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Experimental Status
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Discovery of T and the prospects for other QQ’qq’ states

Nat. Phys. 18, 751-754 (2022)
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e Doubly-heavy channels are promising places to look for long-lived exotic tetraquarks
e ccdii observed in 2021 by LHCb

e Where should experiments look to find more such states?
e What does theory tell us?

Other possible QQ’qq’ states: bbiid and bciid
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Lattice Methodology
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The time dependence of two point
correlation functions gives discrete
energy levels that depend on the

volume of the lattice
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the scattering amplitudes
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Motivation from T, and T,

States well below threshold

bbiid 0(17) bbiis 0(11)
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These states may be discovered in future, but the energies might be too

high for current experiments to reliably explore
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Motivation from T, and T,

States near threshold

_ D* D* Need to find the poles in the scattering amplitude to extract
CC L_l d O( 1 +) (virtual) bound poles:
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What does LQCD tell us?

States near threshold

beiid 0(11)
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extracted

Hudspith et al. Phys. Rev. D 102, 114506

Need more such studies

of bciid

No conclusive
evidence of bound

states

Tetraquarks with charm and
bottom can be currently

accessible to experiments -

theoretical predictions can

help in such searches!

Meinel et al. Phys. Rev. D 106, 034507
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What does LQCD tell us?

States near threshold
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Lattice details

a = 0.058 — 0.12 fm
e MILC ensembles NF=2+1+1 HISQ action. e N

e valence quarks were implemented using an

overlap action (u,d, s, c).
e the evolution of the bottom quark was studied
within a non-relativistic QCD framework.
Exact isospin symmetry

e b,c,s at the physical point and light quark

mass is varied.
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Extraction of the energy spectrum

The time dependence of Euclidean two point correlation function gives the energy,

C(t) = (012, ()2} (0)[0)

Adding a complete set of states.
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Extraction of the energy spectrum

The time dependence of Euclidean two point correlation function gives the energy,

C(t) = (012, ()2} (0)[0)

Adding a complete set of states.
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Finite Volume Spectra - bcud 0(1™)

M. Padmanath, AR, Nilmani Mathur [PRL.132.201902]
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A state below threshold is seen
consistently for all volumes in the five
different pion masses — indicates an

attractive interaction
Extract the scattering amplitudes
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Extracted infinite volume amplitude with Liischer- bcud 0(11)

M. Padmanath, AR, Nilmani Mathur [PRL.132.201902]

Amplitude: kcot50 ~ —1/&0

% 0.02 -
3 0.00
~ 0.7 GeV
S0 /
= —0.04 —
@'
= —0.06 -
Q “ Q e, Q \g)
Q@/ $” S QQQ QQQ QQQ
o o o o Q QS
(k/Epg+)?

® Non-trivial quark mass dependence and lattice spacing dependence is seen.
@ Perform a continuum extrapolation and chiral extrapolation to get the physical
amplitudes - then find poles in the amplitude to look for bound states or

resonarnces.
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béud 0(11)

M. Padmanath, AR, Nilmani Mathur [PRL.132.201902]
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e The binding energy decreases with the increasing light quark

mass.
e Indicates the presence of a real bound state at physical quark

mass.

a,=57(tH(17) fm smy = —43(*9(*,) MeV
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Finite Volume Spectra - béud 0(0™)

AR, M. Padmanath, Nilmani Mathur [arXiv:2307.14128]
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Bottom-charm tetraquarks from QCD | August 2024 | Lattice, Liverpool 17


https://inspirehep.net/authors/1211411
https://inspirehep.net/authors/998394
https://arxiv.org/abs/2307.14128

béud 0(0™)

AR, M. Padmanath, Nilmani Mathur [arXiv:2307.14128]
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mass.
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Comparison of 7). binding energy results

AR, M. Padmanath, Nilmani Mathur [arXiv:2307.14128]
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Summary
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@ Lattice QCD can play an important role in understanding these states from
QCD and guide such efforts.

® Our preliminary findings suggest the possibility of an attractive

interaction between a B* and D meson (and B and D meson).

@ Hope this will motivate experimental searches and complementary LQCD
efforts.
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Backup

BACKUP
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Checking the “robustness of the ground state”

aAEeﬁc

0.04 -

0.02 {

0.00

—0.04 A

1+
G ¥ Rl AL
m g@g@g@@@@@@@@a Y O Uy v A

] m 0] mgog

im OO & r2_g

0]

1 O 2o

i R*=49
O R*=0
[0 R*=25
R2=49

- b
5588&8@@8&@&88@@@@8%a@@ﬂqgﬁﬁﬁd##§

—-0.02 €

10

15

20

25

30

1.05

1.00 ~

0.80 1

0.75

O+

: 5617
Qoiogggggéoéggg‘g%&é@ﬂ%#?
O OO
0°© o
(@]
(@]
(@]
(@]
Sk =9 5 5% =49
$3=2 % Sp=
5 10 15 " > . o
t/a
22

Bottom-charm tetraquarks from QCD | August 2024 | Lattice, Liverpool



