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QCD and the hadron zoo

001 |60 new hadrons at LHCb | ._'
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New hadrons

Counter Experiment Particle
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D;(2580)°
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Date

21 Dec 2011

26 Apr 2012

15 May 2012

15 May 2012

17 Jul 2013

17 Jul 2013

17 Jul 2013

17 Jul 2013

17 Jul 2013

Reference
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. Rev. Lett. 109 (2012) 172003

JHEP 09 (2013) 145

JHEP 09 (2013) 145

JHEP 09 (2013) 145

JHEP 09 (2013) 145

JHEP 09 (2013) 145

2012 2014 2016 2018 2020
Date of arXiv submission
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Later resolved into x31 (3P) and
X2(3P)

Mass of + state fixed in fit

2022
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electron

hadrons

nucleon

how are they
made?

shininga light on a nucleus
(J Lab-glue)()
hitting nuclei with electrons (ULab)

smashing proton bunches (LHCbH)

hitting electrons with Positrons (Belle,
BES)

...and others
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AB(q?) / 2 GeV?/c?

example B — ntv
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can we do the same with resonances?

& theoretical treatment of resonances? J

« theoretical treatment of Procluction? (/ )
Py exPerimentaI treatment of resonances? ( /)

2 exl:)erimental measurements of

Procluction? /



why B — pfv ?
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B — pZv on the lattice
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“Briceno-Hansen-Walker-Loud way of doing it”

Briceno, Hansen, Walker-Loud 1406.5965


https://arxiv.org/abs/1406.5965

B — pZv on the lattice

1= AEIet[F‘1+T]=97




p with lattice QCD
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p with lattice QCD

Q) A~ TN EA*
CL —OVO+OV.VO + ... n
1 >

C®=CP-A A
L F-Y(E*) + T(E*) \

poles

discrete 5Pectrum where:

det |F"(E*)+ T(E")| =0

Luscher NPB354
Rummukainen, Gottlieb hep-lat/9503028

Kim, Sharpe, Sachrajda hep-lat/0507006
Briceno 1401.3312

Woss, Wilson, Dudek 2001.08474
Briceno, Dudek, Young 1706.06223

[and many more]
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https://arxiv.org/abs/1704.05439

B — pZv on the lattice
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transitions on the lattice
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p with lattice QCD

—

mapping

{In)}

% one Particle

< Onc PartiClC normaliza’tion

normalization

(m.p|mp) = 2E,2n)8% P - ) + normalization due to

strong interaction



the finite volume

VOJF%:‘:O + ...
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the calculation
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the raw 3-point functions
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state projection
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matrix element set

SR 2 =
B > o o oo 1 r
L 2 2
1 1 1 1 1 1 1 1 1
0 o 10 o 10 o ) o 0 P 2
— — = S =) = o0 o0 ~ =
N [} N N — — — — —

0.75 0.80 0.85 0.90 0.95 1.00 1.05
Vs [GeV]

0.70

0.65

1704.05439
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matrix element set

normalization of
finite-volume states
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B — p( — nr)lvU vector transition amplitude
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outlook

+ understanding of production mechanism allows us

to further constrain SM parameters

« great process to gain confidence

« combining flavor physics with hadronic physics



Thank youl!



https:/ /arxiv.org /pdf/2005.07766.pdf
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FIG. 5: Partial branching fractions for the decay BT — wtn~£*v, in bins of: (left) the 77~ invariant mass
according to the results in the 1D (M) configuration, and (right) the momentum-transfer squared according to the
results in the 1D(qg?) configuration. As there is no upper limit in the 777~ invariant mass, we use a cut-off at 2 GeV
for the left figure.



