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(recent multi=quark)

The XYZ states

Potential models
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Not all XY/Z states are charmonial
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(New resonances,

Observation of J/p resonances

consistent with pentaquark states in
Ag — J /1K~ p decays

A_(2940)° l

, TEW ek calis
PRL 8. 012001 (007) PHYSICAL REVIEW LETTERS 5 JARUARY

Observation of a Charmed Baryon Decaying to D"p at a Mass Near 294 GeV /¢’ Pio LHGH callsborstionl
Abstract

Obscrvations of cxotic structares in the Jiyrpchannd, that we rofer to s pentaguark-
chammonlum siaws, in 11, =+ Ji0A p docsys sre presenied. The data ssmple
corfesponds to an integrated lminosity of 3 fh-! aequired with the LHCh detector
froan 7 and & TeV pp collisions. An smplitude analysis |s performed o the throe-body
fimmbaate that reprodoees the two-body muss aod anguler distributions. To obtain
a mtisfactory fit of the sircturcs scen in the J/'¢ p mass spectrum, it ks nocossary
10 inckide two Decit-Wigner amplitudes that ench deseribe a resonane state. The
siguificance of csch of these resonspecs is mere than 9 standard devistions. One has
a mass of 4380 & 8 & 30 MoV and & width of 200 # 18 + 86 MelV, while the socond is
narrower, with & mass of 44408 + 1.7 £ 2.6 McY and a widih of 39+ 52 19 MeV.
The preferred J7 sesignmens are of opposite parity, with ene state baving spin 3,2
and the other 52

For te A,(2680) bryon the esults .

VR e Five-quark ‘
- ne(BOtU) 0 NYE,
pebadetatatid pogge gLy, 2D, LD, LD, LD, py,. wv(2S)p

o 3/2, 57 /2(J79)
P(4380), P '(4449)
1%/2, 3*/2
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(BaBar Collaboration)
The results for the A, (2940 baryon are

m=[29908 1. 3(stat) # 1 0syst)] MeV
['=[175 % 52sat) + 5 %syst)] MeV.

'
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arXiv:1507.03414v1 [hep-ex] 13 Jul 2015
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INTERNATIONAL JOURNAL OF HIGH-ENERGY PHYSICS

VOLUME 54 NUMBER 6 JuLY/AugusT 2014

Experiments at the Jillich Cooler Synchrotron (COSY) have found compelling

evidence for a new state in the two-baryon system, with a mass of 2380 MeV, width
of 80 MeV and quantum numbers I{JF) = 0{3*). The structure, containing six valence
quarks, constitutes a dibaryon, and could be either an exotic compact particle or a
hadronic molecule. The result answers the long-standing question of whetherthere
are more eigenstates in the two-baryon system than just the deuteron ground-state.
This fundamental question has been awaiting an answer since at least 1964, when
first Freeman Dyson and later Robert Jaffe envisaged the possible existence of non-

trivial six-quark configurations.

COSY’s new
2016/8/10 EFB23, Aug. 8-12, evidence for a

2016@Aarhus_Denmark :
e six-quark state




Approaches/-Interpretations

Non relativistic QCD

Potential models

Molecule, |baryonium
- tetraquark Quark

Hybrids +degrees
Coupling channel, CUSPs, tringle singularity, ... of freedom

EFB23, Aug. 8-12,
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Hadronic molecules

+ Weekly bound state of two or three hadrons
+ Typical examples: Nuclei and hyper-nuclei
* Baryon-baryon bound state: M+ <M1 + M2

‘- The Molecule idea has a long history ‘
Voloshin, Okun (1976)
-+ De Rujula, George, and Glashow (1977)
Long-range one-pion exchange (Tornqvist, ZPC1993)
Meson-exchange models (Lohse, et al., 1990)

Unitarized coupled channel models with chiral
Lagrangians ( Olier, et al., 1997; Jido et al., 2005,

Gammermann et al., 08)+....Chinese+

2016/8/10 EFB23, Aug. 8-12,
2016@Aarhus_Denmark 7



2, Molecule scenario
Of Two Pentaquark states

Pc(4380)+, and Pc(4450)+

Observation of J/yp resonances
consistent with pentaquark states

PRL 115, 07201, arXiv:1507.03414

Exotic Hadron Spectroscopy at LHCD:

Candidates for Tetra- and Pentaquark States

/@ b— C+Ts
aHhC™
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Interpretations of two Pc

*kinematic effects in non-perturbative rescatterina processes
(CUSPS or triangle singularity) o Tomanivis0r 0555
e.g. arXiv:1507.04950, 1507.05359, 1507.06552, et.al.. A" . 5 -‘

*bound states(or resonances) by open-charm baryon and meson
4.g. arXiv: 1507.03717, 1507.03704,1507.05200, 1507.4249 et. ol. sanon
=D, D, £D, 2D
*baryon+charmonia
e.g. arXiv:1507.07478,1508.00888, 1512.00426

*Tightly bound pentaquark states

e.g.arXiv; 1201.0807,1507.04980,1507.07652,1508.00356,1507.05867,
1507.08252, 1508.01468,1508.04189

>kcoupled-chcxnnle unitary approach: A series of meson-baryon dynamically generators
e.g. arXiv:PRL105,232001; PRC84,015202, PRD92,094003, etl.al..

2016/8/10 EFB23, Aug. 8-12,
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Our Phenomenological approach:

The mass operator represented by IT(p?)
D
z i1 '
X - X (3872)
D*

Lpp=X.J* in Collaboration with Amand Faessler,
B "J Thomas Gutsche, and V. E. Lyubovitskij

/d‘;w)mwmn*(x—@@ww(x—.vfzn
Correlation T

function Two fields H




Compositeness condition:

Bound state description of hadronic molecules in QFT based

on compositeness condition: Weinberg,PR1963;Salam, Nuov.Cim. 1962
Heyashi et al.,Fortsch. Phys. 1967

The coupling g is determined by the condition

‘ Zﬂ/f—l— mM I

with the derlvatlve of the mass operator Exp. input

Bir) @~ 25 g
32

Wwith the mass operator 11(p” ) represented by: T

X = = X
2016/8/10
EFB23, Aug. 8-12,

D* 2016@Aarhus_Denmark




Vertex function

local kmit #(y?) — 8“)(y)

Four-dimensional covariant calculation

2016/8/10 EFB23, Aug. 8-12,
2016@Aarhus_Denmark 13



Basics about X (3872)

2

X(3872)

BB = X (38Kt 'NR < BX(3 ﬁwaﬁ;' (14207 ¢ 108
14

first seenin

X(3872) - Jjur* - by BELLE (2003)

s seen by COF. DD (2004) and BABAR (2005).
FRVEEL

¥
¥

B quantum numbers: .
Basics about X (3872), Decay Modes
C=+from X (3872) — +J ¢, 10 nosignalin X — rr0J /¢
JPC = 14+ or JPC = 2+ from X (3872) — J e+~ helicty ampltude analysis B (X Jjerte ") /OX - Jjgmteo) = L0+ 0.4(stat) £ 0.3(ay)
X(3872.2£0.8) close fo D0 D*0 threshold with m,, = 387181 +0.36 MeV; EELLE ﬂm&ﬂ[ﬁﬂfﬂﬂ}
: o isospin violating decay modes
St " haon ok o < 11+ devays dominaed by subbeshold decays f v and

y |

charmorium inerpredation disiavored, 1++ (23 P, ) oo low in mass compared fo

2 = m .
mER)wmiZ(E) Discovery of X(3872) B T(X = /) T(X = J/intr) =014 005 (Bele); 0334012 (BABAR)
Belle 2003, Phys. Rev. Lett 91, 2620 BELLE (hep-ex/0505037), BABAR PRL 102 (2009)

BY* = K* JjyntnT \ E |arge radiative decay mode I
[
[V
+ Very narrow resonance (I'<1.2 MeV) close 02 | ] — Tl =
to DD threshold. g '. I'[]": w(ﬂslﬂf l"(}": ']f w] =13114
o
. I\iatture un::leatr: tmg:g;iunall chalrmonium E BABAH.‘ FRL 1[E, {ng}
state, exotic state * molecule, 2 . . .
telraquark), or a mixture 8 posaible evidence for chamonium component 7
+ Determination of J° important u
82 3.84 3.86 288 39 392
M(J/vy ) (GeV)
| PRL 110, 222001 (2013). PR D 92, 011102 (2015).
B X(3872)K* wi X(3872)—Jlynn Update: wio assumption on L
2016/8/10 — JPC={* JPC= 2+ rejected w/ >8c Confirms JFC = 1+ 14
(analysis assumed lowest possible L)




Strong decay Radiative decay

I—Q—I X(3872) = J/,9(28) + 7

H

FIG. I WMy hadroo-loop diagrama contributing 1o the mass operator of the X(357]) mescn

PRD79,094013 2009

3/4.928)

I
3w w(18)

21006/ g ecntributing 1o 1be badromic iransitions X (38%) -+ yop 4 1" EFB23, Aug. 8-12,
2016@Aarhus_Denmark 15



Strong decay

1/2

V4 0y = — =y
1X(3872)) = 2= (ID°D™) + |D*0D%) | TX=J/da™m @) _ o0 aistan) = 03(syst
\'/i TS .0 = 0.4(stat) = 0.3(syst)
AL
+ 2L (|p*t*D*Y + |D”D**))
V2 ( } } and
1/2 1/2 -
+ZJ¢.:¢|J¢‘”>+ZJ¢;:|J¢P>J X —J/¢y) = ().14 = 0.05(Belle);

[X—=J/ym n™)

0.33 = 0.12(BABAR).

TABLE III.  Properties of X — J,, + h decays. The numbers in brackets and for the ratios R,
R, from explicit values for Z; ,, Z; , and o = (Z,;, ,/Z, ,)'/* of Eq. (34).

Quantity Local case Nonlocal case
DX —J/im 7 ), keV 7.5 X IU3ZJ&P{45.U} 9.0 X ltﬁZJdrP{ﬁ-ﬁl.U}
X —=J/gm 7 @), keV 1.92 X 1032’#“,(?8.9} 1.38 X 1032_,;&“,{56.6}
(X — J/iay), keV 0.32 X 1032_,@(13.2} (.23 X 1032_',drw{9.4}
I'X — J/iy), keV 49.182_%“,{1 + 1.94)%(6.1) 35.192_%”{1 + 2.510)%(5.5)
R, 175 -~ 1.05
R, 0.14 0.10
2016/8/10
EFB23, Aug. 8-12, 16
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Including of CC

7172 Z12
|X (3872)) = cusg[ﬂ (1D D*y + | D DY) + 222D (1 p* p*)

NG NG

1/2

+|DTDY) + Z; [Ty e) + zjf;uﬁ,p}] +sind |c).

D:I:{D*:I:}

D:I:(D*:I::I

3/, 9(28)

2e _

Y Looy(x) = — A, (x)E(x)y"e(x),
0 3
po(w)

X
YBD, Faessler, Gutsche &
| Lyubovitskij, J. Phys. 638,
I/ 015001
J/v.¢(28)
Diagrams contributing to the radiative transitions X(3872) — J/v + v and 17

X (3872) — ¥r(28) + .



(including CC )

YBD, Faessler, Gutsche & Lyubovitskij, J. Phys. 638, 015001

Quantity ¢c DD J/rV DD+ 0V Total
;.. keV 45 3.6 1.5 8 .94
M. keV 64 0.01 I 0.01 6.8
R - 3.3 %1073 0 1.5 % 10-3 3.5 (6 = —20.2%)
Z],’I _ B z],.fi -
1X(3872)) = cns@[%ﬂﬂﬂﬂ*ﬂ} +|D*D%) + %unmr}
BABAR
R B(X(3872) — ¥ (25)y)
In‘re.rfer'ence effeCf, by the o B(X(3872) — J/vy) =3.5x 14
admixture 6, plays crucial role
to understand the measured Rw_r — 2,46 +0.64 +0.20, - LHCb

ra'“o EFB23, Aug. 8-12,
2016@Aarhus_Denmark 18



- 1), Hadronic molecules: old expectations-
renewed interest in heavy mesons

+ 2), Effective approach is applied
to the states (Compositeness)

- 3), Hadronic loop is considered

- 4), Decay modes: some c\bar{c}
+dominate hadronic picture

1), Open charmed mesons: Ds(2317)

2), Y-type: Y(4260), Y(3940);
Z-type: Z(4430),Zc(3900); Zb(10610), Zb(10650)
3). A_(2940), =_(2800)

2016/8/10 EFB23, Aug. 8-12,
2016@Aarhus_Denmark
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Applica'rions to the two Pc

where

5 (X) = =igpx.p / dy®(y*)Z, (x + wp )

x Dj(x — g y)Pe(x) + He.,

( ) = gp zr.i::-*/ﬂm'}‘l’ ( —I—mD.y)TfF:'

X 3;4."_}1,(1 —wy,y)P¢ (x) + He,

wp =mp [(mg +mp)  and  wg =mg/
(my, +mp ). The vertex I'*) matrix is defined as 't =
ys and T~ = 1. The effective correlation function ®(y?) is

chosen to describe the distribution of £, and D* in P,

FIG. 1.

2016/8/10

5,

P(Z.D")

The mass operator of P states.

M, 5 ~4465 MeV — (1" /2;1")
Parity ~ (-1)""'

Compositeness condition

For the generic hadronic molecule H = (M;Ms), the
compositeness condition is:

Zg = 1-Xg(m}) =0

where Y (m%) is the derivative of the mass operator, and
my 1s the mass of the hadronic molecule.

S. Weinberg, Phys. Rev. 130, 776 (1963).
A. Salam, Nuovo Cimento 25, 224 (1962).

9%p " (p)
Zp =1 ———r" =0,
OF Ny —ms,
where the ETHE p) is the transverse part of the mass

operator Tp’ o p) with the J? =3/2% assumption and

E“mmi (p) wﬂh the J® = 5/2% assumption of the mol-

ecule P_ states, The relation between the transverse part
and the corresponding mass operator can be defined as

e wT (£ PPt i+
2 (p) = ¢ (p) + ) (p).

E.r;f:aﬁf:b g;ux uﬁ_l_g;i TI.’:I: )‘|“



The diagram describing the mass operator of the P.
states is presented in Fig. 1. From the effective Lagrangian,

we can obtain the concrete forms of E“E{ﬂ(p) and
j(+
5" (p)

L]

wl) v oo d'q s e )]
Zp, (P) = 15 5 i / 20 =1 2%(q — @p.p)T" o

w9+ (p—q)(p—q)/mp
(p— '3'} _m_:;u ‘

x [

4
S (p) = +6% 1 5 / Hdﬂ_;{‘fijz(q ST
1
q— my,
L 0= af(p - 9)/mp
(p— q) —m=,

I'F(p-q)*(p-q)

>

where g is the 4-momentum of X_. baryon.

) P
=

2016/8/10 (a)

£w_,_-_,[.]D(.j| = —fgwﬂﬂlpfy(a'”DDT - DHFDT)

+ Gy 0Py, (D5 0sD' — D DY)
+ f,‘;’w.ﬂ*ﬂ' W“{D;&D;T - &D;DET

_ D* D*!-"T')

Ezchrﬂi = QE‘__ND* NT;JE . ECD*F + H.C..
‘LF:E,,_-N.D = —fgzchrgfﬁ}'j_fi . ECD + H.c..
‘cEcEcw - gEcEcwic?yEcW'

9wDp = 2¢5+/ My, mMp,
Gyp'D = 20> \/mDmD‘fmw-
Gup D+ = 2g2,/mymp-,

F} E‘(- J."‘" r':'l
P
. B T E‘
J;..' ‘r'. D‘ ——— [
(b) (c)

21

Feynman diagrams for the P/ — J/yp decay process.



T, P 5, p Y,
Pf"l rr)l’l : Pﬂ-
n* D ¥
N ), N N,
(a) (b) (c)
Feynman diagrams for the P} — J/yp decay process.
1m T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
(a) P(4380)withy 32" [ (b) P #4s0ywitss 32"
m - — - -
‘o ] \ | -
:-l'\t - - 5 4
s o) |
a0 L 4 L -
:} -----I----I-----I----I----T-‘--I----T---- Sl Sl i Wl il W i Sl el el i s sl St Bl
25 ! ! ! ! ! ! ! !
(d) P.aasowitnt”sz*
Z, i |
o
)
| 1 1 ]
o,
&g B -
0 ! ! ! ! ! !
048 0.9 1.0 1.1 1.2 0.8 0.9 1.0 1.1
AlGeV)

FIG. 3. The coupling constants of P, states with different J”
assignments depending on the parameter A. The red solid line
stands for P = +, and the green dashed line comresponds to

P = — cases.

Then, the total amplitudes of the P7 — J/yp process are
Jf-"r.-'

M=M,+ M, + M,.

TABLE I. Coupling constants of P.X.D* with different J*
assignments with A = 1 GeV.

State 3,’2* 3/2° 5;’2* (GeV ]} 5/27 (GeV ])
P.(4380) 58.91 5.48 11.49 9.77
P:.(445{}] 35.66 2.38 4.71 4.39
T T —T T T T T T T
osg L (@) Pua3soywihi"s2 (b) P.a3soywithI’s2
E'EIU-
150
E 100
= 50_’______i__...--—-f-""""_"-.-
%: 0 PR A NI S (W A R | PR U PR A P AP0 M Wi W A S
:E: G0 T T T T T T T T T T T
= 50 (d) P.a380)with®s2 ]
[
40 - L _
EU -----____________.---"_-'.--- | ]
20+ 4 F -
10} 4 t -
0 I o I T .'.?_'__1_—.-|:—.-:;..,.._____,__|___~ T"_';TE]
0.8 0.9 1.0 14 1.2 08 0.9 1.0 14 1.2
AGeV)
FIG. 6. The individual contributions of the D*, D, and X.

exchanges for the P/ (4380) — J/wp with different J© assign-
ments. The red solid, green dotted, blue dotted-dashed, and pink
short dotted lines stand for the total, D*, D, and X, contributions,

respectively.
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1.0
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FIG. 4. The partial decay widths of the P} (4380) — J/yp
with different J” assignments depending on the parameter A. The
red dashed, green dotted, pink short dotted, and blue dotted-
dashed lines stand for the J* =3/2%,3/27,5/2" and 5/2~
cases, respectively. The black solid line and blue emor band
correspond to the total width observed by experiment.
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40

I [P.(4450)—Typl(MeV )
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FIG. 5. The same as Fig. 4, but for the P (4450) — J/wp. The
partial decay width of the J* = 3/2* case is much larger than the
experimental data and neglected here.
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Discussions (1)

1), Individual contributions of the D*, D and Zc
For S and P waves, D* plays dominated role
and the interferences are still sizeable

2), A=0.8~ 1.2 GeV, T increases with A for J* =312
decreases with A for J? =5* [ 2

3), Pc(4380), the obtained in all four cases are small than the
data; JP =5/ 2 >D-wave (is disfavored by LHCb)

4), Pc(4450), J? =3* | 2 is excluded (Exp.+I(large))
JP=5"/ 2is excluded (l"(large))

JP=5 /2 (D-wave)

With various spin-parity assignments, the partial
decay widths of P, states are significantly different. All
the P wave X_D* assignments are excluded, while
S-wave T_D* pictures for P,(4380) and P.(4450) are
both possible.

TABLE II. Partial decay widths of PT — J/yp with different
J* assignments with A = | GeV. The unit is in MeV.

State 3/2+ 3/2- 5.2+ 5/2-
P.(4380) X 173.12 3812 X 16951 496
P.(4450) 360.82 25.00 76.15 339

P (4380): (M ;" )=(4380+8+29;205+18+86)MeV
2016/8/10  |P*(4450): (M ;1" )= (4449.8+1.7+2.5;39 +5+19)MeV

24




Discussions (2)

We consider X D~*,

Heavy quark sym.

* —%

Other scenarios of Z;D,X; D" spin rearrangement

PRD93, 034031:In the heavy quark limit, the S-wave D The much larger partial decay width Tfi 45011 yp <
and D" mesons can be categorized into a doublet as well as [(}:: D*)} excludes the possibility of P, (445{]) as an S-

the heavy baryons X_. and X’.
symmetry and spin rearrangement scheme, there is an
interesting work studying the ratios of partial decay
widths in different molecular scenarios

The model-

With the heavy quark .. /P _ 3/27 LD molecule. Also, the P,(4450) as

the XD system is not favored due to its higher mass over
the threshold and a slightly large partial decay width. The
above discussion shows that if the P,(4450) state has the

independent result shows that for the three S-wave D", spin parity J© = 3/2" only the £.D* system of the three

YD, and T*D* molecules with JF =

3/2~ the ratios of  molecular scenarios is allowed. This result is consistent

their J/yp decay widths satisfy T'[(Z,.D%)]:T[(ZiD)]:  with the interpretations of Ref. [26], in which the P, (4450)
I[(Z:D*)] =1.0:2.7 :5.4.‘Simpl}' employing those ratios  isaJ” =3/27 X D" resonance and P, (4380) may not be a

f2- + M\ —
Ti:{ 1350) =7/ (Z2D)] = 102.92 MeV.
/2 D] =
T2 w3s0) sy [(ZeD¥)] = 205.85 MeV,
27 * )] —
T aso)1/yp (Z2D)] = 67.50 MeV,
/27 ] —
T, ias0)sjp [(Z2D¥)] = 135.00 MeV.

genuine state.

M. ~4390MeV — (3 /2,07)

C

M. ~4530MeV — (3" /2,1")

c

PRD93, 034031: The J¥ = 3/2~ XD and T:D* molecular
pictures are also discussed in heavy quark limit, and only
:D for P,(4380) is allowed.
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3, Production of neutral Pc states

Q@ b quark decay process: AY — J/1pK~, and

T(15) = J/4pp. @LHCb
@ Photon and electron production: vp — .J/vp, and
ep — epJ /1. @Jlab.

© Hadron induced production: 7=p — J/Un,
pp — ppJ /v, and pp — ppJ/v.  @PANDA

Here, we focus on 7~ p — .J/1'n reaction.
@J-PARC

2016/8/10 EFB23, Aug. 8-12,
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Neutral states production via 7~ p — J/¢n reaction

@J-PARC

E (77)~20 GeV

max

LHCb, A, > J/yK ™ p

It
V' " Neutral
Y Pc
Y if
, states
1‘ /
\ /
v/
n b
/s
rN
/
nos p
/
/
T L
Feynman diagrams for 7~p — .J/vn reaction.
PRD93,034009
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Effective Lagrangians

The effective Lagrangians for P _NJ/w couplings can be

written as Ce = gi”fm' d,7P" + He.,
i
& ig (%)
Loty = —50—NLL WP,
NIy EMN ﬁi‘,‘“il QFNIN_]-'S_}'#T #d, 7P +H.c.,
(2M Fﬁ NT=lytv P, &
N
5/ QP Nx=s

+{EMN}2NF[ ',y P,, +Hec., LeNx = s —=Nyspi - #0,0:7P + He,,

5/ L/ . LAE

£y, = EIYmE Nr oy, L} = 5N 70,0, 7P + He.
i .
- a3, NTF) gry P
{MN}J ’ e E.J',-'wm = _igifwxx{ﬂiﬁ_ﬁ_ - ‘:‘:-FE_E_}WW
Nl"[ ﬂaﬂ P +H C., O1fwx
{EM N W Fep Lrjynp = r:: =D up, Oy,
¥
where the vertex I matrix 1s defined as [
Eml,,w = = Mﬂfjf#f a#EN
r (.]"',u.]'rj)
||.i = L — K L= -
Yo Lonn = —gonnN (f.u T EJ#L&)T - #pN.

+ ¥
r== (). The higher partial wave  (@[1Gans)UnKNOWN:

terms are neglected -
for positive and negative parities.



The propagators for exchanged » and p mesons

G.(g) =
g- — m>
G (q) = i AT
g° —mﬁ_.,

For the propagator of spin-3/2 fermion, we use

_ilg+ M)P*(q)
G*(g) = g- —M* LiMT’
with
1 1
P (g) = g™ + gr’]r" +E{J’ﬂff’ - r¢")
2
N 99"
and for the propagator of the spin-5/2 fermion, it
Gﬂm,ﬂ{'q} _ i(q+ M)PP(g)
gt —M?* +iMT
with
1 _ S 1_
PrP(g) = (@5 + FT) - S
| I .
- 1o \PrE + P
+77F + ),
where
0 — Ii' P"
and

Pyt

expressed as

In our -:al-:ulali-:ms,l phﬂmménnlu:.ugi-.:al form factors are
needed since the hadrons are not pointlike particles. The
form factors F(g?), F¥N(g},). and Fp,*"(g3,) can be

with n = 1 for the x meson and n = 2 for the p meson [49].
We use the cutoff parameters Ap = 0.5 GeV for P, states

[35,55], and AD = A7 =13GeV, A, = 1.6 GeV, and

A, = 1.3 GeV for mesons [49].

n

Ps

Not point-like
particle
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Two assumptions:
B(P. >J/wyN )~10%
B(P, >7N )~1%

P. from J/wN

7N OZI —allowed
cC component

suppression ~ (m, / m, )’

[TABLE I. Coupling constants of P.NJ/w and P.Nx different J* assignments by assuming the branching ratios are 10% and 19,
respectively.
State Channel 32T 3/2- 5/27 5/2
P_(4380) JiwyN 109 0.49 2.17 5.13
aN B.56 x 10— 3.43 = 1074 3.59 = 107" B.05x 10—
P_(4450) TN 0.41 0.210) 0.810) 1.75
aN 3.65 = 10— 1.43 = 10~ 1.47 = 107 375x 10
Jig Jfg I L
\‘ 1 i‘
Y ': , \ _
Fioy [ I Py P
l I "1 ‘p.
I ‘
I -‘ \U"f P7(4380):(M;[")=(4380+8+29;205+18+86)MeV
P - - -- !
‘ ¢ "- {n‘ 4 P(4450): (M ;] )=(4449.8+1.7+2.5;39+5+19 )MeV
| '
4 S
h ’\ Irl P mod .'"."
/f /
’ I

2016/8/10

EFB23, Aug. 8-12,
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Total Cross Sections

b)
fﬁﬁ ]
_ /\,d
g 10 Lol e e

48 5 4 42 44 45 48 5
WGV

The total cross sections for the 7~ p — J/yn reacbon
with different J© assumptions versus c¢.m. energy. The green
dashed, blue dot-dashed, and pink short dotted hnes stand for
PY4380), PY(4450), and background contributions, respectively.
The thin red sold bands are total cross sectons with the
consideraton of the interferences. Panels (a-d) comespond
w (3/27,5/27), (3/27,5/27), (5/27.,3/27), (5/27.,3/27)

assumptions for [PY(4380), PY(4450)], respectively.

a:(3/27;5/27)
b:(3/2°;5/2%)
c:(5/27;3/2)
d:(5/27;3/2")

Total

P(4450)
Background

1, background is sizeable
2, interference is small
3, one can hadrly see
the differences among
the total cross sections
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1|]-‘1=----|. T 1|]'q;""|" LI L LR |
(s} w-4.15Gev E ) W-—t38cev E (a) W-4.15GaV 1 F W-4.30GeV
107 F 1 F - — 1% £ i —-rri——oro T
10" | 1F 107 | 1F El‘k
7 = 5
1L -"'_-- _- L L -"'_.-- _- L -
— 10 ____,f"- = _ 10 }__'__.-'-" E 3 E
o T E "
=] 2l - = ———
é_ 07 L i ] ] AT 1 e L 'E_ 10® L L | N |
-Q 1']'4 E' LENLENL A DL AL I LN DL L L L DL L IE E LI | L | I L E 1|]_ﬂ El Tr r[rrrr [ rrrr [ rrr |E LI | T T |E
£ F (o) W=d.455aY 1 F i W3 50GEV E E (o) Wed A5GEY ; (d) Wt 50GEV ]
Ll S B T TT— :
“k1f" E 3 Hfﬁf; ¢k v Jﬁi
I 7 5 G
10" b B ; 1 [ e
1 p—— 0 E ] e E
10" g . L el p— oL P Ll o o L o ) e ey e EY
- - . r. 10
L e 4 05 o0 05 414 05 0 05 1
cosh
cos
FIG. 3. The differential cross sections for the a7 p — J/yn . . :
! P V" FG. 4. The caption 15 the same as that of Fig. 3, but

reaction at the c.om energies W = 4.15 GeV,4.38 GeV, 4.45 GeV,
and 445 GeV. The [PY(4380), P!(4450)] comesponds to the
27 assumption. The red solid, green dashed, blue dot-
dashed, and pink short dotted lines stand for total, PY(4380),
P%4450), and background contributions, respectively.

(3/27,5/

(3/2°

Differential Cross Sections (1)

5/27)

(3/2°:5/2%)

de M3 |PS

J. |

4

deosf  16as |po™|

|"- F |I:'—--..",-'-a,a'rel 3

assumpion.

W(c

.m.)Gev:

(4.15,4.38,4.45, 4.5)

EFB23, Aug. 8-12,

2016 @Aarhus_Denmark

the [PY(4380), PY(4450)] comesponds to the (3/2-.5/27)

Total

P(4450)
Background
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Differential Cross Sections (2)
(5/2:3/27) (5/27°:3/2%)

(=) Wad. 1552V 1 F 1 W3 30GEV E (3 Wed 15GEV ib) Weed. 30GEV
107 1F 0° E 1F

A v}

vond? 4 vl

L 7 1L ] o' kb P . ]
107 E - 1 : 3 . 3 - ER: . 3
El F - i F . E = F - i F ]
E_ 1|],l: i . -.-".'-|--.- N N b B g e -I L g 1|:|'l: f | A | | |
4
ﬁ1I}“E....,....,....,....E SR B B B _E“} T T T T T T
E (c) W=d.455aY 1 F (d Wt SOGEV z (c) W4 A5GeV 1 F @ Wed 50GEV

10" f o [ 3 3 1 F..-""7 e

[ 1 b i N I T T N I I T e P TP
o 1 Al 1 e 1 1 10 - -

1& L 'l 'l L 'l 'l L 'l 'l 'l 'l L L L L L L L L L L L L L L L L L -I L L L -1 -D-E D G.E 1 -1 —l:l_h u D.h 1

-1 -0.5 0 0.5 1 -1 0.5 0 0.5 1

cosh

cosh

: : : FIG. 6. The caption 15 the same as that of Fig. 3. but
FIG. 5. The caption is the same as that of Fig. 3, but the [P”inHHﬂj,P”ir—lr-‘»E{]:l' comesponds to the (5/2,3/2)
the [PY(4380), P'(4450)] comesponds to the (5/27.3/27) as;s;umpiiim. o : o '

AsSUMpLon, - Total

o MY PS™ L mmes P(4450)

= = M o1 funl*
deosd  16as |pom| " % P J fyn EFB23,Aug. 8-12,  _________. Background
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1, t-channel meson exchanges provide forward contribution

2, two Pc states contribute mainly for the differential cross
sections at c. m. energy W=4.386eV and W=4.45GeV ,respectively

3, angular distributions of the two Pc resonances are obviously
different than the forward background contribution

4, angular distributions display significantly different behaviors with
different spin-parities assignments

5, it is expected those specific features can be tested by future
J-PARC experiment with high luminosity

2016/8/10 EFB23, Aug. 8-12,
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B(P. >J /yN )~10%
B(P. > 7N )~1%

2, Molecular scenario of P.(2.D") are employed to estimate
their strong decay modes (J/y+P)

3, Our calculations show 37/2 assignment for the two Pc

4,0ther possible interpretations are also needed.

Thank you for your attention!
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