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Selected recent results 



ATLAS+CMS @ LHC 
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ATLAS : weight : ~ 7000 tons 

Dimuon triggers Lmax = 6.76 ͻ 1033 cm-2 s-1 Lmax = 20.9 ͻ 1033 cm-2 s-1 

Run I : 2010 - 2012 
2017 

Run II : 2015 - 2018 
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Di-charmonia tetraquarks (cccc) ATLAS-CONF-2022-040 

J/̞ Wκ˕ ŀƴŘ Wκ˕Ҍ(̞2S) in 4˃ Ŧƛƴŀƭ ǎǘŀǘŜ ǎǘǳŘƛŜŘ ŀǘ !¢[!{ ǳǎƛƴƎ 139 fb-1 ƻŦ ǇǇ ŀǘ Ҟǎ Ґ 13 TeV 

Blind analysis 
Event selection, reconstruction and definition of 
signal and control regions 

ɲR < 0.25 

m(J/̞  J/ )̞ m(J/̞  ̞ (2S)) 

m(J/̞  J/ )̞ m(J/̞  ̞ (2S)) 

Wow effect after 
unblinding 
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Di-charmonia tetraquarks (cccc) ATLAS-CONF-2022-040 

J/ɣJ/ɣ: best fit obtained 

with 3 interfering BWs, 

70% worse fit quality 

for 2-resonance fit 

Fit on J/ɣɣ(2S) mass 

spectrum, significance: 

ǒ Model A: 4.6ů 

ƺ X(7200): 3.2ů 

ǒ Model B: 4.3ů 

Evidence for an enhancement 

at 6.9 GeV and 7.2 GeV 

6.9 GeV resonance 

confirmed, 

consistent with LHCb 
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Di-J/  ̞tetraquarks (cccc) CMS PAS BPH-21-003 

No interference assumed 



6 

Di-J/  ̞tetraquarks (cccc) CMS PAS BPH-21-003 

LHCb non-interference 
model I 

LHCb interference 
model II 
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Di-charmonia tetraquarks (cccc) ATLAS-CONF-2022-040 

Sci.Bull. 65 (2020) 1983 

CMS PAS BPH-21-003 

X(6900) well seen by all 3 experiments 

Signatures for a bump at 7.2-7.3 GeV 
In all 3 experiments 

Nature of the low-mass bump to be clarified 

Role of reflections from decays to J/̞+ (̞2S), 
J/ +̞ c̝ to be studied 

ATLAS 

CMS 



8 

Observation of triple J/ɣ meson production CMS, arXiv:2111.05370 
accepted by Nature Physics 

5.5 ̀  (MC toys) 
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Observation of triple J/ɣ meson production CMS, arXiv:2111.05370 
accepted by Nature Physics 

Consistent with 
measurements from 
di-onia production 

Smaller than those from 
jets/photon/W-based 
measurements 
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Bc
+ Ҧ Wκ ̞̄ + B+ Ҧ Wκ ̞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 ҕ 0.05 ҕ 0.03  ҕ 0.05     pT > 15 GeV, |y| < 1.6              CMS  at 7 TeV 

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

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

0.683 ҕ 0.018 ҕ 0.009          pT < 20 GeV, 2.0 < |y| < 4.5    LHCb at 8 TeV 
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Measurement of Bc
+ Ÿ J/  ̞Ds

(*)+  

Normalization mode: Bc
+ Ÿ J/̞  ̄+   

ATLAS, JHEP 08(2022)87 

Run-I measurements: LHCb  

ATLAS 
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2D unbinned fit of two subsets simultaneously 

ƘŜƭƛŎƛǘȅ ŀƴƎƭŜ ʻ  Υ between ҡ+ 
and Ds

+ in ҡ+ҡ- rest frame 

di-muon and tri-muon 
triggers 
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Normalization mode: Bc
+ Ҧ Wκ˕ ˉ+  
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Results: 
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Comparison with previous results and models 

QCD PM (Colangelo, De Fazio) ς good agreement, no uncertainties, no prediction for ɱҕҕ/ɱ 

CCQM (M.Ivanov et al) ς agrees only for 

Predictions for ɱҕҕ/ɱ are below or around 0.5 ǿƘƛƭŜ Řŀǘŀ ŀƎǊŜŜ ǿƛǘƘ ƴŀƠǾŜ ǎǇƛƴ ŎƻǳƴǘƛƴƎ 2/3 
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Comparison with other B-meson decays  

Assuming  that the colour-favoured spectator 
diagram  dominates the decay amplitudes 

Assuming  that the colour-supressed spectator 
diagram  dominates the decay amplitudes 

Can be also compared to 
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Comparison with ligher B-meson decays  

Supports the assumtion that the colour-favoured spectator diagram  
dominates the decay amplitudes 



B(s)
0Ÿ ҡ+ҡ-  (FCNC, CKM and helicity suppressed) 
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CMS PAS BPH-21-006 Released for 
ICHEP 2022 



B(s)
0Ÿ ҡ+ҡ-  (FCNC, CKM and helicity suppressed) 
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ATLAS, JHEP 04(2019)098 ATLAS-CONF-2020-049 

CMS PAS BPH-20-003 

LHCb-CONF-2020-002 

agreement with sm: 2.1 ů 

CMS PAS BPH-21-006 

Released for 
ICHEP 2022 

Perfect agreement! 

agreement with SM: 2.4 ů Not an anomaly 
anymore 



B(s)
0Ÿ ҡ+ҡ-  (FCNC, CKM and helicity suppressed) 
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CMS PAS BPH-21-006 Released for 
ICHEP 2022 

ATLAS-CONF-2020-049 

CMS PAS BPH-20-003 

LHCb-CONF-2020-002 

SM-based expectation 

Good agreement 
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ATLAS, JHEP 12 (2021) 131 



24 

ATLAS, JHEP 12 (2021) 131 
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ATLAS, JHEP 12 (2021) 131 
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Observation of B0Ÿɣ(2S)K0
Ś

+ˊī and B0
sŸɣ(2S)K0

S decays EPJC 82 (2022) 499 
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Observation of B0Ÿɣ(2S)K0
Ś

+ˊī and B0
sŸɣ(2S)K0

S decays EPJC 82 (2022) 499 

? ? ? 

Iterative 1D reweightings done over 2- and 3-body invariant mass distributions 

No significant exotic narrow structures 

More data are needed? 
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Observation of B0Ÿɣ(2S)K0
Ś

+ˊī and B0
sŸɣ(2S)K0

S decays EPJC 82 (2022) 499 

No significant exotic narrow structures 

More data are needed? 
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Run 3: ~300 fb-1 
HL-LHC: ~3000 fb-1 

Prospects 

Lmax = 25.3 ͻ 1033 cm-2 s-1 

HL-LHC projection 


