of the cross-section for the associated production of ⌥ and open charm
hadrons, compatible with the DPS estimate of Eq. (4), has important consequences for
the interpretation of heavy-flavor production measurements, especially inclusive meas-
urements and possibly for b-flavor tagging [89–92], where the production of uncorrelated
charm hadrons could a↵ect the right assignment of the initial flavour of the studied beauty
hadron.
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cross-section: 

m(Kπ) 
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Simultaneous production of J/ψ and Υ (pp) 

�  Measure J/ψàµµ and Υ(1S,2S,3S)àµµ 
at √s=1.96 TeV 

�  Separate prompt and non-prompt J/ψ 
using decay length	

�  Prompt J/ψ+Υ signal: 
    12.0±3.8±2.8 events (3.2σ)	

 

arXiv:1511.02428, 
Phys. Rev. Lett. 
116, 082002 (2016) 

Data are consistent 
with DPS model 
 
Effective DPS cross-
section: 
σeff = 2.2±0.7±0.9 mb 

Δφ(J/ψ+Υ) 
Miriam Watson ICHEP2016 
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Figure 7: The 2-D data-driven templates of �y vs. �� for (a) DPS obtained by combining J/ pairs from di�erent
events and normalizing to the data and (b) SPS obtained by subtracting the normalized DPS template from the data.
The data-driven templates are used to calculate the DPS and SPS event weights.

wDPS and wSPS, are defined in Eq. 5.307

wDPS(��, �y) =
NDPS(��, �y)

NDPS(��, �y) + NSPS(��, �y)
,

wSPS(��, �y) =
NSPS(��, �y)

NDPS(��, �y) + NSPS(��, �y)
.

(5)

By applying these weights as well as the PP weight, and then extracting the di-J/ signal from the 2-D mass308

fits in bins of the chosen variable one can extract the PP SPS-weighted and DPS-weighted distributions309

of the kinematic variables studied.310

From these weights, the value of fDPS is determined. These weighted distributions are then compared311

to the LO DPS + NLO SPS predicted distributions with fDPS fixed to the measured experimental value.312

Finally, the e�ective cross-section is calculated and compared to the current measured values.313

6 Systematic Uncertainties314

Sources of systematic uncertainty and their relative percentage are summarized in Table 1 for the cross-315

section and Table 2 for the average fDPS measurement. Many of the systematic uncertainties were found316

to cancel out in the fDPS measurement.317

Trigger: The systematic due to the trigger selection is determined by creating a thousand Toy MC318

templates, varying each bin within the statistical uncertainty and determining the e�ect on the yield.319

Additionally the spatial and vertex correction is varied within its uncertainty. Finally, a conservative320

uncertainty for the MC correction map is determined by calculating the yield without the MC correction.321

The conservative approach for the MC correction accounts for the lack of access to equivalent single low322

pT triggers in the data as found in the MC.323
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By applying these weights as well as the PP weight, and then extracting the di-J/ signal from the 2-D mass308

fits in bins of the chosen variable one can extract the PP SPS-weighted and DPS-weighted distributions309

of the kinematic variables studied.310

From these weights, the value of fDPS is determined. These weighted distributions are then compared311

to the LO DPS + NLO SPS predicted distributions with fDPS fixed to the measured experimental value.312

Finally, the e�ective cross-section is calculated and compared to the current measured values.313
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Sources of systematic uncertainty and their relative percentage are summarized in Table 1 for the cross-315

section and Table 2 for the average fDPS measurement. Many of the systematic uncertainties were found316

to cancel out in the fDPS measurement.317

Trigger: The systematic due to the trigger selection is determined by creating a thousand Toy MC318

templates, varying each bin within the statistical uncertainty and determining the e�ect on the yield.319

Additionally the spatial and vertex correction is varied within its uncertainty. Finally, a conservative320

uncertainty for the MC correction map is determined by calculating the yield without the MC correction.321

The conservative approach for the MC correction accounts for the lack of access to equivalent single low322

pT triggers in the data as found in the MC.323
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Prompt J/ψ pair production (pp)	

�  J/ψ pairs at 8 TeV (11.4 fb-1) 
�  pT > 8.5 GeV and |y| < 2.1 
�  Fraction from DPS determined from kinematic correlations 

ATLAS-CONF-2016-047, 
August 2016 

Miriam Watson ICHEP2016 
18 

DPS template 
(mixed events) 

SPS contribution 
in data 

Δφ Δφ Δy Δy 

Differential 
cross-section 
vs. pT of sub-
leading J/ψ	

Effective DPS cross-section: 
σeff = 8.7±1.8 mb 
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Figure 8: The di�erential cross-section, d�/dpT(J/ 2), in the (a) central and (b) forward rapidity regions. The
uncertainty due to the choice of J/ spin-alignment is shown separately. Also shown is the DPS distribution from
the data-driven method. It is assumed that the DPS weights created within the muon kinematic acceptance can be
applied to the acceptance corrected distributions.
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Figure 9: The di�erential cross-section, d�/dpT(J/ J/ ), in the (a) central and (b) forward rapidity. The uncertainty
due to the choice of J/ spin-alignment is shown separately. Also shown is the DPS distribution from the data-driven
method. It is assumed that the DPS weights created within the muon kinematic acceptance can be applied to the
acceptance corrected distributions. The two peaks at low and high pT are due to the away and towards event
topologies respectively. The separation is determined by the cut on pT(J/ ) > 8.5 GeV.
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Summary 

�  Many results from LHC Run1 and Tevatron Run II allow detailed tests of QCD 
�  Quarkonium and open charm states 
�  Comparison of pp, pp, pPb and PbPb environments 
�  Double-parton scattering estimates 

�  First results from LHC Run 2 have been presented, using 13 TeV collisions 
�  New data extend the reach to higher pT and continue to probe our understanding 

of QCD phenomena 
 

�  Public results from LHC and Tevatron: 
�  https://twiki.cern.ch/twiki/bin/view/ALICEpublic/ALICEPublicResults 

�  https://twiki.cern.ch/twiki/bin/view/AtlasPublic 
�  http://www-cdf.fnal.gov/physics/physics.html 

�  http://cms-results.web.cern.ch/cms-results/public-results/publications/ 

�  http://www-d0.fnal.gov/Run2Physics/WWW/results.htm 
�  https://lhcb.web.cern.ch/lhcb/Physics-Results/LHCb-Physics-Results.html 

- 
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(2S)ψNon-prompt 
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�  See talk by Konstantin Toms 
�  X(3872): ‘Exotic resonance’ previously measured 

by Belle, BaBar, CDF, D0, CMS 
�  Mass of X(3872) close to             threshold 

ATLAS-CONF-2016-028, 
June 2016 

�  J/ψ π+π- decay channel 
�  11.4 fb-1 at 8 TeV 

ψ(2S) and X(3872) à J/ψ π+π- at 8 TeV 

X(3872)  ψ(2S)  

m(J/ψππ) 

Prompt ψ(2S)  Non-prompt ψ(2S)  

Prompt: NRQCD 
slightly overestimates 
at high pT,           
Colour Singlet 
underestimates 
Non-prompt: FONLL 
describes data well 
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ψ(2S) and X(3872) à J/ψ π+π- at 8 TeV 
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Prompt X(3872)
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Non-Prompt X(3872)
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June 2016 

Prompt X(3872)  

Non-prompt X(3872)  

NRQCD agrees well: interprets X(3872) as 
a mixed χc1(2P)-             state 

FONLL 
recalculated 
for X(3872) 
overestimates 
data 

Non-prompt fractions agree with 
JHEP 04 (2013) 154, Phys. Rev. 
Lett. 114 (2015) 191802 
within uncertainties  
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