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Why charmonium?

It 1s one of the simplest
bound states of QCD.

(like positronium or
Hydrogen in QED)
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Classify using JPC

(experimentally determined)
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Match to n25+1Lj
quark model states

J=L+S
P = (_1)L+1
C =(-1)L+s
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Search for charm
Mary K. Gaillard* and Benjamin W. Lee

Fermi National Accelerator Laboratory, Batavia, Illinois 60510

Jonathan L. Rosner

University of Minnesota, Minneapolis, Minnesota 55455
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summer 1974 preprint, published later as RMP 47, 277 (1975)

Search for charm
Mary K. Gaillard* and Benjamin W. Lee

Fermi National Accelerator Laboratory, Batavia, Illinois 60510

Jonathan L. Rosner

University of Minnesota, Minneapolis, Minnesota 55455

A Problem: Flavor-Changing Charged Currents (K+ — putvy)
but no Flavor-Changing Neutral Currents (K%, — pru-)

A Solution: “... one possibility involves a fourth “charmed”
quark... implying the existence of a new spectrum of hadron
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I. The “Quark Model” States of Charmonium: Discovery

summer 1974 preprint, published later as RMP 47, 277 (1975)

Ne’(2'So)

Search for charm

O~ states

Production: “Once the energies of the electron-positron
colliding beams are high enough, pair production of charmed
particles, and resonant production of ¢. are expected to
proceed without inhibition.”

A Pro
but no

A Sol

quark.
states’
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Theoretical Ideas on J/Ap and \':

Baryon-AntiBaryon bound states
(PRL34, 36 (1975))

Spin-1 meson alternative to GIM
(PRL34, 37 (1975))

Three charm quarks (partners to u, d, s)
(PRL34, 41 (1975))

Lighter Z
(PRL34, 56 (1975))

Charmonium
(PRL34, 43 (1975), PRL34, 46 (1975))
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III. From Discovery to Precision
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Ll Select data samples (2008-present):
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O+ 1— 1+ O++ 1++ 2++ N29 fb_l at w”

%k
%k
+ ~500 pb-! at 4.009 GeV
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JPC
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III. From Discovery to Precision
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III. From Discovery to Precision

3.8

¢"'(13Dy)
T A few BESIII charmonium results from 2012:
P’(2351)
Nc’(21So)
3.6 - 1. Measurements of the mass and width of
% TS D] | the ne(15) using the decay H(2S) — Y1i(1S)
% aliaial) PRL 108, 222002 (2012)
S,
o 34 Xeo(1%Po)
o)
<§f 2. First observation of the M1 transition
P(2S) — yNe(25)
PRL 109, 042003 (2012)
3.2 |-
Jp(1381) 3. Study of P(2S) — 7h(1P),
he(1P) = yne(1S) via ne(1S) exclusive decays
30 sy PRD 86, 092009 (2012)
O—+ 1— 1+- O++ 1++ D++

JPC
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A few BESIII charmonium results from 2012:

1. Measurements of the mass and width of
the 1¢(1S) using the decay {(2S) — yn(1S)
PRL 108, 222002 (2012)

2. First observation of the M1 transition

P(2S) = yne(25)
PRL 109, 042003 (2012)

3. Study of P(2S) — 7h(1P),
he(1P) = yne(1S) via ne(1S) exclusive decays
PRD 86, 092009 (2012)
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Mass and Width of the 1nc(1S)

250
| —e— data
W’’(13D1) - [ other ' decays Ji 0f6
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§ 200 N cont decay
P’(23S1) - ----sig
ne'(2'So) % 150 — = Aonrese modes
© r
Xc2(13P2) ; 100 [
he(11P1) 0 -
Xc1(13P+4) B
o 50F
> ¢ -
Xeal 12Po) -
c0 0 O I
L Lo lin Loviilinn, AT Leviilin
272752828529295 3 30531 31532
M(KsKn) GeV/c?
=> must take into account the distorted
line-shape (E’) and interference with
b iU, “non-resonant” decays
M=29843+0.6 +0.6 MeV
(150 ['=320+12+10MeV
O—+ 1— 1+- O++ 1++ D++ . . . . .
=> significant discrepancies with older
JPe results (e.g. PRD 62, 072001 (2000))
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A few BESIII charmonium results from 2012:

1. Measurements of the mass and width of
the Nc(1S) using the decay P(2S) — yn(1S)
PRL 108, 222002 (2012)

2. First observation of the M1 transition

Y(28) — Ne(2S)
PRL 109, 042003 (2012)

3. Study of P(2S) — 7h(1P),
he(1P) = yne(1S) via ne(1S) exclusive decays
PRD 86, 092009 (2012)
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Xe2(1°P2)
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ek p—
2 =
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Observation of P(2S) — yn(2S)

T N
—e— data (K‘;Kiﬁ)
— fit result

--- XCJ

_ - nc(zs)

.......... background

— K%Kiaﬁ

----- K KiWWLSR/FSR

----- nOSKgKin+

y
1y
|||||||||
||||||
,,,,,,,,,,,,,

A
L4
/d
~ 'I'I" | IIIIIIII | IIIIIIII | IIIIIIII | IIIIIIII

3.5 3.55 3.6 365 3.

M=36376+29+1.6 MeV
['=169+64+4.8 MeV

B(Y(2S) = ync(29)) =
6.8 +1.1+4.5) x 104

BESIII discovered this transition
after 18 years of searching!
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III. From Discovery to Precision

$"'(1°Dy)
--------------------------------------------------------------------------------------------------------------------- A few BESIII charmonium results from 2012:
P’(23S1)
ne'(2'So) 70
B 1. Measurements of the mass and width of
X02(13P2) 1 —_—
T —— the Nc(1S) using the decay P(2S) — yn(1S)
PRL 108, 222002 (2012)
| Xco(13Po)
Y 2. First observation of the M1 transition
P(2S) = yne(2S)
PRL 109, 042003 (2012)
Jp(138:) 3. Study of Y(2S) — 7’h.(1P),
he(1P) — yn(1S) via n(1S) exclusive decays
" [1e(1750) PRD 86, 092009 (2012)
O—+ 1— 1+- O++ 1++ D++
JPC
Charmonium and the Role of BESIII 58



3.8

2Mp

3.6

3.4

MASS [GeV/c?]

3.2

3.0

Ryan Mitchell

III. From Discovery to Precision

$"'(13D1)
P’(2854)
| [nesy yo
Xc2(13P2)
ne(17P+) Xc1(13P1)
| Xco(13Po)
Y
J/P(13S1)
- [n(17S0)
O—+ 1— 1+- O++ 1++ D++
JPC

Events / (1 MeV/c?)

200
180
160
140
120
100

N X0
o O
‘H\‘H\‘H\‘H\‘\H‘\H‘\H‘H\‘\

N
oS O

LO

Precision Measurements of the
Mass and Width of the hc(1P)

I G

oo

Charmonium and the Role of BESIII

| | | | \
3.52 3.54 3.56
n° recoil mass (GeV/c?)

M =352531+0.11 £0.14 MeV
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59



3.8

2Mp

3.6

3.4

MASS [GeV/c?]

3.2

3.0

III. From Discovery to Precision

TS I. An Introduction to Charmonium
Y'(2°1) II. The Original Era of Discovery:
] N (2150) yo establishing the quark model states
X02(13P2) ° o o
he(11P1) 1P I11. From Discovery to Precision:
the quark model states at BESIII
| Xco(13Po)
Y IV. A New Era of Discovery:
beyond the quark model and the role of BESIII
J/P(13S1)
- [ne(17S0)
S CHARMONIUM
JPC
Charmonium and the Role of BESIII 60

Ryan Mitchell



4.4

4.2

4.0

3.8
2Mp

MASS [GeV/c?]

3.6

3.4

3.2

3.0

IV. A New Era of Discovery

Ryan Mitchell

(@15 |-
o (3P2) I. An Introduction to Charmonium
he(3P1) Xc1(33P1)
XCO(SSPO) o .
$(2°Dy) II. The Original Era of Discovery:
establishing the quark model states
P(33S1)
T]c(31SO)
ST TR i III. From Discovery to Precision:
Xeo(2%P0) the quark model states at BESIII
$"'(13D)
LlJ’(2381) ° o
250 IV. A New Era of Discovery:
— xea(19P2) beyond the quark model and the role of BESIII
o(1'P1) Xc1(13P+)
Xc0(13Po)
predicted, discovered
Jp(1%81) predicted, undiscovered
n(1'S0) CHARMONIUM
O+ 1-—- 1+ O++ 1++ D++
JPC
Charmonium and the Role of BESIII 61



IV. A New Era of Discovery

I

Z(4430)? 3
4.4 =T 1e(41So) Y(4°S1)
Y(4360)
Xc2(33P2)
Y (4260) | Ne(3'P1) Xc1(33P1)
4.2 Xco(33Po)
P(23D1)
N 33S
© 4.0 |- [ne(3'So) V)
% (23P2)
Xc2(23P2
O, he(2'P4) X@872)
0p) | Xco(23P
b 3.8 T 0(23Po)
% PMp [ T
P(23S1)
¢'(21S
36 | N0
Xc2(13P2)
he(11P+4) Xo1(13P1) = =
3.4 Xco(13Po)
3.2 |- predicted, discovered
Jp(1%81) predicted, undiscovered
3.0 , .
Nc(1'So) unpredicted, discovered
O+ 1-—- 1+ O++ 1++ D++
JPC

Ryan Mitchell

Charmonium and the Role of BESIII

I. An Introduction to Charmonium

II. The Original Era of Discovery:

establishing the quark model states

III. From Discovery to Precision:
the quark model states at BESIII

IV. A New Era of Discovery:
beyond the quark model and the role of BESIII

111

HYBRID CHARMONIUM?

62



IV. A New Era of Discovery

State m (MeV) I MeV) JPC Process (mode) Experiment (#0) Year  Status
X (3872) 3871524020 13406 1tt/2~t B K@ta—J/y) Belle [85, 86] (12.8), BABAR [87] (8.6) 2003 OK
(<2.2) pp— (wta~J/¥)+--- CDF[88-90] (np), DA [91] (5.2)

B — K(wJ Belle [92] (4.3), BABAR [93] (4.0

B — KED*O/Z()’) Belle E94? ;5] ()6.4), BAI;AR][;6] ()4.9) EPJ C71, 1534 (2011)

B— K(yJ/¥) Belle [92] (4.0), BABAR [97, 98] (3.6)

B — K(yy(25)) BABAR [98] (3.5), Belle [99] (0.4)
X (3915) 3915.6 + 3.1 28410  0/2"F B — K(wJ/¥) Belle [100] (8.1), BABAR [101] (19) 2004 OK

ete™ = ete (wJ/Y) Belle [102] (7.7)
X(3940) 3942713 37+47 27+ ete™ — J/Y(DD¥) Belle [103] (6.0) 2007 NC!

ete™ > J/y (..) Belle [54] (5.0)
G(3900) 3943 £21 52411 17— ete™ — y(DD) BABAR [27] (np), Belle [21] (np) 2007 OK
Y (4008) 400817 226+97 17 ete” > y@Tn~J/¥)  Belle[104] (7.4) 2007 NC!
Z1(4050)* 4051733 82131 ? B — Kty (1P)) Belle [105] (5.0) 2008 NC!
Y (4140) 4143.4 £3.0 15tY 97+ B — K(¢J/¥) CDF [106, 107] (5.0) 2009 NC!
X(4160) 4156132 139715 o ete”™ — J/y(DD¥) Belle [103] (5.5) 2007 NC!
Z5(4250)" 424811 177320 9 B— K" xc1(1P)) Belle [105] (5.0) 2008 NC!
Y (4260) 4263 +5 108+14 17~ ete™ = y(@tn~J/¥)  BABAR[108, 109] (8.0) 2005 OK

CLEO [110] (5.4)
Belle [104] (15)

ete™ - (wta~J/v¥) CLEO [111](11)

ete = (770J /) CLEO [111] (5.1)
Y(4274)  4274.4782 3232 27+ B— K(pJ/¥) CDF [107] (3.1) 2010 NC!
X(4350) 43506739 13.31155 0,27 ete” — ete (9J/Y) Belle [112] (3.2) 2009 NC!
Y (4360) 4353 £ 11 9%6+42 17~ ete™ — y(rtn~y(2S))  BABAR [113] (np), Belle [114] (8.0) 2007 OK
Z(4430)T] 4443733 10713 2 B — KTy (25)) Belle [115, 116] (6.4) 2007 NC!
X (4630) 463417 92+3) 1—~ ete™ — y(AFAD) Belle [25] (8.2) 2007 NC!
Y (4660) 4664 + 12 48415 17— ete” —> y(rtn—y(2S)) Belle [114] (5.8) 2007 NC!
Y,(10888)  10888.4+3.0 307753 17~ ete™ - (xtn~T(®S))  Belle [37,117] (3.2) 2010 NC!

Ryan Mitchell
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IV. A New Era of Discovery

Z(4430)? .
4.4 =T 1e(41So) Y(4°SH)
Y (4360)
Xc2(33P2)
Y (4260) | N(3'P1) Xe1(3%P1)
42 — XcO(SSPO)
P(2°D+)
N 33S
© 4.0 |- [ne(3'So) V)
% (23P5)
Xc22 2
e, no(27P1) X(3872)
0p) | Xco(23P
b 3.8 R 0(23Po)
% PMp [ T
P(23S1)
¢'(21S
26 L Nc'(2'So)
Xe2(13Pz2)
ho(11P) 5Py
3.4 Xco(13Po)
3.2 - predicted, discovered
JIP(18S4) predicted, undiscovered
3.0 - . .
Nc(11So) unpredicted, discovered
O+ 1-—- 1+ O++ 1++ D++
JPC

Ryan Mitchell

Most XYZ states were discovered at Belle
and BaBar using e*e collisions in the
bottomonium region...
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42 — XcO(SSPO)
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4.0 L [ne@ise |20
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3.8 - XCO(23PO)
$'(1°Dy)
PMp [ T
P(23S1)
¢'(21S
36 | N0
Xe2(13Pz2)
ho(11P) Py
3.4 [ Xeo(1°Po)
3.2 - predicted, discovered
JIP(18S4) predicted, undiscovered
3.0 . .
Nc(11So) unpredicted, discovered
O+ 1-—- 1+ O++ 1++ D++
JPC

Ryan Mitchell

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

For example in B decays...

Charmonium and the Role of BESIII
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Z(4430)? .
4.4 =T 1e(41So) Y(4°SH)
Y (4360)
Xc2(33P2)
Y (4260) | N(3'P1) Xe1(3%P1)
42 — XcO(SSPO)
P(2°D+)
N 33S
© 4.0 |- [ne(3'So) V)
% (23P)
Xc22 2
e, no(27P1) X(3872)
0p) | Xco(23P
b 3.8 e 0(23Po)
% PMp [ T
P(23S1)
¢'(21S
26 L Nc'(2'So)
Xe2(13Pz2)
ho(11P) 5Py
3.4 Xco(13Po)
3.2 - predicted, discovered
JIP(18S4) predicted, undiscovered
3.0 - . .
Nc(11So) unpredicted, discovered
O+ 1-—- 1+ O++ 1++ D++
JPC

Ryan Mitchell

Most XYZ states were discovered at Belle

and BaBar using e*e collisions in the
bottomonium region...

For example in B decays...

Events/0.010 GeV

300

200

100

0

Charmonium and the Role of BESIII

B*— K*(mtm-J/v) at Belle
| T T T [ J | !
i PRL 91, 262001(2003) |
i P(2S) ]
i ? i
i | I.‘,_w"I, 1 | 1 |
0.40 0.80 1.20

M) - M3'T) (GeV)
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IV. A New Era of Discovery

Z(4430)? .
4.4 =T 1e(41So) Y(4°SH)
Y (4360)
Xc2(33P2)
Y (4260) | N(3'P1) Xe1(3%P1)
42 — XcO(SSPO)
P(2°D+)
33S
4.0 L [ne@ise |20
p * Xc2(23P2)
3.8 Xco(23Po)
$'(1°Dy)
PMp [ T
P(23S1)
¢'(21S
26 L Nc'(2'So)
Xe2(13Pz2)
(1P X[
3.4 Xco(13Po)
3.2 - predicted, discovered
JIP(18S4) predicted, undiscovered
3.0 . .
Nc(11So) unpredicted, discovered
O+ 1-—- 1+ O++ 1++ D++

Ryan Mitchell

Charmonium and the Role of BESIII

B*— K*(mtm-J/y) at Belle

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

For example in B decays...

X(3872)

MR

3.

82 3.84 3.86 3.88 3.9 392
M(J/vy nrt) (GeV)

M = 3871.68 +0.17 MeV
[ <12MeV (PDG 2012)
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IV. A New Era of Discovery

, |20 e
i LSRR Most XYZ states were discovered at Belle
Xc2(3%P2) : ~ .. .
Va3a0)] MG Py @) and BaBa.r usmg.e+e collisions in the
40 L xeo(3%P0) bottomonium region...
P(2°D+)
S 4.0 | [ne@se | 1ES For example in B decays...
E * Xc2(23P2)
O he(2'P1) X(3872)
A = c0(29P
b 3.8 e Xc0(23Po) |
) — X(3872) Properties:
P(23S1) )
a6 L &S0 very narrow (< 1.2 MeV)
Xe2(13Pz2)
he(17P1) Xc1(13P1) has JP€ = 1++ (LHCDb)
3.4 |- Xeo(1%Po) too light to be the x.1(2P)
confirmed by many experiments
32 predicted, discovered mass 1s right at D*D mass
JP(1381) predicted, undiscovered
3.0 - Ne(11S0) unpredicted, discovered D*D molecule?
O+ 1-—- 1+ O++ 1++ D++
JPC
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IV. A New Era of Discovery

Z(4430)? .
4.4 =T 1e(41So) Y(4°SH)
Y (4360)
Xc2(33P2)
Y (4260) | N(3'P1) Xe1(3%P1)
42 — XcO(SSPO)
P(2°D+)
33S
4.0 L [ne@ise |20
= Xc2(23P2)
ho(21P1) X(3872)
3.8 Xco(23Po)
$'(1°Dy)
PMp [ T
P(23S1)
¢'(21S
36 | N0
Xe2(13Pz2)
ho(11P) Py
3.4 [ Xeo(1°Po)
3.2 - predicted, discovered
JIP(18S4) predicted, undiscovered
3.0 - . .
Nc(11So) unpredicted, discovered
O+ 1-—- 1+ O++ 1++ D++
JPC

Ryan Mitchell

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

For example in B decays...

Other B decays:
B* — KH(mtm-J/y)
B — K(wJ/y)
B — K(7ttyc1(1P))
B — K(m*(25))

Charmonium and the Role of BESIII
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I

Z(4430)? -
4.4 =T 1e(41So) Y(4°S1)
Y(4360)
Xc2(33P2)
Y(4260) | N(3'P1) Xe1(3%P1)
4.2 Xco(33Po)
P(23D1)
N 33S
© 4.0 |- [ne(3'So) V)
% ( 3P )
Xc2(23P2
O, he(2'P4) X@872)
A = c0(23P
b 3.8 e Xc0(23Po)
% PMp [ T
P’(2354)
¢'(21S
36 | N0
Xc2(1°P2)
(1P X[
3.4 Xco(13Po)
3.2 - predicted, discovered
Jp(1%81) predicted, undiscovered
3.0 y . .
Nc(1'So) unpredicted, discovered
O+ 1-—- 1+ O++ 1++ D++
JPC
Ryan Mitchell

Most XYZ states were discovered at Belle

and BaBar using e*e collisions in the
bottomonium region...

For example in B decays...

Events/0.01 GeV

30

20

B — K(mty(2S)) at Belle

PRL 100, 142001(2008) 7.(4430)?

Charmonium and the Role of BESIII
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IV. A New Era of Discovery

I

Z(4430)? .
4.4 =T 1e(41So) Y(4°S1)
Y (4360)
Xc2(33P2)
Y (4260) | N(3'P1) Xe1(3%P1)
42 — Xco(SSPo)
P(2°D+)
33S
4.0 L [ne@ise |20
= Xc2(23P2)
ho(21P1) X(3872)
3.8 - XCO(23PO)
$'(1°Dy)
PMp [ T
P(23S1)
¢'(21S
36 | N0
Xe2(13Pz2)
ho(11P) Py
3.4 Xco(13Po)
3.2 - predicted, discovered
JIP(18S4) predicted, undiscovered
3.0 - . .
Nc(11So) unpredicted, discovered
O+ 1-—- 1+ O++ 1++ D++
JPC

Ryan Mitchell

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

For example in B decays...

/.(4430) Properties:

* has an electric charge

=> needs at least four quarks!

* (not confirmed by BaBar)

Charmonium and the Role of BESIII
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IV. A New Era of Discovery

Z(4430)7?
4.4 .
No(4150) Most XYZ states were discovered at Belle
Xc2(33P2) ; _ <l ;
he(3'PY) @) and BaBar using e*e- collisions in the
40 L xeo(3%P0) bottomonium region...
S 4.0 | [0 And in Initial State Radiation (ISR)...
>
@ Xc2(23P2)
O, he(21P4) X(3872)
0p) | (23
g() 3.8 Xc0(23Po)
E 2MD --------------------------------------------------------------------------------------------------- .
3.6 | (&0 & W/I SR
Xc2(13P2)
(1P X[
3.4 Xco(13Po)
3.2 - predicted, discovered _|_
JIP(18S4) predicted, undiscovered 6
3.0 - Nc(11So) unpredicted, discovered
O+ 1-—- 1+ O++ 1++ D++
JPC
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IV. A New Era of Discovery

Z(4430)7?
4 41— No(41S0)
Xc2(33P2)
he(3'P+) Xc1(33P1)
42 — XcO(SSPO)
4.0 | | ne(3'So)
he(21P )
o(2TP1) X(3872)
3.8 - XCO(23PO)
2Mp [T T T T
Nc’'(2'So)
3.6 -—
Xc2(13P2)
ho(11P) 5Py
3.4 Xco(13Po)
3.2 - predicted, discovered
JIP(18S4) predicted, undiscovered
3.0 . .
Nc(11So) unpredicted, discovered
O+ 1-—- 1+ O++ 1++ D++
JPC

Ryan Mitchell

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

And 1n Initial State Radiation (ISR)...

ete=(visg) — wra-J/Y at BaBar

104""""""'l"'l"'l"'|---
P(2S)

10° .

107 |

Ii H Y 1*** i 1ﬂ i Mﬁp

15638 4 42 444648 5
Mass(rtrre-J/) (GeV)

PRL 95, 142001 (2005)
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IV. A New Era of Discovery

|
Z(4430)?
4.4 =T 1e(41So) Y(@1) ]
o ) Most XYZ states were discovered at Belle
Xc2(33P2) . _ . . .
* Vaz89)] MG "Py @) and BaBa.r us1ng.e+e collisions 1n the
40 L xeo(3%P0) bottomonium region...
P(23D1)
4.0 L [me@isy L& And in Initial State Radiation (ISR)...
1 Xc2(23P2)
ho(21P1) X(3872) .o
ete~(visr) — - J/yY at BaBar
3-8 — XCO(23PO) (q\] 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
LlJ,,(13D1) 8 | I I I I I I _
Y % B 10* _
¢1(2331) 2 : Y 4260 10° :
36 L Nc’'(2'So) S 30_— ( ) 102 7
c2(13P — L A AL -
he(11Ps) TG S g | OF T T e
S 20l 136738 4 42 44746 48 5
3.4 | Xeo(13Po) il ]
10 -
3.2 - predicted, discovered
Jp(1%81) predicted, undiscovered g :
3.0 |- ne(1So) unpredicted, discovered m(r*nJ/y) (GeV/c?)
o= 1= 1= 0= A= 2= PRL 95, 142001 (2005)
JPC
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IV. A New Era of Discovery

|
Z(4430)7?
4.4 =T 1e(41So) Y(@1) ]
vdeo) Most XYZ states were discovered at Belle
Xc2(33P2) : _ .. .
* Y(a260) ] e(3'P) o (3P1) and BaBa.r usmg.e+e collisions 1n the
40 L xeo(3%P0) bottomonium region...
P(23D+)
T 40 | [neErey | HES And in Initial State Radiation (ISR)...
>
3 he(@'P1) )
—_ 1
A(S372) ete~(visg) — - J/yY at BaBar
% 3.8 L|J”(13D1) XcO(23Po) 80 LN LN N L I L L L N L L L Y L L B L L L B LI
e T - .
= ¥'(2S1) e E
/(21S SN - .
36 L Nc'(2'So) § 60 E E
2(13P — -
hc(11P1) Xc1(13P1) X2( 2) 8 50 :_ Y(4260) _:
S - .
34 L Xco(13Po) Q 4k =
SN -
~ 30 ]
g u N
< _‘
3.2 - predicted, discovered L% 20 : + -
JIP(13Sy) predicted, undiscovered 10 ‘Fl‘ -1 .T ‘_' ST T o -
O 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 + I 3 ’ i
3.0 - Meisy) unpredicted, discovered 42 44 46 48 5 52 54
mJym)(GeV/c?)
O+ 1-—- 1+ O++ 1++ D++
JPC PRD 86, 051102(R) (2012)
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IV. A New Era of Discovery

Ryan Mitchell

| >
Z(4430)? ;
4.4 — nc(4* LIJ( 1)
Y (4360)
Xc2(33P2)
Y (4260) | N(3'P1) Xe1(3%P1)
42 — XcO(SSPO)
P(2°D+)
— 3
40 | [ndeisy P
% (23P)
Xc22 2
O, he(21P4) X(3872)
A = c0(29P
b 3.8 e Xc0(23Po)
% PMp [ T
P(23S1)
¢'(21S
36 | N0
Xe2(13Pz2)
(1P X[
3.4 Xeo(1°Po)
3.2 predicted, discovered
JIP(18S4) predicted, undiscovered
3.0 1 . .
Nc(11So) unpredicted, discovered
O+ 1-—- 1+ O++ 1++ D++
JPC

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

And 1n Initial State Radiation (ISR)...

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

Y (4360)?

Events / 50MeV/c?
=
I

" 55

PRL 98, 212001 (2007)

Charmonium and the Role of BESIII

m(2(mt)J/y) (GeV/cz)
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l >
?
ST w(;éo
Y(4360)
Xc2(33P2)
Y(4260) | N(3'P1) Xe1(3%P1)
4.2 Xco(33Po)
P(23D1)
N 338
© 4.0 |- [ne(3'So) V)
% (23P2)
Xc2(23P2
e, no(27P1) X(3872)
A = c0(23P
b 3.8 e Xc0(23Po)
% PMp [ T
P(23S1)
¢'(21S
36 | N0
Xc2(13P2)
(1P X[
34 1 Xco(1°Po)
3.2 |- predicted, discovered
Jp(1%81) predicted, undiscovered
3.0 - ] : .
Nc(1'So) unpredicted, discovered
O+ 1-—- 1+ O++ 1++ D++
JPC
Ryan Mitchell

IV. A New Era of Discovery

Charmonium and the Role of BESIII

Events /50 MeV/c”

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

And 1n Initial State Radiation (ISR)...

ete=(visr) — sty (2S) at BaBar and Belle

2:' | | .I ] I I I I I 1 I | I I I I | 1 I 1 I I I I | | | I I_ I I I ]
— ! R
5 Y(4360) Y (4660 vizs) S liyrm -
16 : * BaBar =
- _[ 112 events (520 b E
14F- E
12 THL Belle E
- : 110 events (673 tb'y
1= 5 e e | . -
[ i L1 ]
3 T4 7 =
6= 7 -55' =
- R il -
o= T 7 Lt ; o
;}111' 1 E |::- ::I ::| |u| i : :I | e o .-: A R ol
4 4.2 4.4 4.6 4.8 5 5.2 5.4

m(Y(28)t 1) GeV/ic)

arXiv:1211.6271 and CHARM 2012
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Z(4430)? .
4 5 TS
Y (4360)
* Xc2(33P2)
Y (4260) | N(3'P1) Xe1(3%P1)
42 — XcO(SSPO)
P(2°D+)
— 3
40 | [ndeisy P
% (23P2)
Xc2(23P2
O, he(21P4) X(3872)
0p) | Xco(23P
b 3.8 e 0(23Po)
% PMp [ T
P(23S1)
¢'(21S
36 | N0
Xe2(13Pz2)
(1P X[
3.4 Xco(13Po)
3.2 predicted, discovered
JIP(18S4) predicted, undiscovered
3.0 1 . .
Nc(11So) unpredicted, discovered
O+ 1-—- 1+ O++ 1++ D++
JPC

Ryan Mitchell

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

And 1n Initial State Radiation (ISR)...

Y(4260), Y(4360) Properties:

* not predicted in the quark model

* tight upper limits on open charm
decays

Charmonium and the Role of BESIII
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Z(4430)? .
4 5 TS
Y (4360)
* Xc2(33P2)
Y (4260) | N(3'P1) Xe1(3%P1)
42 — XcO(SSPO)
P(2°D+)
— 3
40 | [ndeisy P
% (23P)
Xc22 2
O, he(21P4) X(3872)
0p) | Xco(23P
b 3.8 R 0(23Po)
% PMp [ T
P(23S1)
¢'(21S
36 | N0
Xe2(13Pz2)
(1P X[
3.4 Xco(13Po)
3.2 predicted, discovered
JIP(18S4) predicted, undiscovered
3.0 1 . .
Nc(11So) unpredicted, discovered
O+ 1-—- 1+ O++ 1++ D++
JPC

Ryan Mitchell

Theoretical Ideas on Y(4260). Y(4360):

DD* bound states (Y (4360) = DDs*)
(NPAS15, 53 (2009))

J/pto bound state (with KK — 7t)
(PRDS80, 094012 (2009))

Tetraquarks (or two diquarks)
(PRD72, 031502(R) (2005))

Hadrocharmonium
(PLB666, 344 (2008))

Hybrid Charmonium

(PLB628, 215 (2005), PRD78, 094504 (2008),
PLB625, 212 (2005))

Charmonium and the Role of BESIII
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3.8

2Mp

3.6

3.4

MASS [GeV/c?]

3.2

3.0

II. The Original Era of Discovery

y"'(19D1)
P'(2384)
Ne’(2'So)
Xc2(13P2)
ne(17P+) Xc1(13P1)
| Xco(13Po)
J/P(13S1)
- [ne(11S0)
O—+ 1— 1+- O++ 1++ D++
JPC

Ryan Mitchell

Theoretical Ideas on J/Ap and \':

Baryon-AntiBaryon bound states
(PRL34, 36 (1975))

Spin-1 meson alternative to GIM
(PRL34, 37 (1975))

Three charm quarks (partners to u, d, s)
(PRL34, 41 (1975))

Lighter Z
(PRL34, 56 (1975))

Charmonium
(PRL34, 43 (1975), PRL34, 46 (1975))

Charmonium and the Role of BESIII
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Z(4430)? .
4 5 TS
Y (4360)
* Xc2(33P2)
Y (4260) | N(3'P1) Xe1(3%P1)
42 — XcO(SSPO)
P(2°D+)
— 3
40 | [ndeisy P
% (23P)
Xc22 2
O, he(21P4) X(3872)
0p) | Xco(23P
b 3.8 R 0(23Po)
% PMp [ T
P(23S1)
¢'(21S
36 | N0
Xe2(13Pz2)
(1P X[
3.4 Xco(13Po)
3.2 predicted, discovered
JIP(18S4) predicted, undiscovered
3.0 1 . .
Nc(11So) unpredicted, discovered
O+ 1-—- 1+ O++ 1++ D++
JPC

Ryan Mitchell

Theoretical Ideas on Y(4260). Y(4360):

DD* bound states (Y (4360) = DDs*)
(NPAS15, 53 (2009))

J/pto bound state (with KK — 7t)
(PRDS80, 094012 (2009))

Tetraquarks (or two diquarks)
(PRD72, 031502(R) (2005))

Hadrocharmonium
(PLB666, 344 (2008))

Hybrid Charmonium

(PLB628, 215 (2005), PRD78, 094504 (2008),
PLB625, 212 (2005))

Charmonium and the Role of BESIII
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Z(4430)? .
4.4 =T 1e(41So) Y(4°SH)
Y (4360)
Xc2(33P2)
Y (4260) | N(3'P1) Xe1(3%P1)
42 — XcO(SSPO)
P(2°D+)
N 33S
© 4.0 |- [ne(3'So) V)
% (23P2)
Xc2(23P2
e, no(27P1) X(3872)
0p) | Xco(23P
b 3.8 e 0(23Po)
% PMp [ T
P(23S1)
¢'(21S
26 L Nc'(2'So)
Xe2(13Pz2)
(1P X[
3.4 Xco(13Po)
3.2 predicted, discovered
JIP(18S4) predicted, undiscovered
3.0 . .
Nc(11So) unpredicted, discovered
O+ 1-—- 1+ O++ 1++ D++
JPC

Ryan Mitchell

How can BESIII contribute?

= tune the ete~ collision energies

to directly produce large samples
of Y(4260) and Y(4360) decays!

Charmonium and the Role of BESIII
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l
Z(4430)?
43
4.4 =T 1e(41So) Y(4°S1)
Y(4360)
1 Xc2(33P2)
Y(4260) | N(3'P1) Xe1(3%P1)
4.2 Xco(33Po)
P(23D1)
N 33S
© 4.0 |- [ne(3'So) V)
g
Xc2(23P2)
Q)
— he(21P+) \Q3872)
)] 8 Xc0(2%Po)
&5 3.8 e 0(23Po
% PMp [ N
P’(23S1) 80 7 L .
Nc'(2'So) - ]
3.6 - 70 = BaBar E
I Xe2(13P2N & - e ]
c(11P1) Xo1(13P1) \‘ N 60 £ ete (YISR) —> J'l:"'TE_J/lI) E
0 - .
O 50 PRDS86, 051102(R) (2012) -
3.4 | ol 12P) S (012
STy (also at Belle) 3
S :
- 30:— —
3.2 - predicted, discovered § 20 15 E
m —]
JIP(18S1) predicted, undiscovered 10 ,4
OI 11 1 11 1 111 | 11 1 | 11 1 | 1 1 =% 1 11 1 1
3.0 I [T778) unpredicted, discovered 3§ 4 42 44 46 48 5 52 54
mJ/yrm)(GeV/c)
O+ 1-—- 1+ O++ 1++ D++

JPC
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I

Z(4430)? :
4.4 =T 1e(41So) Y(4°S1)
Y(4360) -
Xc2 )
Y(4260) | N(3'P1) Xe1(3%P1)
4.2 Xco(33Po)
P(23D1)
N 33S
© 4.0 |- [ne(3'So) V)
% (23P2)
Xc2(23P2
) ho(21P+) X572
0p) | Xco(23P
b 3.8 e 0(23Po)
% b2 1Y/ 1Y e
P’(2354)
¢'(21S
36 | D&% o
Xc2(13P2 R
ne(11P) Y15 .-
O
3.4 Xeo(1°Po) o
Q
=
S}
3.2 - predicted, discovered §
84
J/p(1%81) predicted, undiscovered
3.0 - . .
Nc(1'So) unpredicted, discovered
O+ 1-—- 1+ O++ 1++ D++
JPC

Ryan Mitchell

a, 227 LI LI L L L L IR -

E ?2;_ | BaBar E

2 e b | iR = mE(2S)-

g 14E arXiv:1211.6271 ]

2 I12E I\ -

s - (also at Belle) =

10 ‘ E

8 | E

6F E

N ENNUINE

25 | “l \5,Il“““”““”I'L"I"":I‘I'I':""“f Lrrreey H,‘l’{.‘l,‘,‘,‘ ,,,,,,,,,,,,, T e Je gubi I IIIIIII '."*'.'+'“ k]

0 AU PP PITLIS L) o P P — ik AL AL L L n (KLY, fin] (%) Ty

4 42 44 46 48 5 52 54 56 5.8

m(y(2S)n ') (GeV/c?)
80':|' N B ]
70 BaBar E
60 ete” (Yisr) — /Y S
50 |- PRDS86, 051102(R) (2012)
40 f_ (also at Belle) _f
30 =
20 =
10§ :

O [ § PR T e e Y R MO (B
38 4 42 44 46 48 5 52 54
mJyr ) (GeV/c?)
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l (@\| 22_' [ T | LI | LI L
Z(4430)? 2 - E
4 S g LS s 2F BaBar :
Y4360 > b [ ere(visR) = mY(28) -
1 Xc2 ) — g 16:—: YI R E
Y(4260) he(31P+) Xc1(33P+4) é 14;—: arXiv:-1211.6271 g
4.2 — Xco(33Po) C 12k N =
D 0(3%Po e " i—i (also at Belle) ;
8f— [ 3
— 3 - =
NQ 4.0 | | nc(3'So) P(33S1) Z; : | } 0
> —
> 3 ¥ 1] ] K E
Xc2(2%P2) 2 : l‘
S TETI e b AT b T
0 38 L Xc0(23Po) e o A i ry 2
C</E) ' W'’ (13D1) 4260 5 m(y2S)t ) (GeV/co)
= QMp [T T e T 4360 : >
Pp’(23S1) 80 pr T T T T T .
N’ (21So) - : ]
3.6 - TEN 70 = : BaBar E
Xc2 2 N - : ]
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IV. A New Era of Discovery
BESIII Initial Round of Data-taking
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IV. A New Era of Discovery

BESIII Additional Round of Data-taking
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BESIII Additional Round of Data-taking
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i

4230 (1011 pb-1)

wef 111

4210 (52 pb-1)

3900 (50 pb-1)

4220 (52 pb-1)
4245 (53 pb-1)

4090 (50 pb-1)
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IV. A New Era of Discovery

l
, RSO D@51 ete (at 4260 MeV) — stmh(1P) at BESIII
4 - T']c(41SO)
Y (4360
( \ ) he(3PY) T Xc2(33P2) ((]: 3.20:
Y c L Xc1(3 <X - 35
Sl = > 3150
4.2 — \\ Xc0(3°Po) % n 30
$(2°D) ISERT=
\\ §+§ 3.0 55 25
. . =~ 3. — —
O 4.0 || ne(3'So) &Sy = 20
= \ 3.00
3 Z(3900) 1 X-2(2°P2)
—_ hc(2 P1) X(3872) 2.95 | 15
) 38 2900 - == 10
<§E 2Mp [ T\ -
285 5
3.6 2.89:"'|"'|"""|" 0
Xc2(13P2) S0 3.52 3.54 3.56 3.58 3.60
he(17F%) Xc1(13P4) M;ﬁ;(."l(GeV/ )
34 | Xco(13Po) arXiv:1309:1896
3.0 Exclusively reconstruct the process:
= predicted, discovered
e —
J/p(1%81) predicted, undiscovered ce J'I:"'J'Ii_hc(lP)
3.0 - Nc(17S0) unpredicted, discovered hC(lP) — ’YT]C(IS)
1S) — 16 decay channels
O+ 1-—- 1+ O++ 1++ D++ nC( ) y
JPC
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IV. A New Era of Discovery

Z(4430)7? :
4.4 No(41S0) Y(4°S4)
Y (4360)
\ Xc2(3%P2)
Y (4260) | N(3'P1) Xe1(3%P1)
4.2 L \\ Xc0(3%Po)
P(2°D+)
33S
4.0 L [ne@ise 2 1)\\
Xc2(23P2)
3.8
PMp [T e\
3.6
Xe2(13Pz2)
Xe1(1%P4)
3.4 Xco(13Po)
3.2 - predicted, discovered
JIP(13S4) predicted, undiscovered
3.0 . .
Ne(11So) unpredicted, discovered
O+ 1-—- 1+ O++ 1++ D++
JPC

Ryan Mitchell
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ete~ (at 4260 MeV) — mtmh(1P) at BESIII

U 60
> M(h:(1P))
QO 50H A
= n [ he(1P)
= 40- ’
P |
g 301 ’ 1
2 0o | +
O SR L } B | }
E...|...|...|{...}|.;.l.
P50 352 354 356 358 3.60
MYnc(GeV/cz)

arXiv:1309:1896

Exclusively reconstruct the process:

ete” — rhe(1P)
he(1P) — Ync(IS)
Nc(1S) — 16 decay channels
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Z(4430)? :
4.4 No(41S0) Y(4°S4)
Y (4360)
\ Xc2(3%P2)
Y (4260) | N(3'P1) Xe1(3%P1)
4.2 L \ Xc0(3%Po)
P(2°D+)
I 33S
© 4.0 |- [ne(3'So) Ve
3 \ B2
Xc2(23P2
O, [ Z3900) ho(2'P1) X(3872)
n
5 3.8
% PMp [T e\
3.6
Xe2(13Pz2)
he(11P4) Xc1(13P1) =
3.4 Xco(13Po)
3.2 - predicted, discovered
JIP(13S4) predicted, undiscovered
3.0 - ] , .
Ne(11So) unpredicted, discovered
O+ 1-—- 1+ O++ 1++ D++
JPC

Ryan Mitchell
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Born cross section (pb)

ete- — wrahe(IP) at BESIII

AN 4 R\
—

n
—

Y W A

—
IIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

H—————H

(-
()

—

-10

arXiv:1309:1896

Exclusively reconstruct the process:
ete” — rhe(1P)
he(1P) = yne(1S)
Ne(1S) — 16 decay channels
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I

Z(4430)? .
4.4 =T ne(4'So) AE)
Y (4360)
\ Xc2(3°P2)
Y(4260) | Ne(3'P1) Xc1(3%P1)
4.2 |- \ X0(3%Po)
P(23D1)
— 33S
© 4.0 |- [ne(3'So) Ve
D \\ (2P
Xc2(23P2
G [Z(3900) he(2'P;) X(3872)
9p L
» S8 y’'(13D1)
<§( Mp [ T T\
P'(2354)
¢'(21S
3.6 |
Xe2(13P2)
Xe1(13P1)
34 | Xe0(1%Po)
3.2 - predicted, discovered
JIP(18S1) predicted, undiscovered
30 I 1 i i
ne(11S0) unpredicted, discovered
0+ 1-- 1+- 0++ 1++ 2++

Ryan Mitchell

(-
|

_(GeV/c*y’

2
h,

(-
(=)

15

14

ete- — wrahe(IP) at BESIII

co v v b v v b s Py v v b b By
130 01 02 03 04 05 06 07 08
M2, _(GeV/c®y

arXiv:1309:1896

Exclusively reconstruct the process:

ete” — rhe(1P)
he(1P) = yne(1S)
Nc(1S) — 16 decay channels
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4.4 No(41S0) Y(4°S4)
Y (4360)
\ Xc2(3%P2)
Y (4260) | N(3'P1) Xe1(3%P1)
4.2 L \ Xc0(3%Po)
P(2°D+)
I 33S
© 4.0 |- [ne(3'So) Ve
3 \ B2
Xc2(23P2
O, [ Z3900) ho(2'P1) X(3872)
n
5 3.8
% PMp [T e\
3.6
Xe2(13Pz2)
he(11P4) Xc1(13P1) =
3.4 Xco(13Po)
3.2 - predicted, discovered
JIP(13S4) predicted, undiscovered
3.0 - ] , :
Ne(11So) unpredicted, discovered
O+ 1-—- 1+ O++ 1++ D++
JPC
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-
(\®
&

Events/ ( 0.005GeV/c?)
[

ete~ — gt he(1P) at BESIII

A R <2
— )

 f
iy

y e

oS
=

[\
~

0:_ﬁ§$|iiiiiiilliliiii

3.7 3.8 3.9 4.0

4.1 4.2
Mnihc(GeV/cz)

arXiv:1309:1896

Exclusively reconstruct the process:
ete” — rhe(1P)
he(1P) = yne(1S)
Ne(1S) — 16 decay channels
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I

Z(4430)? 3
4.4 =T 1e(41So) Y(4°S1)
Y(4360)
/ Xc2(3°P2)
Y(4260) | N(3P1) Xe1(3%P1)
a2l TS Xeal3Po)
P(23D1)
% 4. [2@020) s, 1 YOS
E Z(3900) 1 X=2(2°P2)
= \ he(2P1) X(3872)
A = c0(23P
b 3.8 DY) Xc0(23Po)
% 2Mp|[ T e
P(23S1) TC$
(218
36 | Nee=0 \
Xc2(13P2)
(1P X[
3.4 Xco(13Po)
3.2 - predicted, discovered
JIP(18S4) predicted, undiscovered
3.0 ; : .
Nc(1'So) unpredicted, discovered
O+ 1-—- 1+ O++ 1++ D++
JPC

Ryan Mitchell
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ete- — wrahe(IP) at BESIII

120

Z../(4020)

100

30

60

'—l—i—'—<III|III|III|I

4.0 1

40 M,., (GeV/c?)

"
~.~
~
-~
-

20

P95

arXiv:1309:1896

o ¥ A aadd 2,

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

4.00 4.05 4.10

= “Charged Charmoniumlike Structure”

(this time close to D*D* threshold)

M=40229+08 2.7 MeV
['=79x+2.7+2.6MeV
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Z(

4.4

4.2

Z

3.8
2Mpb

MASS [GeV/c?]

3.6

3.4

3.2

3.0

Ryan Mitchell

4430)?
43S
—T1o(@'S0) P(43S4)
Y (4360)
Xc2(33P2)
Y (4260) | N(3'P1) Xe1(3%P1)
Xc0(33Po)
P(2°D+)
(4020) fig,) | ¥(8*S0
* Xc2(23P2)
3900
Xc0(23Po)
@y  —
P(23S1)
Ne’(2'So)
Xe2(13Pz2)
ho(11P1) 5Py
Xco(13Po)
predicted, discovered
JIP(18S4) predicted, undiscovered
Nc(11So) unpredicted, discovered
O+ 1-—- 1+ O++ 1++ D++
JPC

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

Charmonium and the Role of BESIII
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IV. A New Era of Discovery

|
Z(4430)? :
4 B2 n:( ey dsail The Z<(3900) is close to DD* threshold...
Y (4360)
Xc2(33P2)
Y (4260) | N(3'P1) Xe1(3%P1)
4.2 - Xc0(33Po) ete- — wtDOD*~ at BESIII
P(23D+)
90F-
T 4.(204020) s, | VS s0E- M =3883.9 + 1.5 4.2 MeV
> * = ['=248+33+11.0MeV
o Xc2(23P2) > il ' . ' '
O, Z(3900) he(21P1) i el % 7O§ ,
N 38| Xc0(23Po) 60:_ +
2 ’’(13D) N L E BESIII Preliminary
L gyl SOOI ~ 50f
= v'@s) 2 4ok +
T]c'(21SO) - -
36 S b J[ + ]l + + ]l
1 Xe2(13P2) O o F 2Ll +
ho(11P) Xe1(1P1) 20F- + 1L } 1L i IL
3.4 | X-0(13Po) 105:‘“l e 1L
A L. l l l
30.85 3.9 3.95 4(1) 4.05 4.1 4.15
M(D"D* .
3.2 - predicted, discovered ( ) arXiv:1310.1163
JIP(13S1) predicted, undiscovered
3.0 I [T778) unpredicted, discovered ... and BESIII sees structure in DD".
O+ 1-—- 1+ O++ 1++ D++
JPC
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Z(4430)? 3
4.4 No(41S0) Y(4°S4)
Y(4360)
Xc2(3°P2)
Y (4260) | N(3'P1) Xe1(3%P1)
4.2 - Xc0(3°Po)
P(23D1)
% 4.[2020) s, 1 ¥
% (23P2)
Xc2(23P2
O, Z(3900) he(21P1) X(3872)
0p) | Xco(23P
b 3.8 R 0(23Po)
% PMp [ T
P’(2354)
¢'(21S
36 | D220
Xc2(1°P2)
he(17P4) Xo1(13P1)
3.4 ol 1%Po)
3.2 predicted, discovered
JIP(13S4) predicted, undiscovered
3.0 ; . .
Ne(11So) unpredicted, discovered
O+ 1-—- 1+ O++ 1++ D++
JPC

Ryan Mitchell

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

Charmonium and the Role of BESIII
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IV. A New Era of Discovery

Z(4430)? 3
4.4 No(41S0) Y(4°S4)
Y(4360)
Xc2(3°P2)
Y (4260) | N(3'P1) Xe1(3%P1)
4.2 - Xc0(3°Po)
P(23D1)
4 [2(4020) 15, 1 ¥ &S0
Xc2(23P2)
3.8 |- X0(2°Po)
P*’(13D1)
PMp [ T
P’(23S1)
¢'(21S
36 L Nc'(2'So)
Xc2(1°P2)
he(11P4) Xo1(13P1)
3.4 Xco(13Po)
3.2 - predicted, discovered
JIP(13S4) predicted, undiscovered
3.0 - . .
Ne(11So) unpredicted, discovered
O+ 1-—- 1+ O++ 1++ D++

Ryan Mitchell

Charmonium and the Role of BESIII

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

ete- — wt(D*D*)* at BESIII

—4$— data — - Z.(4025)
70 — total fit - comb. BKG
----- PHSP signal
60

WD S
o O

Events / ( 2.5 MeV/c?)
N
o

—k
o

arXiv:1308.2760

RM(x) (GeV/c?)

... and BESIII sees structure in D*D*.

M =40263+2.6 +3.7 MeV
'=248+56+7.7 MeV
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Z(4430)? :
4.4 No(41S0) Y(4°S4)
Y(4360)
Xc2(3°P2)
Y (4260) | N(3'P1) Xe1(3%P1)
4.2 — ~ Xc0(32Po)
P(23D1)
% 4. [2@020) s, 1 VO Y
%
Xc2(23P2)
O, Z(3900) he(21P+1) X(3872)
(d)) | co(23P
b 3.8 e Xc0(23Po)
% PMp [ T
P’(2354)
¢'(21S
36 | D220
Xc2(1°P2)
he(11P4) Xc1(13P1) =
3.4 Xco(13Po)
3.2 - predicted, discovered
JIP(13S4) predicted, undiscovered
3.0 ; . .
Ne(11So) unpredicted, discovered
O+ 1-—- 1+ O++ 1++ D++
JPC
Ryan Mitchell

Charmonium and the Role of BESIII

One more: Search for Y(4260) — yX(3872)...
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Z(

4430)? :
4.4 No(41S0) Y(4°S4)
Y(4360)
Xc2(3°P2)
Y (4260) | N(3'P1) Xe1(3%P1)
4.2 — ~ Xc0(32Po)
P(23D1)
% 4. [2@020) s, 1 VO
% (23P2)
Xc2(23P2
O, Z(3900) he(21P4) X(3872)
(d)) | co(23P
b 3.8 e Xc0(23Po)
% PMp [ T
P’(2354)
¢'(21S
36 L Nc'(2'So)
Xc2(1°P2)
he(11P4) Xc1(13P1) =
3.4 Xco(13Po)
3.2 - predicted, discovered
JIP(13S1) predicted, undiscovered
3.0 ; . .
Ne(11So) unpredicted, discovered
O+ 1-—- 1+ O++ 1++ D++
JPC
Ryan Mitchell

Events / 0.003 GeV/c?

12

10

ete~ — y(mra-J/yY) at BESIII

—’—l—*—l—l—llllllllllllllllll

4

BESIII Preliminary

> 9
P e
T T I I

HIL
1

Ll

%.8 3.82 3.84 3.86 3.88 3.9 3.92 3.94
Mt dhp) (GeV/c?)

[1]

= “Observation of the X(3872)”

significance = 5.30
N =150 % 3.9 events
M =3872.1+0.8 0.3 MeV

I consistent with resolution

Charmonium and the Role of BESIII
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IV. A New Era of Discovery

I

Events / 0.003 GeV/c?

ete~ — y(mra-J/yY) at BESIII

12—
- BESIII Preliminary
10
8 t
6|~
45
Hlll lI Hll ] lI , L] ll i ]

%.8 3.82 3.84 3.86 3.88 3.9 3.92 3.94
Mt dhp) (GeV/c?)

Hints that this is Y(4260) — yX(3872)

V5 (GeV) oBlete™ — v X (3872)] - B(X(3872) — ntnw—J/4) (pb)

Z(4430)?
4.4 Ne(41So) P(43S1)
Y (4360) —
Y(4260) | N(3'P1) Xe1(3%P1)
4.2 \ Xco(33Po)
P(23D1)
4 [2@020) |5, 1 ¥E°S) v
c2(23P
Z(3900) ho(2'P) T XAZT)
3.8 |- Xc0(23Po)
$"’(13Ds)
PMp [ T
P’(23S1)
(218
26 L Nc'(2'So)
C 13P
he(11P1) NER Xc2(1°P2)
3.4 |-
3.2 |
JIp(13S1) 4.009
30 I nc(1180) 4.230
4.260
0+ 1-

Ryan Mitchell

4.360

< 0.13 at 90% C.L.
0.32 £ 0.15 £ 0.02
0.34 = 0.12 = 0.02
< 0.39 at 90% C.L.

BESIII Preliminary



IV. A New Era of Discovery

I

Z(4430)? -
4.4 =T ne(4'So) AE)
Y(4360)
v Xc2(3%P2)
| Jvezeo ne(37P+) Xc1(3%P1)
42 - T/ Xc0(3°Po)
/ Y(2°D1)
% 4. [2@020) s, 1 O
E Z(3900) ! XAZT)
O \ he(2'P1) X(3872)
0p)
b 3.8
<§E 2Mp _
o'(21S T
36 L Nc’(21So) \
Xc2(1%P>2)
ho(17P) SRER G
3.4 Tc$ Xco(13Po)
3.2 - predicted, discovered
JIP(18S1) predicted, undiscovered
30 I 1 i i
ne(11S0) unpredicted, discovered
0+ 1-- 1+- 0++ 1++ 2++
JPC
Ryan Mitchell

The role of BESIII:

We are working on connections!

Charmonium and the Role of BESIII
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3.2

3.0

Charmonium Spectroscopy and the Role of BESIII

$"'(13D)

Ne’(2'So)

hc(1 1P1)

J/P(13S1)

Ne(17So)

Xc2(13P2)

Xe1(1°P1)

Xco(13Po)

Ryan Mitchell

1+-

O++

JPC

1++

D++

I. An Introduction to Charmonium

II. The Original Era of Discovery:

establishing the quark model states

III. From Discovery to Precision:
the quark model states at BESIII

IV. A New Era of Discovery:
beyond the quark model and the role of BESIII

CHARMONIUM
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Ne’(2'So)

hc(1 1P‘I)

“lp”

Xe2(1°P2)

Xe1(1°P1)

Xco(1°Po)

O++

JPC

Ryan Mitchell

1++ D++

I. An Introduction to Charmonium

II. The Original Era of Discovery:
establishing the quark model states

III. From Discovery to Precision:
the quark model states at BESIII

IV. A New Era of Discovery:
beyond the quark model and the role of BESIII
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TS I. An Introduction to Charmonium
Y'(2°1) II. The Original Era of Discovery:
] N (2150) yo establishing the quark model states
X02(13P2) ° o o
he(11P1) 1P I11. From Discovery to Precision:
the quark model states at BESIII
| Xco(13Po)
Y IV. A New Era of Discovery:
beyond the quark model and the role of BESIII
J/P(13S1)
- [ne(17S0)
S CHARMONIUM
JPC
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he(3P1) Xc1(33P1)
Xc0(33Po)
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33S
ne(3150) | X&)
1 Xc2(23P2)
he(21P4) Xc1(23P1)
Xc0(23Po)
Pp*’(13D+)
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Nc’'(2'So)
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(1P ey
Xco(13Po)
predicted, discovered
JIP(18S1) predicted, undiscovered
Nc(11So)
O+ 1-—- 1+ O++ 1++ D++
JPC

I. An Introduction to Charmonium

II. The Original Era of Discovery:

establishing the quark model states

III. From Discovery to Precision:
the quark model states at BESIII

IV. A New Era of Discovery:
beyond the quark model and the role of BESIII
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I. An Introduction to Charmonium
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establishing the quark model states

III. From Discovery to Precision:
the quark model states at BESIII

IV. A New Era of Discovery:
beyond the quark model and the role of BESIII
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I. An Introduction to Charmonium

II. The Original Era of Discovery:

establishing the quark model states

III. From Discovery to Precision:
the quark model states at BESIII

IV. A New Era of Discovery:
beyond the quark model and the role of BESIII
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4, 4Z(i437(])2(?41 So) Y(4°S1)
a0 ~2(3P) I. An Introduction to Charmonium
| Jvezeo he(3'P1) Xc1(33P1)
$(2°Dy) ra of Discovery:
< vs) Look forward to many new uark model states
O 4. £(4020) |13,)
> X results from BESIII! L
G, [z@900) ery to Precision:
w 38l \ states at BESIII
Q= y"'(13D;
= 70) B —— - /
(238, .
sy Thanks. of Discovery:
3.6 |-
and the role of BESIII
3.4 T[$ Xco(13Po)
3.2 - predicted, discovered I I I
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3.0 |- Ne(17S0) unpredicted, discovered
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