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T..(3875)" — summary of current status

LHCb, 2021
manifestly exotic: cciid, I(J*) = 0(17)

narrow DD resonance, just below D tDP thr.
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Motivation

exotic hadron
known experimentally to exist
long-lived

somewhat simpler to study than most other

exotics of type ccX, bbX
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Motivation
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exotic hadron
known experimentally to exist
long-lived

somewhat simpler to study than most other

exotics of type ccX, bbX

on the lattice:

«  usually m " > mP"S ~ 135 MeV

x  D* — Dgx decay forbidden on the lattice

x 2—body problem! DD* scattering
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Motlvatlon

* in the infinitely heavy quark mass limit: D, D*

become degenerate — existence of 7. in the

D*D* spectrum?

*  extremely active subject of LQCD studies:

. M. Padmanath, S. Prelovsek2202.10110

i. Hadron Spectrum Collaboration
ii. S. Prelovsek, E. Ortiz-Pacheco, S. Collins, L.

L eskovec, M. Padmanath, |. V.

2504.0347/3

(many other works missing)

ml" = 391 MeV
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improvements of the current project:

. study at smaller m'" ~ 300 MeV

. In addition to scattering operators, use local operators

il. account for the left-hand branch cuts in the scatt. amplitudes
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Motivation
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workflow:

. simulate coupled DD* — D*D* scattering on the

lattice

. use finite-volume data to constrain s—wave

INnteractions

. search for 1,

T".. poles in scattering amplitudes

TDD>I< —DD* TDD>I< — D*D*

TD>‘<D>‘<—>DD>‘< TD>‘<D>“—>D>’<D>x<




Intro to lattice QCD

*  starting point: continuum QCD 5(gs qp, G) = J&f QCD(x)d4x _
7
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Intro to lattice QCD
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Hadron spectroscopy 1in lattice QCD

* 0;(]_5, 1), O« p, t): hadronic creation(anninilation)

operators with well defined quantum numlbers

Cp,1) = (1 = . ‘"><n\) = ) (QIOB)|n)(n| O (p) | Q)e =

= ) [(Q]O(p) | n)|*e 511

overlap factors \
energy levels £,

ﬁQCD‘”) =E,|n)

Quantization conditions in lattice QCD: energies in the

finite-volume constrain the infinite-volume scattering amplitude
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Lattice setup

ensemble L>xT a (fm) m, (MeV) mp, (MeV) Mps« (MeV)
F24P30 243 x 72 0.07746(18) 315.5(1.9)  1900.0(1.0)  2030.3(3.2)
F32P30 322 %96 0.07746(18) 305.81(71) 1891.1(1.3)  2015.5(2.3)
FASP30 483 %96 0.07746(18) 304.98(50) 1892.62(66) 2017.6(1.4)

* 3 ensembles generated by the CLQCD collaboration

* stable D™




te-volume spectrum
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Finite- to infTinite-volume pipeline

_ | TDD*—)DD>I< TDD*—)D*D>X< A
* ultimate goal: obtain N infinite-volume

TD>’<D>‘<—>DD>I< TD>’<D>‘<—>D"<D>‘<

* Quantization condition: based on the Bethe-Salpeter equaton T = V — V(GT

V : Bethe-Salpeter kernel G : two-body loop function
Ve = Vi O(e™) o I
* reduces to the potential in the NR limit - kZ—mi+iec (P—k)?—m}+ic
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Finite- to infTinite-volume pipeline

........................................................................................................................................................................................................................................................................................ L |

_ | TDD*—)DD>I< TDD*—)D*D>X< A
* ultimate goal: obtain N infinite-volume

TD>’<D>‘<—>DD>I< TD>’<D>‘<—>D"<D>‘<

* Quantization condition: based on the Bethe-Salpeter equaton T = V — V(GT

*In the Infinite-volume: integral equation

* in the finite-volume: matrix equation in the basis | D(p)D*(—p, A)), | D*(p, ;) D*(—p, 4,))
T=G G '+v)yly

finite-volume energy levels occur <> 1'is singular : det(G‘1 +V)=0 13




Interactions
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* parametrization of the kernel/potential V:

* V= VJZ'+ VCT

1008.0333
* V. one-pion exchange - calculated from the heavy-meson yPT

* responsible for the left-hand branch cut in the DD*, D*D*

scattering amplitudes
* V7 1 smooth contact term - generic low-energy interaction,

parametrized in lowest partial waves:

(611 +ci1(p*+p”) Cu)
L

€12 22/ — 9
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Interactions b
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Summary and outlook

. simulate coupled DD* — D*D* scattering on

the lattice

. use finite-volume data to constrain s—wave

INnteractions

ii. search for T, T . polesin scattering amplitudes

* |eft-hand branch cuts accounted for
* start moving towards physical m_

* analyze other challenging exotics

almost completely done for three volumes L = 24,32.48

~60 levels below DD threshold, ~120 levels in total

fitting machinery in place for CMF, moving frame data

preliminary fits shown

iIntegral-equation solving machinery in place, awaiting

succesful fits




Thank you!




