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Connecting the XYZ at BESIII
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The quark model describes most of
charmonium remarkably well. (cc)

But the “XYZ” states point beyond the
quark model. (ccg, cqqc, (c¢q)(qc), cenm)
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The quark model describes most of
charmonium remarkably well. (cc)

But the “XYZ” states point beyond the
quark model. (ccg, cqqc, (c¢q)(qc), cenm)

BESIII can directly produce the Y(4260)
and Y(4360) in ete- annihilation.
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The quark model describes most of
charmonium remarkably well. (cc)

But the “XYZ” states point beyond the
quark model. (ccg, cqqc, (c¢q)(qc), cenm)

BESIII can directly produce the Y(4260)
and Y(4360) in ete- annihilation.

BESIII has observed “charged
charmoniumlike structures” —
the Z.¢(3900)...
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Connecting the XYZ at BESIII
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The quark model describes most of
charmonium remarkably well. (cc)

But the “XYZ” states point beyond the
quark model. (ccg, cqqc, (c¢q)(qc), cenm)

BESIII can directly produce the Y(4260)
and Y(4360) in ete- annihilation.

BESIII has observed “charged
charmoniumlike structures” —
the Z(3900) and the Z.'(4020).
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The quark model describes most of
charmonium remarkably well. (cc)

But the “XYZ” states point beyond the
quark model. (ccg, cqqc, (c¢q)(qc), cenm)

BESIII can directly produce the Y (4260)
and Y(4360) in ete- annihilation.

BESIII has observed “charged
charmoniumlike structures” —
the Z(3900) and the Z.'(4020).

BESIII has also observed a transition to
the X(3872).



MASS [GeV/c?]

Connecting the XYZ at BESIII
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The quark model describes most of
charmonium remarkably well. (cc)

But the “XYZ” states point beyond the
quark model. (ccg, cqqc, (c¢q)(qc), cenm)

BESIII can directly produce the Y(4260)
and Y(4360) in ete- annihilation.

BESIII has observed “charged
charmoniumlike structures” —
the Z(3900) and the Z.'(4020).

BESIII has also observed a transition to
the X(3872).

We are building connections.
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Most XYZ states were discovered at Belle
and BaBar using ete- collisions in the
bottomonium region...
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Connecting the XYZ at BESIII
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=20 (4360) and BaBar using ete- collisions in the
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Connecting the XYZ at BESIII

I
Z(4430)?
4.8 Ne(41S0) P(43S1)
Y(4360)
Xc2(33P2)
Y(4260) | N(3"P1) Xo1(33P1)
4.2 Xco(33Po)
P(23D1)
338
4.0 | [naisy FAE=
1 Xc2(23P2)
L co(23P
3.8 oD Xc0(23Po)
2Mp [ T T
P'(23S4) > 300
ne’(2'So) — D
3.6 0
Xc2(1%P2)
Xc1(1%P1) 1C_>
L S 200
3.4 T o
<
(0p)
e
3
32 | . . > 100
l predicted, discovered L
JP(1%81) predicted, undiscovered
3.0 - No(11S0) unpredicted, discovered 0
O+ 1-—- 1+- O++ 1++ 2++
JPC

Ryan Mitchell — Indiana University

For example in B decays...

Most XYZ states were discovered at Belle
and BaBar using ete- collisions in the
bottomonium region...

B*— K*(mtoJ/y) at Belle

| ot

PRL 91, 262001(2003)

P(2S)

X(3872)

0.40

M TT) - M(I'T) (GeV)

0.80

11



MASS [GeV/c?]

Connecting the XYZ at BESIII

[ .
P ey Most XYZ states were discovered at Belle
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Most XYZ states were discovered at Belle
and BaBar using ete- collisions in the
bottomonium region...

And in Initial State Radiation (ISR)...

ete=(visg) — wra-J/Y at BaBar

104 TrrrrrrrrrrrrrrrrrrrrrrrrT
P(2S)

103 .

10°E .. Y (4260)

10} " it K s b
i H f“ ﬁfﬂf iiﬂ”f

156 38 4 42 44 46 48 5
Mass(rtrre-J/) (GeV)

PRL 95, 142001 (2005)
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Connecting the XYZ at BESIII

4 (24307 T, Most XYZ states were discovered at Belle
4 «(41S . . . .
Nl 0 (S and BaBar using e*e- collisions in the
Xc2(33P2) . .
azea)| 3P ) @ bottomonium region...
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38 | XCO(23P0) 80 LI L L L L O N O L O L Y [N L Y D L N LB
P (1°D) n .
eMp | T [ ~ T
P’ (23S4) - 70 n Z
¢ (21S N _ ]
36 L Nc'(2'So) § 60 £ E
Xc2(13P2) o .
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-] L ]
34 T Xeo(1%Po) S 40F =
SN :
~ 30 —
i) u ]
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62 F N ]
J/p(1°51) predicted, undiscovered 10 $ 5!"[ i, "T “i' il n"“";*- LT t
1 o o S -y
3-0 I nc(11SO) unpredicted, discovered O T I | I I 11 1 I | I I 1 11 I 11 1 I 1 1 + I 1 l 1 I 11 1 * r.l
3.8 4 42 44 46 438 5 52 54
Jyrtm)(GeV/ic
O+ 1-—- 1+- O++ 1++ 2++ m( W )( ev/c )

PC
J PRD 86, 051102(R) (2012)
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Events /50 MeV/c”

Most XYZ states were discovered at Belle
and BaBar using ete- collisions in the
bottomonium region...

And in Initial State Radiation (ISR)...

ete=(visr) = o y(2S) at BaBar and Belle

2“_ I -I -I I | 1 1 1 | 1 I 1 | 1 | 1 | 1 I 1 | I | | | 1 I_I | I_
- f . .
85 Y(4360)  Y(4660 Vi2S) = liyr
165 _, * BABAR =
- _[ 112 events (520 b a
14 =
12 E- THL Belle E
- : 110 events (673 th''y -
10— R . —
N e B Lt ]
B e : —
f}f— : l —f
4E- ' -
b .
”111. e e 5 # Tl e
4 1.8 5 5.2 5.4

m{W(28)t ) (GeV/c)

arXiv:1211.6271 and CHARM 2012
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Connecting the XYZ at BESIII
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BESIII can produce the Y(4260) and
Y (4360) directly by tuning the BEPCII
center of mass energies...

h<
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(world’s largest sample of

il

4260 (515 pb-1)
(world’s largest sample of

«—

Y(4360) by ~4x)

Y(4260) by ~2x)

4230 (43 pb-1)
4310 (44 pb-1)

17

Ryan Mitchell — Indiana University



Connecting the XYZ at BESIII

BESIII Initial Round of Data-taking
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Connecting the XYZ at BESIII

ete~ (at 4260 MeV) — mta-J/yY at BESIII

|
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\T -
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L 0(23P o i ' riubiabl el .
3.8 "(13Dy) Xco(20) O3 3.05 3.1 3.15 3.0
e cesy M(e'e’) (GeV/c?)
c’ 218 Al C
3.6 Bilieien) § 160 - —4- Data
c2(13P 5 _
i I S 1a0- Jip — o
o 120 :— ---. Background
34 T Xco(19Po) § Jo0k
~ 80
2 - 382
g °0F
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O 0t R iaa e R SR ; . o
3.0 - Nc(11S0) unpredicted, discovered 3 3.05 3.1 3.15 3.2
M(utu) (GeV/c?)
0-+ 1— {4 O+ 14+ Ous PRL 110, 252001 (2013)
JPC

(cross section consistent with Belle and BaBar)

Ryan Mitchell — Indiana University
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Connecting the XYZ at BESIII

Z(4430)? .
4.4 1o(41S0) p(4°S1)
Y(4360)
Xc2(33P2)
Y(4260) | N(3"P1) Xo1(33P1)
4.2 Xco(33Po)
P (23D1)
33S
4.0 L [ne@ise L2
Xc2(23P2)
he(21P+) X(3872)
| co(23P
3.8 oD Xc0(23Po)
2Mp [T [
P’(23S4)
¢'(21S
36 L Nc’(21So)
Xc2(13P2)
(1P Py
34 U Xc0(1%Po)
3.2 |- J predicted, discovered
JP(13S1) predicted, undiscovered
3.0 : .
Ne(1'So) unpredicted, discovered
O+ 1-—- 1+- O++ 1++ 2++
JPC

ete™ (at 4260 MeV) — mtmaJ/y at BESIII

1.6
~ 1.4
C\l
O 12
>
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S
—0.8
F 0.6
kO
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§0'4
0.2
0

|

n 15 — 3
— PRL 110, 252001 (2013)

— ook :'-ilfféc' 5
= g . 0.5 ."-."l__"-"-': 4 1"'{*:";‘.:3 1
u - ™ ;___-,_-:‘:"""_ "’:;..ﬁ

— B L s 100 12 14 T
u :;._{-_. |:: :E"-:-:l:-'__!__'_

- el e

- = A = Pt N

:_ = -::-r Ca = =

_I L1 1 I L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I ||||||||
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non-trivial substructure in str7t-J/1
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Connecting the XYZ at BESIII
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JPC

ete- (at 4260 MeV) — m+a-J/y at BESIII

- PRL 110, 252001 (2013) —4- Data
100 |
— Total fit
Zc(3900) ---- Background fit

80

-.= PHSP MC

Sideband

60

40

Events / 0.01 GeV/c?

20 L

38 39 40
M, (w=Jp) (GeV/c?)

M=38990+3.6+49 MeV
I'=46 £ 10 £ 20 MeV

= “Charged Charmoniumlike Structure’

(Confirmed by Belle and CLEO data.)

(Many theoretical ideas -- close to D*D threshold.)
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MASS [GeV/c?]

Connecting the XYZ at BESIII

Viewpoint: New Particle Hints at Four-Quark Matter

I

4 4Z(i430)? 1 P(43S1) Eric Swanson, University of Pittsburgh, Pittsburgh, PA 15260, USA
: Nc(4'So) Y(4360) Published June 17,2013 | Physics 6,69 (2013) | DOI: 10.1103/Physics.6.69
1 Xc2(33P2)
Y(4260) | N(3"P1) Xc1(33P1)
4.2 / Xc0(3%Po)
3
- 7 P (23D1)
33S
4.0 |- [ne@rsg) A=Y
"4
Xc2(2°P2)
Z(3900
3.8 XcO(23P0)
$"'(1°D;)
2Mp [T\ T
P'(2384)
Ne’(2'So)
3.6 -
Xc2(13P2)
(1P WX
34 L Tc$ Xc0(13Po)
3.2 - predicted, discovered
JP(13S1) predicted, undiscovered
3.0 : .
Nc(11So) unpredicted, discovered
O+ 1-—- 1+- O++ 1++ 2++
JPC

Ryan Mitchell — Indiana University 22



Connecting the XYZ at BESIII

BESIII Initial Round of Data-taking

FUNNE TN TN T (NN VNN TN NN W (NN TN NN TR THN NN TN NN SN TN Y TN TN SN N N SN S

€10T ATenqaq--

| NN [N [N NN N NN Y SN S S S U S S S S S S S S S N S — — —

llllllllllllllllllllllllllllllllllllllllllll

L
<
<
<
Loy

2500

< < <
< < <
< 'y} <

o -~ —
(T-.0d) AjTsouTwNnT

<
<
'y

<

82-20-£T02
£2-20-ET02
92-20-ET02
GZ-20-ET02
P2-20-£T02
£2-20-£T02
22-20-£T02
T2-20-ET02
02-20-£T02
6T-20-E£T02
8T1-20-£T02
LT-20-ET02
9T-20-ET02
GT-20-£T02
PT-20-ET02
ET-20-£T02
ZT-20-ET02
T1-20-£T02
0T-20-£T02
60-20-£T02
80-20-ET02
£0-20-ET02
90-20-£T02
C0-20-£T02
PO-20-ET02
£0-20-ET02
20-20-£T02
TO-20-£T02
TE-TO-ET0Z
0E-TO-ET0Z
62-TO-ET02
82-TO-£T02
£2-TO-ET02
9Z-TO-ET02
GZ-TO-ET02
P2-TO-ET02
£2-TO-£T02
22-TO-ET02
T2-TO0-ET02
0Z2-TO-£T02
6T-TO-ET02
8T-TO-£T02
LT-TO-ET0Z
9T-T0-£T02
ST-TO-£T02
PT-TO-ET02
ET-TO-ET02
ZT-TO-ET02
TT-TO-£T02
0T-TO-ET02
60-TO-ET02
20-TO-ET02
L0-TO-ET0Z
90-TO-£T02
CO-TO-ET02
PO-TO-ETOZ
£0-TO-£T0Z
20-TO-£T02
TO-TO-ET02
TE-2T-2T102
0E-2T-2T02
62-21-2102
82-21-2102
£2-2T1-2102
92-21-2102
G2-21-2102
p2-21-2102
£2-21-2102
22-21-2102
T2-21-2102
02-21-2102
6T-21-2102
8T-21-2102
LT-2T-2T102
91-21-2102
CET-21-2102
PI-21-2102

111

4360 (523 pb-1)
4390 (53 pb-1)

(world’s largest sample of

il

4260 (515 pb-1)
(world’s largest sample of

Y(4360) by ~4x)

Y(4260) by ~2x)

4420 (43 pb-1)

4230 (43 pb-1)

4310 (44 pb-1)

23
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Connecting the XYZ at BESIII

BESIII Additional Round of Data-taking

s 21174 L L EECLERE
S (114 Lo\ ZEE
2 | :
om -
: H
um -
- a
m ;
8 -
m -
g —
w .
: H
a2 (|4 XU \CESRRREEE

8T-50-ET02
LT-C0-ET02
9T-C0-£T02
GET-C0-£T02
PT-G0-ET0Z
ET-C0-ET02
ZT-S0-ET02
TT-80-£T02
0T-S0-ET02
60-50-ET02
80-C0-£T02
£0-80-ET02
90-C0-£T02
SO-S0-ET02
PO-G0-ET0Z
£0-C0-£T02
20-80-ET02
TO-S0-ET02
0E-PO-ET0Z
62-P0-ET02
82-p0-£T02
£2-PO-ET02
9Z-PO-ET02
GZ-p0-£T02
PZ-p0O-£T02
£2-p0-£T02
2Z-PO-ET02
TZ-p0-£T02
0Z2-p0-£T02
6T-PO-ET02
8T-PO-ET02
LT-PO-ET0Z
9T-p0-£T02
ST-p0O-£T02
PT-PO-ET0Z
ET-PO-ET0Z
ZT-PO-£T02
TT-p0-£T02
0T-p0O-ET02
60-PO-ET0Z
80-p0-ET02
L0-PO-ET0Z
90-p0O-£T02
SO-PO-ET0Z
PO-PO-ET0Z
£0-p0-£T02
20-p0O-£T02
TO-pO-ET02
TE-CO-ET0Z
0E-E0-ET0Z
62-E0-ET02
82-£0-£T02
£2-C0-ET02
9Z2-£0-£T02
GZ-£0-ET02
PZ-£0-ET02
£2-£0-ET02
22-E0-ET02
TZ-E0-ET02
0Z2-£0-£T02
6T-E£0-E£T02
8T-£0-ET02
LT-E0-ET0Z
9T-£0-£T02
GST-£0-£T02
PT-E0-ET0Z
ET-E0-ET02
ZT-E0-ET02
TT-£0-£T02
0T-£0-£T02
60-£0-ET0Z
80-£0-£T02
L0-E0-ET02
90-£0-£T02
SO-E0-ET0Z
PO-E0-ET0Z
£0-£0-£T02
20-£0-ET02
TO-£0-ET02
82-20-£T02

4230 (1011 pb-1)

T4260 (291 pb—l)T T T T

BESIII
meeting

4210 (52 pb-1)

4220 (52 pb-1)

4245 (53 pb-)

24

versi

Ryan Mitchell — Indiana Un



Connecting the XYZ at BESIII

BESIII Additional Round of Data-taking

\ y

o R a% 4 ([ AL LT SECLEERREE
Rt 3 (14 GESSEEEEEY
R RRRRt3 (4| LU UZSSREEEEEY
2 # H
-m -
: :
om -
w .
T 1
g :
m i
g —
.w il
m —

£0-90-ET02
20-90-£T02
TO-90-£T02
TE-CO-ET0Z
0E-G0-ET02
62-G0-ET02
82-C0-£T02
£2-80-ET02
92-50-ET02
GZ-S0-ET02
PZ-G0-£T02
£2-80-£T02
22-80-£T02
T2-50-ET02
0Z2-C0-£T02
6T-CS0-ET02
8T-C0-£T02
LT-G0-ET02
9T-C0-£T02
ST-C0-£T02
PT-C0-ET0Z
ET-50-ET02
ZT-S0-ET02
TT-S0-£T02
0T-C0-ET02
60-G0-ET02
80-50-ET02
£0-G0-ET02
90-C0-£T02
C0-C0-ET02
PO-G0-ET0Z
£0-50-ET02
20-G0-ET02
TO-C0-ET02
0E-PO-ET0Z
62-PO-ET02
82-p0-£T02
£2-P0-ET02
9Z2-p0-£T02
GZ-PO-ET02
PZ-p0O-£T02
£2-P0-ET02
Z2Z-p0O-£T02
TZ-PO-ET02
0Z2-PO-ET02
6T-P0O-ET02
8T-p0-£T02
LT-PO-ET02
9T-PO-ET02
ST-p0O-£T02
PT-PO-ET02
ET-PO-ET02
ZT-PO-ET02
TT-PO-ET02
0T-p0O-£T02
60-pO-ET02
80-p0-ET02
£0-PO-ET0Z
90-p0-£T02
CO-pO-£T02
PO-pO-ET0Z
£0-PO-ET0Z
20-p0O-£T02
TO-pO-ET0Z
TE-E0-ET0Z
0E-CO-ET0Z
62-E0-ET02
82-£0-£T02
£2-E0-ET02
92-C0-ET02
GZ-E0-ET02
PZ-E£0-ET02
£2-E0-ET02
2Z-E0-ET02
T2-E0-ET02
0Z2-£0-£T02
6T-E£0-ET02
8T-£0-£T02
LT-E0-ET0Z
AT-C0-CTO0Z

T 1T

3810 (48 pb-1)

4230 (1011 pb-1)

f 11

4210 (52 pb-1)

3900 (50 pb-1)

4220 (52 pb-1)

4090 (50 pb-')

4245 (53 pb-1)

25

Ryan Mitchell — Indiana University



MASS [GeV/c?]

Connecting the XYZ at BESIII

Z(4430)? .
4.4 No(41S0) P(4°S4)
Y(4360)
\ Xc2(33P2)
Y(4260) | N<(3"P1) Xo1(33P1)
42 L \\ Xc0(3%Po)
P(23D1)
338
2.0 L [ne@se 2 1)\\
Xc2(23P2)
Z(3900) he(21P+) X(3872)
3.8 - WD
PMp [T T
P’(23S4)
c’ 218
3.6 | &S
Xc2(13P2)
Xc1(1%P1)
3.4 | Xeo(1°Po)
3.2 predicted, discovered
JIP(13S1) predicted, undiscovered
3.0 i i
Nne(11So) unpredicted, discovered
O+ 1-—- 1+- O++ 1++ 2++
JPC

ete™ (at 4260 MeV) — stmho(1P) at BESIII

—~ 3.20¢

< - 35
> 315

% - 30
S 310

5233.053— - %

20

15

3 .

- 5

o e ] N el Ll .
2350 352 354 356 358 360
M(GeV/e?)

arXiv:1309.1896

Exclusively reconstruct the process:
ete” — mwrrthe(1P)
he(1P) = ync(1S)
N(1S) — 16 decay channels

Ryan Mitchell — Indiana University 26



MASS [GeV/c?]

Connecting the XYZ at BESIII

Z(4430)? .
4.4 No(41S0) Y(4°S)
Y(4360)
\ Xc2(33P2)
Y(4260) | N<(3"P1) Xo1(33P1)
4.2 |- \\ Xc0(33Po)
P(2°D+)
338
4.0 | [ne@sg X 1)\\
Xc2(23P2)
Z(3900) he(21P+) X(3872)
3.8
PMp [T T
3.6
Xc2(13P2)
he(11P1) Xc1(13P1) =
3.4 |- Xc0(1%Po)
3.2 predicted, discovered
JIP(13S1) predicted, undiscovered
3.0 i i
Nne(11So) unpredicted, discovered
O—+ 1-—- 1+- 0++ 1++ 2++
JPC

ete™ (at 4260 MeV) — stmho(1P) at BESIII

arXiv:1309.1896

C 60
> M(h(1P))
O 505
= n [4Y hc(1P)
= 40F ’ |
Z 300 |
= Tr l
2 200 ‘ }
10 Tl gl oo -2 } ; ik _ }
:...|...|...|...}|.;.l.
P50 35 354 356 358 3.60
M,, (GeV/c?)

Exclusively reconstruct the process:

ete~ — trh(1P)
he(1P) — ync(1S)

N(1S) — 16 decay channels

Ryan Mitchell — Indiana University
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MASS [GeV/c?]

Connecting the XYZ at BESIII

Z(4430)? 3
4.4 No(41S0) Y(4°S)
Y(4360)
Xc2(33P2)
Y(4260) | N<(3"P1) Xo1(33P1)
4.2 Xc0(33Po)
P (23D1)
4.0 | ne(3'So) \\
Xc2(23P2)
3.8
Pp”’(13D1)
PMp [T T
P’(23S4)
¢ (21S
3.6 | 20
Xc2(13P2)
Xc1(18P4)
3.4 |- Xc0(1%Po)
3.2 - predicted, discovered
J/P(1351) predicted, undiscovered
3.0 - -
Nne(11So) unpredicted, discovered
O+ 1+- O++ 1++ 2++
JPC

ete~ — wraho(1P) at BESIII

~ 18r 10
L :
N i
@ 17:— ; - 8
*e L g | 7
o R A 6
S ol S el i
. L = P
15 L5 F_T'. -':.:r.‘.._. 4
B . 3
14:_ -qi:ll.c l.l . . ;
B 1

| U S I AU R I 0
6.0 01 02 03 04 05 06 0.7 08

2 2)2
M . (GeV/c”)
arXiv:1309.1896

Exclusively reconstruct the process:
ete” — trwhe(1P)
he(1P) = ync(1S)
N(1S) — 16 decay channels

Ryan Mitchell — Indiana University 28



MASS [GeV/c?]

Connecting the XYZ at BESIII

Z(4430)? 5
4.4 No(41S0) P(4°S4)
Y(4360)
\ Xc2(33P2)
Y(4260) | N<(3"P1) Xo1(33P1)
42 L \\ Xc0(3%Po)
P(2°D+)
33S
40 L [na@rsy F2 1)\\
Xc2(23P2)
Z(3900) he(21P1) X(3872)
3.8
PMp [T T
3.6
Xc2(13P2)
he(11P1) Xc1(13P1) =
3.4 |- Xco(1%Po)
3.2 predicted, discovered
JIP(13S1) predicted, undiscovered
3.0 i i
Nne(11So) unpredicted, discovered
O+ 1-—- 1+- O++ 1++ 2++
JPC

-
(O
o

Events/ ( 0.005GeV/c?)
=Y

ete~ — wraho(1P) at BESIII

AN R 2
— )

40 #H 1
20 +++++ +++++++
g . e e .
3.7 3.8 3.9 4.0 4.1 4.2
Mnihc(GeV/cz)

arXiv:1309.1896

Exclusively reconstruct the process:
ete” — trwhe(1P)
he(1P) = ync(1S)
N(1S) — 16 decay channels

Ryan Mitchell — Indiana University
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MASS [GeV/c?]

Connecting the XYZ at BESIII

Z(4430)? 3
4.4 No(41S0) W(43S1)
Y(4360)
~ Xc2(33P2)
| Jyuzeo he(3'P4) Xo1(33P1)
42 - T e Xc0(3°Po)
P(2°D+)
4 [ 2(4020) Jig;) 1 W8S
\ Xc2(2°P2)
Z(3900) \ he(2'P1) X(3872)
3.8 | X<0(2°Po)
$"'(13D;)
2Mp [T I
P’(23S4) -
o'(21S T
3.6 | e \
Xc2(13P2)
he(11P1) Xc1(13P1) =
3.4 | Xeo(1°Po)
3.2 predicted, discovered
JAP(13S4) predicted, undiscovered
3.0 - i
Nne(11So) unpredicted, discovered
O—+ 1-—- 1+- 0++ 1++ 2++
JPC

Events/(0.005 GeV/c?)

Ryan Mitchell — Indiana University

ete~ — gt he(1P) at BESIII

120 - 7. (4020) ~
- 050
801 g3
- S 20£,b%
60% E10711

40 4.1
M_., (GeV/c?)

L ]
...
a
Y
IS

2
40 J[ 98 39

20

fos

arXiv:1309.1896

¥ ~ierdhi bl 4

415 420 425
M_., (GeV/c?)

410

4.00 4.05

= “Charged Charmoniumlike Structure”

(this time close to D*D* threshold)

M=40229+08 2.7 MeV
['=79x+27+2.6MeV
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MASS [GeV/c?]

Connecting the XYZ at BESIII

Z(4430)? 3
4.4 No(41S0) W(43S1)
Y(4360)
~ Xc2(33P2)
| Jyuzeo he(3'P4) Xo1(33P1)
42 - T e Xc0(32Po)
P(2°D+)
4 [ 2(4020) Jig;) 1 W8S
\ Xc2(2°P2)
Z(3900) \ he(2'P1) X(3872)
3.8 |- Xc0(2°Po)
$'(1°Dy)
2Mp [T I
P’(23S4) -
o'(21S T
3.6 | e \
Xc2(13P2)
he(11P1) Xc1(13P1) =
3.4 | Xeo(1°Po)
3.2 predicted, discovered
JAP(13S4) predicted, undiscovered
3.0 i i
Nne(11So) unpredicted, discovered
O+ 1-—- 1+- O++ 1++ 2++
JPC

Born cross section (pb)

90
30
70
60
50
40
30
20
10

ete~ — wrahe(1P) at BESIII

—e— o(e‘e->n*mh,) BESIII
—=— o(e'e->n*Z,(4020)+c.c.) BESIII

o(e*e->n*n'h,) CLEO-c °

! 1 % é %

' : T I T
4.0 4.1 42
arXiv:1309.1896 Ecu(GeV)

The cross section shape requires more data...

Is it

a combination of the Y(4260) and Y(4360)?

Or something completely different?

Ryan Mitchell — Indiana University
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Connecting the XYZ at BESIII

The Z(3900) is close to DD* threshold...

Z(4430)? 3
4.4 1o(41S0) Y(4°S)
Y(4360)
Xc2(33P2)
Y(4260) | N(3"P1) Xo1(33P1)
4.2 Xco(33Po)
P(2°D+)
% 4. (204020) Jrs,y [ W&
s W
5 Z(3900) 1 Xe2(2%P2)
N - c0(23P
b 3.8 oD Xc0(23Po)
<§E 2Mp [ T T
P’(23S4)
¢'(21S
36 L Nc’(21So)
Xc2(13P2)
(1P S
3.4 |- Xco(1%Po)
3.2 |- predicted, discovered
JP(1%81) predicted, undiscovered
3.0 , :
Ne(1'So) unpredicted, discovered
O+ 1-—- 1+- O++ 1++ 2++
JPC

Ryan Mitchell — Indiana University
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Connecting the XYZ at BESIII

Z(4430)? 3
4.4 1o(41S0) Y(4°S)
Y(4360)
Xc2(33P2)
Y(4260) | N(3"P1) Xo1(33P1)
4.2 Xco(33Po)
P(2°D+)
% 4. (204020) Jrs,y [ W&
s W
5 Z(3900) 1 Xe2(2%P2)
N - c0(23P
b 3.8 oD Xc0(23Po)
<§E 2Mp [ T T
P’(23S4)
¢'(21S
36 L Nc’(21So)
Xc2(13P2)
(1P S
3.4 |- Xco(1%Po)
3.2 |- predicted, discovered
JP(1%81) predicted, undiscovered
3.0 , :
Ne(1'So) unpredicted, discovered
O+ 1-—- 1+- O++ 1++ 2++
JPC

Events / 4 MeV

The Z(3900) is close to DD* threshold...

ete(at4.26 GeV) — a+tDD*~ at BESIII

90
80
70
60
50
40
30
20

II|IIII|IIII|IIII|IIII|IIII|IIIIIII
F

—_——

“
.
L d
‘G
3

—_
()

§IIII|IIII|II
3
.
= e
.
*

M =38839+15+4.2 MeV
I =

248 £33+ 11.0 MeV

arXiv:1310.1163

g

oo
o1

] 4.15
M(D°D¥)

... and BESIII sees structure in DD*.

Reconstruct the w+ and D° — K-m* and infer the D*-.

(Also analyze mw+*D~D*0 with the same method.)

Ryan Mitchell — Indiana University
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MASS [GeV/c?]

Connecting the XYZ at BESIII

The Z.(4020) is close to D*D* threshold...

Z(4430)? -
4.4 No(41S0) W(43S1)
Y(4360)
Xc2(33P2)
Y(4260) | N(3"P1) Xo1(33P1)
4.2 Xc0(3%Po)
P(2°D+)
4 (| 2(4020) ig;) 1 W8S
Xc2(23P2)
Z(3900) he(2'P1) X(3872)
3.8 | X<0(2°Po)
§’/(19D1)
2Mp [ T T
P’(23S4)
C’ 218
3.6 | D20
Xc2(13P2)
he(11P1) Xc1(13P1) =
3.4 |- Xco(1%Po)
3.2 predicted, discovered
JAP(13S4) predicted, undiscovered
3.0 - - i
Nne(11So) unpredicted, discovered
O+ 1-—- 1+- O++ 1++ 2++
JPC

Ryan Mitchell — Indiana University
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MASS [GeV/c?]

Connecting the XYZ at BESIII

- X

TR The Z(4020) is close to D*D* threshold...
4.4 Ne(41S0) P(43S+)
Y(4360)
Xc2(33P2)
Y(4260) | N(3"P1) Xo1(33P1)
4.2 L Xc0(33Po) ete~ (at 426 G@V) — J-L'i_(D}kD*)1 at BESIII
b(2°D) 80F
: —4—data  —- Z.(4025)
Z(4020) fis,) [ V(8°S & 700 — total fit - comb. BKG
= § 605 ----- PHSP signal
Xc2 2 "
Z(3900) he(21P1) X(3872) ) - WS
3.8 |- — Xc0(23Po) = 50f
______________________ () LO N M =40263+2.6+3.7 MeV
2Mp Al 40 "
P’ (23S+) v - I'=248+5.6+7.7MeV
¢ (21S B
3.6 | &S  30F .
— xc2(13P2) e . arXiv:1308.2760
) Xe1(13P1) qc) 20
> Y
34 | Xco(13Po) W 1oF A mel L FE R
W N
----- e T
402 404 406 4.0
3.2 - predicted, discovered RM(J’C-) (GeV/CZ)
JP(1°31) predicted, undiscovered
3.0 sy D AL [ — ... and BESIII sees structure in D*D".
O+ 1-—- 1+- O++ 1++ 2++
JPC Reconstruct the m—, a D¥ — K-m+mt, and a 7° from a D".
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MASS [GeV/c?]

Connecting the XYZ at BESIII

Z(4430)? 3
4.4 No(41S0) P(4°S4)
Y(4360)
Xc2(33P2)
Y(4260) | N(3"P1) Xo1(33P1)
4.2 |- ~. Xc0(3%Po)
P(2°D+)
4 [ 2(4020) Jig;) 1 W8S Y
Xc2(23P2)
Z(3900) he(2'P1) X(3872)
3.8 | X<0(2°Po)
$’'(19D5)
2Mp [ T T
P’(23S4)
C’ 218 _
3.6 | &)
Xc2(13P2)
Xc1(13P4)
3.4
3.2 predicted, discovered
JAP(13S4) predicted, undiscovered
3.0 - i i
Nne(11So) unpredicted, discovered
O+ 1-—- 1+- O++ 1++ 2++

JPC

Search for Y(4260) — vX(3872)...

Ryan Mitchell — Indiana University
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MASS [GeV/c?]

Connecting the XYZ at BESIII

Z(4430)? .
4.4 No(41S0) W(43S1)
Y(4360)
Xc2(33P2)
Y(4260) | N(3"P1) Xo1(33P1)
4.2 |- ~. Xco(33Po)
P(2°D+)
4 [ 2(4020) Jig;) 1 W8S Y
Xc2(23P2)
Z(3900) he(2'P1) X(3872)
3.8 | X<0(2°Po)
Pp”’(13D1)
2Mp [ T T
P’(23S4)
c’ 218 _
36 L Nc'(2So)
Xc2(13P2)
Xc1(13P1)
3.4
3.2 predicted, discovered
JAP(13S4) predicted, undiscovered
3.0 - - i
Nne(11So) unpredicted, discovered
O+ 1-—- 1+- O++ 1++ 2++
JPC

Events / 3 MeV/c?

ete~ — y(mra-JyY) at BESIII

15

—h
o
I

&)
|

8

lllll*lllllllllll/

—4- Data .
— Total fit
- == Background

arXiv:1310.4101

C 1]
3.85 3.9

M(tdiyp) (GeV/c?)

= “Observation of the X(3872)”

significance = 6.30
N =20.1 £4.5 events
M=38719+0.7+0.2 MeV

I consistent with resolution

Ryan Mitchell — Indiana University

37



MASS [GeV/c?]

Connecting the XYZ at BESIII

224430)? _ ete- — y(mra-J/y) at BESIII
4.4+ Nc(41So) ki) — . r T 1 r T r T ]
Y (4360) (3P2) 15+ —
Y(4260) | Ne(3"P1) @y - arXiv:1310.4101 —+- Data
42 | ~ Xeo(3Po) o [ — Total fi
vED) % i -== Background 7
y = 10+ -
4 ( 2(4020) |is,) P(33S1) = i
c2(23P2) - -
Z(3900) h(@'P) TR 2 I -
3.8 | — Xe0(2%Po) 0 I
SOV S— L) A 1l i i
____{v'@s) . i 4 -
3.6 |- &2 T'T R T ]
he(11P4) Xc2(1°P2) .8 3.85 3.9 3.95
Al i Xe1(13P1) - )
M(rct J/yp) (GeV/c?)
a4 L MY
Hints that this is Y(4260) — yX(3872)
3.2 L
— V5 (GeV) oPlete” = vX(3872)] - B(X(3872) — ntn~J /%) (pb)
3.0 [ [riisy 4.009 < 0.12
Nc 1So
4.230 0.29 == 0.10 £ 0.02
O 1= 4.260 0.36 =0.13 £ 0.03

4.360 < 0.39




MASS [GeV/c?]

4.4

4.2

4.0

3.8

2Mp

3.6

3.4

3.2

3.0

Connecting the XYZ at BESIII

[ | Nc(4'So)

P(4%S1)

hc(31 P1)

— [ Ne(3'So)

Xc1(33P1)

Xc2(33P2)

Xc0(33Po)

P'(28S4)

Xc2(2°P2)

Xco(23Po)

he(11P4)

J/P(13S4)

Ne(1'So)

Xc1(1%P1)

Xc2(1°P2)

Xco(1%Po)

predicted, discovered

predicted, undiscovered

O++

JPC

1++

D++

Ryan Mitchell — Indiana University

@)

D

(I11)

V)

(V)

(VD)

The quark model describes most of
charmonium remarkably well. (cc)

But the “XYZ” states point beyond the
quark model. (ccg, cqqc, (c¢q)(qc), cenm)

BESIII can directly produce the Y (4260)
and Y(4360) in ete- annihilation.

BESIII has observed “charged
charmoniumlike structures” —
the Z(3900) and the Z.'(4020).

BESIII has also observed a transition to
the X(3872).

We are building connections.
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Connecting the XYZ at BESIII

Z(4430)? z
4.4 No(41S0) Y(4%S1)
Y (4360)
Xc2(33P2)
Y(4260) | e(3'P1) Xo1(33P1)
42 — XC0(33P0)
P(2°D1)
33S
4.0 | [ndarsy FEE=Y
1 Xc2(23P2)
3.8 | Xc0(23Po)
$"/(13D:)
PMp [T
P’(23S4)
¢'(21S
36 | (=
Xe2(13P2)
(1P S
3.4 Xeo(1°Po)
3.2 |- predicted, discovered
JIP(18S4) predicted, undiscovered
3.0 . .
Ne(1So) unpredicted, discovered
O+ 1-—- 1+- O++ 1++ D++
JPC

Ryan Mitchell — Indiana University

@)

D

(I11)

V)

(V)

(VD)

The quark model describes most of
charmonium remarkably well. (cc)

But the “XYZ” states point beyond the
quark model. (ccg, cqqc, (c¢q)(qc), cenm)

BESIII can directly produce the Y (4260)
and Y(4360) in ete- annihilation.

BESIII has observed “charged
charmoniumlike structures” —
the Z(3900) and the Z.'(4020).

BESIII has also observed a transition to
the X(3872).

We are building connections.
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Connecting the XYZ at BESIII

Z(4430)? ;
4.4 No(41S0) W(45S1)
Y (4360)
Xc2(33P2)
Y (4260) | Ne(3'P1) Xo1(33P4)
4.2 / Xc0(33Po)
T 7 P(23D1)
33S
4.0 | [ne1sg =Y
4 Xc2(2%P2)
3.8 Xc0(23Po)
P’ (13D1)
2Mp | T\
P’(23S1)
¢'(21S
3.6 | N
Xc2(13P2)
he(11P+1) Xc1(13P1) = -
3.4 | TE$ Xco(13Po)
3.2 - predicted, discovered
JIP(18S4) predicted, undiscovered
3.0 - : ;
Ne(11So) unpredicted, discovered

1+-

O++

JPC

1++

D++

Ryan Mitchell — Indiana University

@)

D

(I11)

V)

(V)

(VD)

The quark model describes most of
charmonium remarkably well. (cc)

But the “XYZ” states point beyond the
quark model. (ccg, cqqc, (c¢q)(qc), cenm)

BESIII can directly produce the Y (4260)
and Y(4360) in ete- annihilation.

BESIII has observed “charged
charmoniumlike structures” —
the Z(3900) and the Z.'(4020).

BESIII has also observed a transition to
the X(3872).

We are building connections.
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Connecting the XYZ at BESIII

Z(4430)? -
4.4 No(41S0) p(4°S1)
Y (4360)
VZ Xc2(33P2)
| Jvuze0) he(3'P1) Xo1(33P4)
42 - 7T e Xc0(33Po)
P(23D1)
4 {Z(4020) fi5,) [ &S0
: Xc2(2%P2)
e X@o72
3.8 Xc0(23Po)
$’/(13D;)
2Mp | T N
P’(23S4) —_
(215 Tt
3.6 | 0= A
Xc2(13P2)
he(11P+1) Xc1(13P1) = -
3.4 | Xco(1°Po)
3.2 - predicted, discovered
JIP(18S4) predicted, undiscovered
3.0 - . .
Ne(11So) unpredicted, discovered

1+-
JPC

O++ D++

1++

Ryan Mitchell — Indiana University

@)

D

(I11)

V)

(V)

(VD)

The quark model describes most of
charmonium remarkably well. (cc)

But the “XYZ” states point beyond the
quark model. (ccg, cqqc, (c¢q)(qc), cenm)

BESIII can directly produce the Y (4260)
and Y(4360) in ete- annihilation.

BESIII has observed “charged
charmoniumlike structures” —
the Z(3900) and the Z.'(4020).

BESIII has also observed a transition to
the X(3872).

We are building connections.
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Connecting the XYZ at BESIII

Z(4430)?
4.4 Ne(41S0) P(43S1)
Y(4360)
Xc2(33P2)
Y (4260) | Ne(3'P1) Xo1(33P4)
4.2 - N\ Xc0(33Po)
Pp(23D)
4 {Z(4020) fi5,) [ &S0 !
Xc2(23P2)
3.8 - Xc0(23Po)
2Mp | T
3.6
Xc2(13P2)

3.4

3.2 - predicted, discovered
JIP(18S4) predicted, undiscovered
3.0 - . .
Ne(11So) unpredicted, discovered
O+ 1-—- 1+- O++ 1++ D++
JPC

Ryan Mitchell — Indiana University

@)

D

(I11)

V)

(V)

(VD)

The quark model describes most of
charmonium remarkably well. (cc)

But the “XYZ” states point beyond the
quark model. (ccg, cqqc, (c¢q)(qc), cenm)

BESIII can directly produce the Y (4260)
and Y(4360) in ete- annihilation.

BESIII has observed “charged
charmoniumlike structures” —
the Z(3900) and the Z.'(4020).

BESIII has also observed a transition to
the X(3872).

We are building connections.
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Connecting the XYZ at BESIII

|
Z(4430)?
4.4 No(41S0)

P(4%S1)

Y (4360)
7 Xc2(33P2)

Y (4260) | Ne(3'P1) Xo1(33P4)
AN Xco(33Po)

+
/ y(@°Dy)
i

4 {Z(4020) 15,y [ (&S0

Z(3900) \ he(21P+) X(3872)

42 - T

Xc2(2°P2)

2Mp

3.6

Xc2(1°P2)

3.4

3.2 - predicted, discovered
JIP(18S4) predicted, undiscovered
3.0 - . .
Ne(11So) unpredicted, discovered
O+ 1-—- 1+- O++ 1++ D++
JPC

Ryan Mitchell — Indiana University

@)

D

(I11)

V)

(V)

(VD)

The quark model describes most of
charmonium remarkably well. (cc)

But the “XYZ” states point beyond the
quark model. (ccg, cqqc, (c¢q)(qc), cenm)

BESIII can directly produce the Y(4260)
and Y(4360) in ete- annihilation.

BESIII has observed “charged
charmoniumlike structures” —
the Z(3900) and the Z.'(4020).

BESIII has also observed a transition to
the X(3872).

We are building connections.
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Connecting the XYZ at BESIII

I
Z(4430)?

4.4 Ne(41S0) P(43S1)
Y(iSGO) Xc2(33P2)
| Jvuze0) he(3'P1) Xo1(33P4)
a2 v U/ Z O\ X<0(33Po)
/ Pp(23D)
4 {Z(4020) 15,y [ (&S0 Y
c 23P
Z(3900) \ he(21P1) ) Xc2(23P>2)
3.8 _
P24 1Y/ 1 O N
3.6
Xc2(13P2)

3.4

3.2 - predicted, discovered
JIP(18S4) predicted, undiscovered
3.0 - . .
Ne(11So) unpredicted, discovered
O+ 1-—- 1+- O++ 1++ D++
JPC

Ryan Mitchell — Indiana University

@)

D

(I11)

V)

(V)

(VD)

(VID)

The quark model describes most of
charmonium remarkably well. (cc)

But the “XYZ” states point beyond the
quark model. (ccg, cqqc, (c¢q)(qc), cenm)

BESIII can directly produce the Y(4260)
and Y(4360) in ete- annihilation.

BESIII has observed “charged
charmoniumlike structures” —
the Z(3900) and the Z.'(4020).

BESIII has also observed a transition to
the X(3872).

We are building connections.

But there 1s much left to do... and a new
running period begins soon...

Stay Tuned! Thank you...
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