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Strong decays of the A.(2910) and
A.(2940) in D*N molecular picture
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Background

Conventional hadrons
Meson(gq), Baryon(gqq)

Exotic states
® Molecular states: loosely bound states composed of a pair
of hadrons, bound by residual interactions of strong
interactions.(Candidates: X(3872), D¢,(2460),X(3915)...)
® Tetraquarks: gqqqq
® Pentaquarks: qqqqq
® Hybrids: ggg
® Glueballs: gg/ggg Phys.Lett. 8 (1964) 214-215 3
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The Discovery of the 4.(2940)".
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Intrinsic parameters: my (2940 = 2939.6112 MeV,



Background

A.(2910)" in B® - £.(2455)%**r%p process.
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Intrinsic parameters: my _,910y+ = 2913.8 £ 5.6 + 3.8 MeV,
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Background

Theoretical work on A, states:

mp- + my —my (2910)~30 MeV; mp- + my — m,_(2940)~6 MeV;
D*N molecular states:

> EurPhys.J.C 51 (2007) 883-889: D*N molecular with JP =, decay,

> Phys.Rev.D 81 (2010) 014006,

+
» Phys.Rev.D 83 (2011) 094005: D*N molecular with JP = 1 ,decay,
» Phys.Rev.D 107 (2023) 3, 034036: conventional baryons dressed with the D*N channel,
» Eur.Phys.J.C 83 (2023) 6, 524: A.(2940) composed of D*N with JP = =

Others explaination:
For A.(2910):
> Eur.Phys.J.C 82 (2022) 10, 920 A.(2P, 1/27) state,
> Phys.Rev.D 106 (2022) 7, 074020 Candidate of A.|J¥ = 5/2~ )

For A.(2940):

+ +
> Phys.Rev.D 75 (2007) 094017:D-wave charmed baryon with J¥ = % or% ,
> Phys.Lett.B 659 (2008) 612-620: A.(2286) T first orbital excitation. ..



Background

P states:
P.(4457): £ .D* molecular, J¥ =

37
z 1 Bmer S g _______________ s
% p_1. P.(4457) A.(2940)
P.(4440): X.D* molecular, J 2_ : P (4440) A.(2910)
P.(4312): 2.D molecular, J¥ =

References:
Phys.Rev.D 100 (2019) 5, 056005, e S S Myp

Phys.Rev.D 100 (2019) 1, 014022, P.(4312)
Phys.Rev.D 100 (2019) 11, 114002,

SetA: A.(2910) JP =
SetB: A.(2940) JP =

(2940)]P-—
A.(2910) JP =

NI»—\Nlr—\
lemlw

The mass spectrum of P. states and A states.
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Molecular scenario

® Effective Lagrangian:
Laca/zy
gll\/D_NA (x)yﬂy5 J dy¢(y2)[D:zO(x + wpD*Oy)p(x o (‘)D*Opy) + D[Z+(x + wnD*+y)n(x _ wD*"'ny)]

+ H.c.
La3/27)

= g;\g:N/_\/é(x) j dy(,b(yz)[D;O (x + a)pD*oy)p(x — a)D*opy) + Dﬁ+ (x + w,p+y)n(x — a)D*+ny)] + H.c.

Correlation function: N
v’ Fourier transformation:¢(y?) = fiﬂe—iw d(—p?),

. o (2m) AF AR+ AF /AR
v' describe the interior structure of the molecular state, ———
v fall fast enough in the ultraviolet region,
v Gaussian form: ¢(p2) = exp(—pz/A?). .
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Molecular scenario

® Compositeness condition: Z = (Bare|Phys) =0,Z =1 —IT’ (m2 ) = 0= gz

0
Tc§0

5

SetA | SetB

A(GeV) A(GeV)
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The strong decay of the A,

The possible decay mode:
OA, — (cu)(uud), (un)(cud), (ud)(cuu), (ud)(cdd)...

Final states process
ND 1/2= -0~ +1/2% S — wave
1-
> YT 1/2= -0 +1/2% S — wave
i 1/2= -0~ +3/2% D — wave
ND 3/27 > 0" +1/2% D — wave
3
> YT 3/27 > 0" +1/2% D — wave
YT 3/27 > 0" +3/2% S — wave

10
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The strong decay of the A,

\ B \ B \ D \ D
P 1% P v

nN* P N* D * P D* g2

(a) (b) (e) ()

D B D* B
B D

A P N P

(c) (d) (8) (h)

All the decay mode of the A, at the hadron level.
11
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The strong decay of the A,

All the possible specific decay channels of the A,

Jr Final states loops
ND IND*r], IND*n], IND*p], IND*w]
~ S+ 70 [pDD°], [pD* 5], [nD* D], [nD** D*-1.[D" pA*], [Dpp]. [D**nA°], [D**nit]
: " [pD*D"], [pD*D*~1[D**nA*], [D**np].[ D pA++)
EEI*JUH+ [”DHDUL [”D*+D*{}]$[D*[}p‘£{]], [D*[}pﬁ]j[D*+H£—]
ND [ND*z], [ND*n], [ND"p]. [ND*w]
. EE.*HI:'” [pD*”D”], [pD*”D*”], (nD** D, [”D*+D*—]1[D*{]p5+]j [D*”pﬁ], [D*+”£{]]i [D** nii]
: O [pDD"1, [pD°D1[D"*nA*), [D™np),[DpA*]
EE.*}U}TJF [”DHD[}L [”DHD*[}],[D*[}pﬁ{]]j [D*[}pﬁ]![D*-i-”ﬁ—]

12
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The strong decay of the A,

® Effective Lagrangian:
SU(4) symmetry:
Lpgp = — L2 Byky, d,PB

Lppy = —gpsyBy,V'B
Lppp = 2222 (DHB — BDH)d, P

map
Lppy = —i g:;iv (DHySy"B — Bysyvi)”)(auvv — 5VVH)
Lzpy = Dy, D
Lppy = —igppy(PO,P — 0, PP)V*

Lyyp = Gyyp€uvapd VI VPP
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The strong decay of the A,

® Form factor:

A4-
T(mCI’Al) = (m? q21)2+A4’
® Loop Integral:
.o j d*q % 1
’ @2m)* - [pf — mfllp; — m31[q? — mg]
Schwinger parametrization:
1 o

® Decay width:

S S —
Ao (2] n 1)87Tm/2\6 Ac
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Numerical Results and discussions
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Conclusions:

« The estimations is consistent with the experiment measurement in parameter A; from 0.74 — 0.81;
 In this assignment, the dominant decay channel for A.(2910) is . and for A.(2940) is Z}m;

« Branching ratio: Br(AB) =15 /Tio¢;

For A.(2910): Br(ND) = 0.39 — 0.56%, Br(2.m) = 97.9 — 98.2%, Br(Z;m) = 1.35 — 1.53%;

For A.(2940): Br(ND) = 1.9 — 2.4%, Br(Z.m) = 13.8 — 14%, Br(Z:m) = 83.7 — 84%. 15



Numerical Results and discussions

® Br(X;m) =83.7 —84%
Large branching ratio for
A:(2940)!

Events / 2.5 MeV /¢

25 255
M(AF =), GeV/e?

® Experiment could look for
A-(2940) Iinthe X/m
Invariant mass spectrum.
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SetB: 102

A =0.7GeV
10

' :_.r ..-""
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A1 (GeV) Ar1(GeV)
Conclusions:
« The estimations is consistent with the experiment measurement in parameter A; from 0.75 — 0.76;
* In this assignment, the dominant decay channel for A.(2910) is £} and for A.(2940) is Z.m;
« Branching ratio: Br(AB) =15 /Tio¢;
For A.(2910): Br(ND) = 1.44 — 1.49%, Br(Z.m) = 12.4 — 12.5%, Br(Z:m) = 0.86%;
For A.(2940): Br(ND) = 0.34 — 0.38%, Br(Z.m) = 98.3%, Br(Z:m) = 1.26 — 1.27%. 17
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1. The present work investigate the strong decay behavior the A.(2940) and

A-(2910) in D*N molecular scenario by using the effective Lagrangian
approach;

2. \We estimate the partial decay widthof A, = ND and A, — Z(*)
3. By comparing our calculations with experiment measurements, the J¥ for

A-(2910) prefers— and for A.(2940), the J¥ = 3 IS weakly favored.

Thank you for your attention!

18
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