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Exotic hadrons at LHC
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Pentaquark with hidden charms

o In 2015 LHCb detected 2 pentaquark states with quark content céqqq,
P.(4380) and P.(4450), PRL115, 072001 (2015).

o In 2019 LHCD discovered P.(4312)" and resolved the previous
P.(4450) as two peaks P.(4440)% and P.(4457)", PRL122, 222001
(2019).

LHCb

—— cos 6, -weighted data
—— total fit
polynomial + broad P.*
—— polynomial
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About this talk

o Study the mass spectra and strong decays of bev (4440, 4457) under the
molecule picture.

State | Mass[MeV] I [MeV]

PY(4440)* | 44403+ 13141 20,6 £4.9757,
PY(4457)t | 44573 06741 64420757

o Methodology: combining the effective field theory and Bethe-Salpeter
framework.

o Based on arXiv: 2503.08440.
o Collaborator: Chao-Hsi Chang(ITP&UCAS), Xin Tong(NPU),

Xiao-Ze Tan(DESY&FDU), Tianhong Wang(HIT), Guo-Li
Wang(Hebei Univ.).
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BSE of bound state for J =1 and % constituents

o PY as the D*3. molecular states: PY, ,, and PY. ..
) v1/2 w3/2

o Bethe-Salpeter equation for a vector meson and a baryon reads
o d*k |, | ap .
r (P7q7T) = W(_I)K (kvq)[S(kQ)P (Pava)D"//B(kl)L
o BS wave function s (q) = S(p2)T? (P, ¢)Dsa(p1).
o Effective interaction kernel: K(k,q) ~ K(k1 — q1).

o Salpeter wave function, g = —iz= [ dgrtba(q).
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Instantaneous approximation

[e]

Under the instataneous approximation, the BSE can be rewritten as

1
——dap(p1)v0I (qL).

Mo = (w1 + w2)Ha(p21)pa +
2w1

o Vertex I'(q1) is expressed as the integral of the Salpeter wave function,

P(0) = [ Gae kT = ) ().

Normalization condition

o

d* d4 9
// q (P q, )8POIa/B(P7k7q)¢B(P7k7r) = 2M5'r77-

o Integral kernel in the normalization condition

Los(P,q, k) = (2m)%6 (k — q)S ™ (p2) D3 (p1) + iKap(P, K, q).
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BS wave functions for J* = %_ and g

o JP = %_ formed by a 1~ meson and %Jr baryon

va(z) = Aa(z)u(P,r)
Ao = (g1 + g21) (Yo — Pa) + (95 + g4f) 7a

91 o
171

where introduced a spacelike variant z, =
P _ 3-—
o JU = 5

Po(x) = Aapysu’ (P,r)
Aap(@) = (h1 + hat) gap + (hs + hat) (Yo + Pa)as
+ieappe(hs + het)vs + (hr + hsit) zaxs,

where u®(P,r) is the Rarita-Schwinger spinor.
o Normalization is expressed as

a3 B ey -
/#211}119 B (UF’YSAQI/’YOABH’}%’LL;;L) = 2Mb,r.
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Interaction kernel

o P,'(4440,4457)" (minimal quark content [ccuud]) is taken as the

D*%. molecular state with isospin |1, Is) = |1, +31)

11 2 - 1 %0
13.3) = Z 55D - L 25 D)
o Interaction kernels are calculated from the constituent particles D*Y.
scattering based on the one-boson (o, 7,7, p,w) exchange.

o For P,)(4440,4457)", the light (pseudo)scalar and vector mesons
contribute.

o Throughout this work, the isospin symmetry is used
(54 Heal}, 3) = 3 (SEF D™ | Hog [ D7) = (5 5| g5 D)
Hesr = Z LyiviLegi, i=o0,7,1,p,w
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Effective Lagrangian

[e]

Involved Lagrangian describing the charmed anti-heavy-light meson
and a light scalar and vector meson reads

Ln = gs (HgoHg) + g (HoysHg) — B (Hgvap®Ho) — X (Hg0*® FasHg)

[e]

Hg represents the field of the D™ doublet with D = (D°, D~,D;)"

. 11—
HQ = (D M’yp‘ +1D’Y5) T”é,

© Ua = —30aX + -+, Fap = (9aps — Ippa) with p = (gv/V2)V

o ¥ and V denote the 3 x 3 light pseudoscalar and vector meson fields
=+ at Kt ©O+w) + Kot
VR . vz ”0
= - _m_ o 0 = — *
b T B el .g = [{2 , Vv p _ (_fw) K*0
K —s K™ "0 ¢
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Chiral effective Lagrangian for baryons

o Effective Lagrangian of the heavy-light baryon and light vector mesons
3 LgNe’ v a al [e% . & [e% al (3
Lp = 3 giie Brv (S oupS,) + Bs (Savsp”S®) 4+ ids (Sa FPSg) + Is (S0oS®)
o Baryon spin doublet

1 5 *
Sazfi o + Va B+Ba
\/g(v Y

o Systematic baryon sextet B in 3 X 3 matrix

1]
+

++ 1 +
?c . ﬁ%c
B=|-5% b

f:’c-*- L;/O
V2T v2Te

S-S
iy !
(=)

o

2
[y Y=}
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Interaction kernel under one-boson exchange

o Under one-boson exchange, interaction kernel for D*¥. in isospin—%

Kop(s) = K17a7s + K2(Yads — 788a)8 -7 + K3(Pads — Ppda) + Kigas
o Exchanged momentum s, § = =

[s]”

K; = F2(s*)Mp+V;,

lgg »
Vi = gﬁs (6D — Dy),
1gg1 2 1 2 2
Vo = gﬁs (6Dx — Dy) + g)\Asgvs (4D, — 2D,,),
Va = BsAsgv (2Dp — Du),
1 1
Vi = 75%52(6&, — Dy) +29:L: Do + 5 BBs9% (2D, — Du).

o Propagator D, = (s — m?,)fl, similar for o, 7, p, w.
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Regulator function

o It is clear that when (—52) — 00, the obtained Vj(2,4) does not
converge to 0,

Vi2,a ~ —
52 _

o Caused by the Lagrangian containing the derivative item.

o To obtain the stable bound state, it is necessary to introduce a
regulator function to suppress the contribution from high momentum.

o Propagator-type regulator function

2
F(S2) — ma

2 _ 2
82 —mjy

where ma ~ 0.9 GeV is the only introduced cutoff parameter and the
value is fixed by Piiv mass.
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3. Decay mode and involved effective Lagrangians
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Main Decay Channels

o Eight decay channels are considered: J/vp, D*°AL, nep, D°AT,
D=t DOst D ittt DOt

o PJ,V (4440, 4457)" decay to (V + B) by exchanging pseudoscalar and
vector mesons

1. J/vp by D and D* exchange
2. D*°A} by 7 and p exchange
o P, (4440,4457)" decay to (P + B)
1. nep by D and D* exchange
2. DA. and DX, by 7, p and w exchange

o qu,v (4440, 4457)" decay to (P + B”), DX% by 7, p and w exchange.
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Interaction between Charmonia and D®)

o Under symmetry of heavy quark spin, the effective Lagrangian
between charmonia and the heavy-light mesons reads

Lr =igrTr (EHQW(}@“HQ — R(')OHQ’YQHQ) + H.c.

o S-wave charmonium doublet

T4g e 14 1-
Hg = Tﬁ(D Yo +iD7s), R = T¢ 14

Wy +ines) 5
o Expand to obtain the Lagrangians
_ _ : Dl T
Ly ps) gt =+ 9DpyiD0a DY
1 @ v — * *
+gD§*wme B (8o DD}y — 80 D D)8, 0],
— 9p* pryi(@a DD PP +2D% 05 D* ¢ + D** Do,y 1?)
L (o) p(e)yt = = 90Dy i(DD™ = D**D)dan!
1

— 9D*D*n, WeaﬁuyaaDgﬁzaun27

MNe
O Only one parameter JRr.
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Interaction for D™ and Light Mesons

o Expand the chiral Lagrangian to obtain interactions needed.
o The Lagrangian between D™ and light pseudoscalar mesons
Lpespe) =+ gpupiD'8.52D™
— 9p+5pi(D**) 0.5D
+ QD*ED*EQEMuaa(DE)TauZD;’
o Lagrangian for D™ and light vector mesons
Lyt =—9pypidaD'VED
D VD) 9pv D10«
+ gp-v e 0a D} 0,V D
— gpy € 9.D'05V, D},
+ gy pi(A:0a D5 VD™ + D05V D™ + D1V304D*)

with Ar = %ﬁ/AM(D»«#D*).
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Interaction for B and Light Mesons

o Expand the chiral Lagrangian to obtain interaction for baryon sextet

and light mesons.
o The Lagrangian between B and light pseudoscalar mesons
Lpps = — ggps (iByXB)
+ gpp*s (BOLXB*™ + B**0,XB))
— gB*B*EeaB’W (8333(%232)
o Lagrangian for B and light vector mesons
Lepv =~ gppv (ByaV"B)
— 9BB*V <iB’Ya’Y5 (8avﬁ - 8ﬁV&)B;§>
+ 95y (iB57a7s(0°V” —0°V*)B)
+9p-p-y (iBa(0"V° = 0°V*)Bj)

QIANG L1 MASS SPECTRA AND STRONG DECAYS OF PV“'}‘T (4440, /1/157)+
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L for baryon 3 and light mesons

o The single-heavy baryon in flavor anti-triplet

0 AF =F
A=|-AF 0o =0
-=F -2% o

o Lagrangian for A and light mesons

Lag = ga (AuaS®) 4+ A1€*?* v, (AF,,Sp) + Hec..
o Expanding to obtain Lagrangian
Lap =— gaxB <1A275B + 13275/\)
— gavpe (AO*SBS + BLOYSA)
+ gave (AVoy* B + BVay®A)

— gave-€*P* (105M0aV, B}, + 105 B0V, A)
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NX.D™ interaction

o Responsible for baryon sector of J/1(n.)p decay channels.

o Nucleon N = (i) forms a SU(2) doublet of the isospin.

Z++ LE+
c 2 c
1 + 0
ﬁ EC Zc

isospin, namely 1-2 sector of sextet B,

o Three X = < form a triplet representation of the

o Under isospin symmetry, Lagrangian for N 2D

LNECD(*)

=gNs.DiNvVsZc(—ioz) - D+ gns.p* Nv*Sc(—ios) - D:;T
1
V2

1 1
ans e (st et _ L assprot | L o e pert g QEOD*OT).
INSE.D (P’Y c a \/EP’Y c Pa NG Y e Pa T e

e 1 _ i
= —gnz.Di <P’YSEC++D+T - EP’YE)E;DOT + Ay DT — n’Y522DOT>

where o3 the second Pauli matrix, and here D®) = (D™ DI+ |
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4. Strong decays P,) (4440)% and P, (4457)
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Amplitude for Pé,v —J/¢p

o PJ,V as the D*¥. molecule can decay to J/vp by exchanging either a D
or a D* meson.

J/w)Pl J/w’Pl

Py, P

. P P
o Invariant amplitude for P,f,\r — J/¢p by exchanging a D

B

1k
——7 [S(k2)TY (k, 1) Doy g (k1)] D (k3) Pruelyk3a

d
N 3 _
A11[Pyy 2l = =1 gNchgmjwuﬂs/ =
7r
= Gr1e]“apTiqu(P, )

where integral over k behaves

EaﬁP v 4
Tyu(Pr) =i [ %[S(mr%r)Dw(kn]D(ks)km

My

o Dimensionless interaction strength G11 = gnps.gpp=yp-

QIANG L1 MASS SPECTRA AND STRONG DECAYS OF qu,y (4440, /1457)*’ 19-37



Triangle integral
o Contour integral over kp to obtain six poles

dk 1 _
/—P[S(kQ)I‘.Y(k,r)DW@(kl)]D(kg)kla = (ala/ﬁ T asaA )70%
27 2ws
o Ai'yo = % + ﬁH(ngL and coefficients a1 and as
A1a = C1T1a + C3T3cx + C5T50,
C2T2q + C4Taa + C6T6a,

A2«
where x; = k1(kp = kp;) with (i =1,---6)

kpi= ¢, kpe =, kps =, kpa = (5, kps = (5, kpe = (5 -

o ki=a1P+k,and ¢;s (i =1,---6)
1
Ci(2) = $7E1 T (w1 + ws),
1
E> F (w2 + ws)’
cs =+ M F (wi + w2) .
5(6) [E1 £ (w1 + w3)][E2 F (w2 + w3)]

c3a) = F

ECTRA AND STRONG DECAYS OF PW“\,“ (4440, 4457)T 20-37
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Amplitude expressed by wave function

o Contour integral over kp to obtain six poles

Ty u(P,r) Tk LA
u(P,r) =i—— —_—
1 . ) (1) 2ws

(s1117"” + 8112131/)”(13»7")

(alaA+ + a2aA7) Yowps(kLl)

o Amplitude for Plf)vl 2 by D exchange expressed with form factors
Ayypn , = Griei™ s (8111’Ya + 811215(1) u(P,r).

o Pj)\g/Q — J/9p by D exchange, Ti1au — Tna[guﬁ,

A py = Gue‘f*ﬂnga@uB(P, 7“),
Hy3/2
with

Thiap = tin1€,5pp, + (t1129a8 + t1137a[:’15 + t114pap1ﬁ)75-
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Amplitude by D* exchange

o Plf,vl/z to J/¢¥p by D* exchange

d*k v xa
Ai2,1/2 = Gratayy / 7(271_)4 [S(kQ)FA{(k?,T)D’Yﬁ(kl)]D“ (k3)e1"Oapup(ki + k3)”

1
OaBup = - (gaugﬁp - ELQgE[J.g(IP + LSQaBQup) )
o Gi2 = gND*s,.9p*D*y- Amplitude can be expressed as

A12[P¢I,\71/2] = Giz(ey) " a2Ti2au(P, 1),
d®ky 1

T P, =0 e
12au( 7T) aBupVv (271_)3 2ws

(a;upAJr + aZUPAi) 'yOgaB

o After integral over k; obtain

Ti2a = (81217 + 3122pa)~
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Total amplitude for J/vyp decay

o Combing the contributions from D and D* to obtain the total
amplitude for Pj)vl 2= /1¥p decay by two form factors,

A= A1 + A1z = e]%u2 (811’Ya + 512Po¢) U.

o Form factors s11 and si2 are expressed as

s11 = G115111 + G128121,

s12 = G115112 + G125122.
o Total amplitude for P,i\; 2= J/Yp
A =ei%us (itneaﬁppl + t129a875 + tlaplﬁ’Ya’Ys + t1415a151,8’75) uﬁy

where t1; (i = 1,2,3,4) is related to the coupling constants by

tii = Guitiii + Giatizs

SCTRA AND STRONG DECAYS OF PW“\,“ (4440, 4457)T 23-37
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Amplitude for D*0A}

o As a V + B decay mode, D*°AT is similar with ¢p case,
AP 3= DNE] = €7%an (52170 + s22Pa ) u(P,7),
A[pr\g/z —D*AT] = el %as (t21i€aﬁppl + (t229ap + teava Pig + t2415a1515)’>'5) u(P, ).
o Form factors sg; (i = 1,2) and t2; (j = 1,2, 3,4) are defined as
s2; = G215215 + G225224,
ta; = Gaitar; + Gaatazj,
where we define two dimensionless constants
Ga1 = g+ st+,9D%0 D~
Ga2 = gptst+,90+0 D
o Form factors can be obtained by making replacements
S21i = 811:[M1 — Mp=o, My — MAC+,m3 — M),
t21j = tuj[Ml — MD*O,MQ — MA.C;.,mg — MWL
S22 = 812:[M1 — Mps, Mz — MA:r,mg = My 12 — 1,3 = Ay,

tazj = t12j[M1 = Mp«, Ma = M,+,m3 — My, 12 = 1,13 = A;],

QIANG L1 Mas! CTRA AND STRONG DECAYS OF PW“\,“ (4440, /1/157)+ 24-37




Amplitude for n.p decay

o As a P+ B decay mode, the amplitude n.p by D and D* exchange
behaves

4
A1 [P) ] =i0a(—ignp )15 [ SIS (1) D ()] D(s) (=igp e, ) (PY)

s N . v d4k il EkSBMPI
iAg2[PY, o] = — iGaztiay /W[S(kg)l" (k) Dy ()] Dy (k) 7

o Combining the amplitudes for D and D* exchange,
AP} /2 = nep] = sstiaysu(P,7),
iA[be\g/g — Mep] = tatiz (l—:’la) u®(P,r).

where the form factors s3 and t3 behave

s3 = Gz1531 + G32832,
ts = Gaits1 + Gaataa.
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Amplitude for P + B decay mode

o For other P + B decay mode, D*°AY can be realized by 7 and p
exchange corresponding to the D and D* exchange in 7.p channel.

A4[D°AT] = Aslnep] (Ml — Mpx, Mz = M, 4, Mp — Mz, Mp« — Mp)
o For DX and D°S] channel, besides 7 and p, w also contributes
1
A;[D7E ) = A + A, - SAw

o % from a relative isospin factor of w over p.

o DY is similar with D™X7 " but isospin factor Cs = %05,

_ 1 _
Ag[D°s}] = ﬁAdD =,

QIANG L1 MASS SPECTRA AND STRONG DECAYS OF PW“\,“ (4440, /1/157)+ 26-37



Amplitude for P + B* decay mode

o For P + B* decay mode, D™ ;%" and DYS%" can be realized by 7, p
and w exchange.

iA7[P¢J,V1/2 — D722++] =a%(P2,712) (Gr1Tr1ia + G72Tr2a + GraTraa) u(P, 1)

o Strong decay strength for 7, p and w exchange

Gr = Igrttst+, ID= D= m
G72 = gyt tot+ 90— Dr—p>

G74a = gpsttypt+ ,Ip-Dr—w

o Tr1,Tr2,T74 denotes triangle integral for 7, p and w,

I u = k,r)D k D(k3)ksa,
Tla M, (2 )4 2 ) yB\R1 3)R3a
eaB;LPAI

o .
Trou =1

4
— (" —gwg”w”m/%[S(mr”(k,r)Dw(kn]D(ks)kspkm

with T74 = T7o [mp — mw].

RA AND STRONG DECAYS OF PV“'}‘T (4440, /1/157)+ 27-37
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Amplitude for P + B* decay mode

o Total amplitude
AP 5 = D™ S5 ] = a5 (s7Po)u(P, 7),

(aBPPy

P S B
W-‘rtng Ps + tra P Py ’Ys) ug(P,r),

A[P)S s = DTS5 = Giag (it71
where s7 and t7; (¢ = 1,2, 3) behaves
1
s7 = Gr1861 + Gr2872 — 5G74S74,

1
t7i = Gritrii + Gratre; — 5G74t74i'

with the form factors from w exchange reading

s74 = s72[m3 — my),

trai = tr2i[ms = my].

QIANG L1 MASS SPECTRA AND STRONG DECAYS OF Pﬂ“'}s (4440, /1/157)+ 28-37



Decay widths

[e]

Two-body partial decay width

N * |Pl 2
A ve 2J+1Z|

S| AJ? denotes summing over all the polarization states.

[e]

J, spin of the initial Pqiv state;

(e]

|P1|— \/[ = (M1 + M2)2|[(M? — (M — Ma))

o C? denotes the isospin factor
Gi=ci=ci=ci=4,

Ci=0C%F =

Ci=Ci=

k]

Wk wloo

QIANG L1 MASS SPECTRA AND STRONG DECAYS OF P\ (4440, 445 7)Jr 29-37



OUTLINE

5. Numerical results and discussions
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Coupling constants

o Chiral constants used
g = 0.59, (Agv) =3.25 GeVil, (Bgv) = 5.22, gs = 0.76;
g1 =094, (Asgy)=19.20 GeV~!, (Bsgv)=10.09, Is=6.2;
ga = 1.0, (A\1g9v) = (Asgv)/ V8.

o Other coupling constants
9pby = 14.89, gppey = 15.43, gps«pey = 8.0, gppx,. = 7.58, gp«pe,, = 15.72.
gNDx, = 2.69, gnp*x,. = 3.0.
o Finally obtain the strong interaction strength constants

Gii = 41.5,  Gia =240, Go1 =371.9, Gao = 485.2,
Ga1 =204,  Gss =472,  Ga1 = 359.0, Gas = 455.0,
Gsi = 302.7, Gss = 380.9, G =134.5, Gz =169.2,
G54 = G52, Ge1 = Gs1, Ge2 = Gsa, Gea = Gpa,
Gry = Gra, Gs1 = Gr1, Gs2 = Gra, Ggq = Gr4.

' (4440, 4457)F 30-37
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Masses for possible D*Y, bound states

o Mass spectra under the D*¥. molecule picture in I = % with cutoff
ma in units of GeV with different J* configuration, where the blue
values are fixed by fitting to data.

o Two bound states are robust within a range of +£15% for ma.

o The second bound state would disappear when mj is less than
~ 0.74 GeV.

JP‘Mass Mass ma HMass Mass map HMass Mass ma

174440 4443 107 || 4457 4.458 0860 4.453 4.454 0.915

374457 4.4625 0.754 | 4.440 4.450 0.974|4.445 4.454 0.915
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Interaction kernel

o The interaction kernel K; (¢ =1,---,4) in the isospin—% with
ma = 1.07 GeV, 0.754 GeV, and 0.917 GeV, respectively.
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BS radial wave functions for Pqﬁ /2

o BS wave functions for Pﬁm with mass 4.440, 4.443, 4.453, 4.454 GeV,
respectively, with ma = 1.07(up) and 0.917 GeV(down), respectively.
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BS radial wave functions for qu)\g /2

o BS wave functions for qu)\g/Q with mass 4.457, 4.4625, 4.445 and
4.454 GeV, respectively, with ma = 0.754(up) and 0.917 GeV(down).
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Form factors

Numerical values of strong decay form factors for Pév withm=1,---,8
denoting the 8 decay channels we calculated.

st | D*OAT J/p DOAF Dy, NeD 5)

st 1.9%x107% 1.3x107% —3.5%x107° —2.6 x107% —5.7x107% 4.1x107%

ml

s21]—45%x107* —1.9x107° 24x107° 80x107° 1.1x107% —-1.3x107*
slo|=2.7%x107% —2.9x107¢ - - - -
525 —22x107* —1.0x 1077 - - - —
. D*OAF J/bp DoAY Dx. Nep Dy
thi] 31x107% 9.1x107° —1.9x107% —8.5x107% —1.6 x 107° —3.8 x 1078
t2,] 24x1077 1.2x107% —1.0x 107* —34x107* -3.2x107° 1.3x107*
th o] —34x107* 7.6 x107° - - - 19x107°
t2,] 1.8x107% 53x107° - - — 39x107*
th 2] —9.8x107° —4.2x107° - - - —2.1x 1072
t2 5] -1.3x107% —1.3x 107* - - - 15x1073
tha] 83x107° 23x1077 - - - -
t? 1.3x 1072 —2.4x107* - - — -
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Numerical decay widths and comparison

o Decay widths in units of MeV. Assuming J” for P;) (4440)" and
PJ,V (4457)" are %7 and %7 respectively in scenario I while opposite in
II. LHCb: '[P} (4440)"] = 20.6 4.9 and '[P} (4457)"] = 6.4 £ 2.0.

Channel | I 11 [71] (17)
P (4440) — D*OAF 4.9 4.5 - 13.9 - 6.2
PY(4440) > J/yp | 27x 1074 21x 107 41-41  0.03-0.02
P (4440)— DA 1.1 81x1072 598—-453 56— 1.7
P} (4440)— DX, 27.1 2.5 1043 - 545 3.4-05
PJY(4440) s nep | 1.7x107° 4.7 x 1078 - 0-0
PYY (4440) - D33 1.8 3.5 x 1071 - 0.8—5.4
Total \ 34.8 7.4 20.52 — 13.98 23.7—13.9
PN (4457) = D*°AF | 72x 107" 1.5 x 107! - 12.5 - 6.1
PY(445T) > J/yp | 36x107° 7.6x107°  152-1.52  0.02-0.01
P)(4457)—» DOAY | 14x 1073 28x107% 247-215 38-15
P (4457)= DX | 8.8 x 107" 13.9 560 —4.11  2.6-1.0
PN (4457)5nep | 3.0x 107 4.9 x107° - 0-0
P (4457) = Dx% | 55x 107! 9.5 x 1073 - 1.9-6.2
Total | 22 14.1 9.59—7.78  20.7— 14.7
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Discussion and summary

o Based on the effective field theory and Bethe-Salpeter framework, we
calculate the strong decay widths of P,f,v (4440, 4457) under the D*X.
molecule picture.

o The results show existence of two possible bound states of PJ,\’ in both
J” =17 and 7 (cutoff dependent).

o Obtained partial decay widths are directly dependent on the hadron
coupling constants in the relevant effective Lagrangian.

o Our results more favor P, (4440)* and P;) (4457)" as the isospin

_ 1 P _ 3~ 1— pPy* .
I = 5 J5 = 3 and 5 D*3¥. molecule respectively.

o DU™OAT and DZ?) are more promising decay channels to be detect
P;Y(4440,4457)" states in experiments.
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