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Spectroscopy at LHCb

11000 . . . . . . . . . . .
10500 [55 new hadrons at LHCb |
-~ -~
-~ -~
70007 @69 T
Q,(6350)
No(6152)°  Qp(6340) _ 0 25(6333)°
Eb(6227)’- Nb(6146)° =6(6227) W=, (6327)°
6000 4 Ap(5920)° B B,(5970)"° u L | L
No(5912)° ES ] ‘31(5340)+v0 5,(6097)" Ay(6070)° Bs(6114)°
3,(6097) B(6063)°
&
L
S 5000 -
% X(4700) X(4685)
= P(4450)* X(4500) P.(4457)* @ x(4630)
%) +
@ perl a0 242200
2 Pc(4380)* Pc(4312)* 2..(4000)*
40001 @ b4 X(3842) o ° r
o o ° T
@ ccct
® . Q.(3119)°
® cdad D(3000)*° . " 0,(3090)° _ )
3000 b D(3000° @ D;(2860) A(2860)* |0 (3066)° =c(2939) X1(2900) -
| D760 @ ° ° 0.(3050)° =.29230 Xo(2900)
g” 027400 g D3 (2760)° Qc(3000° ® 52500y
B ccaqq D,(2580)° -

T T T T T T T T T T T
2011-01-01 2012-01-01 2013-01-01 2014-01-01 2015-01-01 2016-01-01 2017-01-01 2018-01-01 2019-01-01 2020-01-01 2021-01-01 2022-01-01

“Future physics potential of LHCb” cds.cern.ch/record/2806113 Date of arXiv submission M. Rudolph 2/18



Introduction

@ | HCb is a hadron factory: production has only just begun

@ Upgrade | and the proposed Upgrade Il are opportunities to collect enormous
data samples

a More states to discover, including surprises
a Full analyses to better understand properties of states only observed
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LHCb detector




Pentaquarks

@ Large, pure sample of A is key

@ Future data will allow more complete

analysis and potential for related
modes like n¢p
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Pentaquarks

More data—more options
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Decays with neutrals
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@ | HCb can also analyze states with /\ L
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neutral particles (Gev /]

@ Example of Run 1 analysis of
X(3872) in Bt — JlwyK™
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Doubly heavy

Baryons

@ =/ baryons
observed and
continuing to be
studied with more
decay modes
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Doubly heavy

Tetraquarks

@ Recently observed T4 (ccud) just
above DD* threshold

@ Exciting hint of things to come

arXiv:2109.01038 and 2109.01056
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Doubly heavy

Tbc and Tbb

@ Heavier versions may even be stable
against strong decay

@ 7,. may be observable with strong
or weak decay in Upgrade |

@ 7, likely stable under strong force,
harder to find exclusive weak
decays: find in inclusive B decays
at Upgrade I1?

S. Blusk presentation:https://indico.cern.ch/event/1065494/contributions/4481578/
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Quadruply heavy
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—— Resonance
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@ Structures seen in Jly J/y
production

@ Needs more study to unravel!
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X3872

properties
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X3872

multiplicity
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@ Studying production also helps
distinguish nature

@ Can be extended to ion collisions
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Conventional spectroscopy
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@ Many, many states that fit
the conventional pattern
have been and will be found!
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Upgrade |
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Upgrade |b

@ Improve acceptance at lower momentum, e.g. D** — DOz *
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Upgrade |l

Run 5+
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@ Upgrade Il promises to multiply
Upgrade | data by 6

@ Opportunity to improve performance
in neutral channels if ECAL can be
improved
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Conclusions

@ LHCb is a unique opportunity to collect enormous hadron samples for
spectroscopy
@ Upgrade | installing for LHC Runs 3 and 4

e datax5.5
a Software trigger enhances efficiencies
a need person power to exploit

@ Upgrade Il proposed for runs 5+

e datax 6 (> 30x now!)
a Opportunity to extend capabilities, but hardware R&D needed
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