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(multi=quark)

The XY/Z states

Potential models

BESIII, Belle and CLEO-c -2Z(3900)
Mze(zso0)= (3899 £ 3.6 + 4) MeV-

GeV A
7(4430) worked well for [ zei3s00=(46 £ 10 £ 20) eV
2(4250) 4.80F charmonium _ -
o 1001 _m:m
ggjggg; s spectroscopy ™ T
asl ] k --= PHSP MC
Zc(3900) 440F 7RO z
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B2 Ll e
X(3915) 3.60p%77 nese o fees) 2O Charmonium?
X(4160) T Hybrid?
Y(4008) .
Y(4140) 3.20F  seusi Tetraquark
Y(4260) [soeon™” Molecule?
Y(4360) - | ] ] ] | | ] . _k_ 1 ] |
}{(4350) O-+ I~ I-l- O-H- l-l-i- 2++ . 2-+ R Sl )
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Courtesy of
C. Z. Yuan

Not all XYZ states are charmonia!

Sept.16-24, Erice2015, Italy



(New resonances,

Observation of J/i) p resonances

Ag — J/Y K™ p decays

The LHCE collabaration]

Ahstract

Observations of exotic struetures in the i p channel, that we refer o as penteguark-
charmonium states, in .-13 — JiK ~p decavs are presented.  The data ssmple
corresponds to an inteprated luminosity of 3 ! acquired with the LHCh detector
from 7 end 8 TeV pp collisions. An emplitude analysis is performed on the three-body
finel-state that reproduces the two-body mass and anguler distributions. To obtain
a satisfactory fit of the structures seen in the J/fip mass speetnum, it is necessary
to include two Brefie-Wigner amplitudes that each deseribe & resonant state. The
significance of each of these resonences is more than 9 standard deviations. One has
a mass of 4380 £ 5 £+ 20 MeV and a wideh of 205 + 18 £ 86 MeV, while the second is
narrower, with a mass of 44498 + 1.7+ 2.0 MeV and & width of 30 +£ 5+ 19 McV.
The proferred J7 assignments are of opposite parity, with one stete having spin 3,2
and the other 5/2.

Five-quark

arXiv:1507.03414v1 [hep-ex] 13 Jul 2015

> D, D, D, =D, px,
37/2, 5°/2@"?)

P (4380), P (4449)

consistent with pentaquark states in

A, (2940)" l

PHYSICAL REVIEW LETTERS week endin

PRL 98, 012001 (2007)

5 JANUARY 2007

Candidotes / (2.5 MeV,/c®)

Observation of a Charmed Baryon Decaying to D°p at a Mass Near 2,94 GeV/¢?

(B1Bar Collaboration)

111 ‘ 1111 | 1111 ‘ 1111 ‘ 1111 ‘ 1111 | 1111
%.3 28 2% 28 3 106 M 315
0® p Invariant Mass (GeV/c®)

The results for the A, (2940)" baryon are

m = (29998 + 1.3(stat) % 1.0(syst)] MeV /c%,
['=[175 + 52(stat)  59(syst)] MeV.

For the A, (2880)" baryon the results are

m=[2881.9:+ 0.1(stat) £ 05(syst)] MeV/c
['=[58 + 1.5(stat) £ 1.1(syst)] MeV.



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
2015/9/18 evidence for a
six-quark state




approaches/descriptions

Non relativistic QCD

Potential models

*| Molecule, [baryonium
- tetraquark

- Hybrids

» Coupling channel...
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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+

2015/9/18



2, Our approach:

The mass operator represented by IT(p?)

D
| X O X (3872)
=

=X"J*"

J' y,@’)[)& ﬁD”(x-ﬂ)Q@f D™ (x-y/2)]
ation

Correlati
function Two fields ®




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

Y (miy) = @Hﬁw(mﬁ;)=g§4dnﬂpﬁ)u@
P

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

D* 9




Vertex function

local kmit #(y?) — 8“)(y)

Four-dimensional covariant calculation

10



Basics about X (357 X(3872)>n'n Jly

3

I

[
[

first seen in arKiv:0809.1224 605 b" recent resyit I
(3872 = Jfr' by BELLE (A0 ! Beoxk: $oE BIXK,
als0 seen by COF, DO (2004) and BABAR (2005). o 1 NRITE 48
g ar Ng=132 £15 S S0t
[y = 3 MeV E smi_ 12.80 E 1:
i af i
quantum numbers: . { H ‘
C=+from X {EETE]I — ’j‘J J|’J1|!r| =0 no m inX —xrlJ ||’ 'th e S0 el s’:.r{, Jf?;n ]S:G?e:'?c%] 360 39 301 KoLt 3;“?::}[;-{“{;33;’;13-9‘ 9 34

JPC =1 or JPC =0+ from X (3872) — Jfdrtr- belicyam sz ient 4640372007 Mev

by combining two modes together
X(3872.24 0.8) close to D0 D0 threshold with m,;,, = 38718140
Swave DU [+ hadron molecule favors J°C = 1++ BB~ X387 ) XBUKSTE) = Jfor 1) = (8120 H) 107
charmonium interpretation disfavored, 1++(2° F) ) too low in mass compareg o

d
m(2°Fy) = m{£(3830)) Sept.16-24, Erice2015, ltaly
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Basics about X (3872), Decay Modes

B X Jjyrtr 20X = Jjgrte) = 1.0 £ 0.4(stat) + 0.3(syst)
BELLE (hep-ex/0505037)
i505pin violating decay modes
decays dominated by subthreshold decays of w.J /v and pJ /v

B T(X - Jjiy)/T(X = Jjirtr) = 014+ 0.05 (Belle); 0.33 4 0.12 (BABAR)
BELLE (hep-ex/0505037), BABAR PRL 102 (2009)
large radiative decay mode !

& I[X — (28)y)/T(X - J/uy) =354+ 14
BABAR, PRL 102, (2009)
possible evidence for charmonium component ?

2015/9/18 Sept.16-24, Erice2015, Italy
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Radiative decays

X (3872) = J/u, $(25) +7 x :“' I

o6-loop dingrams comtributimg to 1he mass operator of the X(357]) meson

" Decay width (keV)

e Approach DX (3872) = 1J/9)

14, $128) 3 Tl -

o, Ref.[33 7

! (], Ref. [33] 139

Fl molecule], Ref. 53] | 8
1248 - 231.3 (¢ =0.7 MeV)
Qur results 1208 - 230.1 (e =1 MeV)
I 1380 - 2514 (¢ = 1.5 MeV)

11¥.408)
PRD77, 094013, 2008

2015/9/18 Sept.16-24, Erice2015, Italy
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Strong decay

X X

Hy

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

PRD79,094013 2009

FIC. 2 Diagrams ecntributing to tbe badrosic transitions X(34%9) -+ y,p 4 1"

FIG. 3 Dingrems contributing io the badronie irensitions X {3873) — 3.0 + 0.



Strong decay

1/2

Z i1 py#) — - — tr gV
|X(3872)) = %UD”D U + |D*DY)) FEEX —:fﬁ/f/!!’;www?;) = 1.0 = 0.4(stat) = 0.3(syst)
VAL (1)
+ 2L _(|Ip*D*")+ |D D**
L2 (Dt D)+ D) ]

2

+ 22, 0) + ZY210,p), DX —J/yy)

— — :
TX—= o) 0.14 = 0.05(Belle);

0.33 + 0.12(BABAR).  (2)

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

X —=J/m"7), keV 1.5 X IU3Z_,M(45.U} 9.0 X IUHZJM(M-U}
IN'X —J/ga"m w7, keV 1.92 X 1{_}32_,'drw{?8.9} 1.38 X 1032_}&”{56.6}
(X —J/ya"y), keV 0.32x10°Z; ,(13.2) 0.23 X 10°Z, ,(9.4)
X — J/idy), keV 49.182’_,w(1 + 1.940)%(6.1) 35.192_,drw{1 + 2.510)%(5.5)
R, 1.75 1.05

R, 0.14 0.10

15



New measurement of LHCb

& T(X-y(8)/TX~I/91) =354 pyotic charmonium-like spectroscopy at LHCh;
BABAR, PRL 102, (2003) a study of the X(3872) and of the Z(4430) " states

possible evidence for charmonium component ?

LHCb 1409.6472
Radiative Decay X(3872) = Jip vy, v’y

v X(3872) - J/u 1, E=T75 MeV To study this further, LHC has recently measured [7] the ratio of branching fractions
VMD contributes (p, w) |
+ X(3872) -y}, E=186 MeV R = BIX(3872) - v(25))
can only proceed through BX(3872) = JJi)
Egigggtr:da;nzgilatmn as a constramt on the charmonium content of the X {3872) The branchmg fraction B(X(3872) - ¢(25))

s 1n fact expected to be very small for a pure molecule ( I—l 10}, but it could be enhanced for an
admixture of a D0 molecule and charmonium. The BaBar cnllahnrat 1on has meastred a relative large
branching fraction for the X(3872) into ¥(25)y, with Ry, =34 £ 14 |11 . a Testlt generally mconsistent

with a pure molecular interpretation; i contrast, no significant signal was found by Belle 9.

— BaBar measurement surprising

» New measurement by Belle
Preliminary, QWG10, 711/fb

Ry =2 46 +0.64 £0.29, -

2015/9/18 Sept.16-24, Erice2015, Italy
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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) + zjiuﬁ,p}] +sinf |cE).

D:I:{D*:I:}

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

3/, 9(28)

2e _
v Loy(x) = — A (x)E(x)p e(x),
u 3
A (w)
X
YBD, Faessler, Gutsche
Y & Lyubovitskij, J. Phys.
T, 638, 015001
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 ¢ DD* I/WV DD*+J/wV Total
ML keV 45 36 1.5 8 .94
r,.keV 64  0.01 0 0.01 6.8
R - 3.3 %103 0 1.5 % 103 3.5 (6 = —20.2%
Z],-"E _ B z],.-’? -
X (3872)) = cns@[%ﬂﬂﬂﬂ*ﬂ} + D) + =22 (D D™ )

B(X(3872) — (25
Interference effect, by the R = (XO872) = YY) _ 35414,

admixture ©, plays crucial role BX(3872) = J/¥7) BABAR

to understand the measured - - )
ratio Ry, =246 £0.64=0.29, - LHCb

18



Brief summary (1)

- 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)

2015/9/18 Sept.16-24, Erice2015, Italy
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3, New baryon resonance of

k endi
PRL 98, 012001 (2007) PHYSICAL REVIEW LETTERS 5 JANUARY Tho7

Observation of a Charmed Baryon Decaying to D°p at a Mass Near 2.94 GeV/c?

(BaBar Collaboration)
The results for the A.(2940)" baryon are

ma
o
=)
[=]
T

m = [2939.8 + 1.3(stat) + 1.0(syst)] MeV /%,
['=[17.5 + 5.2(stat) + 5.9(syst)] MeV.

For the A(2880)" baryon the results are

m = [2881.9 + 0.1(stat) + 0.5(syst)] MeV/c%,
%8 285 29 295 3 305 31 515 ['=1[5.8 + L5(stat) * 1.1(syst)] MeV.

0° p Invariant Mass (Gev/c®)

Recently a new baryon resonance A.(2940)" has been

discovered in the decay channel D"p by the BABAR

o150/t Collaboration [1] and confirmed as a resonant structure
in the final state X.(2455)" " 7= — A7 7 by Belle 20



Measurement

k endi
PRL 98, 262001 (2007) PHYSICAL REVIEW LETTERS 2 UNE 20 PDG
| | o CHARMED BARYONS
Experimental Constraints on the Spin and Parity of the A ,(2880)* ( C=+ 1)
(Belle Collaboration) A =ude, £ =uwue, £} =ude, X¥=ddc

We report the results of several studies of the A 7" X final state in continuum ¢ "¢~ annihilatior
data collected by the Belle defector. An analysis of angular distributions in A (238.(]]
3 (M55t gt da:ays strongly favors a A, (2880)* spin assignment of § over § o 1. We finc
evidence for A (2880)7 = $.(2520*** 7™~ decay and measure the ratio of A (2880)° pama] widths
[(2,(2520)7)/T(Z, 2455 Ja) = 0225 0,062 * (.025. This value favors Ihc A,(2880)° spm parity
assignmenh:nfs+ aver2™, We also report the first observation of A, (2940)" = 2455)“* " decay
and measure At[iﬁﬂiﬁ and A,(2940)" mass and width parameters Tht:s& sludles are based on
553 ™" data sample collected at or near the Y(4S) resonance at the KEKB collider.

TABLE I. Signal yield, mass, and width for the A .(2880)" and

z':usc _U:dsc Qg_ssc

=0

1(JP) = 0(3H)

Jis not well measured; % is the quark-model prediction.
Mass m = 2286.46 £+ 0.14 MeV

1P = 07")

Mass m = 2939.3ﬂ:g MeV

2940)*. The first uncertainty is statistical, the second one .
f;s(m,}c, Y Full width I = 1742 Mev
e Yild M MeV/c) I’ MeV) A,(2340) DECAY MODES Fraction (T /) p (Mevi
A (2880)" 69050 2881.2%02%04 58x07%11 0
Af(zgmﬁ m% 20380 + ljtﬂ 13+ﬂ+2’? PD seen 420
25[2455)0 ot seell -
2015/9/18 Sept.16-24, Erice2015, Italy
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Dif ferent-interpretations

1), Quark model:
Isqgur-Karl (3/2+,5/2-)
Heavy-light diquark model

(radial excitation of AC)

2), Chiral quark model:
D-Wave

3), Molecular model (ratios)

2015/9/18 Sept.16-24, Erice2015, Italy
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The assignment of the resonance

L1 (x) = ga AF ()T f d'y® () (cosdD () p(x + )

+ sind D fx)n(x + y)) + H.c,,

Zﬁr =1 - Zj‘i:_(mﬁr,} = 0.

+ -

=" fo J’=% and T# = 0" for J"=1?

A.(2940)") = cosf| pD*") + sinf|nD*).

FIG. 1 (color online). Diagram describing the A.(2940)" mass

operator,
pln) 7+ (r) N P,
p(n) (7 "
n(p) - ><
D _D., w
D(D*) EUEE)
e FIG. 2 (color online). Diagrams contributing to the decays
DD ZUZET) A (2940)* — pD°, SH 7, S0zt
2015/9/18 Sept.16-24, Erice2015, Italy
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Effective Lagrangians

G

Lupana) = = - p@iv*y(5 pWDP) + 000D} ()50

Fp

T

T

+ 52 Wivsy (75 POIDRG) + D () ) (o)

+ 5207ty (pODR) +

SU(4)

n(x)D;" (x))ﬂ" (x) + He,

L yppp = ig|B*yty [V, P1LBin
+ ig, By y [V, PLiBium
+igy Byt S (V) Py — PL(V,L)5)
— igaB eyt yS (V)i Py, — Pi(V,)

PRD81, 014006, 2010

2015/9/18

The strong two-body decay widths of the A.(2940)* I
baryon are calculated according to the expressions

2

+ _ SaBM 12 2 o
— + —_
I'AJ[1/27]— B+ M) T ic.& (m3 , mg, my)

x‘«mm — mg)? — ml)

®)

for the positive parity A.(2940)" state and accordingly

— fi BM
F(AC[1/2 ] — B+ M) = mﬂlﬁ(?ﬂir, mi, mﬁ;)

(mp. + mp)? — nidy) ‘ (10)

X

for the negative parity choice for A.(2940)".

s



Calculated results

TABLE 1. Partial decay widths of A.(2940)" in MeV.
=
( ¥ mode:b 5~ modes
cosd Al = pD? A, a8 Af = X0t AF = pD° Af=2a AP =307t
1 (11 0.58 0.72 19.15 612.68 156.72
0.95 0.17 0.85 098 29.75 907.64 1040.36
09 0.20 0.96 1.08 34.40 1033.00 1153.95
0.8 0.23 1.11 1.20 41.09 1208.89 1305.10
0.7 (.25 1.20 1,27 46,17 1338.06 1407.80
0.6 0.27 1.27 1.30 50.24 1437.58 1478.96
0.5 0.28 1.31 1.32 5347 1511.85 1522.78
0.4 0.29 1.32 1.30 55.83 1560.10 1538.24
0.3 0.29 1.32 1.30 55.83 1560.10 1538.24
0.2 0.29 1.30 1.26 3T.135 1577.04 1519.78
0.1 0.26 1.14 1.03 54.20 1447.05 1309.75
0.05 0.24 1.04 091 30.68 1334.05 117451
0 0.18 0.74 0.60 38.15 964.41 781.52

2015/9/18 Sept.16-24, Erice2015, Italy
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adiative decay (1+/2)

MHE(p, p') = an (p")TH(p, puy (p),

[(p, p') = F\(¢)y* + Fy(gYio*"q, + Fx(gH)g".
2

Filg’) = F3(Q2]ﬁ-

F

MH(p, p') = %ﬁmp’}fo’“’q;ﬂﬁ,(p}.
My,

[(A(2940)" = A,2286)" +9) = —F} ..,

TABLE III. Radiative decay width of A_(2940)* in keV,

0 A (GeV)
Diagrams contributing to the radiative decay process (ngrad) 025 = = il : i
A (2940)" — A(2286)" v. 0 11.1 354  6L7 1131 1427 1568
5 02 A e P i e e
| 10 74 232 406 710 839 855

"y — .

q.MH*(p, p') = 0|| Gauge Invariance | 1 57 196 N8 21 86 562
' 2015/9/18 20 41 125 »D 355 31 394

PRD82 034035 2010 25 39 21 44 7 a1 140




D*D(DH—) D*G(D*"—)
(a) PRD83, 094005, 2011 (b)

Diagrams contributing to the A_(2940)" — A_(2286)" + 2 decay.

I I Tass . 3 ais .
Lopopss+= [Z(g] +g5) -Egg]E:+1r :y“'yspDI? +He, Lppepg= —5332:+7r :}'"ysnD;”' +H.c.,

Ir1 . ,, Ir1 o
Lopaps: =3 Z(S 18- 333]2: miytyspDy +He., Looperys: =E[E(gl +8)- 333]2: miyFysnD;," +H.e,

3 -0 .. 1 3 Tao .. .
Lopops= '53322?"+17’” YspDy) +He, Loipe,so= [3(3 11 82) '533]22’” YiytysnD}," +He,

13 1 \- - .
L TE A T ——‘j;(gﬁ - —gi)AL*iy%rEc + Hec.. L D'NAL = _SD*MLKD'NMNU“%D#M + H.c.,

2 2
'Ep*.rr?r = gpwrp?wiapﬂjfijkl ﬁ My, —M,, )2 oF
T=——"—— || “ds, | ds, Y Ml
8orN. ¢ SREM. Juse 2 f - E1 L it
Lopwn = ;?,; “ND}"ioc*"p,A" + Hec., A, 7 4Mz ¥ pol 27
N



Three-body decay (results)

TABLE II. Three-body decay widths for A_(2940)™ — A_(2286)" #~ 7~ (in MeV) with the
diagram Fig. 1(a) for different values of # and A. The values in the parentheses represent the

contributions from X! and 277, respectively.

=
7} A = 1.25 GeV A=1GeV A =075 GeV :}-1
0° 6.010(1.930,1.568) 4.311(1.384,1.125) 2.729(0.876,0.712 ﬁ
5° 6.392(2.040,1.679) 4.583(1.462,1.204) 2.899(0.925,0.762 =
10° 6.776(2.150,1.792) 4.855(1.541,1.284) 3.07000.974,0.812
15° 7.160(2.259,1.905) 5.129(1.618,1.364) 3.241(1.023,0.862 H
20° 7.543(2.368,2.018) 5.401(1.696,1.445)

|A,(2940) ") = cosf| pD*) + sind|nD* ).

3.411(1.{_}?1,{_}.912:.5__] -
b

TABLE IIl. Three-body decay widths A.(2940)° — A.(2280) 7 @~ (in MeV) with dia-
grams of Figs. 1(a) and 1(b) for different values of # and A. Values in parentheses indicate the
contributions of Fig. 1(b) with an intermediate p meson.

6 A =1.25 GeV A =1GeV A =075 GeV djh_
0° 6.014(5.486 X 1073) 4.314(4.268 X 1073) 2.732(3.083 X 1073)

5° 6.396(5.835 X 1073) 4.586(4.539 X 1073) 2.902(3.276 X 1073) =
10° 6.780(6.186 X 1073) 4.859(4.811 X 1073) 3.073(3.468 X 1073) 2,
15° 7.165(6.537 X 1073) 5.133(5.083 X 1073) 3.244(3.661 X 1073) '
20° 7.548(6.888 X 1073) 5.405(5.354 X 1073) 3.414(3.853 x 1073)

2015/9/18

PRD83, 094005, 2011
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4. Productions @ PANDA & JPARC

Home ewz | Meetingz | Collaboration | Computing | Detecto v Documentz | Communications -

Welcome to the PANDA Experiment Website Forthcoming experiments at PANDA, with the p momen-
The PANDL Experiment will be one of the kev experiments at the Facility tum in [hﬂ I‘Hﬂge frﬂm 1 o 15 GEVfC, Wh]Ch Cﬂrrﬂspﬂnds Lo

for Amtiproton and Ion Research (FAIR) which is under construction and . | ' | g
currently being built on the area of the G351 Helmholtzzentrum fiir [G[H] Cﬂﬂ[ﬂf‘ﬂf mass ﬂnﬂrglﬂﬂ mn [hﬂ Hﬂlllpri]l[ﬂn prﬂ[ﬂln

Schwerionenforachung in Darmstadt, Germany. sl:slﬂm hﬂ"iﬁn 2 25 ﬂnﬂ 55 !iﬂ:‘f Qﬂl:l En.l-ﬂ ugh Eulu_

The certral part of FAIR iz a synchrotron complex providing intense : ; : : 5 =
pulsed ion beams (from p to U). dntiprotons produced by a primary bLl[]li'-_'lrllS I[D [heqe ]nﬁﬂﬂ[]gﬂ[]ﬂnﬂ |']J I-'Dr IEKﬂmp]e, pp
proton beam will then be filled into the High Energvy Storage Ring Elnn]h]]ﬂ[]ﬂn reactions are EKP@C[@(] o prﬂ\.-]de Sl_lbﬂlﬂﬂ[]ﬂ]
(HESE) which collide with the fixed target inside the PANDA Detector. . .

The PANDL Collaboration with more than 450 zcientizt from 17 countries ]nfﬂmﬂ[]ﬂn on [he Chﬂm bﬂr}iﬂn ‘15(2236) ds WE]] as [he
irtends to do basic research on warious topics around the weak and bEIl‘}'i)[’l resonance '1 (294{]] recen[]},. ﬂbqer‘,-ed b}, [he
ztrong forces, exotic statez of matter and the structure of hadrons. ’ s ’

In order to gather all the neceszary information from the antiproton—prn‘tnBABAR Cﬂ]]ﬂbﬂl‘ﬂ[lﬂn |-2] H'nd Cﬂnﬁmled b}i [he BE]]E

build being asble to provide precize trajectory reconstruction, energy and Cﬂ]]ﬂbﬂl‘ﬂ[]ﬂn [3]
identification of charged particles. )

Fhat do you wani to know more about? BEPC, BABAR, BELLE,

JLab. PANDA

The Phy=zics Program The Detector

N E Information sbout the warious Detailled description and
. Té- phyzics topics going to be technical information about the
o investigated by PANDA. different detection svstems.
o

{ %  The Accelerator Facility

: Information about host
laboratory G5I, the Facility for
Intiproton and Ion Research and
the accelerator.

The PANDA Collaboration 0
Contact information, structure Q
and working groups within the

Collaboration.
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Production @ PANDA

1+

G o= gy ,pMNirspD’ + He.,, ~ix 0 A +
AL A pD+3c IsP s
p pp — pD A", (2286)

1+ B _ 0
Ly oo = 9xpp Acr*pDy” +Hee. A, (2940)) = |pD*").

do 1 1
dM,p 10247 5\/s — 4M?,

1- _ F ] 2

e, p = FapphipD? + He. < deos 05 il 1M

3 S w5yl PRD90, 094001,2010
ﬁhipﬂ* - f:ﬂipﬂ"ﬁc?#? Fﬂ,ﬂ + H.c.

J'L:(?%SE]_ J“Lc(g?‘iﬂ]_

=

(D) DY(D)

g A, (2286)* A.(2286)*
) (b) 30
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inferaction(ISI)

XK X

FIG. 2. Lippmann-Schwinger equation for the initial state interaction of the NN system.

d’pV(q'.p)T(P.4:E)

n&&m:w$@m+f

Vs (d@.3) = Vig(@.3) + Vi (3'.9).

The m-exchange potential 1s given by [23,24]

Py
I_{Ej} N = y.i:\':\' kl’
v 2M M + K
-y

% (&) - 32+ S (ky)) (71 - T2) F2(ks).
The optical potential for the NN scattering state is |

2015/9/18 .
I'f"?':.f{r:l - {"ﬂ + I-Wn]f"r‘f-fﬁ

E(q)-E(p)+ie

e e

035

u'j II.II.II.IJ.Illl.ll.ljl.]lll.ll.]l.]l.ll.
ad

5 55 s 6.5 7 15
s GeV)

FIG. 3. Initial state interaction factor |Jg|* in dependence

112
on £,
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I‘I:_=I Ge¥ = == == ([leoniribuion: Figs. la+1h] ]
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k- 1
Z ' E
= ]
_E 4
= ]
ﬁ -
10'F E
-1
][} 1 - 1 1 1
25 2.85 29 295 3
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I - 2 B (D I comtributions: Figs. La+1h)
r X A=1GeV = == == [[icontribwiion:Fig. la+1ki
B o 5 =525 GeV v =+ == (D+I) condributions Fig.la)
. i . - Vs 1t seeaas (I -contribution: Fig. la|
Differential cross section do/dM ,, , L e e
; 3 : [ = — E
s+ =15.25 GeV for J¥' =L of the A_(2940). - : :
2 L, .
. i
3 0F ;
= |
E =
% |
10" E
I{]-I' 1 1 1 1
28 2.85 29 295 3
Mpn (GeV)
2015/9/18 Sept.16-24, Erice2015, Italy

Differential cross section a‘aja'Mpﬁ for
512 =525 GeV for J¥ = 3 of the A.(2940).
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1 A=t = == == {[coniribuion:Figs_la+1b) -
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Differential cross section dafdMﬁ” for
¢'/* =55 GeV for J¥ =17 of the A(2940).

2015/9/18

a

Differential cross section de/ divi

. for
s'/% =55 GeV for J¥ =3~ of the A.(2940).
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Production@ JPARC (Hadron Hall)

~

' Charmed Baryon Spectroscopy
A Missing Mass Spectroscopy * :
,f{ 6, — @.D —-‘_——::*_*ff Measure D*-
o A ’
\_ Missing Mass Spectrum
e o

Focal Plane

igh—resnluticm, High-momentum Beam Line

20 GeV/c 'l' ,l, -l
a~Beam f! ﬁl (' ‘ JE ‘_- "

~

a-'--
-
-
-
= e
=
- K.;.
= _.F"'-H-F'-

w

o-Speciomeie [

2015/9/18 Sept.16-24, Erice2015, Italy

Courtesy of
S.Sawada
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. Role of the AF(2940) in the 7~p — D~ D" reaction close to threshold I

1A, (2940)) = |pD*). Nucl-1506.01133
) PRD92, 034029

1
do(rp— D~D"p) = — ) |MP?
2\/[131 "P2)? — MZ_M3 ;.

dﬂpﬁ dﬂpai m‘pdﬂpi 4
X SE. 3E, E. 0% (p1 +p2 — p3 — Pa— Ps),

T e g mm—————— D~ . .
I ~ - 7 H“‘-_H _,“'! -7
ED::'EI ;Dﬂ M“‘,H i}r ;"; :-c_'; r;;
o7 £ < W - ———— % —————
p “I'."f_".- ﬁ: ..-*I p n Ef"
— ™
(a) (b) ()

FIG. 1: Feynman diagrams for the 7 —p — D~ D"p reaction.

2015/9/18 Sept.16-24, Erice2015, Italy
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Effective interactions

Lp+px = gp-p=D.7- (D&"7—3"D7), (1)
L.NN = —ig=NNN~sT- TN, (2)
Lpny, = —igpNe NvsDY. + H.e., (3)
La.pp = 1GrppAspD" + He, (4)
La.pps = GappAA*pD;” + He., (5)
LAy, = igaax. AT - e + He.. (6)
4
Fp-(q>,, M..) = ﬁfﬂ*___f;jf Fr(g*,.M,..) = Y (q‘;’;ﬂ_ TEREh

2015/9/18 Sept.16-24, Erice2015, Italy
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Matrix elements

T e g —mm——— —— D~ . P
| ~ -~ - i _'__..-I __..'f
:D*ﬂ - Dﬂ xx'w xd" ;"; :": .-'Jf
[ P - ey -
p A, Al - » TR .
e I—
(a) (b) (¢)
FIG. 1: Feynman diagrams for the m—p — D~ D"p reaction.
1+
4 i0a
Me = oIE T TG = )
g — My T AL AL Mp-

] pi-k
A '1'1-{:1[]5.' 3}'}{:# + fl‘fﬁ".:}{?jl o j;lj'%tgt }vau{pzs S'i-:]'.

1+
V207

1l =
ME = - _
(qz _ ﬂ‘fﬁl + i'lﬂl‘fﬂirﬁfﬂ]{ﬂ — m?‘]
X U(ps,sp)(d F Mas)(Ka + mg)vsuips, 8;).
+
MI = g2

(g2 — M3, +iMprTar)(u — M2 )
% W(ps,sp)(d F Mar) (K + My, )ysu(p2, 8:), >



(1:total cross sections)

10°

1{]_2 ---':-I-".---I----l....|....|....|....|....
11.0 11.5 12.0 12,5 13.0 13.5 14.0 14.5 15.0
p_(GeV) p_ (GeV)

3L

10

FIG. 2: (Color online) Total cross sections for the 77 p — FIG. 3: (Color online) As shown in Fig. 2 but for J” = %_
D~ D"p reaction as a function of the beam momentum p, - of the A (2040).
for J¥ = 17 of the A7 (2040). The dashed, dotted, and dash-

7]
dotted curves stand for the contributions from the s-channel,
t-channel, and u-channel, respectively. Their total contribu-
tion is shown by the solid line. The blue line stands for the

contributions from the ground A7 (2286) state.

2015/9/18 Sept.16-24, Erice2015, Italy
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(2: differential cross sections)

d2a m?2

M podf) 29q5 \/ s[(p1 - p2)* — mZ_m]]

< [ 3 1Ml 7 e

8i.8f
100 ¢
— 1000 |
0 . i
> 7
S >
4 QO
2, %
s e
]
S E 100 |
b I~ ey
-1.0 -0.5 0.0 0.5 1.0
cos() -1.0 -0.5 0.0 0.5 1.0

FIG. 4: Differential cross sections for the 7= p — D~ D"p re- _ S b .
action as a function of the scattering angle (#) of the outgoing FIG. 5: As shown in Fig.@but for J© = 5 of the A (2940).

D~ meson in the CM frame of 7w p system for J¥ = %+ of
the AZ(2040).
2015/9/18 Sept.16-24, Erice2015, Italy
39



10 05 00 05 10
cos(0)

2015/9/18  FIC. 6: Ratio of the differential cross sections for JF = %_

+
and J” =17, 40



1), Molecule scenario
Our approach with hadronic loop
Compositness condition +

Other Effective Lagrangians

X(3872)

Z¢(3900), Y(4260), Zb(10610), Z ‘b (10650)

2), Baryon resonance A+c(2940) |

2015/9/18 Sept.16-24, Erice2015, Italy
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X, Y, Z states

Courtesy of Brambilla et al., 1010.5827

Y (4660)
X (4630)
Y (4360) Zg4430)+
X (4350
Y (4260) £ (4350 V(4274) ; josor
X (4160)
Y (4140) Z1(4050) "
Y (4008) 1(4050)
X (3940
X (3915)... )
X (3872)
DD(3730)
JPC 17— (1—|——|—) 0/2++ 0/2?—|— 27+ ?

2015/9/18 Sept.16-24, Erice2015, Italy
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. Y (4660
Charmonium 10 : E

4.0—

M Ge

- D.Dq

2015/9/18
PC.n—+
w0

Y (4260) Ty

(4170)

¥(4040)

Charged charmonium
spectrum
-- A completely new
scenario of strong QCD!

States close to open
thresholds
-- The role played by
open D meson channels?

Close to DD* threshold

Sept.16-24, Erice2015, Italy

1+ 1=~ Ot pttott
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Some known candidates

for hadronic meson-meson molecules

a0(980), f0(980)>K K X (3872) y D'D*
D*s0(2317)>DK: Ds1>D*K  X(3915) D7D+ DD
- X(3872)>D D*+c.c Y (4140) DDy~
‘ 2(4430)9 D*(ZOIO) D1(2420) Y (4260) Acﬁlj:]xﬂmﬁ;iﬂfﬁlg%ﬂ)
7(4430)* DD,
In the current nomenclature, the neutral(charged) states ob- X (4630) ¥(25)5o(980)
served in B decays are labeled X(Z), whereas the Y are the Y (4660) ¥(285) fo(980)

neutral, J'C = 17~ states observed in initial-state radiation
eTe™ processes.

20149018-13 Sept.16-24, Erice2015, Italy
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Basics about X (3872), Decay Modes

B X Jjyrtr 20X = Jjgrte) = 1.0 £ 0.4(stat) + 0.3(syst)
BELLE (hep-ex/0505037)
i505pin violating decay modes
decays dominated by subthreshold decays of w.J /v and pJ /v

B T(X - Jjiy)/T(X = Jjirtr) = 014+ 0.05 (Belle); 0.33 4 0.12 (BABAR)
BELLE (hep-ex/0505037), BABAR PRL 102 (2009)
large radiative decay mode !

& I[X — (28)y)/T(X - J/uy) =354+ 14
BABAR, PRL 102, (2009)
possible evidence for charmonium component ?

2015/9/18 Sept.16-24, Erice2015, Italy
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Ansatz: X(3872) is S-wave molecule with J7¢ = 1+

12

&
|I[:~:ET‘3]}=mﬂ[—%ﬁﬂ[|£pﬂ*“}+|ﬂ*nﬂn +_u?gi (DD 4 |D- DY) +

z”* |J¢u}+E o[ gp) | +sinfles)

{mﬂu = 1864.85 MeV M .0 = 20006.7 MeV m, = Mpo + Mped — £)

& dominant|D°D*Y) + | D** D% component

B ouantitatively see Swanson (2004): for ¢ = 0.3 MeV
Apopsn =082, Zptper = 0033, EJ!:M:{'.HI”., EJ\I_P:D.EUE

B small admixture of 11+ of component: o sin#

& Compositeness condtion: Zy = 1 - (LY (m%))’ - (E%(m3))’ = 0 fixes coupling of
X to its components

2015/9/18 Sept.16-24, Erice2015, Italy
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— 4] Results for X (3872) — ~J /v and 1/(2s)
S—

Configuration (X (3872) — vJ/u, vi(25)) keV
molecular DD* component 60 - 120(J /) 0.3 ((25))
pure .J /41" component 6.1 ) O {(y:(25))
interfering D0* and J/4V components 30 - 65 (J/4) 0.3 (1(25))

additional charmonium contribution with Z /% = sinf =~ —0.2 required

-z b
dotied - J/%, sobid-y(2s) mode  Raw = S rsitll —asdi1d
(BABAR, 2009)

Dong, Faessler, TG, Kovalenko, Lyubovitzkij, PRD 77 (2008), 79 (2009), 0909.0320 [hep-ph]
20019018-13 Sept.16-24, Erice2015, Italy
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BEPC,

Events / 0.01 GeV/c?

100} —+ Data

BESIII, Belle and CLEO-c-=2Z(3900)-
Mzc(soo)= (3899 £ 3.6 - 4) MeV-
I ;¢3s007(46 £ 10 = 20) MeV-

— Total fit

R «-~ Background fit
80 -.-. PHSP MC

. Sideband
60 '|' B

; A RZc (3900)
40t

- AN L NEE
20 34 i
g 3.7 3.8 3.9 4
Mmax(anqJ) (GerCQ) AR LEEEECSEREE [0 L WRARERR Y PR SRR, B
IRy I (W3 MLARP CARS T reRERE MR WA JdECE e
A FAFRNEEAE LRl Tl TEs
200 s e RS Iz G000y T
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