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Doubly charmed tetraquark T (ccud)
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T as a hadronic molecule

. resides near D* D thresholds LHCb, Nature Commun. 13 (2022)
< approximate 90% of DODOxt events contain a D**.
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Including three-body cuts

1= A coupled-channel analysis using an EFT approach

-5.6 -5.4 g 0.3 1.7 4.1
{1 } 1 (1 1 S
] ¥ \. 1 1 1 g

1 LO Chiral Lagrangian (g determined from D* — D)

L= igTr (a . iabeHl)

1 Three-body cuts
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DD+ mass distribution

D°, (p) D DO, p(p) D0 D°, p(p)
7|'+ - 7\'+ - 7|'+
D, p(p) Do D°, p( D, p(p)

P) D+

d3q
= UaOp)=Pa-Y [ (s Vs ML, (M Us(M, )
B
1

—  Gao(M,p) = 2 ;
mg +ma + 50— — M — 3la(M,p)

1w Fit Schemes:
» Scheme I (No 3-body cut):
< no OPE, I'c (M, p) = 82.5 keV, I'g(M, p) = 53.7 keV

» Scheme II (partial 3-body cut):
< no OPE, dynamical widths of D* (self-energy)

> Scheme III (complete 3-body cut):
< OPE + dynamical widths of D*

= Only two free parameters: N, vg
checked for A = [0.5 — 1.2] GeV
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Fit to the D°D%7r* mass distribution a — 05 cev

250
® 71)-D'Dn
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% ~== D**D°,D*D*thr
150 20t Lis i ... 7, BW mass
= = s
3 < Background
" 100 3
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1= The width of T,

56 keV 2228 36 keV ———22YC 5 74 keV
OPE M-dep. of T'*

Scheme III —— Scheme II —— Scheme I
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Doubly Charm Tetraquark on the Lattice

Padmanath et al, PRL129,032002(2022)

mp (MeV)  mp (MeV) My, (MeV) —a)’y" (fm) ALY () mp, (MeV) T,
Lattice (m, =280 MeV.m("))  1927(1)  2049(2) 3103(3) 1.04(29) 0.96(*948) -9.93¢  Vinwal bound st.
Lattice (m, ~280 MeV.m")  1762(1) ~ 1898(2)  2820(3)  086(0.22)  092(:0!7)  —150(i¢)  Virtual bound st
Experiment [2,41] 1864.85(5)  201026(5)  3068.6(1)  —7.15(51) [-11.9(16.9).0]  —036(4) Bound st.
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three-body cut vs. left-hand cut
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three-body cut vs. left-hand cut

(a) mz>AM (b) mr < AM
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Phase shift with the left-hand cut v = 2c+ 2¢2 (k2 + #2)

Mp = 1927 MeV, Mp+ = 2049 MeV, my
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Pole trajectory (w =2

= 1927 MeV, Mp+ = 2049 MeV, m, = 280 MeV
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The impact of the OPE: Modified coupling g
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Summary

e T is the first doubly charmed (heavy quark) meson (cciid)
® Mp+ > Mppr — three-body cuts

< one-pion exchange + self-energy of D*

e The width of T, is sensitive to the details

56 keV —>r°m°v° 36 keV ——° __, 74 keV
OoP M-dep. of I'*

* Unphysical pion mass on the Lattice
Mp = 1927 MeV, Mp= = 2049 MeV, my = 280 MeV
— the three-body cut above the two-body cut
— the left-hand cut: /sp,c = 3968 MeV
% ERE valid only in a very limited range
— An accurate extraction of the pole requires the OPE implemented

% The similar lhc appear: BB*, BB*, DD*, etc

* A direct comparison of the energy levels predicted in a

finite volume with the lattice results.
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Thank you very much for your attention!
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Left-hand cuts from one-pion exchange

Propagator in TOPT,

1 1 1 1 1
D™(q) = 3 T 2 202y 2 2y 2
qugt —m2 g5 —w2(q?) 2wr(g?) \q0 —wr(q?) g0+ wn(q?)

1 1 1
= + .
2wr (¢?) [E — Ep(k?) — Ep(k'?) —wr(4?) E— Epx(k2) — Epx (k'2) — ww(qz)]
Partial wave decomposition in the Feynman propagator,

1/ ld o 1 s ) (z—l)

— cos = og | —— ),
— 2

2/-1 U = mz \/)\(s,m%,mg)\/)\(s,mg,mi) z+1

_ 2s(mf +md —m3) — (s + m§ —m3)(s + m3 — m})

(1)
A1/2(s, m}, m3)AL/2(s, m3, m3)
z = =+ gives the branch points of the left-hand cut,
1
s = [mE —md)(m3 —md) —m7 4+ mI(md +md 4 mE 4 md)
1/2, 2 2 2\y1/2, 2 2 2
A2 (m7, m3, mHAY 2 (], m3, m3)]. )
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T-matrix

Potential
VE=O(k, k') = co + ca(k? + &%),
VIS, k, k) = 8f2 / d=D™ (B, k, k', 2)(K> + K — 2kk'2),
The Lippmann-Schwinger equation
’ ’ d3q /
T(Evkvk) = V(Evkvk)_ B ) )G(qu)T(E7Q7k)v
(2m)3

The DD* propagator is expressed as
'S i -
G(E.0) = [Mps 4 Mp+ £~ B Ir(E.0)]

9*Mp
8mf2Mp~
with s = [E — Mp — ¢%/(2u)]?,

P(B.q) = [£(5) = So(s)0(Mp + mx — Mp-)],

and Lo(s) = £(M3.) + 2Mp+ (E — Mp+ — Mp — £)5/ (M3.).

®3)
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Chiral extrapolation of f; and g

Upto the one-loop chiral perturbation theory,

Ix(§) = Eh |:1+ (1];fo> (5271)7 (mgf)Q 5 5]

where € = mx/mE®, fo = fx(mx = 0) = 85 MeV and fE" = 92.1 MeV.

g(&) = g"" [1+C1(% —1) + Ca€%log€],  gP" =0.57. (6)
C 1 1 1+29(2)( ph)21 my" + ( ph)z o
= 1= - 0} a P 5
! gr2fz )R T e
14+ 29(% hy\2
Co = — P 1-Ch),
5 S22 (mb™M)?( 1)

where go = 0.46, ot = —0.16 GeV ™2, . = 1 GeV.
Specifically, for m, = 280 MeV this gives g(m» = 280 MeV) = 0.65.
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