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Approximation
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16(3PC) Theory PDG data
(Mass,Width) Name Mass Width

0*(0**) | (1520,257-396) | fp(1370) 1200~1500 200~-500

0t(0**) | (1720,133-151) | fp(1710) 1724 +7 137+ 8

0- (1) (1802,49) hy

0r(2*t%) | (1275,97-111) f,(1270) 12751 +1.2 185.04_%?1

0t(2*t*) | (1525,45-51) f5(1525) 1525 +5 73f§

1-(0*) | (1777,148-172) ao

1t (1t~ (1703,188) b1

1-(2*t+) | (1567,47-51) | a(1700)??

1/2(0%") | (1639,139-162) K¢g

1/2(1t) (1743,126) K1(1650)?

1/2(2%) | (1431,56-63) K5 (1430) 1429+ 1.4 104+ 4
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Generalization to SU(4) The XYZ particles

One step forward to SU(4): The p(w)D* system

» In view of the good results of [1] and [2] we make attempt
to pass to SU(4) studying the p(w)D* system

p W + x+  y*0
v tv: o P K ) D
L w * *—
Ve=| ° vztvz K7D . ®
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The p(w)D* system

g2

£l = S VUV — VLV, V) (9)
L) =19((0,V = AN,IVIVY) (10)
N 4
\
D o

Figure: Terms of the £ Lagrangian: a) four vector contact term,
Eq. (2); b) three-vector interaction, Eq. (3); ¢) t and u channels from
vector exchange; d) s channel for vector exchange.

, H.Nagahiro, A. Hosaka, D. Nicmorus, L. S. Geng and E. OS#alar, axial-vector and tensor resonances from p(w)D* and



The p(w)D* system

Generalization to SU(4) The XYZ particles

The p(w)D* system

| | S | Contact | p-exchange |~ Total[l(37)]
1/2 0| +5¢7 | —28 (ku+ks)- (ke +ka) | ~150%[1/2(0")]
12 [ 1| +3¢? —23—; (ki +ks) - (ko +ka) | —15.5g2[1/2(11)]
12| 2] -3¢2 _23—; (Ky +ka) - (ko + ka) | —22.502[1/2(21)]
3/2 [ 0] —4g® |+ (ki+ke) (ke ki) | +60%[3/2(07)]
3/2 |1 0 +“9A— (K +ks) - (ko + ka) | +1002[3/2(11)]
32| 2| +2g2 +§;— (ki +ka) - (k2 + k) | +129%[3/2(27)]

Table: V(pD* — pD*) for the different spin-isospin channels including
the exchange of one heavy vector meson. The approximate Total is
obtained at the threshold of pD*.
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The p(w)D* system

» wD* — V ~ g?is very small

2
> D*-exchange ~ "% (ky + kg) - (kz + ka), & = - ~ 0.15
P D*

T=01-VG)1lv (11)
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The p(w)D* system

o Squared ampl i tude for $-2 Channel | Dg (2600) | Dj (2640) | D; (2460)
3-10% pD* 14.32 14.04 17.89
F2.108 wD* 0.53 1.40 2.35
"
e Table: modules of the couplings g in units of GeV.
021150 2455 2460 2455 2470 2475 248

Vs [MeV!

(k) o (ks) A D’

» D box: has o " e T N
J=0,2,not \’/ \’/
J=1(W SN e
parity is +) SN, T \
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The p(w)D* system

Form factor
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Generalization to SU(4) The XYZ particles

The p(w)D* system

15(3%) Theory PDG data
(Mass,Width) Name Mass Width
1/2*(0%) | (2608, 61) | "D§(2600)"
1/2%7(1%) (2620, 4) D*(2640) 2637 <15
1/2F(2%) | (2465, 40) D*(2460) 2460 37 —-43
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The XYZ particles

» We apply the same formalism for C(Charm) = 0 and
S(Strangeness) =0

» Channels: 1 =0

D*D"(4017), DD, (4225), K*K (1783), pp(1551),
ww(1565)

$6(2039), T /1pJ /1(6194), wJ /1)(3880), ¢ /1(4116),
w(1802)

» | =1:

D*D"(4017), K*K (1783), pp(1551), pw(1558),
pJ1p(3872), pp(1795),
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The XYZ particles

9ig;
o~ (12)
S — Spole
\/§p0|e =3943+i7.4
D*D* D:Dg K*K* pp ww

18809 —i682 8430+i1935 10—il1l —-22+i47 1349+ i234

¢¢ 3/ /Y wd /Y ¢ /v wo
—1000 — 150 438 +i67 —1430 —i217 889 +i196 —215—i107

Table: Couplings g; in units of MeV for1 = 0,S = 0.
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The XYZ particles

VSpole = 3945 +i0

DD~ DI D7 KK™ pp ww  $6 I/9I/b_wijY  $I/Y  wo
18489 — i0.78 8763 + i2 11 —i38 0 0 0 0 0 0 0

Table: Couplings g; in units of MeV forl1 =0,S = 1.

VSpole = 3922 426

D*D* DS DS K*K* PP ww
21070 — 11788 1522 +i6755 41 +i16 —76 +i37 1571 +i1824
[ /I /+p wl /4 /Y wo
—885 — i1776 1945 +i235 —2599 — i2303 868 + 12902 116 — 774

Table: Couplings g; in units of MeV for|1 =0,S = 2.
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The XYZ particles

VSpole = 4170 + 66

D*D* DXDX K*K* pp ww
1215 — 1438 18890 — i5563 —84 +i31 69 + 21 33 — 2411
¢ I/PI/d wl/P ¢I/Y we
1277 +i2887 2934 +i1120 —941 +i2672 —2677 — 15218 1045 + 1560

Table: Couplings g; in units of MeV for | = 0,S = 2 (second pole).

VSpole = 3919 + 74

D*D* K*K* PP pw pI/Y PP
20267 — 14975 148 —i33 0 —1150 — 3470 2105 + 15978 —1067 — i2514

Table: Couplings g; in units of MeV forl = 1,S = 2.
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The XYZ particles
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The p(w)D* s
The XYZ particle:
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Figure: [T|?forl1 =0,J = 0 (left) and | = 0, J = 2 (right).
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— contact + exch.

- cont.+exch.+ DD bgx
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The XYZ particles

Table: Summary of the candidate XYZ mesons by L. S. Olsen.

state M (MeV) r (Mev) J¢ Decay Modes
Ys(2175) 2175+8  58+26 1 #f0(980)
X (3872) 3871.4+06 <23 1"" ' J/¢d/4p, DD
Z(3930) 3929+5 29+10 2** DD
X (3940) 3942+9  37+17 0" DD* (not DD or wJd/v)
Y (3940) 3943+17 87434 7 wJ /4 (not DD*)
Y (4008) 4008"%2 226790 17 /4
X (4160) 4156+29 139+ o' D*D* (not DD)
Y (4260) 4264+12 83422 1°° TN LY
Y (4350) 4361+13 74+18 17 - tn o’
Y (4660) 4664+12 48+15 1°° tn o
Z,(4050) 405172, g2tk 2 o1
Z,(4250) 4248118 1774320 2 T Xe1
Z(4430) 4433+5 45 9 !
Yp(10890) 10,890+3 55+9 17° 77 T(1,2,39)
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The XYZ particles

16(3PC) Theory Experiment

(Mass,Width) | Name Mass Width ~ JPC¢
0t(0+t) | (3943,17) | Y(3940)? 3943+17 87434 77
ot(1t- (3945, 0) | "Y(3945)"
0+t(2+*) | (3922,55) | Z(3930)? 392945 29+10 2*+
0F(2**) | (4157,102) | X(4160) 4156+29 1397:13 07
1t (2++) | (3912, 120) | "Y(3912)"
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Conclusions

» We provide an explanation on why the D*(2640) must have
J=1

» We predict a new state: The "D;(2600)" with M = 2608
MeV and ' = 61 MeV

» We consider that the D§(2600), D*(2640) and D3(2460)
are pD* molecular states

» We predict three resonancesinl =0andJ =0,1,2
respectively with mass ~ 3940 MeV that could be identified
with some of the XYZ states and they are D*D*/D:D;
molecular states

» We find a state that could be identified with the X (4160)
and is basically composed by D:D¢
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