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T..(3875)" — summary of

« narrow DD resonance, just below D DY thr,

ccid, I(JF) = 0(1)

« as soon as m!¥" slightly greater than m?™*;

D* — Dy forbidden

m? phys VA mlatt

DDr < DD*

current status

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

< 10r T ] ' . s
S - i §40:_ IIIIIIIIIIIIIIIIIII £
% 601 LH(E]ID P E
= . i 91b S 25 + + 13
N _ | = 201 1
S T R
= N , 101 El
= 40 e Hfﬁ
. i + da+ta o 3.874 3876 -

302— i — g;;l:g)rlc?urll)dﬂ oG -

B | total -

20f- J[ t T Do e —
o 1y AR
Oit th 4= Lﬁrjr #ﬁﬁ%# %H % H JﬁHﬂ 5

- | | -

3.87 3.88 3 89 3.
MO0+ [GGV/C




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

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

« narrow DD resonance, just below D DV thr. N L e —
> i S35 EE

cciud, I(JF) = 0(1™) E 60 i LH(_DE) 230;— A

- - | 91b 525;— + =
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* extremely active subject of LQCD studies: %’ 50: |- 15 + -
< w0 i Yy CRE

. Luscher, DD*  2202.10110 : . wo fm;; - ug.g;g » :

.. 301 ZD bekgromd | moopome GV
i. Luscher, DD* + D*D* 2405.15741 N i total ]
20/ I | 22" DD+ thresnold -

i. LSE+EFT+plane-waves, DD*  2504.034753 - J[ i ! 1 -
o Mt t -

iv. Baido-Raposo—Hansen approach, DD* 2607 19%3”% i}

v. RFT 3-body formalism, DDz - ongoing ~ 2602.17284 3.88 3.89
Mpop0+ [GGV/

(list not exhaustive)

Qo P Ly


https://arxiv.org/abs/2202.10110
https://arxiv.org/abs/2405.15741
https://arxiv.org/abs/2504.03473
https://arxiv.org/abs/2607.19009
https://arxiv.org/abs/2602.17204

Lattice setup

ens. Ng X N7 a (fm) m_ (MeV) mp (MeV) mp« MeV) Ny, (MM) Ny (loc.)
F32P30 327 % 96 0.07746(18) 305.81(71) 1891.1(1.3) 2015.5(2.3) 100 60
FASP30 48> X 96 0.07746(18) 304.98(50) 1892.62(66) 2017.6(1.4) 200 o0

x 2 ensembles generated by the CLQCD collaboration (]\Gf =24+ 1)

Wilson-Clover light quarks

RHQ action for the charm quark

stable D™

distilled quark fields



Operator basis
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. basis with good overlap to scattering states below DDz thr.

i. irreps containing information on DD*, D*D* int. in lowest partial waves
« DD*: T (1=02),A7 (=1)and E™ ({ = 1,3)

« D*D*: TF (s=1,l=0,2)and E™ (s = 2,] = 3)

ii. add local diquark-antidiquark ops. into the basis 0, = Z e“bceade[cb(x)Cchc(x)][ﬁd(x)CySJe(x)]

-

X



Operator basis
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Finite—-volume spectrum
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Finite—-volume spectrum

| R R I

. very mild influence of O,

on the FV spectrum
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Finite—-volume spectrum

. very mild influence of O,

on the FV spectrum

. Using overlap factors:

attractive s—wave Int. In

both channels, Iarg

nonint. 4—wave levels
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Finite—-volume spectrum

17 = 0,2 AT [ =1 E | = 1.3
. very mild influence of @4q - 1t 1F .
i \ 1 L 1 L
on the FV spectrum Mo 7 E 1F %
. 0.05 . i 4 1 4 f
. Using overlap factors: -
o 0.04f JF 2
attractive s—wave Int. in £
m_% 0.03 he ) 1 = >
both channels, largely S . 1t
nonint. levels oo T | :
iii.crucial D(0)D*(0) and R — 7 DD* he 1F
_0.01_ | I I I | |
D*(0)D*(0) levels sitting b A o0 ” "

at/below the Ihcs 10



Finite- to infTinite-volume pipeline

TDD>X< —DD* TDD>I< — D*D*

*ultimate goal: obtain ( ) N Infinite-volume

TD>"D>‘<—>DD>‘< TD>‘<D>‘<—>D>‘<D>‘<

* complication: left-hand branch cuts in partial-wave projected scatt. amplitudes, starting from

one pion exchange

D D*  D* Dt D D*

D* | D D* D*  D* | D

* (one of several) solution(s): use a quantization condition not formulated in partial-wave space 11



Finite- to infTinite-volume pipeline
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*  finite-volume unitarity QC - originally derived for 3-body scattering, readily adaptable for 2-body
1709.08222

problems

* equivalent to Luscher's QC + can handle left-hand cuts  1107.3988

D , D* D% .,  D¥ D ., D*

12


https://arxiv.org/abs/1107.3988
https://arxiv.org/abs/1709.08222

Finite- to infTinite-volume pipeline

=V -VGT
V' : Bethe-Salpeter kernel G : two-body loop function
o0 L —m_L — 1 1
V® =V 4+ 0(e ") -

k? —m? + iec (P — k)> —m3 + ie
13



Finite- to infTinite-volume pipeline

det (2L3a)1(p2)((P — k)* — m5) - V) -

kK'=w,(p?)

helicity plane-wave basis: \ D(ﬁ)D*(—ﬁ, /1)>, ‘ D*(ﬁ, /11)D*(—]_5, /12»

» project plane-waves to definite irreps

det. Index runs over channel indices and plane-waves in definite irrep up to some

momentum shell p - roots correspond to FV energies

14



Finite- to infTinite-volume pipeline
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det ( 2L w,(p*»)((P — k)* — m;) -V ) =0

k'=w,(p?)
V=B+C

* one-pion exchange B: tree-level expressions, fixed by HMyPT
1008.0383

D ., D¥  D* .,  D* D . D*

D ‘ D D* D D ‘ D

* contact term C: smooth, expanded in several lowest partial waves


https://arxiv.org/abs/1008.0383

Finite- to infTinite-volume pipeline
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* one-pion exchange B: tree-level expression, fixed by HMyPT 1008.0383

* contact term C: smooth, expanded in several lowest partial waves
A? A?

regulated: ¢;;, — ( LHle(
ol A2 + p? A2 4 p2

)L+1

channel irrep JY L parametrization

DD* - DD* T 17 ‘s,d ex+e(p°+p2); s €l P

DD* —» D*D* T 1™ s Cy
D*D* — D*D* T} 1™ s Cyy
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https://arxiv.org/abs/1008.0383

Fits with OPE -

| I R R I

. good: DD* s—wave

LECs very robust with

respect to A variation

. higher channel more

affected by cutoff

cDP*=D*D* (A = 10) = 0

W)

cDD*=DED* (A = (.5) < 0

SS

D*D*— D*D* i
Cyo also significantly

decreasesas A — 0

mD—|—mD*

0.07}
0.06
0.05}
0.04f
0.03
0.02f
0.01}
0.00f

—0.01L

3 B 3 B T B
2
| | | £ ~ ] 7 | |
32 48 32 48 32 48
)(2 ndOfl; )(2
~ 0.8 ~ 2.1
Rgof Rgof




Fits with OPE A =0.5
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Fits without

[ I R R R I A tm|

. NO partial-wave mixing and

no d—wave energy shifts

with OPE set to zero —

can set ¢, C;,; 10 Zero

and get good fits in 1
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(m )

Summary and outlook

* searching for T... (and T, ) in coupled-channel DD* — D*D* scattering
*  left-hand branch cuts avoided/accounted for - finite-volume unitarity QC
* preliminary fits to FV spectrum with(out) one-pion exchange:
. robust DD* s—wave low-energy constants with respect to cutoff A

. higher channel interactions more affected

* further constrain low-energy constants by using FV from a smaller lattice + moving

frame irreps — solve BSE

* start moving towards physical m_

20



Thank you!
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OPE spectrum, C=0
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F32P30 — levels 2 &3

N N N N N N N

N’ N’ N N N N N NS

N TN N N N N N N

N’ N N N N N N N

—O— D(1)D*(-1)¢

—0O— D*0)D*(0) vy, v;7,)

\
(m 7
. \xﬂrl fod of -
pd
s
1 N | 11 1 1 A _
| O LO <t o N i - i
< < < < < < < < <
- - - - - - - - O_
U w4+dw
¢ :
0 o
i i
7 7
¢ i
] &
= U3 %
7 7
?
7 :
& ?
? ?
ul us
-
»
N/
VS ‘.qb/
N N
N/
N—"
-




