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T Background and motivation

1.1 Hadronic molecular state

® The hadronic molecular state
: 2 SN
consists of two or more hadrons, oG T QCD &4
which form weak binding via strong 0 g g
interactions. a . Q 0 A% A NN
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T Background and motivation

1.2 Experimental status

® Current studies have largely focused on meson-meson and meson-baryon systems in the
charm sector:

2003 2007 2011 2015-2019 2021-2022
Y (4260) Z,(10610) P.(4312) N
X (;’857*2) 7(4430) Zy(10650) P (4440) TecG875)
DD,, D,D* BB ,B'B P.(4457)

® Compared to charmed hadronic molecules, research on their bottom counterparts
has lagged, partly due to their higher production thresholds and limited
experimental data in earlier years.
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T Background and motivation

1.3 P-wave interactions

® The centrifugal barrier can suppress shallow
bound states, while it can also sustain resonances.

® For a P-wave molecule, the orbital excitation flips 0
the overall parity, leading to quantum numbers
distinct from those of the S -wave systems.
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— P-wave centrifugal barrier :

® Our results offer key theoretical insights into the interaction mechanisms of

the heavy-flavor baryon-meson systems.

® May also help to clarify the internal structures of the observed Pc states.

CLGEETT

JNAN NORMAL U TY




M Theoretical framework

2.1 OBE model
Yukawa, Proc. Phys. Math. Soc. Japan 17, 48 (1935)

® 1935, Yukawa: pion-exchange and
hucleon-nucleon interaction.

® Tn the OBE model, the interaction
between two hadrons is mediated by
the exchange of light mesons.

® Nijimegen potential and Bonn potential:

® p/o exchange~two m exchange;

® w exchange~multi-m exchange

a—|—c

[
(o,m,1n,p,w)
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Theoretical framework

2.1 Effective Lagrangians

O,T,pe*® heavy quark symmetry and chiral symmetry;

Ly = gs(AP o HDY + ig(A Dy, Ay H'D)
— BHD v, (V* - p") H?)
+iA(HQ o, P (0)H),

O, T;,pe*°® -Eﬂ:'; = fﬂ{ﬂifr By) + ﬁﬁfl{ﬂ_fﬁlﬂ(q;u — Pu)Bs),
; v 3 ¥, o a2
E “@ I S S S s . @ -E_ﬁ::-"l = IS' ('-Euf-ri?l:]‘ - E.m'ﬁﬁ Mpr{éﬂuﬂréd}
+ i (Syve (V* — p") &)
+ A5 (S, F*™(p)S, ),

B B

Lﬂjﬂr-"] = fg4{».§-“:’f'[pﬂ3g} + ii;rf‘““vﬁ{t':;‘,,.ﬁ‘kﬁg} + h.c.

gs =076 =059 =09 1. Chin. Phys. C 36, 6-13 (2012).
L 62 o098 b - 174 2. Phys. Rep. 281, 145 (1997).

) ) 3. Phys. Lett. B 292, 119(1992).
=036 GeV As = =331 GeV gv =58 4. Phys. Rev.D 85, 014015 (2012).
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M Theoretical framework

2.1 OBE model

® Amplitude M(a+b-c+d)
® Breit approximation V(g) = —M(a+b - c+d)/2m,2my2m 2my
: d’q Gy (aVE2( a2 12
® Fourier tfransform V= | @3 ® V(q)F%(q? m2)
/12 _ mZ
® Form factor F(q%m2) = e

Form factor F(q?% m%) (One free parameter< 2GeV), m and q are the
cutoff, mass and four-momentum of the exchanged meson, respectively.
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< Numerical results

3.1 Molecule

Deuteron

loosely bound molecular state,

° o
In judging the reasonableness of the composed by a proton and a neutron

loosely bound state, we adhere to

. . 400 =
thecriterion based on: — Jsfs>
200 || % aia el I
® A~1 GeV % I esse <D |V[D,> E‘E
E 0pF ..":o__ E
® E to be of the order of a few to several > b g
tens of MeV B o
. RN TP TEEPU TP . PR |.'."|-u_._._-_,
® rRMS ~1fm. 4000 1 2 3 4 5 0000 2 4 6 8 10
r [fm] r [fm]
Effective potentials Wave functions

The cutoff parameter A, binding energy
E, massM, and radius rRMS are given in IJP)=0(1%), E=—2.225 MeV,R = 4.318 fm

units of GeV, MeV, MeV, and fm
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T Numerical results

3.2 Resonances

Shape-type
Resonances [
Feshbach-type

® Scattering cross section

o__41t
t " 2uE

8 (Ep) =(n+1/2)m n=0 1 2--

I =2 /(g)

® Mass:M = Mj: + Mg + E

o214+ 1) sin? 8,(E)

r

10

0 (rad)

| .
. REBY
ﬂu 10%)=123/2)
|
|
|
|

Full channel
A=1.00GeV

_E;B|4P3I.‘:_:’

A

0
11120 11160 11200

v's (MeV)
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- Numerical results

+
SO W B/ A,B'/£,B/X;B/ 5,8/ ;B

22
Bound states Resonances
AB LB LB AB AB LB
3| A E rews  MBCPY)  ABCPy Py LBCP)  LBCP))  LBCP /Py  ILBCPP)) - - == 180 [ :
d H . i H i3 : i R(Z,B) I R(E,B) R(A,B7/Z,B) [
i:.: lL.d 097 0.90 | 42.26 19.25/0.17 542 .M 3.36/4.96 2233/ 1.24 o0 ](Jl’]:],fz(l,fz*] : I(JP):l,fz[[;zj I(T5)=1/2(1/2%) I
o — [IFull channel ! 30FFull channel 120 {Full channel 1
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: 2 | " o ;
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1.08 218 1.22 88.13/ 11.87 (V) ! (MeY) MQED
;B A,B B
- 1.10 -5.00 0.98 89.70/ 10.30 R(Z,B") 30} [R(EB) ' R(A,B*/L,B) |
= ]
g 1(3%)=1/2(1/2") I(1%)=1/2(1/2%) 1(I%)=1/2(1/2%) I
E 1.12 -8.53 0.84 90.89/9.11 e - 0| Single 538" / 170 Coupled A,B/Z,B| /‘ -
> I A= T | 1
& A E s TBCP'P)) 2 | A=0.83GeV . A=121GeV
.E 4 F i - ]_[| | SS. : : -
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\ I (E) | ! (f}
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1.03 -13.86 0. 78 84.49/ 1551

py _ 1,1F X,B*, X},B" mssmmm—) good molecular candidates
IU°) = (3 )

. ApB*/ XyB mmm——) Feshbach-type Resonance CEREPY
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- Numerical results

Bound states

+
) system

E A E ws  MBCP)  ABCPy/'Py)  LBCPY)  LBCPy)  LBCPy'Py)  LBCPy'Py/Py)
207 55 049 131 26.14/0.97 480 0.14 6.44/1.02 35.90/1.19/0.07
?:n 108 -I1814 040 1770 27.50/0.87 493 0.16 7.98/0.93 38.69/1.21/0.03
O liw 2» 03 1ew 21.1200.77 491 0.17 9.15/0.84 40.30/1.18/0.02
A E rews  LpB'CPy/['Py)
L1 296 135  54.30/45.70
E 113 541 107 67.98/32.02
5 115 -8.83 088  74.41/21.59
_E‘ A E rems L BCPy['Py/Py)
” 096  -0.63 198  36.13/63.47 / 0.40
099  -3.10 127  49.36/49.83/0.81
.02 -7.03 098  61.49/37.33/ 118
* * *
gr) = 22y 0 S
22 *
Ap,B*/ Z,B
12

I (MeV)

I (MeV)

30

10

[—]

A,B/ A,B*/ *,B/ 2B/ *,B*/ %;B*

Resonances

R(E,BY)
I(I")=1/2(3/2%)
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11130 11140
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I,B
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Single Z,B"

1
1
I
|
1
1
1
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oy | e RawEmn ]|
30F|1I™)=1/2(3/27) ! 18077 )=la’2(3f2.} I
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- Numerical results

13

+

1,5
G

Bound states

) system

T A E rews  ApB'(PP3)  LB('P3)  LB'(‘Py) L B('P3/°P3)
E 110 238 069 | 56.88 15.39 0.41 27.27/ 0.05
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* pyk
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gn = 1@y P
ApB*/ Z;B/ X,B"
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T Numerical results

3,1t
3.6 E(E ) system x,B/X;B/X,B"/ X;B"

Resonances

Bound states

120
T | A E FRMS Z,,B(ZP%) Z;B(QP%) E;,B*(QP_é /*Py) Z;B‘(ZP% [*P))
g ) - ~ 80
% 1.21 -0.11 1.79 61.45 272 1.10/32.98 ~0/1.75 %
=]
E- 1.23 461 0.86 47.14 5.15 1.21/43.18 ~0/3.32 §
S -_— 40 k
© 1.25 -11.12 0.69 38.83 1.73 1.04 /47.34 ~0/5.06

0

® TheI = 3/2 systems are expected to behave differently from the I
=1/2.

B LB I

" Full channel

R(Z,B/Z,B")
I1(J%)=3/2(1/2%)

T T

I
I
I
|
I
I
Il

|
|
I
1

11100 11130
M (MeV)

® The attractive interaction mediated by exchanged mesons is

generally weakened, and larger cut-off values are usually required to

obtain the bound states or resonances.

X,B/X,B" s [eshbach-type Resonance
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120

80

40¢

r,B )
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! (b)

11100 11130 11160
M (MeV)

fﬁwﬁﬁﬁk%

HUNAN NORMAL UNIVERSITY




- Numerical results

3,3% ] R
=) system X,B/ X,B/ X,B*/ L,B
Bound states Resonances
B LB IB I B ¥, B’
T A E FRMS Z;,B(ZP% ) I;B(*P3) E;,B‘(zP;,}“Pg ) Z;B*(ZP% /4P§/6P% ) 80 == r — ™ ' Y r
g 3 3 2 *n* I [ ‘B A=1.60GeV
£ | 135 569 046 741 34.14 0.06 / 37.96 0.01/17.86/2.56 R(f"B) I I 90 }|R(B) =2
@ 60 FI(J)=3/2(3/29)| A= Py— +
B | 136 -17.16 038 479 34.62 0.03 / 39.45 0.01/19.30/ 1.80 F( )=3/2(3/2) f} 1'24G.°V 175 3!2*(3:'2)
ull channel Sinole ©°B
S 2 | ! 60 28T :
137 2979 034 3.54 34.67 0.02 /40.18 0.01/20.25/1.33 S 40} | | I
- I | | |
~ [ | [
201 : : * A 176GIV .
— * 2 4 (] =1. €
A £ rews  BBCPy PPy L ] \ ! (b)
g ) . . O OROR KOO .
S 1.752 0.56 1.20 2.34/ 0.68/ 96.98 11100 11130 11160 11100 11160 11220
E,; 1.760 -6.79 0.91 1.52/ 0.28/ 98.02 M (MeV) M (MeV)
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s py _ 3,37 :
ZyB* I(7) = 5(5 ) mmssmm) molecular candidate
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Numerical results

+
3.8 () system NRAREEAE

Bound states Resonances
_ B LB XI'B X B
T|A E revs  IBCPy)  LB('Py)  LB(‘Py/°P) 15 —————— : . v
g ) R(Z,B” ' R(Z,B” !
2| 132 702 045 3859 38.67 22.73/0.01 (P" ) . ! 40} (P" ) .| A=1.60GeV
Y — 10%)=312(512%)| 10%)=3/2(529)| 1 —
B | 133 -1624 040 37.37 39.37 23.25/0.01 2 197Full channel ! Single £.B" |
= - ]
© | 134 2622 038 36.65 39.76 23.58/0.01 g : : ' / ol |
~ sk 1 1 . |
| 1 A=1.20GeV |
| 1 1 A=1.68GeV |
= o d 6 : ' ' (a) :
e A E TRMS LB CPs/[°Ps) oL——= —— : 0 Lo Om =m0
£ 11125 11150 11175 11100 11160
= - _
z 1.68 0.25 1.13 245/ 97.55 M (MeV) M (MeV)
E: 1.69 -6.47 0.87 .48/ 98.52
- 1.70 -12.45 0.70 0.17/99.83
>, B* I(JF) = E(E ) mmmm) good molecular candidate
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<@ Summary

® In this work, we have systematically studied the possible hidden-bottom molecular
pentaquark states arising from the P-wave A,B™/ £”B®™ interactions within the OBE model.

P 1,17 1,3% 1,5% 317F 3.3F 3,5F
1(T) G ) G ) -G ) G ) G ) G )
JyB* 2pB* . . ‘o

. . AyB*/ .
Feshbach-type A,B*/%,B A,B*/X,B 5B/ 5,B" >,B/X,B \ \

® The identification of such states would offer crucial insights into the nature of exotic
hadrons and deepen our understanding of the interaction mechanisms between heavy

baryons and heavy mesons.
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