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Charmonium in standard quark model -

1Sy %Sy 'y 'y Py P, 'Dy Dy Dy ‘D
4,75 | | | | | I | | |
450 b 1
— 4i415)
425 |x4180) (n+1)@S+HL
o] J
4.00 V(4160) * n radial quantum number
’ (4040) vy(3820) | * S total spin of quark-
375 200 T et antiquark
@] W(2S) open charm threshold ~ ¥(3770) DD * L relative orbital ang.
3,50 Mn.(2S) e mom.
he 1o Kel i — L=0,1,2... corresponds
325 < Below open charm threshold to S,P,D..
- J. all states are measured J=S+L
| | | | | | | | | C = (-1)“*S charge conj.
0~F 17— 1+= 0+ 1+ 2+t 2=+ |— 22— 3 JPC

1974 -1980 Discovery of 10 standard charmonium states

1980-2002

... nothing

2002-2013 Discovery of 6 standard charmonium states



Cha factories LHC
Q BESTT SOAILAS

EAFERKIMEN]

pp collider

BESIII

Symmetric e*e~ collider E ~7 TeV: L~ 5fb~! per experiment
ee” —J/y, y(2S), w(3770), etc E ~ 8 TeV: L~ 20fb~! per experiment
scan 2.0 - 4.6 GeV

L~ 10%3/cm?/s LHCb E ~ 7-8 TeV: L~ 3 fb!

pp collider :
E~ 1.8 TeV: L ~ 4fb~! per experlment
Charmonium Charmonium
Prompt production Prompt production

B meson decays Beauty hadrons decays

..................................................................................................................
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ElectroMagnetic
Calorimeter

1.5 T solenoid

¢erenkov Detector
(DIRC)

e (9 GeV)

Instrumented Flux Return

Silicon Vertex Tracker

B factories

Belle: 8 GeV (e7) x 3.5 GeV (e7)
designed luminosity: 10.0x1033cm2s!
achieved 21.2x10%3c¢cm=2s7! (>2 times larger!)

Luminosity at B factories

(fb ')
2000 [

>1ab™?
| On resonance:
| Y(55): 121!
Y(4S): 711 b
1 Y(35):3fb™

| v(2S): 24 b
B2

——KEKB ———Waorld
——PEP-Il

1500 /_/_F/

1000 |

5002 /
o! 4%/_//

1998/1 2000/1 2002/1 2004/1 2006/1 200871 2010/1 2012/1

Y(1S):6 b !
Off reson./scan:
~100 fb"

~550fb!

I _ On resonance:
t | r(4s): 433 b

\\
\1\ \

Y(3S): 30 b’
Y(2S): 14 !
1 Off resonance:

~54 bt

Belle completed data taking in 2010
to start SuperKEKB/Belle II upgrade



Charmonium (+like) production at B factories

B decays vy fusion

. - .
b W C J/\|1

S
q K

o]

Any quantum numbers are possible, can be
measured in angular analysis (Dalitz plot) JPC= 0+ | 2+F

¢"e” annihilation with ISR double charmonium production

JPC=1-- in association with J/y only J°¢ = 0** seen



° 'S Sy ' Py Py P, 'Dy Dy Dy D
Observation of n.(2S) and h, »——+"
—1
450 k
PRL 89, 102001 (2002) U(d415)
o | Bon.29)K (KKK *M:(25) i —
% / 1 confirmed by 40 T %" g v
% i . M=(2654+10) MeVE i (3 e
> 40 J++\ '<55MeV CLEO, W ﬁ_o_pén_cﬁa_rrﬁ thresholdv(3770) ~ ~ ~ 7]
% i | Jﬁ ' BaBar&Belle 3,50 fn.(29) L =
ony | E" A S LR 1 A\a J in yy 3.5 - -
2900 3100 3300 3500 700 ==
My, (MeV/c?) . hC first 3,00 o= IV
18 — T]C(ZS) N ! | ! | ! ! | | L
o 16 PRL 89, 142001 (2002) J’ W observed by 07 1 I 0% 1 2% 2 1 2 3 JPC
? CLEO ’

n.(2S) and h_.: mass, total width, decays modes, yy-width are
in good agreement with the potential model expectations

PRL 95, 102003 (2005)
2

Gevie 6 ¥(2S) — n’h, — moym,

Generic MC

D Data

M=(3524.44+0.6+0.4) MeV

|

M
Charmonium table below DD threshold is completed!

recoil

-

Future

N. : new decay modes, absolute BR
measurements, improve mass, total width
and I, L Ler_ _

h, : search in three body B decays: 0 3.42 5,44 :|3.4If|§ 348 3.50 3.50 3.89 5,56
B — hc Kr. .. h, candidate mass (GeV/c?)

5
AR AR RAN

\"]
|IIII|III

—

Events / 0.002 (GeV/c?)
w

1
L

Wwo



vy — Z£(3940) = % ,(2P) O e T

< 1
PRLY96,082003(2006) ’j‘ 35| 4">O =
| \ T
g Nl 400 (4160)
P T = ——v
1\ 530 — O]
o 35k - e T ]
un | Al I-lﬁopen charm threshold (3770)
395fb-! + + + i i 350 b)) == -
‘ har [ %HHﬂ{* g ”‘ ;F'H‘"‘; hc T e N
5'6 ¥ A;(E)B)(Ge:/jCZ) ) 0 38 ‘ I 4 - 42 325 = ¢
m(DD) [GeV/c?] ==
o Helioh 300 =g= 1Y
2 i e,émt,y Decay mode, helicity o
< 10 stribution | iqtribution, R S e L EL D TS S O P S S |
=B favors J=2 :
= W1 rove out.
2 [ [, width p t
o 6 f _ _
0 e s SN 7(3940) = % .,(2P) = 23P2
2E e ! Mass is ~50-100 MoB/c? lighter than expected
0 0O 02 04 06 08 1 Future
lcos 97 Improve parameters, search in multi-body B decays
Exp. Process Luminosity Mass Width Spin Iy (xe2(2P)) %
B(xe2(2P) — DD)
(fb™1) (MeV/c?) (MeV) Jre (keV)
Belle ~y — DD 395 3929 £ 5+ 2 20+ 10+£2 2T+ 0.18 =2 0.05 = 0.03
BABAR | vy — DD 384 3926.7+2.7+1.1 | 21.3+68+3.6 | 2T 0.24 £0.05 = 0.04




Events / { 0.005 )

PRL 111, 032001 (2013)

st | BT =y YK -
N X(3823)
i I 4.20
15+ /
C 711 fb!
m:— W\t _ + }L }L
5§:f‘ ---------------------- WL | I
T AN ]
TR S S-Sl ) FT LT T
NS WL; ------------ e g Eareaer:
37 3715 38 385 39 e
M (%1 V), GeV

Confirmed by BESIII, 6.2c
PRL115,011803(2015)

M =3823.5+ 2.8 MeV
C'=4+6MeV, <14 MeV @90%CL

Future

o Critical prove at Belle 11

o To measure X(3823) decays to J/ym' -
and y .,y final states and to compare with
theoretical predictions for y(1°D,)

4.75 T T T T T T T T T
450 b —1
425 | (4415)
00 E—T4040)1
aa)
I NAT . Sl
~ 3,50 Fn.(29) I=h.=l
3.25
3,00 == I/
N
| | | . | | . |

X(3823) = y(1°D,)
X(3823)—y,y — C=-

1 1+
¥(3770) h(2P)

-
v,

decay to DD is forbidden due to unnatural
spin-parity = small I

decay to .,y should be prominent (E1)
I'(x.;v)~O(10KeV) is typical for
charmonium

'Sy Sy 'y Py Py P, 'D, °‘Dy Dy Dy

3--
y; — DD




X(3940) & X(4160)
in ete” — Jy D' DO

6.0c

N/25 MeV/r?

20—

10—

X(3940) — DD’

PRL100, 20200 (2008)

M= 3942_}"‘ +6 MeV
+26
[ =37 -15+12 MeV

N/50 MeV/c?
T T T T T T T T
m

+25
M=4156 5 +15MeV

T, =139 +111 +21 MeV
-61

X(4160) — D'D"

Future

GeV/ic?

M(D'D)

o Angular analysis for solid

1dentification

o Search in B decays

JPC:O—+
X(3940) = 3'S, =n.(3S)
X(4160) = 4'S, =n.(4S)
Decays to open charm like standard charmonium

X(3940)&X(4160): masses are ~100-150 (250-300)MeV
lower than the masses predicted by the potential models

'S S P P P Py Dy Dy Dy Ds
4,75 e —
4,50 | 1
(4415)
4,25 BX(4160
E(::J ; ] Y(4160)
400 (4040) | 'l - Fo—
3’75 =X_(3940) . Ebzizl:) _________
@ |¢‘(25:|) open charm threshold ¥(3770)
3,50 #.(29) —8 —e——8
h, g4 Yel X2
325 b Ket
——
3,00 =g= IV
N
' l I | | | | | |

0 1— 1t o 1+t 2t 2+ |— 2— 3—JPC



New charmoniumlike spectroscopy

_______
.....

JPC

0+ 1—— 1+— QOt+ [+ 2t+ 2+ [— 2—— 3

-



Charmonium & Charmoniumlike states
ISO 3S1 1P1 IPO 3P1 3P2 1D2 3D3

B T T @ 47d0) ! !3%(4666)
4,50 E @ X(4500 Y(4630)

B— T, (4500) Y(4360)
6) ) @ X4274) Y (4260)
® x@4140) [e]

4.00 X(3915)X(3872
’ (4040) —=
| X(3940) %2 (2P)

7/(4430)"

Z(4250)"
425 gl Zi4200)"
Z(4050)"

Z.(4020)*

375 X6 B e e Z.(3900)*
Iﬁ' W(3770) D
3,50 Fn.(28) EI’::.:I:;:I%' .
© T, 2002-2016 Discovery of 18 (+47?)
T e exotic charmonium states
300 == IV o, S=1 =0 S=1 All of them above open charm
N | | L L L L threshold

0-* 1 1+ 0t 1+ 2+t 2+ | 2 3-I

Charmonium hvybrids

Multiquark states

Tetraquark States with excited gluonic
= . degrees of freedom ) ) 3
tightly bound four-quark state “@ % Hadro-charmonium

Specific charmonium state “coated”

Molecular state

two loosely bound charm mesons by excited light-hadron matter



PRLYI1, 262001 (2003)

V  mrure

My, close to D’D™ threshold

Events / { 0.005 GeV )

X(3872)

M=3871.68+0.17MevV ~ JPC=1** :
i , Belle topcited:
not clear below or above: finall
20 100 - y 1200+
. Am=-0.11+0.22 MeV established
10 + surprisingly narrow:
i%#;#}' I, <12 MeV at 90% CL
M(Ihynm) ™ Known | BR relative | Comments
decays to
First observed by Belle in Vyp mode
B—K J/yntn Jhyp 1 1sospin violation
Confirmed: Jyo 0.8 £ 0.3 | isospin violation
BaBar, LHCb, CMS, ATLAS, CDF Jhyy 1 0.21 £0.06 | Belle&Babar good
agreement
w(2S)y | 0.50%0.15 | Belle&Babar
Hadronic collisions: produced mostly disagreement
promptly; only 0.263+0.023+0.016 EH];?" Lo
from B-decays (CMS) i
DOD*0 ~10 dominant mode




X(3872) interpretations

Conventional charmonium y, (2P)
( JPC=1++)
Problems:

L(%e1 @P) =)/ T (1 (2P)—>)/ynm ) ~ 30,
measured < (.2

~ 100MeV heavier then expected D'D* molecular state: (the most popular)
My ~ Mpo + Mp+ 1s not accidental
JPC=1" (DD in S-wave)

DD" decay

Small rate for decay into J/yy is expected

Tetraquark (cq)(cq):

+ 3 states (cu)(cu), (cd)(cu), (cd)(cd)
with a few MeV mass splitting

Problems:

m: | - too large X(3872) — y(2S)y

no evidence of neither neutral doublet too small binding energy: D° and D™ too far
nor charged partner yet in space to be produced in high energy pp

collisions

Possible solution:

Mixture of P-wave charmonium level
Y.1(2P) and S-wave DD molecule




~ 100 I B'>X(3872)K*n- .
;" ;| Observation of
s : z | o
= . : X(3872) in
i B—X(3872)Kn
-%. . 3 82 3.84 3 86 3 88 3 9 3.92
AE (GeV) _(GeV/c?)
Decay mode Y e (%) X (o) B(B— X(3872)Kn)x B(X(3872) — J/vwtn™)
B" - X(3872) K n~ 116 +19 1599 7.0 (7T9+1.3+£04) x107°
Bt — X(3872)K°7r*T 35410 10.31 3.7 (10.6 £3.04+09) x 107°
PRD9Y1, 051101 (2015)
0. — *()
> b 386 B+—>X(3§72)K T b 40 K™(892)
3 Z | >
- &) - 9
g 20 z _]. _L _L _l_ O -
< S Ll 'l' 'L f\ l S y4
-~ — =t 20_
*g 10f 2z 10p | i+ i | -T—l_]_l i g X ¥, =
=t S t O N B, D g
= : LE ................. ‘ _______________ E ...1 """"""" 'l__l
-%.ll 3[!82 3.84 3.86 3.88 3.9 3.92 > | |
AE (GeV) My, (GeV /c?) = 0 | N ——
| [ |

B(B" — X (3872)K*(892)") x B(K*(892)" — KT77)

B(BY — X (3872)KTm—)
= 0.34 + 0.09(stat) £ 0.02(syst)

08 1 12 14
M, (GeV/c?)

mmm) Contrast to y(2S) case



Measurements of absolute Br of B - KX(3872)

X(3872) | y" v

Y(4S) — BB

Events/1 OsMeVIc
[ =]
=]

KX —> D, ... full
reconstruction
Looking for recoil mass to (B,,,K)

424 fb™!

BaBar 2006: Br(B —KX(3872)) <3.2-10~* at

NEW: BaBar preliminary 90% C.L
Low limit on Br(X(3872) — J/y t'n= > 4.2%

L L 1 L 1 ‘ L L | 1 I L L L L ‘ L 1 L 1 | L L Il L
11 1.2 1.3 1.4 15 1.6
Kaon Momentum (GeV/c)

Particle| Yield |Peak Position|Width BF(10~%)
Jhb |516+67 9.6-1.2(sta)=0.8(sys)
ne  |655+£77| 298245 | <43 |13.3£1.8(stat)=0.4(sys)=+£0.3(ref)
Xeo  |218£76 4.440.9
Xe1 192435 7.0£1.3(stat)£1.0(sys)
X2 0£32 <1.2
ne (29) [283+94| 3632+0.007 | <33 6.0-£2.1(stat)£0.4(sys)
Y 2934+90 _ 6.2+2(stat)30.6(sys)
V(3770)| 0£49 feliminary <2.0
pabBar P
X (3872)| 7581 1.4+1.5 or < 4.4




Search
for Comments
X(3872)
partners
decays
Y1 Y | Forbidden by C-parity
Yo ¥ | conservation
C-odd partners: tetraquark,
molecule
UL : < 1/4 from J/y n'n
Jhyn | C-odd partners: tetraquark
UL : <1/2 from J/y n'n
NN Search for other X-like
n.n’ | molecular states
Nt |UL: ~J/yn'n

e 2

X(3872): future

o Detailed pattern of X(3872) to charmonium
transitions (radiative and hadronic) with
significantly improved accuracy

o Search for partners of X(3872)

molecules with JP¢ =0 1, 2. ..

o Measurements of absolute BR of
B —KX(3872) with improved accuracy

o Measurements of line shape of X(3872)
decaying to DD" at threshold and to J/ym*n-
to clarify nature of X(3872): virtual or bound
state

o Measurements of the total width of X(3872)



X |

Y(4008)
I

Exotic vector states




ISR measurements
at B factories

o Fixed quantum numbers of final state J*¢ = 1~

o Study of charmonium(+like) final states from threshold in wide energy region

o Huge accumulated luminosity at B factories

o Limited statistics
O Strong electromagnetic suppression
o typical events topology: fast photon with small p,

Y (4008) 3801 %+ 42 235+42 17~ ete — (xtn J/o)
Y (4260) 425049 108+12 17— ete” = (wmd/a)
ete™ — (fo(980)J /1)
ete” = (m Z-(3900)1)
ete™ = (v X (3872))
Y (4360) 4354+ 11 78+16 17~ ete” = (nta4(25))
X (4630) 463477, 9273 17— etem = (ATAD)
Y (4660) 4665 + 10 53+14 17— ete — (mtmw—1)(25))

Belle [1046, 1094] (7.4) 2007

BaBar [1104, 1105] (8), CLEO [1106, 1107] (11) 2005

Belle [1046, 1094] (15), BES III [1045] (np)
BaBar [1105] (np), Belle [1046] (np) 2012
BES III [1045] (8), Belle [1046] (5.2) 2013

BES 111 [1108] (5.3) 2013
Belle [1110] (8), BaBar [1111] (np) 2007
Belle [1116] (8.2) 2007

Belle [1110] (5.8), BaBar [1111] (5) 2007

NC!

Ok

Ok
Ok
NC!

Ok

NC!
Ok




PRL101,172001(2008)

30 —————— v
120 [ e'e” »m Ty (28) % 40 ere—AAS
) ~, [ YE360) = |
L100F > 0 S :
% % - \ ] g 30 - X(4630)
= 80f = i
8 8 | :
S 60 S | s
2 @ [Y(4260 '
£ 40 £ 1T :
v, A € 1 10
20 b TP T w '
GBIy e ' : ' . L
Q8 4 42 44 46 48 5 52 54 0, a5 5 55 %5 46 47 48 49 5 51 52 53 54

M(n*TJhy) (GeV/c?) M(A? A} Gev/id

Mz mw(2S)] (GeVic?)

Unlike conventional charmonium

o No room for Y states among 1~ charmonium

338, = y(4040); 2°D, = y(4160) ; 4°S, =y (4415); masses of predicted 3°D, (4520); 5°S, (4760); 43D (4810) are higher (lower)

o Absence of open charpl peructlon s, s, P, '’y P, P, 'Dy Dy Dy D

o Anomalous large partial width 4,75 — T T T T
I''Y - Jy ) > 1 MeV

Y (4660)
Y (4630)

o Only one decay channel per one Y state: 0B I Y(4360)
light charmonium + nn 425 VL) Y (4260)
s T ] PRD89,072015(2014) 4,00 T(4040)
. [ e'e” >K'K™ J/y via ISR
a | All available statistics’ 3 E - g - - = - -
= " Y(4260) available statistics;
— 10 o
> I does not allow fits to 1 3 v
Q i ¢ the cross sections ] 30 (28)
¢ °f | H L1 : 305 |
. \ UL ' |
ST N LA R TI —o=
) Al A - 1 3,00 == IV O
4 4.5 5 5.5 6 N
E.., (GeV) | I | | | | | | |

0t 1= It 0FF It 2% 27F [~ 2 3+



: Ryan Mitchell

| (for the BES Collaboration)

I Indiana University

: ICHEP 2016 — August 4, 2016

ete” — ol at BESIII (direct)
BESII Preliminary (NEW!)
100 150
=) L —4—xvZ =) -
=" F o m— il o i
—~ B0 oy _ i
= C ) = B
= C BABAR 5 100
B B0 = B i
roF oo
;q_, 40 n j "q_a 50
- I J 9 i
# 20— ', L 8 L
g C g . g L
- 0 C . 0 e, e - U
38 4 42 4.4 46
E,n (GeV)

e'e” —m'w J/y cross section is inconsistent with a single pick of Y (4260)
Two peaks are favored over one peak by 70

ete” — mwry(2S) at BESIII (direct)
BESII Preliminary (NEW!)

— JLEL L NLELELELE BLELEL L BLALELEL BLELELELE BRI |
o = =
2 1005 ~BESII 3
< 80F Bale
§ 60 E_ =BaBar _E
i w E
o 20 : 3
(é) 0 = ¥ '4_ ‘+irH
o E 3
20f E
-40 g | _;
'60 r 1 1 1 L L I-

4.0 41 4.2 43 44 4.5 4.6
M@ty (2S)) (GeV/e?)

BESIII confirms lineshape of Y(4360) in

e'e —n'n y(2S) cross section

Dressed Cross section (pb)

[ [ ) "

= om = om

= = = =
TT

o
=
L L I

e+te” — wrmhe at BESIII (direct)
BESIII Preliminary

:_ - BESIII: R-scan data sample
[ -»BESII: XYZ data sample
- :_ —Fit curve: Total

F - Fit curve: Y(4390)

Fit curve: Y(4220)

=
TT[TTT

.
n
=

CTTTT

Ecvm (GeV)

The n'nh, shape is clearly different from ' J/y

Y (4008) is not needed to describe BESIII data



30 —————————

B PRD87,051101R(2013)
o~ -y (4040) -
> | 11600 memy
) o
GJ20_ BELLE _
E : -
O L
Ql_ :
2 i
2 10
c
L]

0 [t

4.25 4.5 4.75
MnJhy) (GeVic?)

100

a0

40

20

o(e’e — nJAy) (pb)

20 |

BESIII is in agreement with Belle:
y(4160) — J/yn structure

— —+— Belle

- —4- BESIII(2012)

;_ H —4— This work

] Ht

C T ¥

il
L New BRI sean

s (GeV)

e'e — J/yn

o Peaks of y(4040) and y(4160)
o No sign of any Y state
o I' (y(4040,4160) — J/yn) ~ 1 MeV

o Anomalous transitions: common feature
of all 1~ states above threshold ?

4,75
4,50
4,25

4,00

375 |k

3,50
305

3,00

= S
e

| ] ] | | | ] ] |
0-F 1= It~ 0FF [#F 2%t 2% [ 2 3~
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R'rusmm 0

Ry (28)0<10°

3
Rwssmxm

Bottomonium cross sections [Fs

Only Y(5S) and Y(6S) peaks
in all cross sections
While for any charmoniumlike state

efe—>YS)r

4=

3.5E

3 n=1 Y(58) Y (6S)
2.5E-

2

1.5E-

1E

0.5E-

0F

7E

SE- n=2

5E-

4E-

3E-

2F-

1E-

S

| = ] ] ] ]

2.5F

T Y(55)

1.5

1E

0.5F

] S ! |
-0.5F ? PRD93,011101(2016)
10.6 10.65 10.7 10.75 10.8 10.85 10.9 10.95 11 11.05

s (GeV)

e'e—h (nP)r"n-

oP(h,(1P)x'T) (pb)

D

BELLE

only one decay mode

o®(h,(2P)n" ) (pb)

arXiv:1508.06562 } |

109 1095 11
E.., (GeV)



Bottomonium

T, 1, ® transitions

Y(5S)

Charmonium

' transitions n transitions
Y (4660)

- only one channel per state

Y (4360)

Y (4260)

T
W(4160)




13 years after Y(4260) discovery nature of Y family

remains unclear
More data more open questions:

o Confirmation of Y(4008) found by Belle only

o Confirmation of X(4630) found by Belle only
o Absence of clear understanding of X(4630) nature

O X(4630) quantum numbers, mass and width are in agreement with Y(4660),

too different decay modes: does not mean that X(4630) = Y(4660)
o Lots of interpretations

o Anomalous large transitions: common feature of all 1~ states above
threshold ?
o Search for other final states: ., , %., ,N.. X(3872) + and/or other light
hadrons

O Up to now only J/y, w(2S) + nr, n
o Charmonium via Bottomonium puzzle!

o Nature of Y states?
oMolecule, diquark-antidiquark, hadrocharmonium...



Charged charmoniumlike states




Charged Z_ states cannot be

° ° ISO SSl
conventional charmonium or 475
. ) I |
hybrid
4,50 | 7/(4430)*
V1) 7(4250)*
In B decays 425 — Z§4200}+
o Four states found by Belle 400 ZZ(é‘%SZ%);
+ 2 c
o only Z(4430)" is confirmed by sl mOPE Z..(3900)*
LHCbH [ U(29)
350 5 == —o——9—
In ee” annihilation 325 1
oTwo states are found by Belle 3,00 g J'/q,
o Z,family with eight members e
charged and neutral 1s found by 0=* 17 1%~ 0t 1t 2t 275 |- 2= 3 JPC
BESIII
Z(4430)F 4458 £ 15 16675, 1t—  BY = K—(nTy(25)) Belle [1112, 1113] (6.4), BaBar [1114] (2.4) 2007 Ok
LHCb [1115] (13.9)
B - K—(ntJ/4) Belle [1103] (4.0) 2014 NC!
Z(4050) 4051733 g2tt: 77t B 5 K (ntxea) Belle [1096] (5.0_}., BaBar [1097] (1.1) 2008 NC!
Z(4200)T 4196730 37079}, 17— B = K—(xtJ/%) Belle [1103] (7.2) 2014 NC!
Z(4250)T 42487157 17732 2" B 5 K (ntxea) Belle [1096] (5.0), BaBar [1097] (2.0) 2008 NC!




— T T T T T T T T T T T T : T T T T T T T
lyy=) PRL100,142001(2008)
D
! . datain signal region

[ data in sideband region |!| 6,5 ()

B —Z' K-

W
=

Events/10 MeV/c®

0L 548 iy { H| H | | | 4 Z7(4430)* : three different analysis, J* =17

ok " H‘ | HHMW WHH i i 3 o Fitto M(y(28)n") with K'(890)&K"(1430) veto
3 U: i mfmnmg M%E o Dalitz analysis

3@5 %ﬁ e 1120})1(2009) i | 1 o Full amplitude analysis to obtain spin-parity

o data in signal region
|:| data in sideband region

1 Mass values are the same, width depends on method

| M Hi {H wE PRD78:072004,2008
°F I IH H S0, T,
L L I L 7(4250)" & Z(4050)" ., oo 7 <2
| M(\|;(ZS)7t+), GeV  inyqn* final state AN fﬁhoutz,s
o Daliz analysis I \ }
o en MR/ Y
7.(4200)" in J/y n* final state, JP=1" & 1of Ll [ 2k
o 4D-fit: Dalitz + angular variables 5 T le + !
I AT POy Y S Ak e M et T RN
o New decay mode Z (4430)"—J/y Y6 38 4 42 44 46 as

M (z,,m), GeVic®

o order of magnitude suppressed (to y(2S)m)
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BaBar does not confirm Belle, but also does not rule it out!
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BESIII: a summary of Z_observations

Zc | Mass (MeV/c?) | Width (MeV) |Decay |

3899.0+3.6+4.9
3894.842.3£2.7

3883.9+1.5+4.2
Single D tag

3881.7£1.6%2.1
Double D tag

3885.7123+8.4

Z.(3900)
Z.,(3900)°

Z (3885)*

7..(3885)"

46+10+20 ] [
29.6+8.2+8.2 o) AT
24.8+3.3%11.0 (DD")*
Single D tag

26.6+2.0+2.3 (DD*)*
Double D tag

35+11415 (DD")°

efe”omwtnJ/p  [1]
ete = n'n/p 2]

ete” = (DDH=m'  [3]
ete” = (DD )*mt 4]

ete” = (DD)'x" [5]

Z.(4020)
Z.(4020)"

4022.910.8£2.7
4023.9+2.2+3.8
Z£.(4025)*

Z,(4025)" 4025.573043.1

4026.3+2.6+3.7

7.9£2.7£2.6 mth,
fixed n’h,
24.8+5.6+7.7 D'D*
23.0£6.0£1.0 D'D*

ete” = mtmh, [6]

ete” - m'nh, [7]

ete” - (D'D)tm™ [8]
ete” = (D'D)°n® [9]

(LIPRL 110,252001; FTPRL 115, 112003; BIPRL 112, 022001; 1 PRD 92, 092006
BIPRL 115,222002; I PRL110, 252001; 'V PRL 113,212002; 81 PRL 112, 132001

PTPRI. 115, 182002

Shan JIN
Institute of High Tnergy Physics

On Behalf of the BESIII Collaboration

ICHEP2016, August4, Chicago

Charged and neutral Z's are
consistent with isospin
triplets expectations.

Mass and widths of Z_(3900)
and Z(3885) (also Z(4020)
and Z_(4025) ) are consistent
within 2 — the same states?
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Y (3940) = X (3915)
o same decay mode
o similar masses and widths

o different production mechanisms
o confirmed by Belle & BaBar
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Confirmed by BaBar, prefer J'=0*



X(3915) puzzle

Partilce Data Group
Y (3940) = X(3915)=y.,(2P)

N/50 MeV/c?

Theory
o %.o(2P) production in two body B

decays is suppressed

o %.0(2P) — DD should be dominant
o a better candidate for y ,(2P) seen in
X(3880)— DD

'so S P TR 1P iR 1Dy D YDy D
4,75 T | j i ! i T | T
I S T A B
WE—Te1 i1 |
q;%4415) -2 !
4,25 PXL4160 ten ! 1
S
4,00 I i 1 (4160)
(4040)| o 8
375 1X(3940) 7O reCP—g A WL —
i,II\IJ %S i i : i W(3770)
_ — :
3,50 [n.(25) 4 ﬁ
3’25 | i X0 i i i
—.= ! I
3,00 == IV ! ! i :
e oo
] | ] I | ) ] | ]

0+t 17 1+ i-0++ il++ i2++ i2—+ 1 2 73——JPC

PRL 100, 202001 (2008)

Dy
BELLE
-

20| e'e—JyX(3880) —J/yDD O + (3880
i JPC:Oﬂ:+ + |
i 3.86 #_ | | |
4
n
M(DD)

—— —— -

New ideas:

0 Y(3940) =Y(3915) is 1,(2P)
0 Yo(2P)# Z(3940)

7(3940) =Y (3940) =Y (3915) is
XcO(ZP)

Future

More data for new angular
analysis to confirm quantum
numbers



Search for tetraquarks
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Exp. Np Mass [MeV | Width [MeV || o |Frac. [%]
CDF [1] 58 4143.042.941.2 11.77 33437 | 3.8

Belle [19] 325 41453.0 fized 11.7 fired 1.9

CDF [26] 115 41434125406 153704425 | 5.0 |15+4+2
LHCh [21] 346 4143.4 fixed 15.3 fixed 1.4 < 7
CMS [23] 2480 4148.042.446.3 28 12 +19 | 5.0 |10+£3
DO [24] 215 4159.0£4.34£6.6 1994126710 | 3.1 |21+£8+4
BaBar [22] 189 4143.4 fixed 15.3 fixed 1.6 < 13
DO [25] — 41525417782 16.345.64+11.4) 4.7 5|7
Average 4143.44+1.9 15.7£6.3
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Conclusion

Since 2002 six standard charmonium states were discovered.
Charmonium table below DD threshold is completed now.

About two dozens of charmoniumlike states were found recently
and this list continues to increase. All of them are above open
charm threshold.

Nature of the most of XYZ states 1s open question yet.

Precise measurements of known charmonium(-+like) states and
search for new charmonium(-+like) states above open charm
threshold are needed.



