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• This summer had quite some striking results by LHCb • E.g. see LHCb highlight talk by Franz Muheim at EPS2021
https://inspirehep.net/literature/1915457 : arxiv 2109.01038 
https://inspirehep.net/literature/1915358 : arxiv 2109.01056

https://indico.desy.de/event/28202/contributions/102717/attachments/67735/84474/LHCb-highlights-EPS2021-Muheim-vfinal.pdf
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• But I will talk about “conventional” heavy baryons, so no tetraquark/pentaquark here! • Please refer to Nicola’s talk for exotica states

• On the other hand LHCb is still a key player even for states predicted by SM • New decay modes → new resonances and sometimes even ground states!
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• I cannot start without showing the updated famous plot by our colleague Patrick Koppenburg • This plot only shows the new observations of baryons at LHC (baryons only) • Really nice progression with time (as new data arrives)

Masses and discovery date for conventional baryons observed at the LHC. Hollow markers indicate superseded states.

https://www.nikhef.nl/~pkoppenb/particles.html
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• I cannot start without showing the updated famous plot by our colleague Patrick Koppenburg • This plot only shows the new observations of baryons at LHC (baryons only) • My personal interpretation of the plot…

Masses and discovery date for conventional baryons observed at the LHC. Hollow markers indicate superseded states.

B sector had the widest expansion
Quite constant searches & observations over the years in the b-sector

b-sector was the most unknown for obvious reasons (Energy available & Cross section)

And here the Ξcc
Double heavy 
Spectroscopy

We can say a lot in
che charm sector too!

2 

1 
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https://www.nikhef.nl/~pkoppenb/particles.html
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• Very hands-on talk • What we have done… (just one recent example) • What we are doing… • What can we do for the future… (especially in the upgrade scenario)

• Putting things in order…

• Mostly explored • But sometimes still interesting surprises

• Resonances & Ground states

• Double heavy spectroscopy is a fact now  • LHCb is a key player on double-heavy searches

inclusive observation 
Phys. Rev. Lett. 118, 182001 (2017)
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• “Most” states now known from previous experiments • Inclusive searches + Dalitz decays from b-baryons • Energy and Cross sections are not a problem for most experiments → states accessible at B factories • Exotic states in the charm sector (Tetra and Penta states not covered in this talk) 

• One could think everything is done for conventional SM → but surprises  can happen! • E.g. DD states, etc… (you can look for Tcc but even conventional ccbar states above threshold)   • For the future we could even try Triple-charm and similar
JHEP 2019, 35 (2019)
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• Ground states are almost all known, with some exceptions (see below) • A lot of resonances have been found, identified with radial and orbital excitations • With higher luminosities collected, we can have access to states with lower cross section • Explore wider Q value ranges and multi-particle states, where background is severe • I will go through a list of what’s available and what can be done (or not) 

Panoramic view
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• Example of time evolution of searches and new observations once more data is available • At LHCb we collected order of 1M-2M Λb signal events in various final states

Ground state

2012

JHEP 2006 136

2019
PRL 123, 152001

2020PRL 109 172003
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• Ground state observed by CDF • Confirmed + new states observed by LHCb 

PRL 99:202001

PRL 122, 012001

2007

2019

• Σb0 doublet still unobserved experimentally • Experimentally very challenging as neutral Σb is expected → Λb π0
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• Several observations of ground states and excitations • Missing ground state Ξb’  (probably below threshold) • Multi particle modes interesting (see next slide) 

PRL 114 062004

2015

2016?

Ξb’0 is probably below Ξbπ threshold and decay either Ξb0π0 or Ξb0γ 
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• Example of a resent search (arXiv this August) • Use the very abundant samples of Λb saved on disk • Use both: • Λb → Λc π- • Λb → Λc π- π+ π-

Paper in Preparation
LHCb-PAPER-2021-025

• Two narrow peaks in the Λb K- π+ mass spectrum are observed

WS sample

Preliminary Preliminary

PreliminaryPreliminary

Observation of two new excited Ξb0 states decaying to Λb0 K− π+

Λb0 K− π+
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Observation of two new excited Ξb0 states decaying to Λb0 K− π+

• The states are consistent with the theoretical predictions to the 1D excited Ξb0 doublets Paper in Preparation
LHCb-PAPER-2021-025

Confirmed decay patterns of the two peaks via intermediate resonances

WS sample

Preliminary Preliminary

Preliminary Preliminary
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• Ωb and where to find them… • Ωb state appear in the PDG, but yields are still very low • New decay modes observed, they help measuring mass and lifetime • LHCb has roughly 100 - 200 signal events per mode in the full Run1+Run2 dataset

Golden dimuon mode

Golden hadronic mode
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• New mode considered → first observation • Four excited Ωc baryons are observed in the Ξc+K- mass projection • Their relative production rates, masses and natural widths are measured + Precise mass measurement

arXiv:2107.03419

More than the 
actual control mode!

Comparison wrt the inclusive observation 
Phys. Rev. Lett. 118, 182001 (2017)

https://arxiv.org/abs/2107.03419
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Ωb excited states
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• Replicate what done in the charm sector • Same ideas but yields are expected much lower

PRL 124 082002
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• Searches ongoing, cross sections are at the limit of what we can do • Double-bottom and Triple-charm (at the moment) are more just like a dream

• Interesting ideas are appearing • It’s important to keep in mind what can be done experimentally when providing expected rates/decay widths 

• Also, there are appearing prediction of triple-heavy states • Most of them clearly too optimistic from the experimental point of view • E.g. Example using a triple-charm state in a cascade type of decay 

+ the equivalent with bottom+charm

Single

Double

Triple
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Double Charmed
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• 3 baryons to be observed (ground states), so far only one experimentally • All analyses of this type are performed blind in LHCb • If no signal is found, UL are put on the interesting mass region on production

Observed
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•Ξcc++ 
• Well established in 2 different modes (as required by PDG) • Lifetime measured as well

Phys. Rev. Lett. 119, 112001 (2017)

Phys. Rev. Lett. 121, 162002 (2018)

JHEP10(2019)124 No significant signal is observed
Upper limit set
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Double Heavy rearches
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arXiv:2105.06841

arXiv:2104.04759
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• Research is speeding up with new results coming at a fast pace • Meanwhile, upgrade is speeding up to be ready for next year’s data taking!

This summer → 3 more hadrons have been added to the list
Growing extremely fast!

https://www.nikhef.nl/~pkoppenb/particles.html

Please stay tuned!

• We need to be sure to include all modes in our upgraded trigger • Due to computing resources available → all selections should be almost offline like


