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ATLAS @ LHC 
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Weight : ~ 7000 tons 

Inner Detector (Pixel+SCT+TRT): 
pT > 0.4 (0.1) GeV, |η| < 2.5 
New for Run 2: 
Insertable B-layer (IBL) – inner-most pixel 
layer (r = 33 mm) and thinner beam-pipe 
m(µ+µ-) resolution:    ~50 MeV for J/ψ 
                                    ~150 MeV for ϒ 

Muon Spectrometr: 
Offline tracking: |η| < 2.7 
Triggering: |η| < 2.4 



Data Taking and Heavy Flavor triggering 
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Peak Lumi:   7.73 х 1033 cm-2 s-1 21.0 х 1033 cm-2 s-1 
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Charmonium production at 13 TeV with 139 fb-1 

Uses a single-muon trigger, with threshold at 50 GeV, 
un-prescaled on the full integrated luminosity 
of Run II, 139 fb-1 

pT range covered: 60-360 GeV for J/ψ in 11 bins 
                               (60-140 GeV for ψ(2S)) 

Rapidity range |y| < 2 covered in three bins  

Yields for J/ψ and ψ(2S), prompt and non-prompt 
(from B decays),  determined using 2D fit 
(mass and “pseudo-proper” lifetime) 
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Charmonium non-prompt fractions 

Plateau ~0.7 for pT >~ 40 GeV 
 
Similar behavior in pp and pp̅ collisions 
for √s from 1.96 TeV till 13 TeV 
 
No strong dependence from rapidity 
 
Similar for J/ψ and ψ(2S) 



6 

Charmonium non-prompt x-sections 

FONLL predictions in general agreement, 
too high at high pT 

 
Deviations from data up to ~2 
 
NNLO? 
New fragmentation tuning? 
Fixing of technical FONLL problems 
at high pT? 
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Charmonium prompt x-sections 

ATLAS and CMS agree 
in the range of overlap 

Can be described by 
simple parametrization 
 

~(b+pT)
-n 

 
with b=4.4 and n=6 

Waiting NRQCD predictions for high-pT charmonium production 
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Bc
+ / B+  x-section ratios at 8 TeV with 20 fb-1 

Bc
+ → J/ψ π+ B+ → J/ψ K+ 

Bc
+ and B+ yields measured using di-muon trigger 

 
Their ratios, corrected for acceptances and efficiencies, 
measured in two pT bins (13-22 GeV, >22 GeV) 
and two |y| bins (<0.75, 0.75-2.3) 
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Bc
+ / B+  x-section ratios at 8 TeV 

The ratio decreases with pT No significant |y| dependence 

Differences in production? 
                          hadronization? 

Compatible with CMS/LHCb 
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Bc
+ / B+  x-section ratios at LHC 

The ratio decreases with pT 

Differences in production? 
                          hadronization? 

0.48 ± 0.05 ± 0.03  ± 0.05     pT > 15 GeV, |y| < 1.6              CMS  at 7 TeV 

0.24 ± 0.04 +0.05
-0.01  ± 0.01    pT > 22 GeV, |y| < 2.3            ATLAS at 8 TeV 

0.44 ± 0.07 +0.09
-0.04  ± 0.01   13 < pT < 22 GeV, |y| < 2.3    ATLAS at 8 TeV 

0.683 ± 0.018 ± 0.009          pT < 20 GeV, 2.0 < |y| < 4.5    LHCb at 8 TeV 
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Pentaquarks with hidden charm (ccu̅ud) 
at 7 - 8 TeV with 25 fb-1 

Λb Ÿ J/ɣ p K - signal is seen on the top of 

 

- large combinatorial background 

- very large B Ÿ  J/ɣ K+ ˊ- contribution  

- large Bs Ÿ  J/ɣ K+ K - contribution  

- tails from small B Ÿ  J/ɣ ́+ ˊ- and  Bs Ÿ  J/ɣ ˊ+ ˊ- contributions 

m(Kπ) > 1.55 && m(πK) > 1.55  Ÿ 

m(pK) > 2.0 GeV   
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Pc
+ at 7 - 8 TeV 
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Projection of 2D M(J/ψ,p) vs M(J/ψ,K) + 1D M(p,K) fit w/o pentaquarks 
using extended Λ* decay model (left) 
 
Result of 1D χ2 M(J/ψ,p) fit with the same model (right): χ2/NDF = 42.0/23 

p-val = 9.1 x 10-3 
 



Summary 
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Pc
+  at 7-8 TeV 

measured parameters of two pentaquarks agree with LHCb; 
do not contradict to the 3 narrow pentaquarks LHCb measurement;  
model w/o pentaquarks in border-line agreement (p-val = 9.1 x 10-3) 

New exciting results for summer/fall conferences  

J/ψ & ψ(2S) at 13 TeV 
non-prompt fraction: plateau ~0.7 for pT >~ 40 GeV 
non-prompt x-sections: FONLL predictions too high at high pT 

prompt x-sections: ~(b+pT)
–n, waiting for NRQCD  

Bc
+ / B+  at   8 TeV  

~0.3% (σ * Br) 
the ratio decreases with pT 

no significant |y| dependence 



Back-up Slides 
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Charmonium production 
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Non-prompt (from B decays) – probes open b quark production, 
fragmentation and B-decay kinematics 
FONLL, matched NLO+NLL (“massive” NLO + resummation) 
GM-VFNS (“massless” NLO + mass-dependent terms) 



Charmonium production 
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Non-prompt (from B decays) – probes open b quark production, 
fragmentation and B-decay kinematics 
FONLL, matched NLO+NLL (“massive” NLO + resummation) 
GM-VFNS (“massless” NLO + mass-dependent terms) 

NRQCD: Color Singlet (CS) and Color Octet (CO) 
terms. Long-distance matrix elements (LDME) 
determined from experimental data. 
Color Singlet Model (CSM) – only CS diagrams. 
Color Evaporation Model (CEM) – only one LDME. 

Prompt (not from B decays) – probes specific mechanisms of QQ̄ system production 
and transformation to a meson 



Charmonium production 
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Non-prompt (from B decays) – probes open b quark production, 
fragmentation and B-decay kinematics 
FONLL, matched NLO+NLL (“massive” NLO + resummation) 
GM-VFNS (“massless” NLO + mass-dependent terms) 

NRQCD: Color Singlet (CS) and Color Octet (CO) 
terms. Long-distance matrix elements (LDME) 
determined from experimental data. 
Color Singlet Model (CSM) – only CS diagrams. 
Color Evaporation Model (CEM) – only one LDME. 

Prompt (not from B decays) – probes specific mechanisms of QQ̄ system production 
and transformation to a meson 

Ψ(2S) – nearly feed-down free 
 
J/ψ – feed-downs ~35% 



21 



22 

Bc
+ / B+  x-section ratios at 8 TeV with 20 fb-1 
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LHCb results on pentaquarks with hidden charm  

Significance is convincing 
However, in PDG 



24 Helicity formalism is not (yet) used in Run II analyses 

 Phys. Rev. Lett. 122, 222001 (2019) 

Observation of a narrow pentaquark state, Pc(4312)+, and of two-peak structure of the Pc(4450)+ 

  arXiv:1904.03947 [hep-ex] 
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Phys. Rev. Lett. 123, 072001 (2019) arXiv:1905.10811 [nucl-ex] 

https://arxiv.org/abs/1905.10811
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arXiv:1910.11767 [hep-ex] 

https://arxiv.org/abs/1910.11767
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Selection criteria  
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Fit structure – iterations of 4 steps 
1. To tune parameters of B and Bs decays (background): 
 
Unbinned likelihood for the sum 
  
[2D m(J/ψ K π)+m(J/ψ π K)] + [2D m(J/ψ K K)+m(J/ψ π π)] +      overall normalization 
[2D m(J/ψ π1)+m(J/ψ π2)] + [1D m(Kπ)] + [1D m(πK)] +                B signal mass region 
[2D m(J/ψ K1)+m(J/ψ K2)] + [1D m(KK)]                                            Bs signal mass region 
 

2. To determine number of Λb baryons 
 
ɢ2 fit of m(J/ɣ p K -)              (fully statistically correct)  

 

3. To tune ȿ* parameters (ȿb signal region) 

 

Unbinned likelihood fit for the sum 

 

[2D m(J/ɣ p)+m(J/ɣ K)] + [ 1D m(pK)] 

 

4. Tʦ determine pentaquark parameters (Λb signal region) 
 

ɢ2 fit of m(J/ɣ p)                   (fully statistically correct ) 
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Step 1 : To tune parameters of B and Bs decays (background): 
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Step 1 : To tune parameters of B and Bs decays (background): 

Is X(4200)± here? 
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