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Doubly charmed tetraquark (Tcc)
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The three-body cut
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Doubly Charm Tetraquark on the Lattice

Padmanath et al, PRL129,032002(2022)

mp MeV)  mp (MeV) M, MeV) a\’5" (fm) P50 (fm) smy. (MeV) T,

Lattice (m, =~ 280 MeV,m")  1927(1) 2049(2) 3103(3) 1.0429) 0.96(1018) —9.9136 Virtual bound st.
Lattice (m, ~280 MeV,m")  1762(1) 1898(2) 28203)  0.86(0.22) 0.92(:017) —15.0(*#6)  Virtual bound st.
Experiment [2,41] 1864.85(5)  2010.26(5) 3068.6(1) =7.15(51) [-11.9(16.9),0] —0.36(4) Bound st.

0.2 1
a
n
= Ol dmr,, = Re(Eum) —Mpo —mmpe+ [MeV]
s o ] DD* =
= \ - 2
; 0.0 :’ B E NL=32 7 —20 —15 I;t 0 —5 gtq

—o— N =24 N LHCb -
- L my, ~ 280 MeV ~0.03 %
—0.008 —0.004 0.000 0.004 0.008 0.012 =
(p/Epp+)?
P _
Ecm 1 6m_Ec’" th increasing my/q OF
it = 5 n 5 ) I decreasing m,
pcoto —p th.
1 1 9 /\
P cot 5 — _|_ —rop~, bound st. virt. bound st.
a 2

2024/09/26




The three-body cut vs. left-hand cut

1= three-body cut
E>Mp+Mp + M,

5 left-hand cut
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G;l(E,k, k,) Eps (pZ) - ED(p2) - wﬂ(4p2/0) =0




The left-hand cut
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Phase shift with the left-hand cut: LSE

Du et al., PRL 131,131903 (2023
Mp = 1927 MeV, Mp+ = 2049 MeV, m, = 280 MeV ( )
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Related recent works on FV w/ LHC...
_ _ _ Meng and Epelbaum, JHEP (2021)
Plane-wave basis to treat long-range interactions Meng et al., PRD (2024)
Generalization of the Lischer + K-matrix Hansen and Raposo, JHEP (2024)
Three-body framework (automatically includes LHC) Dawid et al., PRD (2023)

Hansen et al., PRD (2024)

Modify the Lischer formula via “modified effective range expansion” Bubna et al., JHEP (2024)
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The N/D method
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The N/D method
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The left-hand cut
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Solving LSE could be time-consuming.
For a t-channel exchange at low-energies, an S-wave amplitude reads
2 2N\2
1 1 s s — 2(m3 +m3) + m2 + el
Li(s) = = sdcosfl = — 55 log 5 = :
2 t—mg )‘(Samlva) My

with mj5 the mass of changed particle. Likewise, the u-channel exchanged S-wave amplitude reads

o =)

S

Ly(s) = 3 / = m%dCOSH = TN m2md) <log(s +mi — 2(my + ma)”) — log(ms —
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The left-hand cut

nonrelativistic
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The N/D method: nonrelativistic

= ocIml

=~ No singularity along lhc

(k) = nfy (k) + 2 / - —Imffw)dk'? = ny, (k%) + P(k*)gL(k?)

n(k*) = n(k*) + g(L(k*) — Lo) Lo=L(k*=0) = —1/p2,

- . ) g [ K L(k?
) = A - (k) - gLo) - £ [T 1w

= d(k?) — ik n(k?) — gd®(k?)

: 5 5
dy (k%) = nE (lo e /2 ik Zk —lo /2 znk)
4k py /2 —ik pt/2 —ink

It is worth stressing that d(k?) is free of lhe, as the lhc associated with n(k?) below the threshold is
counterbalanced by d®(k?), which is crucial to ensure that f(k2) exhibits the correct lhc behavior.
Along the rhe, both n(k?) and d®(k?) are real such that Imd(k?) = —kn(k?).
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Effective range expansion with the left-hand cut
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Example: Tcc on the Lattice [3 parameters]
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Couplings to the exchanged-particle
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The amplitude zero

At leading order, i.e., n(k?) = 1,

f[o,l](k?Q) =

~ ~ —1
do + d1k2 — ng(kz) ik
1+ g(L(k*) — Lo)

For a general u-channel exchange,

1
1 + g [Lu (ki,zero) + Ing] - 07

for the case |A| < myy such that n < 1, :> the t-channel exchange

m2, 1 _
kt2,zero - 46 [1 + ;W(_e yy)]

where y = 1+m2_/g and W is the Lambert W function.

2
dmarmy,

1+ 2a;mex (1 — log4) — I
2 4+ aMex (1 — Mexrt/4)
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Summary

e The three—body cut: one-pion exchange + self-energy of D*

* Unphysical pion masses on the Lattice
Mp = 1927 MeV, Mp+ = 2049 MeV, m, = 280 MeV
— the three-body cut above the two-body cut (/s1hc = 3968 MeV)
— The traditional ERE valid only in a very limited range

— An accurate extraction of the pole requires the OPE implemented

+ The ERE with the left-hand cut

dy + di k2 — GdB (k2 -
From (¥2) = 0+~1 gd7 (k") .,
’ 1+ g(L(k2?) — Lg)

— correct behavior of the left-hand cut
< can be used to extract the couplings of the exchanged particle to the scattering particles

— amplitude zeros caused by the interplay between the short- and long-range interactions

Thank you very much for your attention!
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Thank you very much for your attention!

18 ERE w/ the left-hand cut 2024/09/26



Without d?(k?)
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