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e-Print: hep-ex/0309032 | PDF
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The resonance parameters of the X(3872) and its observed productions and decay channels. Here the X (3872) is abbreviated as X.

Experiment Mass [MeV] Width [MeV] Productions and decay modes J*
Belle [63] 3872406405 <23 B KX(= 7tr)/¥)
Belle [75] - - B KX(= yJ/¥, e/ > ta 2 ) (=41
Belle [76] 387544074409 - B KX(— D°D° 0 12t
Belle[77] 387146 +0.37 £0.07 - B—KX(= 7tr ]/a//
Belle 78] 38729705404 3972842 B KX(- DDY)
Belle [79] - - B- KX(— yj/\b
Belle [80] 3871.84+0.27 £0.19 <12 B—KX(= ntn)/Y)
(DF(67] 387134£07£04 - pp — anything + X (= 7¥77] /)
CDF[81] - - pp - anything + X (= 777 /) (=+1
CDF[82] - = pp — anything +X(= 7777 /) 172t
CDF(83] 3871.61£0.16+£0.19 - pp — anything + X (= 777 [¥))
D0 [68] 38718 +£3.1£3.0 - pp — anything + X (= 727 /1)
BaBar [84] 38734414 - B =KX= nta)/y)
BaBar [85)] 3%871340.6+0.1 <41 B~ = K X(= nt1)/y)

3868.6+1.240.2 - B = KX (= xta7)/v)
BaBar [86] - - B KX(= y]/¥) (=41
BaBar[§7] 3875.1%01 £05 30713409 B KX (= DDY)
BaBar [88)] 38714+06+0.1 <33 Bt = K*X(= nta)/y)

3868.7 £1.5+0.4 - B - K% (> nta7)/v)
BaBar [89)] - - B KX(= y)/v, > yV(3686)
BaBar 90] 38730718 413 - B KX(= of Yy » ntn~aY /) r
LHCb[91] 3871.95+0.48 £0.12 - pp — anything + X (= 7777 /)
LHCb [70] - - pp — anything +X(= 7777 /) 1
LHCb [92] - - pp — anything + X (= yw, - y1(3686))
CMS[73] - - pp - anything + X(—» 7¥x j/w)
BESIIN 93] 38719407402 <24 ete [ Y(4260)] > yX(= 770

Chen, Chen, Liu, Zhu, Physics Reports 639 (2016) 1
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The neutral partner the Z,(10610)° in the Y (nS)7° (n = 1, 2, 3) final states from Belle
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ﬂ Z,(10610)* and Z,(10650)* as the B*B and B*B* molecular states
(106) Zhi-Feng Sun, Jun He (Lanzhou U. & Lanzhou, Inst. Modern Phys.), Xiang Liu (Lanzhou,
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ﬁ Bound state nature of the exotic Z, states
(92) Martin Cleven (IAS, Julich & Julich, Forschungszentrum & JCHP, Julich), Feng-Kun Guo

(Bonn U., HISKP & Bonn U.), Christoph Hanhart (IAS, Julich & Julich, Forschungszentrum
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References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | E
ADS Abstract Service
K Detailed record - Cited by 92 records /
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15. Z and Z. Exotic States as Coupled Channel Cusps
(63) E. S. Swanson (Pittsburgh U.). Sep 10, 2014. 7 pp.
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|BB* M EL{E I 52,(10610)

1253, = EUB”BO)%-CIBJFB*O)) B | .
) - s ), ' pao
|Z}(3T3)* ) = %[(IB*“LB —|B*°BY)) B ————— B
L e me)) ’ p—
I
Z53.) = %[(|B*+B‘>+|B*OB°)) . ] TNPpO
+c|(B*B*)+|B°B*))], B e— 5

Table 2. The obtained bound state solutions (binding energy E and root-mean-square radius rrms) for th
BB* systems. Here, we discuss two situations, i.e., including all one meson exchange (OME) contributi
and only considering one pion exchange (OPE) potential.

IG(JFC) state OME ki
A E/MeV rrvs/fm A E/MeV rrvs/fm
1+(1%) ASA 2.1 —0.22 3.05 2.2 —8.69 o
2.3 —1.64 1.31 2.4 ~20.29 Zb(10610)
2.5 —4.74 0.84 2.6 —38.54 ymie
1-(1%) ZSB), 4.9 —0.14 3.64 45 —17.79 0.56
5.0 —0.41 2.45 4.6 —22.65 0.52
5.1 —0.85 1.80 4.7 —28.29 0.48
0— (1) A 1.0 —0.28 3.35 1.8 ~10.09 0.96
1.05 —1.81 1.71 1.9 ~15.11 0.84
1.1 ~5.36 1.18 2.0 —21.53 0.76
0+(1++) z$). 0.8 —0.95 1.84 1.0 —7.68 0.82
0.9 —6.81 0.91 1.1 ~15.30 0.65
1.0 ~19.92 0.65 1.2 —26.53 0.53

Sun, JH, Liu, Luo, Zhu, Phys. Rev. D84 (2011) 054002



DD .1 I 57,(3900) F1X(3827)

K
k1 ki k1 k1 k1 TABLE L. The isospin factors I¢ and I¢ for direct and cross
= 4 + v l diagrams and different exchange mesons.
ko ké ko ké ko
kY Direct diagram Crossed diagram
p o Jw o m n p o Jy
—— ki k| ————h1 ki ke PPN -3 3 11 =3¢ g —jc zco ¢
= NI ta 45515 tq pPs 3 L1 1 3 Lo de Lo e
— ko ké—i—l—i—kz k’é ko

TABLEIL  The position of the bound state from the DD* interaction at the real axis Re(z) = W with a A scan. The second and third
columns are for the full model. The results without the J/y exchange are listed in the fourth and fifth columns and compared with the 7‘—\‘
results in Ref. [8]. The J/W (1) in the eighth and ninth columns and J /¥ (1I) in the tenth and eleventh columns are for the results from J/l.l) )L Xj‘ I
only J/y exchange with and without form factor. The cutoff A and energy W are in units of GeV. N ! I
Full model No J /y Ref. [8] J/w () J/w (1) J Zc(3900)

16(JPC) A W A W A W A W A W ,?EE“ E‘f;.
0-(07)
07(0-")
0-(17)
0+ (1)
0-(1%) 1.0 3.864 1.0 3.868 1.3 3.876 e e 25 3.867

1.2 3.848 1.2 3.854 1.4 3.870 - 2.6 3.850 N
0" (1) 1.9 3.873 1.9 3.875 2.0 3.876 e e 39 3.875 ( )

[ 24 3.871 24 3.874 2.4 3.872 e e 4.0 3.836 X 3 87 2
4
17(07)
1-(07)
1+(1°)
1—(17) "
17(1%) 3.0 3.874 24 3.875 ( )
[ R | (3900

l*(l*) e e e e e

JH, Phys.Rev. D92 (2015) 034004, Phys.Rev. D90 (2014) 076008
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K

Direct Cross
Exchanged Vv P Vv
meson p w ¢ n n n P w
I=1 —% % 1 —%c %c %c —%c %c c
I1=0 % % 1 %c %c éc %c %c c

Table 2. The pole position W at different cutoffs A. The second and third columns are for the full model, the fourth and fifth columns for the
cross pseudoscalar-meson exchanges, the sixth and seventh columns for the direct vector-meson exchanges, the eighth and ninth columns for
the direct vector-meson exchanges after taking g — 0, and the last two columns for the WT term. The cutoff A and energy W are in units of

GeV.
Full Ve v V20 Vv
I°(JFC) A w A w A w A w A w
(0F(1*) 0.6 1.389 1.0 1.387 1.0 1.383 0.8 1.380 0.7 1381 )
0.8 1.369 1.1 1.377 1.1 1.376 0.9 1.366 0.8 1.365
1.0 1.326 12 1.359 1.2 1.368 1.0 1.343 0.9 1.336
g 1.2 1.247 14 1.293 1.4 1.343 1.1 1.311 1.0 1301/
0 (Im) 0.8 1.385 1.2 1.386 1.0 1.383 0.8 1.380 0.7 T.38T
1.0 1.354 13 1.375 1.1 1.376 0.9 1.366 0.8 1.365
1.1 1.318 14 1.337 1.2 1.368 1.0 1.343 0.9 1.336
\_ 1.2 1.258 1.5 1.207 1.4 1.343 1.1 1.311 1.0 1.301 )
1-(1%) - - - - 4.6 1.388 2.5 1.379 1.4 1.381
- - - - 4.7 1.383 2.6 1.359 1.5 1.358
- - - - 4.8 1.376 2.7 1.332 1.6 1.336
- - 4.9 1.366 2.8 1.302 1.7 1.310
1(1%) 1.8 1.389 2.7 1.389 4.6 1.388 2.5 1.379 1.4 1.381
1.9 1.384 2.8 1.380 4.7 1.383 2.6 1.359 1.5 1.358
2.0 1.372 29 1.343 4.8 1.376 2.7 1.332 1.6 1.336 b 1 ( 1 2 3 5 )
2.1 1334 30 1254 49 1366 28 1.302 17 1310

Lu, JH, Euro. Phys.J. A52(2016) 359
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Reproduce the invariant mass spectrum

Chen, Liu and Matsuki, Phys. Rev. D88(2013)036008
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the invariant mass spectra were obtained with mass and width obtained from the interaction.
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Zhou and Xiao, Phys. Rev. D92 (2015)094024
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lZc(3900) as a virtual state from 7w/ /i — D*D interaction e, chen, tur.phys.l. c78 (2018) 84
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TABLE 1. Classification of the properties of poles in the effective range expansion for r. < 0.

Inverse scattering length 1/a <0 0<1/a<-=2/re —2/re <1/a < =1/ —1/re < 1/a
Primary pole bound state virtual state virtual state with width resonance
Conjugate pole virtual state virtual state anti-virtual state with width anti-resonance
Compositeness 0<X <1 1< X 1< X 0<X<1

Hyodo, Phys. Rev. Lett., 2013, 111, 132002
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o0 I 4m2 S
' 3.6 3.7 3.8 3.9 4.0 4.1 4.2
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—041

Hanhart, Pelaez, Rios, Phys. Lett., 2014, B739, 375-382
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Table 1 The bound states from the 7~ J/y— D*~D°— D~ D*" interaction
- 30 with typical cutoffs A. The cutoff A and energy W are in units of GeV,
% 20 and MeV, respectively.
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P.(4380): Dx* [3/27,0.7—1.4], DXx* [3/21,2.8-5.0], D*X.[3/27,3.0-3.7];
P.(4450): D*X.[5/2%,2.7—2.8], D*%.[5/27,2.8-2.9], D*x¥*[5/2%,2-2.1].

P RIER A5

P.(4380): M = 4380 + 8 £ 29 MeV, JP =3/27.
P.(4450): M =4449.8+1.7+2.5Mev, JF =5/27T.

LHCb T1.%5 s 25 1] LA RE N

P,(4380) : DX*[3/27]; P.(4450) : D*x.[5/27T].

T 1

S-wave state P-wave state

JH, Phys.Lett. B753 (2016) 547
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Prediction of Narrow N* and A* Resonances with Hidden Charm above 4 GeV

Jia-Jun Wu,"? R. Molina,>* E. Oset,>> and B.S. Zou"*
'Institute of High Energy Physics, CAS, Beijing 100049, China
2Departamento de Fisica Teérica and IFIC, Centro Mixto Universidad de Valencia-CSIC, Institutos de Investigacion de Paterna,
Apartado 22085, 46071 Valencia, Spain
STheoretical Physics Center for Science Facilities, CAS, Beijing 100049, China
(Received 5 July 2010; published 29 November 2010)

The interaction between various charmed mesons and charmed baryons is studied within the framework
of the coupled-channel unitary approach with the local hidden gauge formalism. Several meson-baryon
dynamically generated narrow N* and A* resonances with hidden charm are predicted with mass above
4 GeV and width smaller than 100 MeV. The predicted new resonances definitely cannot be accom-
modated by quark models with three constituent quarks and can be looked for in the forthcoming PANDA/
FAIR experiments.

k endi:
PRL 95, 072001 (2005) PHYSICAL REVIEW LETTERS 12 AUGUST 2005

s§ Component of the Proton and the Strangeness Magnetic Moment

B.S. Zou*
Institute of High Energy Physics, CAS, P.O. Box 918, Beijing 100049, China

D.O. Riska"

Helsinki Institute of Physics and Department of Physical Sciences, POB 64, 00014 University of Helsinki, Finland
(Received 25 February 2005; published 11 August 2005)

A complete analysis is given of the implications of the empirical indications for a positive strangeness
magnetic moment u, of the proton on the possible configurations of the uudss component of the proton.
A positive value for u, is obtained in the s§ configuration where the uuds subsystem is in an orbitally
excited state with [4]r5[22]7[22]s flavor-spin symmetry, which is likely to have the lowest energy. The
configurations in which the 5 is orbitally excited, which include the conventional K* A° configuration,
with the exception of that in which the uuds component has spin 2, yield negative values for wu,. The
hidden strangeness analogues of recently proposed quark cluster models for the §* pentaquark give
differing signs for u.
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N(1875) as an 2(1835)K molecular s

Branch ratio is not sensitive to the cut off
The results support molecular state assumption

tate

Jun He. Phys.Rev. C91 (2015) 1, 018201

TABLE II: The binding energies E for £*K system with different cut
off A The cut off A, binding energy and branch ratio are in the units
of GeV, MeV and %, respectively.

A E I'| Noo Np No Nz AK 3K
1.68 3 41[559 47 141 224 23 06
1.72 8 73| 558 47 140 226 23 06
1.76 16 111] 557 47 140 227 22 06
1.80 28 155] 556 48 142 228 21 05
1.84 44 204|553 49 146 227 20 05
1.88 67 257|549 5.1 149 229 18 04
1.92 100 312|536 5.1 147 248 15 03
PDG [1] | 30°% 2443 6% 207 78 07454
BnGa [2]| 02 2002 | 60*12 32 47 157
ING )| -85 324 57.1 123 208 9.7 0




N(2100) in ¢ photoproduction
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Fig. 1. (a) Pomeron-exchange, (b) (7, n)-exchange, and (c,d) s- and u-channel N*-exchange diagrams for y p — ¢p reaction.
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Kiswandhi, Xie, Yang, Phys. Lett. B 691 (2010) 214
Kiswandhi, Yang, Phys. Rev. C 86(2012) 015203
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do/dt (ub GeV ™)

05"

95 (2005) 182201 .
0 J—\/|I/|lI\I\\"QQI.LLLJ_KJ_l_LI_lJ_l_LI_LJ_[J_I_lIJJ_l_LIJ.\_IJ_IJJ_IJ_Ill_lJ_I
1.5 2 25 3 35 4 45 5 55 6 65 17
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Fig. 2. Differential cross section of yp — ¢p at forward direction as a function of GeV in d)p Cha ] nel W|th 3/2—

photon energy E, . The dotted, dashed, and solid lines denote contributions from
nonresonant, resonance with J” =3/2~, and their sum, respectively. Data are from
Refs. [10,17].

OZl rule = N* decay to ¢p should be suppressed in three quark picture

If we recall that the Pc(4450) was observed in J /Yp channel,
N(2100) may be its partner in the strange sector observed ¢p channel.



Threshold and mass
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Lagrangians for X *K and Z K* interactions
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The coupling constants are obtained with SU(3) symmetry.



The bound states from the X *K interaction

with vector meson (p, w, ¢) exchanges

iV = £ SKET8EET oy {—kl L4 kg Kzzv[kl,m}uﬂ

2 _ 2 p ]
q> — ms my dmsy

TABLE I: The bound states from the 2* K interaction with the varia-
tion of the cutoffs A or p”“* . The cutoff A, cutoff p”“*, and energy
W are in units of GeV, GeV, and MeV, respectively.

I( JP) A pmax %% I( JP) A pmax %%

%(%_) 1.5 1.10 1880 %(%Jr) 1.60 1.238 1878

1.6 1.15 1879 1.61 1.249 1870
N(1875)
1.7 125 1874 1.62 1259 1862
1.8 134 1862 1.63 1269 1854
1.9 156 1832 1.64 1280 1844

JH, Phys.Rev. D95 (2017), 074031



The bound states from the X K* interaction

TABLE III: The bound states from the XK* interaction at different
cutoffs A or p™**. The cutoff A, cutoff p”**, and energy W are in
. units of GeV, GeV, and MeV, respectively.

with vector (p, w, ¢)meson
I( ]P) A pmux 1% I( JP) A pmwc W
and pseudoscalar (n,;t) meson 1] o8 046 206 || 43 | 147 0755 2086
09 050 2085 1.19 0.765 2082
eXChangeS- N(2100)[ 1.0 0.57 2081 121 0.781 2076
1.1 062 2076 123 0.796 2069
12 0.69 2068 125 0.808 2060
13" [ 125 0.831 2086 || 2(2%) | 1.31 0910 2087

n 8K K> ngzv i Y 2(z) 2(2) ’
Vv = fi [€" - g€” + (ki + ) 126 0.839 2084 132 0917 2084
127 0.845 2080 133 0935 2071
—€Ve-q- lq ee’ — k- €€
1.28 0.849 2076 1.34 0945 2061
m 129 0.854 2072 129 0953 2048
. 8w qVQV/ _( Y l.KEZVO'V’pq )u i .
qz _ mV 2my P 3(37) | 143 0999 2086 || 3(37) | 093 0.603 2085
f 1.44 1.007 2080 094 0612 2084
gK*K*P ZZP ya/ﬁ

[ = VPl € k € UYysdu, 145 1.015 2071 0.95 0.620 2081
a\q" — p 1.46  1.022 2059 096 0.625 2078
147 1.031 2044 097 0.631 2074

JH, Phys.Rev. D95 (2017), 074031



3/2 state in the X *K- 2 K* interaction

. Vo = . HYOT |
with vector (p, w, ¢)meson Vo = Jigxexi™ € k6o
_ 1
and pseudoscalar (n,m) - @Y qp - £V g lysu——
q _mv
meson exchanges. fogs

. , |
(Ve = ifigk-kn——¢€" (k| + q)uit" qyu -
mp q —mg

N(1875) Asx =1.7GeV N(2100) Asx = 13Gev.
20 — -4
— 10 1t 1-6
o '
=
— 0 . -8
N
£ !
-10 1B -10
-20 ] N N N ] N N N -12

1.84 1.92 2.00 2.08

Re(z) (GeV) JH, Phys.Rev. D95 (2017), 074031



The quark delocalization color screening model
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FIG. 1: The potentials of different channels for the JZ =

P_ 13-
and J© = 55 systems.

TABLE III: The binding energy and masses (in MeV) of the
molecular pentaquarks.

JV =17 JV =27

2 2

Channel B/M Channel B/M
YK —18.8/1669.2 YK —22.7/2062.3
YK —7.2/2077.8 YK —7.4/1872.6

S*K* —21.9/2255.1| YFK*  —6.8/2270.2

Huang, Zhu, Phys.Rev. D97 (2018) no.9, 094019



Decay behaviors in the effective Lagrangian approach

Widths (MeV)

Mode JP =3/2" JP=1/2"
N(1875) KX* N(2080) K*X N(2080) K*X%
No(500) 2.6 0.05 0.3
N 3.8 0.2 22.7
pN 2.3 3.8 6.1
o wp 6.6 11.3 18.2
. ’ KY. 0.03 1.4 9.1
‘<‘ Br KA 0.7 3.7 19.3
2 N—>—  7p 0.6 0.4 1.8
TA 201.4 82.6 46.9
K*A - 2.4 7.9
op - 19.2 27.0
K~ - 7.3 1.3
K(z) 7 K A(1520) - 0.1 1.3
N7 - K A(1405) - 8.0 8.8
o ” KA 10.1 ; ;

AE) KX - 41.3 46.1
Total 228.2 181.7 216.8

Lin, Shen, Zhou, Nucl.Phys. A980 (2018) 21 3



Np — Nw — N¢p — AK™ — ZK™ interaction

. if Aij-aq  Kijk,(Aijls — fAj)
l(VV:ﬁB,' ij— 12 + ] ]]Bj,
g —-ml m3, 2(m; + mj) s
f s
iVp = ze‘“"”(k’ +kiY'e'q7€ Biys¢B,, 3) g
- E

TABLE I: The coefficient C;; and ;. The ( ,Kij}v and {CF, )p are for vector and pseudoscalar exchanges, respectively.

Np Nw No KA Kz
No | 21, (V3 0 G-t 1401+ 200} -t 1o - Dl
Ne 0 0 2 -Be GO+ (B-be (Pee-Dk o
Ng 0 yBebe R0+ Whobe  ({Ea- Dk =
KA =3 F1+al 0,0} {1+ ol <
{-1,3)s
2.1, (-2},
Kx (1,1 (1-a), 0 0
{1,-1) 170 171 172 190 195 200 205 210 215 220

Re(z) (GeV)

QCD van der Waals force

m(z) (MeV)

Vg = (47r) Y 2mNNN o - ¢,

A narrow N¢ bound state was found in H

the constituent quark model [Gao, Huang,
Liu, Ping, Wang and Zhao, Phys. Rev. C 95, 055202 (2017)].

0 0
170 171 1.72 190 195 200 205 210 215 220
Re(z) (GeV)



ICompared with Belle data
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Two hidden-charm pentaquarks were observed at LHCb.

It can be interpreted a X.D and £.D* molecular states.

Three 3/ 2~ nucleon resonances:
* N (1875):
> “K molecular state, partner of Pc(4380)
* N (2100) in @ photoproduction:
>K* molecular state, partner of Pc(4450)
* N (2120) in KA(1520) photoproduction
[N(3/27)]; in constituent quark model
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