Searching for the T,. molecular candidate via

lineshape analysis
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Motivation: predictions on the T, with J*© =

Deep bound state
@ 11 MeV below BYDO threshold
@ 23 MeV below B°DO threshold in QM
@ 39 (*5) (His) ., MeV below B°D? threshold
@ 136 — 178.4MeV below B°D" threshold

Shallow bound state
@ By =0.42 — 31.35 MeV in OBE,
@ By =0.75 — 2.01 MeV in HEFT,
@ By =1.7—8.4MeV in V-exchange,
@ 4 MeV below BYDY threshold in QM,
@ A few MeV below BD threshold,
@ By =0.8—-3.6MeV in ChEFT,
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thy — thy = 4.5 MeV
® BD)i=o = —?EI?OD% + ?§|B‘D+),
0}, =~ 518°0°) - 180
@ BD FSlI similar to the one of ND in Ap — m~pDY. s s prisos (200)

@ Threshold effect in {7['071'0, 7T+7T_} scattering, p. Budini et al,PRL6(1961);U.G

Meissner, PLB406(1997);J. Gasser et al, NPB 850 (2011); X.H. Liu et al, EPJC73(2013)
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ERE in BD FSI

ERE in {B'D°, B~ D™} scattering

1 1 : 1
_ 2m M1 ( az2 + Ip2> ai2+/ 12
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a12\/H1 /02 H2 a TP

1\? 1. 1
det = (— ) —(——ip|{——ip2),
aio all a2

2
1 1 all i a1 P1
M
322 eff an  aj (1+afpf)  afy (1+a7,p7)

with p1 = \/2u1(w — thy) and p2 = \/2ua(w — thy).

o k= 1/2u26 = O (V%) with § = mg- + Mp+ — mgo — Mpo

@ the isospin breaking difference ass — aj1 is of O(d) and neglected.

i
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Prodution amplitude

0

_ YA A A _
A= Vp (14 GLypotgopo gopo + Gg- i tg-p+ 5opo) )

o V) is scale (or cut-off) dependent and G; x A
o A being cut-off independent leads to V2 o 1/A.

A= Vp (tgoDOJ‘goDo + tB—D+,I_30D0)
dep—>XBOD0

dM5

2
om = N pxppo |tgopo gopo + t-p+ popo|

° Gﬁom ~ GQ_DJr; N is an overall normalization constant, px (ppo) is
the momentum of the X (DO) in the pp (BODO) rest frame
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{B°D", Bt*D~}5 coupled scattering in ERE
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@ the pink, green, red, blue, and magenta lines corresponding to
ax eff = 0.10 4 i0.17 fm, 0.18 + i1.42fm, —2.66 + /1.77 fm,
—2.91 4 /0.69fm and —2.83 + i0.35 fm respectively.
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{B°D", Bt*D~}5 coupled scattering in ERE
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@ the green, red, blue, and magenta lines corresponding to

ax.eff = —0.18 + i1.42fm,—2.66 + i1.77 fm, —2.91 + i0.69 fm,

—2.83 4 i0.35 fm respectively.

Mao-Jun Yan (SWU)

Oct. 20 2025

8/20



{B°D", Bt*D~}5 coupled scattering in ERE

....... ay, = L5ay,, By =1MeV | {3
15 | |— —ay, = L.5ayy, By = 4MeV it T

—--ay, = —15a,,B,=1MeV | |
—--ay = —1ba;, B, =4MeV |} 1}

/

dl'/dM

@ the binding energy varies from 1 to 4 MeV, where ay; ¢ is a function
of a?, and subsquently evaluated as —3.95 + i0.74 fm and
—2.20 4+ i0.62 fm corresponding to the binding energies of 1 and
4 MeV, respectively
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The feed-down effect from D* near B°D" threshold
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@ The feed-down effect from D* causes a narrow enhancement near
BYDO threshold.

@ The feed-down effect pollutes the enhancement from the pole in BD
scattering.
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{B°D", BtD~}\ coupled scattering in ERE

4T agy = 2ay,
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@ ag ofr are —0.10 + /0.17 fm, —0.18 + i1.42fm, 2.66 + i1.77 fm,
2.91 + i0.69fm and 2.83 + /0.35 fm.

@ Green: —1/ag +ips — 1/a12 ~ 2(—1/a90 — k) @ thy
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{B°D", BtD~}\ coupled scattering in ERE

T T T T
0.6 — - -ap = —2.0ay | |
—--ap = —15ay,
_ —--ap = —10ay
- ~. —--a,= —05a
05 - ~ ay — —0lay, | ]
~. ~N 12 11
,..#”\ . N
. ~ N e —
0al M N N . — ]
- " . \ - S
= b N o o
T N NN 7 -
= 03| N 7 - =
= " . AN Ve Pl
I N \"/ / -
02f AN l s = ]
. N WA
il N7 ,
| X/
T s
00 L T o \4/ | |
7146 0 7152

@ ag ofr are —0.03 +i0.04 fm, —0.18 + i1.42fm, 2.66 + i1.77 fm,
2.91 + i0.69 fm, and 2.83 + i0.35 fm.

@ Green: —1/ag + ip2 — 1/a12 =~ O(1/a12) @ thy
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DY BTD~}\ coupled scattering in ERE

2.5

2.0

A /dM

1.0

0.5

0.0

T T T
....... ayy = L5ay,, By — 1 MeV
— —ay, = L5ay,, B, = 4MeV
— - —ay = —L5a,, By~ 1MeV

—--a, = —Llbay,, By, =4MeV

////

7
Lo b

i
R
— s
y 1 1 - ‘- ,--I—‘ ------ 1

7146 7148 7152

J\/[HUI)U [MeV]
@ ag) ofr are 3.95 + i0.74fm and 2.20 + 0.62 fm.
Oct. 20 2025
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{B’D", B-D;}5 coupled scattering in ERE

20

10 -

dr/dM

Sm——

7235 7250

7240 725
MB:, o [MeV]

@ ax e = 0.07+i0.32fm, —0.78 + i1.76 fm, —2.65 + i0.94 fm,
—2.73 4+ i0.40 fm and —2.71 4 i0.22 fm, respectively
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{B’D", B-D}}\ coupled scattering in ERE

dr/dM
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ax eff = 0.07 4 i0.32fm, —0.78 4 i1.76 fm, —2.65 + i0.94 fm,
—2.73 4 i0.40 fm and —2.71 4 /0.22 fm, respectively
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{B’D", B-D}}\ coupled scattering in ERE
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20l | 2 = L5y, B, = 1MeV §_ ] 2 = L5y, B, = IMeV.
L5ay,. B, = 4MeV i 5 AMeV/
— L5a,, B, = 1MeV i —
L5ay,, By = 4MeV.
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® ay eff = —3.81 +i0.41fm, and —1.98 + j0.39 (left);
a2 eff = 3.81 4 i0.41 fm and 1.98 + i0.39 fm (right)

@ a near threshold enhancement in BYDZ invaiant mass distribution in
T — D B° D;‘ W.Y Liu et al; 2508.19007
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{B°D®, B~D™} coupled channel scattering is considered to search
for the scalar Ty via the lineshape in B°D? invariant mass
distribution in pp collision.

In the isospin limit with a;1 = ago, the interference between ty; and
to1 plays a crucial role in generating the lineshapes.

A new lineshape, differing from peak and cusp

The feed-down effect from D* leads to a narrow enhancement around
thy.

Extending to {pK®, nKT} and {pD°, nD*} scattering.
{EFK—,29K°} {D=", D*="} adopted to understand the Q.
To understand the shoulder around 4.26 GeV in ete™ — J/ymntn™.
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{B°D®, B~D™} coupled channel scattering is considered to search
for the scalar Ty via the lineshape in B°D? invariant mass
distribution in pp collision.

In the isospin limit with a;1 = ago, the interference between ty; and
to1 plays a crucial role in generating the lineshapes.

A new lineshape, differing from peak and cusp

@ The feed-down effect from D* leads to a narrow enhancement around
thy.
o Extending to {pK®, nK™} and {pD°, nD*} scattering.

{EFK—,29K°} {D=", D*="} adopted to understand the Q.
To understand the shoulder around 4.26 GeV in ete™ — J/ymntn™.

Thanks !
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_ _ 1oy 1
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where k = /220 with 6 = mg- + Mp+ — mgo — Mpo. One sees that

k=0 (6'2).
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