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• J/ψ & ψ(2S)  at   13 TeV,   ATLAS-CONF-2019-047
• Bc

+/B+            at     8 TeV,    arXiv:1912.02672 (subm. to PRD)
• Pc

+                  at 7-8 TeV,    ATLAS-CONF-2019-048



ATLAS Detector @LHC

• Inner Detector (Pixel+SCT+TRT)
• Pt>0.4(0.1) GeV, |η|<2.5

• Muon Spectrometer
• Offline tracking: |η|<2.7
• Triggering: |η|<2.4

• Run-2 improvements
• Detector: IBL (Insertable B-layer), inner-most pixel layer(r=33mm) and thinner beam-pipe

• resolution in mµµ: ~50 MeV at J/ψ mass, ~150 MeV at Y(nS) masses; ~10 µm impact parameter resolution
• time resolution* ~60 fs after installation of IBL in Run 2 (30% improvement w.r.t. Run 1)

• higher Luminosity and Sqrt(s) 7/8 TeV -> 13 TeV
• Trigger upgrade to maintain low muon threshold at high lumi

• Great potential for new results in heavy flavor physics studies
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ATLAS charmonium production

[ATL-COM-DAQ-2019-040]
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J/ψ and ψ(2S) production 

• studies of heavy quarkonia provide insight into QCD near boundary of 
perturbative and non-perturbative regimes

• cross section measurement is important for refining quarkonia production 
models

• ATLAS Run 1:
• low-threshold dimuon triggers, limiting pT range to ~ 100 GeV 

• ATLAS Run2
• use single muon trigger with high threshold at 50 GeV , un-prescaled for the full Run2 data, 

139 fb-1

• Provides coverage of the high-pT end of the distribution, well beyond previously achieved 
transverse momenta
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J/ψ and ψ(2S): Mass and lifetime Fits

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

• Rapidity |y| < 2 covered in 3 bins 
• Yields for J/ψ and ψ(2S), as well as both 

non-prompt fractions and ψ(2S) to J/ψ 
ratios determined from 2D fit

• mass and pseudo-proper lifetime

ATLAS-CONF-2019-047
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J/ψ and ψ(2S): non-prompt fractions

• Plateau at ~0.7 for pT >~ 40 GeV
• Similar behavior in pp and pp̅ collisions
• No strong dependence from rapidity
• Similar for J/ψ and ψ(2S)

ATLAS-CONF-2019-047
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J/ψ and ψ(2S): non-prompt x-sections

• FONLL predictions seem to work reasonably well  
over 5 orders of magnitude

• http://www.lpthe.jussieu.fr/~cacciari/fonll/fonllform.html 

• Deviation by a factor of 2 at hight-pT end

ATLAS-CONF-2019-047

7



J/ψ: Prompt cross section at 13TeV

• ATLAS and CMS good agree in the overlap 
region

• CMS,  pT from 20 up to 120-150 GeV
• PLB 780(2018) 251

• Together smoothly cover 20-360 GeV

• Simple parameterisation describes data well, 
over 7 orders of magnitude

• (b+pT)-n with b=4.40, and n=5.91

• It would be interesting to see NRQCD 
predictions, especially for the high pT end

ATLAS-CONF-2019-047
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Bc
±/B±  x-section ratios at 8TeV with 20fb-1

arXiv:1912.02672

• unique probe for heavy quark dynamics
• Bc

± is a bound state of two heaviest distinct quarks, b and c

• relative cross-section with similar decay mode for Bc
± 

and B± 

• fiducial volume: pT >13 GeV, |y|<2.3
• 2 pT bin (13-22, >22 GeV), and 2 |y| bin (<0.75, 0.75-

2.3)
• extended unbinned ML fits to the mass distributions of 

Bc
± and B± to extract Nreco from the data in each bin
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Bc
±/B±  x-section ratios

arXiv:1912.02672
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• 2 bins of pT and |y|:
• ratio decreases with pT 
• no significant |y| dependency

• complements CMS and LHCb results

• relative X-section in fiducial region (horizontal line) 



Pentaquark search in J/ψp
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• LHCb: structures observed in J/ψp mass spectrum Λ0
b-

> J/ψpK- decay
• Pc(4312)+ , Pc(4440)+ and Pc(4457)+

• hint for Pc(4380)+ 

• not observed by GLUEX in γp->J/ψp s-channel
• PRL 123 (2019) 072001

• D0: 3sigma unresolved Pc(4440)+Pc(4457) peak in 
inclusive Pc->J/ψp channel

• arXiv:1910.11767 



ATLAS Pentaquark search in Λ0
b→ J/ψpK-
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• ATLAS search with 4.9fb-1 (7TeV) and 20.9fb-1 (8TeV) 
data

• no PID:  No π±/K±/p separation
• need to consider all b hadrons decay to J/ψh1h2 candidates

• performing sequence of iterative fits in Λ0
b signal region, 

B0(J/ψπK) and B0
s(J/ψKK) control regions and in full 

range of selected dataset
• Λ0

b → J/ψpK- signal is observed on the top of
• very large B->J/ψK+π- , large Bs->J/ψK+K-
• large combinatorial background
• tail from B→J/ψπ+π- and Bs→J/ψπ+π-

ATLAS-CONF-2019-048



Fitting with 2 or 4 Pentaquarks 
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• Fitting with 2 pentaquarks hypothesis with spin parity of 3/2-

(light) and 5/2+(heavy)
• good description of data: χ2/n.d.f = 37.1/39
• systematic uncertainties comparable to statistical ones

• Fitting with 4 pentaquarks hypothesis
• can NOT be distinguished because of low mass resolution
• tested by fixing parameters to LHCb values
• χ2/n.d.f = 37.1/42

ATLAS-CONF-2019-048



No-Pentaquark hypothesis

14

• χ2 fits of the mass distribution in the 
signal region for the hypothesis 
without pentaquarks with the 
extended Λ0

b → J/ψΛ*0 decay model
• χ2/n.d.f = 42.0/23, p-value=9.1e-3

• Model without pentaquark disfavored 
but can’t be excluded 

ATLAS-CONF-2019-048



Summary

15

• ATLAS has a rich physics program for heavy flavor, selected results 
reported

• J/ψ and ψ(2S) production at high pT at 13TeV 139fb-1 data 
• non-prompt fraction ~0.7 for both J/ψ and ψ(2S)
• non-prompt x-sec from FONLL tend to be higher than data at high pT end

• B±
c/B± production cross-section at 8TeV 20fb-1 data
• complements LHCb and CMS measurements
• the ratio decreases with pT, no significant |y| dependence

• Pentaquark search at 7-8 TeV 25fb-1 data
• Model with 2(or 4) pentaquarks Pc->J/ψp consistent with data (and with LHCb results) 
• no-pentaquark hypothesis disfavored but can’t be excluded so far

• stay tuned for the new results!



Backup



Data Taking
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J/ψ and ψ(2S): Differential cross sections

J/ψ

ψ(2s)

ATLAS-CONF-2019-047
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J/ψ and ψ(2S): fitting model

ATLAS-CONF-2019-047
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J/ψ and ψ(2S): uncertainties

ATLAS-CONF-2019-047
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Bc
±/B±  x-section ratios: yields

arXiv:1912.02672
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Bc
±/B±  x-section ratios: uncertainties

arXiv:1912.02672
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pentaquak fit procedure
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ATLAS-CONF-2019-048



pentaquak fit procedure
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ATLAS-CONF-2019-048



pentaquak: uncertainty
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ATLAS-CONF-2019-048


