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ÁCMS is providing significant contributions to hadron 
spectroscopy, especially to the beauty and quarkonium sectors, 
often utilizing final states containing muon pairs. This is possible 
due to:
ÁExcellent tracking and muon identification performances
ÁA flexible trigger system that is essential for increasing luminosities
ÁLarge production cross sections for heavy flavored particles 
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LHC Schedule as of January 2022 

HL-LHC era

Á The CMS Phase-1 Detector Upgrade will be operational during Run 3,starting this summer
Á TheCMS Phase-2 Detector Upgrade will be operational during the HL-LHC era 
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CMS Phase-II Upgrade (overview)

A new tracker with improved pT
resolution and radiation hardness, 
lower material budget, extended 
coverage 

increased muon coverage

a new forward calorimeter with 
high granularity and resolution 

addition of the MIP timing detector 
(MTD) 

increased trigger bandwidth & 
latencies

inclusion of tracking information at 
L1 trigger

replacement of electronics



ÁConventional Hadron Spectroscopy Results
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ÁCMS observed for the first time the two radially excited 
states               and                decaying to                   . 
ÁUndetected very soft photon

ÁMass resolution agrees with MC expectations (~6MeV)

ÁLocal significance exceeding 6.5sfor observing two peaks rather 
than one. For both single peaks, significance > 5s.

Observation of radially excited ὄ mesons

PRL 122 (2019) 132001
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ÁNo significant dependence of the three cross section ratios on                and 

ÁIn the normalized di-pion invariant mass observed different shapes from phase 
space but not fully significant with the available statistics.

Differential production cross section ratios

▬╣║╬ ȿ◐ȿ║╬

PRD, 102 (2020) 092007 
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Ácbj(3P) is particularly interesting since its properties could 
have been affected by the nearby           thresholds. 
ÁRadiative decays to U(3S)g

ÁLow energy photons detected after conversion to e+e- pairs; 
cbj(3P)  mass resolution of 

ÁTotal (2-peak) yield:

Á2-peak local stat. significance >9s

First observation of resolved cbj(3P) states

PRL 121 (2018) 092002

BB(*)

Ȣ Ȣ ╜▄╥

372

The measurement supports the standard 
hierarchy (J=2 heavier than J=1)
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ÁThis measurement fills the gap in the 
spin-dependent bottomonium spectrum 
below the open beauty threshold.

ÁIt also contributes to the understanding 
of non-perturbative spin-orbit 
interaction affecting quarkonium 
spectroscopy.

ÁNo CMS observation so far of the cb0(3P) 
radiative decay. 

First observation of resolved cbj(3P) states

From: M. Anwar et al., PRD99 (2019) 094005 
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ÁConfirmation of ╫ and first confirmation of 
╫

ÁUse 

Ώ excited states in low-mass region

╫

╫

stat. signif.
υȢτ υȢχ„

PLB 803 (2020) 135345

□ ╫ⱫⱫ □ ╫ ╜╟╓╖ ╫ ḳ

☻╫ᴼ ϳ╙ⱶ☻ &   ☻╫ᴼⱶ ╢☻ [with ‪ςὛO ‘‘ȟϳὐ‪““] by triggering on dimuons

ὓɤ υωρςπ υωρςȢσςπȢρςίὸὥὸπȢπρίώίὸπȢρχά ɤ -Å6

ὓɤ υωςππ υωςπȢρφπȢπχίὸὥὸπȢπρίώίὸπȢρχά ɤ -Å6
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ÁFirst confirmation of ╫ and ╫
ÁOne-peak hypothesis vs BKG-only has significance > 5.4 ς6.5s

Ώ excited states in high-mass region

PLB 803 (2020) 135345

□ ╫ⱫⱫ □ ╫ ╜╟╓╖ ╫ ḳ

ὓɤ φρτφπ φρτφȢυ ρȢωίὸὥὸπȢψίώίὸπȢςά ɤ -Å6

ὓɤ φρυςπ φρυςȢχ ρȢρίὸὥὸπȢτίώίὸπȢςά ɤ -Å6

ὓὢ φπχσυίὸὥὸὓὩὠ

ɜὢ υυ ρρίὸὥὸὓὩὠ
?

Assuming a single broad resonance Xb

the fit with M and Gas free parameters 
provides (with stat. sign. of ~ 4s):

Confirmed by LHCbas a further excited 
state: ╫

ᶻz
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ÁUsing the 2011 data, CMS observed a 
new baryon ╫

ᶻ via its strong decay 
to ♀╫

ᶸⱫ . The ╫was reconstructed via:
╫ᴼ ϳ╙ⱶ
Ásignificance > 5 s

Observation of new beauty- strange baryons  
PRL 108 (2012) 252002

ÁRecently CMS observed: 
╫
ᶻz ᴼ ╫ⱫⱫ , including the 

intermediate resonance ♀╫ᶻ ᴼ♀╫Ⱬ

859±36


