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Doubly charmed tetraquark (Tcc)
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< approximate 90% of D°D%7t events contain a D*7.
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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) P75 (fm) smy. (MeV) /i

Lattice (m, =280 MeV.m(") ~ 1927(1)  2049(2) 31033)  1.04(29) 0.96(*018) ~9.9%3¢  Virtual bound st.
Lattice (m, ~280 MeV,m\")  1762(1) 1898(2) 2820(3)  0.86(0.22) 0.92(017) —15.0(:#¢)  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.
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The three-body cut vs. left-hand cut
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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...

Plane-wave basis to treat long-range interactions Meng and Epelbaum, JHEP (2021)

eng et al., PRD (2024)

. . . . . M ,
Project to irep. of the cubic to avoid the Ihc associated to the Mai and Doring, EPJA (2017), PRL (2019)

partial wave projection

Generalization of the Luscher + K-matrix Hansen and Raposo, JHEP (2024)

Three-body framework (automatically includes Ihc) Dawid et al., PRD (2023)
Hansen et al., PRD (2024)

Modify the Luscher 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

1
s-channel |

N L[ —Np, s> s Ihc e
ImD =Im— = NIm— = ' 1 nitarity ,’
{0, 5 —
0, S > Sihc
n—1
Vi (s —s0)" [, p(s)N(s)
D(s) = m d
(s) Z S — 8 i Z S T s ° (s —s)(s" — so)™’
% m=0 thr T
n—~—1
(s —s9)"* /sle“ , (ImT(s")D(s")
N(s) = bps™ + ——F—— d :
() mzzo s+ - T (s =)
1 1 . 1 N
= t2p [ TU= = Along the Ihe)ip and D is real
7o~ T, D | 9 D+ 2ipN ong the lhc, 1p an 1s real, .
‘ N g N has imaginary part. :> D +2ipN # 0

n 2025/4/12



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(m% +m3) +m2 + (my—my)”
Li(s) = = sdcosfl = — 55 log 5 = :
2 ) t—ms A(s,mi,m3) mg
with mj5 the mass of changed particle. Likewise, the u-channel exchanged S-wave amplitude reads
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The left-hand cut: nonrelativistic
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The N/D method: nonrelativistic
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The N/D method: nonrelativistic

i
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It is worth stressing that d(k?) is free of lhc, as the lhc associated with n(k?) below the threshold is
counterbalanced by d®(k?), which is crucial to ensure that f(k?) 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]

f Du et al., 2408.09375 [hep-ph]
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Couplings to the exchanged-particle
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The amplitude zero

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

. e =il
do + d1k2 = ng(kQ) _ ik
1+ g(L(k?) — Lo)

For a general u-channel exchange,

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

2
m 1
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where y = 1 +m?2_/g and W is the Lambert W function.
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Application to the NN scattering

1 do+dik? + dok* — Gd®(k?)

fi3,11(k?) 14 a1k% + g(L(k?) — Lo)

— ik

1L

921\1 +3.76

TABLE 1. Some deduced values for the 7NN coupling constant.
The quoted uncertainty are those quoted by the authors and usually
do not include systematic uncertainties.

PRC66(2002)014005  VPL[8]

Source Year  System g2 yy/4m
Karlsruhe-Helsinki [3] 1980 wp 14.28(18)*
Kroll [4] 1981 pp 14.52(40)
Nijmegen [6] 1993  pp,np 13.58 (5)°
1994 pp,np 13.70
Nijmegen [7] 1997  pp,np 13.54 (5)?
Timmermans [12] 1997 ) 13.45(14)°
VPI [9] 1994 GMO, wp 13.75(15)°
Uppsala [2] 1998 np—pn  14.52(26)
Pavan et al. [11] 1999 p 13.73 (9)
Schroder et al., corrected [14,10] 1999 GMO, w~p 13.77(18)
Present work 2001 GMO, wp 14.11(20)

AStatistical uncertainty only.
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Summary

% Unphysical pion masses on the Lattice
Mp = 1927 MeV, Mp+ = 2049 MeV, m, = 280 MeV
—+ the three-body cut above the two-body cut (y/51he = 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

do + di k2 — 5dB (k2 =
fro 1]("32): 0+~1 g )—’”9
: 1+ §(L(k2?) — Lo)

— 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!

20 ERE w/ the left-hand cut 2025/4/12



Without d*“(k°)
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