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Observation of a Narrow Pentaquark State, P.(4312)*,

hg - K~ (p f f l}‘)} and of the Two-Peak Structure of the P.(4450)*
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The data cannot confirm or refute the two-peak hypothesis.
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§2. Formalism

®» Coupled Channel Unitary Approach: solving Bethe-Salpeter equations, which
take on-shell approximation for the loops.

T=V+VGT, T=1-VG|™ Vv
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where V matrix (potentials) can be evaluated from the interaction Lagrangians.
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G 1s a diagonal matrix with the loop functions of each channels:
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The coupled channel scattering amplitudes T matrix satisfy the unitary :
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To search the poles of the resonances, we should extrapolate the scattering amplitudes
to the second Riemann sheets:
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Considering the heavy
quark spin symmetry
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§3. Pentaquark states

Pcs states

week ending
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o J=1/2,1=0 a,(p = 1GeV) = —1.94
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for the D*=, channel
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Noting the results for Pc
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Recalling the results in Pc states

states [MeV] Widths [MeV] Main channel J¥  Experimental state a(p = 1GeV) = —2.09
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Further investigation

PB(1/2*) sector with J© =~
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Further Results-1

(1) J¥ = 1/2~ Pc poles: full coupled channels
/

250 J - 35 -

4320 br. br.
4300 30

= 4280 A z

=

- Qmax Mass Width Main Experimental
[MeV] [MeV] [MeV] channel J¥ states
B T TR e e T ST TR 600 4311.22 1850 DX, 1 /2= P.(4312)

Width (Me

o 700 4293.93 21.60 DY, 1/2-

] 800 4260.47 29.26 DX, 1/2-

600 4467.93 71.95 D*S. 1/2

700 4455.39 119.08 D*S, 1/2=  P,(4440)
800 4434.89 172.42 D*S, 1/2-

o = 600 4541.17 89.41 D*¥¥ 1/2- —
700 4536.68 142.14 D*¥* 1/2- -

idth (MeV)

800 4527.35 200.45 D*¥F 1/2- -

Mas
— —_
ST O
< 1
=
Widt!

T T T T T T T T T T T T T T T T T T
500 550 600 650 700 750 800 850 900 500 550 600 650 700 750 800 850 900
Qmax (MeV) Amax  (MeV)

\\




Pc poles : PB and VB sectors
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(2) Pc wave functions : full coupled channels
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(3) Pc radii: full coupled channels PB and VB sectors
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(4) Single channel interaction J¥ =3/27 Pc states
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Further Results-2

(1)/ Jf =1/2~ Pcs poles: full coupled channels
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Pcs poles : PB and VB sectors
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Gmaz Mass Width Main Experimental
[MeV] [MeV] [MeV] channel Sector J¥ state
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800 4564.59 20.87 D*Z* VB 1/2- —~




(2) Pcs wave functions : full coupled channels
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Pcs wave functions : PB and VB sectors

b=, bz, L bz,
01 0 0
-50
-500 - =001 ~100
= -1000 { = = 1000 =
= = s s -200
% 1500 - = z 1500 E
T - E - -250
2000 I : -300
- L 1’ —— gmax=600 MeV, E=(4192.98 + 0.04i) MeV —— gmax=600 MeV, E=(4192.98 + 0.04i) MeV —20001 —— gmax=600 MeV, E=(4564.95 + 15.75i) MeV 35047 7 —— gmax=600 MeV, E=(4564.95 + 15.75i) MeV
/! —-- gmax=700 MeV, E=(4119.94 + 0.01i) MeV —-- gmax=700 MeV, E=(4119.94 + 0.01i) MeV/ —+= amax=700 MeV, E=(4543.50 + 23.56i) MeV 7 —'= amax=700 MeV, E=(4543.50 + 23.56)) MeV
-2500 il ——- gmax=800 MeV, E=(4022.65 + 0.00i) MeV == qmax=800 MeV, E=(4022.65 + 0.00i) MeV 3500 --- qmax=800 MeV, E=(4500.82 + 20.75i) MeV _a00 4 ——- qmax=800 MeV, E=(4500.82 + 20.75i) MeV
. . . . y ; . - - - 0 a rifm) g 8 10 0 2 s Tlm) g 8 10
0 2 g r(mg 8 10 0 2 4 rtim g 8 10 e
Dz, ¢ ol - X 0
- °] —TE= 20
204 ~500
-40
=40 A
_ _ g ~1000 T -s0
S S 60 g 2
% % € 1500 E -s0
« = -804 -100
100 2000 qmax=600 MeV, E=(4626.34 + 5.06i) MeV / qmax=600 MeV, E=(4626.34 + 5.06i) MeV
o - _ - : - B I _ _ f — = . E= . B ~120 — = [ E= . .
-2000 14 Gmax=600 MeV, E=(4422.56 + 5.29i) MeV gmax=600 MeV, E=(4422.36 + 5.29i) MeV —-- qmax=700 MeV, E=(4598.59 + 8.52i) MeV / —:- gmax=700 MeV, E=(4598.59 + 8.52i) MeV
H —-- gmax=700 MeV, E=(4399.34 + 7.89i) MeV —1201 / —-= gmax=700 MeV, E=(4399.34 + 7.89i) MeV —2500 4 —--- gmax=800 MeV, E=(4564.59 + 10.43i) MeV Y -4 —=-- gmax=800 MeV, E=(4564.59 + 10.43i) MeV
/ J— = = i : - = = i . . . ¥ . . : : . -
2500 b qmax=800 MeV, E=(4359.24 + 6.43i) MeV L qmax=800 MeV, E=(4359.24 + 6.43i) MeV | " R R . - k T R . -
0 2 g THm g 8 10 0 2 4 M og 8 10
D'z, bz,
0l . 0.0 1
-500 =0.11
— —1000 4 - -0.2 g
= S
s s
9 -1500 1 £ -0.31
—2000 1 . —0.4 4 .
% —— gmax=600 MeV, E=(4331.75 + 0.04i) MeV : —— @max=600 MeV, E=(4331.75 + 0.04i) MeV
2500 4 —-= gmax=700 MeV, E=(4255.99 + 0.02i) MeV —-= gmax=700 MeV, E=(4255.99 + 0.02i) MeV
- -=-- gmax=800 MeV, E=(4154.78 + 0.00i) MeV -0.51 —-=-- gmax=800 MeV, E=(4154.78 + 0.00i) MeV

0 2 4 rifm g 8 10 0 2 4 rtfm g 8 10




(3) Pcs radii: full coupled channels

—a— \Method 1 —8— \ethod 1
—o— Method 2 1.2 —e— \ethod 2

[V(r?2)| (fm)
IVAr?)| (fm)
i
[ee]

0.4 0.6
0.2 '—'_'_'_'_'—'—I—I—.—._._H_._._. -
500 550 600 650 00 750 800 850 900 0.9
Gmax (eV) 500 550 600 650 700 750 800 850 900
DEfC Amax (ML’\")
L4 —a— Method 1 b =
’ —6— Method 2 Method 1
1.2 :
1.2 —e— )ethod 2
=
< Lo L0
E 0.8

[V{r?)] (fm)
o
o0

500 550 600 650 750 800 850 900

700
Gmax (MeV)
D=

500 550 600 650 700 750 800 850 900
Qmax (MeV)

—a&— Method 1
—e— Method 2

[V{r?)| (fm)

0.2 '_'_'—H_'—'—'—-—-—-—._._._._H

500 550 600 650 700 750 800 850 900
Qmax (MeV)




(3) Pcs radii: PB and VB sectors
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(4) Single channel interaction J¥ =3/27 Pcs states
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Wave functions:
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§4. Summary

®» To generate the Pc states, the full coupled channel interactions with the
heavy quark spin symmetry are important, which affect seriously the widths

of the corresponding poles.

not so necessary to reproduce the Pcs state using the full coupled
annel interactions with the heavy quark spin symmetry, showing that the

results of the splitting PB and VB sectors are not much differences.

® 3]l the main bound channels have similar binding energies for the single

channel interactions.



Thanks for your attention!
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