2B. Investigate new states with BESIII

“beyond”’
future and quark quark
ongoing model model

experiments states states

BelleII  Y(10890)

Y(bb)
BESIII
(ete~ collisions 1in the charmonium region) BESIIT  Y(4260)
location: Beijing, China PANDA  X(3872)
accelerator: BEPC-II
dates: 2008 — ?
P(ce)
Y(2175)
7t1(1600)
GlueX O(ss)
w(nn)
o(nn)
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2B. Investigate new states with BESIII

SC magnet

Muon Counter

TOF

Be beam pipe

Drift Chamber

CsI('T1) calorimeter

ete~ collisions in the charmonium region

future and

ongoin
experiments

Belle 11

BESIII

PANDA

GlueX
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“bevond”

quark  quark
model model

states  states

Y(10890)
Y(bb)
Y (4260)
X(3872)
P(ce)
Y(2175)
7t1(1600)
P(ss)
w(nn)
o(nn)
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2B. Investigate new states with BESIII

“beyond”’
future and quark quark
ongoing model model

~experiments states  states

BelleII  Y(10890)

Y(bb)
BESIII Y (4260)
PANDA X(3872)
P(ce)
Y(2175)
7t1(1600)
GlueX P(ss)
w(nn)
o(nn)
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2B. Investigate new states with BESIII

future and

ongoin

experiments

CHARMONIUM
4.4 — | n(41S0) W(47S1)
Y(4360)
Xc2(33P2)
Y(4260) | Ne(3'P1) Xc1(3%P1)
4.2 Xc0(33Po)
Y(2°D1)
* ~500pb-tat . ... ......0)... ..
& > 1 w(Es)
4009 GeV & 4o f[n@S)
(5 3
X(3915)? X-2(2°P2)
G, (3919) he(2P4) X(3872)?
- S -1 I @p)] | c0(23P
29 fb at IP ....... g[} . 38 ...... >» Pp’’(13D9) Xole"Fo)
DMl | 77 T
* ~100M IP(ZS) ....... P » [y(23s))
(+ more) 3.6 | (&S0
c2(19P
he(11P1) Xe1(13P1) Xee(1%F)
3.4 |- Xeo(1°Po)
3.2 - predicted, discovered
* >1B J/lp decays ---------------- » |Jp(18S4) predicted, undiscovered
3.0 I- Ne(11So) unpredicted, discovered
O—+ 1— 1+ O++ 1++ D++
JPC

Belle 11

BESIII

PANDA

GlueX
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“beyond”’
quark  quark
model model
states  states
Y(10890)

Y(bb)
Y (4260)
X(3872)

P(ce)
Y(2175)
7t1(1600)

¢(ss)

w(nn)

o(nn)
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2B. Investigate new states with BESIII

NEW!

* ~500 pb-1 at Y(4360)

* ~500 pb-1 at
4.009 GeV

* ~2.9 fb-laty"”

* ~100M Y (2S)
(+ more)

* >1B J/ decays

> 500 pb-1 at Y(4260) - ---

future and

ongoin
experiments

JPC

CHARMONIUM
3
4 Nc(47So) WES)
® © o o|0 o o o Y(4360)
Xc2(33P2)
e oo o) Y(4260) he(31P1) Xc1(33P1)
4.2 |- Xc0(3°Po)
P(23D1)
..... > =
4.0 |- | Nc(3'So) bE*s)
X(3915)? X-2(2°P2)
(5915) he(21P1) X(3872)?
| (o 23P
. 38 ...... > P’’(13D1) ol
Y
oooooooooo ) llJ’(2381)
c’ 218
36 L Nc’'(27So)
Xc2(1%P2)
(1P P
34 Xeo(1°Po)
3.2 - predicted, discovered
----- »  [J(1381) predicted, undiscovered
3.0 - Ne(11So) unpredicted, discovered
O—+ 1— 1+ O++ 1++ D++

Belle 11

BESIII

PANDA

GlueX
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“beyond”’
quark  quark
model model
states  states
Y(10890)

Y(bb)
Y (4260)
X(3872)

P(ce)
Y(2175)
7t1(1600)

¢(ss)

w(nn)

o(nn)
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2B. Investigate new states with BESIII

ete” (at 4260 MeV) — mtrrr-J/1p at BESIII

120 —4- Data

— Fit
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20
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“beyond”’
future and quark quark
ongoing model model

experiments states states

BelleII  Y(10890)

Y(bb)
BESIII Y (4260)
PANDA X(3872)
P(ce)
Y(2175)
7t1(1600)
GlueX Pd(ss)
w(nn)
o(nn)
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Events / 0.02 GeV/c?

Events / 0.02 GeV/c?

2B. Investigate new states with BESIII

ete~ (at 4260 MeV) — sttt )/ at BESIII
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Observation of a Z:(3900) state.

Ryan Mitchell --

future and

ongoin
experiments

Belle 11

BESIII

PANDA

GlueX
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2B. Investigate new states with BESIII

ete~ (at 4260 MeV) — mtrrtJ/ at BESIII

100

80

60

40

Events / 0.01 GeV/c?

20 4

arXiv:1303.5949 —4- Data

— Total fit

---- Background fit
==+ PHSP MC

37 38 39 40
M., (=) (GeV/c?)

M=38990+3.6+4.9 MeV
I'=46 £ 10 £ 20 MeV

“beyond”’
future and quark quark
ongoing model model

experiments states states

BelleII  Y(10890)

Y(bb)
BESIII Y (4260)
PANDA X(3872)
P(ce)
Y(2175)
7t1(1600)
GlueX P(ss)
w(nn)
o(nn)
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2B. Investigate new states with BESIII

e*e~ (at 4260 MeV) — m+-J/ap at BESIII “beyond™
- future and quark quark
5, 100F arXiv:1303.5949 i$:| ) Ong.()ing model model
S - - Baokground f experiments  states  states
8 80 :_ --- PHSP MC
— B [ sideband Belle 11 Yb(10890)
o 60
) - M=38990+3.6+49 MeV Y(bb)
(@) _
~ - I'=46 =10 + 20 MeV
%) 40 — + 42 EYigra{l ..
& .4
o 20034 BESIII  Y(4260)
0737 38 39 40 PANDA  X(3872)
Moo (T2JAp) (GeV/c?)
ete~(yisr) — mrir-J/ap at Belle Plee)
70 F arXiv:1304.0121
o - —4- data
§ 60 ;— — Fit
& sof Toeaend | M=3894.5+6.6+4.5 MeV AT
Ql 405 I'=63+24+26 MeV
S (1600)
< 30°F .l. GlueX P(ss)
1) -
5 200l
M q0f/)
- oo w(nn)
O%=57 o8 89 4 41 42 ()

M, () (GeV/c?)
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2B. Investigate new states with BESIII

NEW!

# ~500 pb-! at Y(4360) .. .[. nes).

% > 500 pb-! at Y(4260) «««+|-++ >

This data 1s less than
two months old...

Expect many new
results soon!

future and

ongoin
experiments

CHARMONIUM
P(43S4)
Y (4360)
Xc2(33P2)
v(4260) | N<(3'P1) Xe1(3%P1)
4.2 - X00(3°Po)
P (23D1)
— 33S
® 4.0 |- [neeisg FES
> (2P2)
X(3915)? Xe2(2P2
9 he(21P1) X(3872)?
N N co(23P
7 3.8 T Xc0(23Po)
% 2Mp " L
P’(2884)
(218
36 | MEE=Y
Xc2(13P2)
ho(11P) (1P
3.4 | Xeo(1%Po)
3.2 - predicted, discovered
JAP(13S4) predicted, undiscovered
3.0 - Ne(11So) unpredicted, discovered
O+ 1-—- 1+ O++ 1++ 2++

JPC

Belle 11

BESIII

PANDA

GlueX
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“beyond”’
quark  quark
model model
states  states
Y(10890)

Y(bb)
Y (4260)
X(3872)

P(ce)
Y(2175)
7t1(1600)

¢(ss)

w(nn)

o(nn)
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2C. Investigate new states with PANDA

“beyond”’
future and quark quark
ongoing model model

experiments states states

BelleII  Y(10890)

Y(bb)
PANDA
(pp collisions in the charmonium region) BESTII Y (4260)
location: Darmstadt, Germany PANDA  X(3872)
accelerator: HESR at FAIR
dates: ~2018 —?
P(cc)
Y(2175)
7t1(1600)
GlueX O(ss)
w(nn)
o(nn)
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2C. Investigate new states with PANDA

“beyond”’
future and quark quark
ongoing model model

Micro Vertex Detector GEM Detectors experiments states states

Shashlyk Calorimeter
Central Tracker Mini Drift Chambers v

:':t:i., Targetsystem Muon Range System Belle 11 Yb(10890)
Solenoid Y‘(bb)
Barrel TOF
BESII  Y(4260)
PANDA  X(3872)
TOF Wall

YP(cc)

Muon Detection Ys(2175)

EM Calorimeter

m1(1600)
GlueX Pd(ss)
p beam on a fixed p target w(nn)
o(nn)
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2C. Investigate new states with PANDA

“beyond”’
PANDA at FAIR futureand quark quark
- ongoing model model

experiments states states

BelleII  Y(10890)

Y(bb)

BESIII Y (4260)

PANDA X(3872)
P(ce)

Y(2175)

2017: detector assembly Ty . 1(1600)
2018: first data taking ! o GlueX d(ss)

M. Pelizaus, Charm 2012

. . w(nn)
antiprotons with momenta 1.5 to 15 GeV/c and op/p <4 x 10-5 o)
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2C. Investigate new states with PANDA

“beyond”
future and  quark quark
: : : going del
preparation of the construction site, [
March 2012
BelleII  Y(10890)
Y(bb)
BESIII Y (4260)
PANDA  X(3872)
P(cc)
Y(2175)
71(1600)
; GlueX d(ss)
M. Pelizaus, Charm 2012
. . w(nn)
antiprotons with momenta 1.5 to 15 GeV/c and op/p <4 x 10-3 o(nn)
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Ecm = 4260 MeV

Ecm = 3872 MeV

tune the p beam energy

2C. Investigate new states with PANDA

to access more than just
JPC = 1— states...

future and

ongoin

experiments

CHARMONIUM
4.4 nC(41SO) lIJ(4381)
Y(4360)
Xc2(33P2)
................. » | Y(4260) | N<(3'P) Xc1(3%P1)
42 — XcO(33PO)
P(2°D1)
& 338
® 4.0 |- [neeisg FES
>
0] X(3915)? T Xc2(25P2)
R . . ) [X(3872)7
9 - 00(23P
o 38 T Xc0(23Po)
e
P’(2%S4)
¢'(21S
36 | D&
Xc2(1%P2)
(1P (P
3.4 |- Xeo(12Po)
3.2 |- predicted, discovered
JP(1384) predicted, undiscovered
3.0 |- Ne(11So) unpredicted, discovered
O—+ 1— 1+ O++ 1++ D++

JPC

Belle 11

BESIII

PANDA

GlueX
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“beyond”’
quark  quark
model model
states  states
Y(10890)
Y(bb)
Y (4260)
X (3872)
P(ce)
Y(2175)
7t1(1600)
¢(ss)
w(nn)
o(nn)
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2C. Investigate new states with PANDA

“beyond”
f
PANDA MC study of the X(3872) utureand  guark  quark
ongoing model model
experiments states  states
Finput =1 MeV
. : BelleII  Y(10890)
® I Y(bb)
= 7001
600 ; BESIII Y (4260)
500 PANDA  X(3872)
400
» P(cc)
300—
200(—
. Y(2175)
100 width resolution ~50 keV
- SN 1600)
- (current limit: [' < 1.2 MeV) u(
_|||||||||||I||||III|IIIIIIIII|IIII||||| GlueX q)(SS)
3870 3870.5 3871 38715 3872 3872.5 3873 3873.5 3874
V' s [MeV]
w(nn)
o(nn)

M. Fritsch, Trento 2011
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Ecm = 4260 MeV

Ecm = 3872 MeV

also make charmonium

2C. Investigate new states with PANDA

states recoiling against

T, 1, etc...

CHARMONIUM
4.4 nC(41SO) lIJ(4381)
Y(4360)
Xc2(33P2)
................. » | Y(4260) | N<(3'P) Xc1(3%P1)
42 — XcO(33PO)
P(2°D1)
& 338
® 4.0 |- [neeisg FES
>
0] X(3915)? T Xc2(25P2)
R . . ) [X(3872)7
9 - 00(23P
o 38 T Xc0(23Po)
e
P’(2%S4)
¢'(21S
36 | D&
Xc2(1%P2)
(1P (P
3.4 |- Xeo(12Po)
3.2 |- predicted, discovered
JP(1384) predicted, undiscovered
3.0 |- Ne(11So) unpredicted, discovered
O—+ 1— 1+ O++ 1++ D++
JPC

future and

ongoin

experiments

Belle 11

BESIII

PANDA

GlueX
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“beyond”’
quark  quark
model model
states  states
Y(10890)
Y(bb)
Y (4260)
X (3872)
P(ce)
Y(2175)
7t1(1600)
¢(ss)
w(nn)
o(nn)
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2D. Investigate new states with GlueX

“beyond”’
future and quark quark
ongoing model model

experiments states states

BelleII  Y(10890)

Y(bb)
GlueX
(9 GeV photoproduction) BESTII Y(4260)
location: Newport News, VA PANDA X(3872)
accelerator: upgraded CEBAF
dates: ~2014 = ?
P(cc)
Y(2175)
7t1(1600)
GlueX Pd(ss)
w(nn)
o(nn)
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2D. Investigate new states with GlueX

“bevond”
future and quark quark
GlueX/Hall D Detector ongoing model model

experiments states states

BelleII  Y(10890)

\ ‘ Y(bb)

add Hall D

phoﬁ‘“ ; BCF and GlueX
pea™ N\ -4 ‘ BESIII Y (4260)

PANDA X(3872)
accelerating

module;

P(ce)

12 GeV upgrade Y(2175)

to CEBAF

7t1(1600)

- GlueX ([)(ss)
add an arc

w(nn)
9 GeV polarized photons on a proton target o(nn)
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2D. Investigate new states with GlueX

“beyond”’
future and quark quark
GlueX/Hall D Detector ongoing model model

experiments states states

BelleII  Y(10890)

Y(bb)
BESIII Y (4260)
PANDA X (3872
noto? (3872)
beam add Hall D
and GlueX
P(cc)
add 5+5
accelerating
modulf?_;,..~
Y(2175)
7t1(1600)
GlueX ([)(ss)
w(nn)
9 GeV polarized photons on a proton target o(nn)
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2D. Investigate new states with GlueX

“beyond”’
future and quark quark
ongoing model model

experiments states states

BelleII  Y(10890)

Y (bb)
BESIII  Y(4260)
PANDA  X(3872)
YP(cc)
Y(2175)
7t1(1600)
GlueX ([)(ss)
w(nn)
9 GeV polarized photons on a proton target o(nn)
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2D. Investigate new states with GlueX

-

LS 2l

Y(2175)

7t1(1600)

Q)
| £
g
=
O
O

P(ss)

GlueX

1

=S
1
N ¢

Ters
in

assembled

Ha

9 GeV polarized photons on a proton target

w(nn)

o(nn)
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a problem:

the XYZ states

of charmonium have
conventional JPC

2D. Investigate new states with GlueX

future and

ongoin

experiments

CHARMONIUM
3
4.4 - Nec(47So) WSy
Y (4360)
Xc2(33P2)
v(4260) | N<(3'P1) Xe1(3%P1)
4.2 X00(3°Po)
P (23D1)
— 33S
® 4.0 |- [neeisg FES
> (2P2)
X(3915)? Xe2(2P2
9 he(21P1) X(3872)?
N | co(23P
7 3.8 T Xc0(23Po)
é 2Mp " L
P’(2884)
(218
36 | MEE=Y
Xc2(13P2)
(1P P
34 L Xeo(1%Po)
3.2 - predicted, discovered
JAP(13S4) predicted, undiscovered
3.0 — Ne(11So) unpredicted, discovered
O+ 1-—- 1+ O++ 1++ 2++
JPC

Belle 11

BESIII

PANDA

GlueX
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“beyond”’
quark quark
model model
states  states
Y(10890)

Y(bb)
Y (4260)
X(3872)

P(ce)
Y(2175)
7t1(1600)

¢(ss)

w(nn)

o(nn)
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2D. Investigate new states with GlueX

“beyond”
a solution: produce light quark states with exotic J¥FC... future and quark quark
ongoing model model

experiments states states

BelleII  Y(10890)

Y(bb)
BESIII Y (4260)
PANDA X(3872)
P(ce)
Y(2175)
71(1600)
GlueX Pd(ss)
w(nn)
o(nn)

Ryan Mitchell -- Future Studies of the XYZ -- April 2013 APS Meeting 64



2D. Investigate new states with GlueX

a solution: produce light quark states with exotic J¥FC...

a “Quark Model” meson...

MESON

Ryan Mitchell --

0-+ (mm) [S
0+ (fo,a0) [S
1+ (fi,ar) [S
1+ (hi,br) [S
I (w,0) [S

etc.

_ O = = O

9 o

— OO
1l

. N Y

9 o

O M o= = O
o = o G
[l

. N Y

H IHJ IHJ IOI LOJ

has “conventional” quantum numbers:

future and

ongoin
experiments

Belle 11

BESIII

PANDA

GlueX
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“beyond”’
quark  quark
model model
states  states
Y(10890)

Y(bb)
Y (4260)
X(3872)

P(ce)
Y(2175)
71(1600)

¢(ss)

w(nn)

o(nn)
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2D. Investigate new states with GlueX

a solution: produce light quark states with exotic J¥FC...

a “Quark Model” meson...

MESON

but hybrid mesons...

111

HYBRID MESON

JPC

Ryan Mitchell --

0-+
0++
1++
1+
1__

Future Studies of the XYZ --

(M,70)

(fo,20)
(f1,a1)
(hi,b1)

(w,0)

can have “exotic” quantum numbers:
= 1=+ (m, u) (for example)

= unambiguous signature for a
state beyond the quark model!

has “conventional” quantum numbers:

future and
ongoing
experiments
Belle 11
S=0;L=0;]=0]
S=1;L=1;J=0] BESII
S=LL=5LT=1 PANDA
S=0;L=1;J=1]
IS=1;L=0;J=1
etc.
GlueX
April 2013 APS Meeting

“beyond”’
quark  quark
model model
states  states
Y(10890)

Y(bb)
Y (4260)
X(3872)

P(ce)
Y(2175)
71(1600)

¢(ss)

w(nn)

o(nn)
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2D. Investigate new states with GlueX

“beyond”
a cost: amplitude analyses are required to disentangle JFC... future and quark quark
ongoing model model

experiments states states

BelleII  Y(10890)

Y(bb)
BESIII Y (4260)
PANDA X(3872)
P(ce)
Y(2175)
71(1600)
GlueX Pd(ss)
w(nn)
o(nn)
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2D. Investigate new states with GlueX

“beyond”
e : - PC
distinguish quantum numbers using gle J¥C... future and  quark quark
ongoing model model

angular distributions of decay products :
experiments  states ~ states

for example: Bellell  Y,(10890)

Y(bb

Tp — Xp— TP (bb)

if X~ has JPC = 2++ and decays to Q' in a D-wave, BESIT  Y(4260)
then you expect these angular distributions:

PANDA  X(3872)
2++1+(rhoQ)D

~

6 b (co)
CC
-] w
4 4 -
3 3 -
2 . 2 | Y(2175)
1 1 =
0 L1 0 n1(1600)
-1 -0.5 0 056 1 -1-05 0 05 1 GlueX d(ss)
cos? (Resonance) cos?® (Isobaor)
w(nn)
o(nn)
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2D. Investigate new states with GlueX

distinguish quantum numbers using
angular distributions of decay products

for example:

Tp— Xp—> TP

if X~ has JPC = 2++ and decays to Q' in a D-wave,

then you expect these angular distributions:

it’s called an “amplitude analysis™
because distributions are added on
the amplitude level:

0

(Q)= ) ) VipAup ()
a | p

A(S£2) = Resonance Angles

24++1+(rhoQ)D x Isobar Angles
S B s gL x Isobar Breit Wigner

IE

4 4 V are Complex fit parameters

3 3 |-

1 1F

-1 -0 0 056 1 -1-05 0 05 1 GlueX d(ss)

cos? (Resonance) cos?® (Isobaor)

w(nn)
o(nn)
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2D. Investigate new states with GlueX

0

distinguish quantum numbers using it’s called an “amplitude analysis”

angular distributions of decay products because distributions are added on
the amplitude level:

for example: -
p — X-p — TP I(Q) =YYV, A,
if X~ has JPC = 2++ and de g | P

decomposition of 37 from E852
then you expect these ang

np— n'7_t+7t'p Resonance Angles

2++1+( 80 | sobar Angles
s 6 L 70 F All Events sobar Breit Wigner

) —

16 _DIRS
<

4 8 s | mplex fit parameters

d E 0 E

i€ _DIRR

" -

0 Lo 2 P F 71(1600)

-1 -0.5 0 0.5 1 = o F /AN A GlueX (l)(SS)

cos? (Resonance)

. A
; AS" ) Aja
A '
O ‘Al I | AMAIAI 1 l.nélAMA H | l
1 1.2 1.4 1.6 1.8 2

0.8

M(rt'n) (GeV) w(nn)

o(nn)
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2D. Investigate new states with GlueX

“beyond”
future and quark quark
ongoing model model
Analysis of T Pb — wttt-tPb at COMPASS experiments states  states
PRL 104, 241803 (2010) Belle I1 Y(10890)
i<103 i Y(bb)
= g_ a,(1320) event distribution 800;_ "T'pr P M 3']:1( 1 600)
— 3 E_ +  background wave S 700 ;_
S 25F a,(1260) > 600 BESIII Y (4260)
s LE | > 500F
" - 7,(1670) S :
S 1sE < 400F PANDA  X(3872)
N 2 300
> 1 S .
S E 200F
05 00F | Nl P(ce)
Co 0y TN VS il 10 ala Bediad! A S R I LR M .5 = X T T3
% 05 1 15 2 25 3 0706 08 1 12 14 16 18 2 22 24
Mass of mmt System (GeV/c?) Mass of TR System (GeV/c?)
Y (2175)
* indication of an exotic (1-+) decaying to @it with phase motion
71(1600)
GlueX G(ss)
 a factor of ~11 smaller than ax(1320)
w(nn)
o(nn)
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2D. Investigate new states with GlueX

(13 b
strengths of GlueX: beyond
. . future and quark quark
photoproduction ongoing model model

experiments states states

BelleII  Y(10890)

Y(bb)
BESIII Y (4260)
PANDA X(3872)
P(ce)
Y(2175)
71(1600)
GlueX Pd(ss)
w(nn)
o(nn)
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2D. Investigate new states with GlueX

. “beyond”
strengths of GlueX: futureand quark quark

* photoproduction ongoing model model

experiments states states

BelleII  Y(10890)

Argument: Y(bb)
1. itis likely the 7t1(1600) has S =1....
BESIII  Y(4260)
2. 1t1s likely to be easier to produce S = 1 states in PANDA  X(3872)
photoproduction than pion production...
YP(cc)
’ W+ Y.(2175)
PHOTON BEAM v
m1(1600)
GlueX O(ss)
N T N
w(nn)
o(nn)

Ryan Mitchell -- Future Studies of the XYZ -- April 2013 APS Meeting 73



2D. Investigate new states with GlueX

(13 b
strengths of GlueX: heyond
future and quark quark
* ph ducti
photoproduction ongoing model model
* acceptances experiments states  states

BelleII  Y(10890)

Y(bb)
BESIII Y (4260)
PANDA X(3872)
P(ce)
Y(2175)
71(1600)
GlueX Pd(ss)
w(nn)
o(nn)
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strengths of GlueX:
* photoproduction

* acceptances

a simulation of
3 hours of
GlueX beam!

2D. Investigate new states with GlueX

“beyond”’
future and quark quark
ongoing model model
% °
MC study of yp — wttttn eS| e .
40000
> —
= 35000 a,(1320) BelleII  Y(10890)
> 30000 o)
= [
= 25000 |
20000F-  2,1230) 1670 BESII  Y(4260)
15000 i—
10000 i— A, D BT PANDA X(3872)
5000 i, o, I g v"'"
= s, 'vééﬂ“ Sefens Uunm ""' .......... TYYTYYN
¥ B | R . 2.4
\311 Invarlant Mass GeV/cZ] 'll)(CC)
~ . = 15 _
= 1400{— I [ ‘ il =
< | ' I ' T 111(1600) ﬁIE 1.0 3
g 1200 I ‘ th / l [ o5
< - 1 I R 2 T I 4 = Y (21
= 1000— I It ! b ' I {1{1 I I% [ N_: 0.0 5 {(2175)
= 3 l Py o b BT Il ErE
i [ 1 SR T [ 1-111 —-05 5
800 H E RSP n1(1600)
¢ —-1.0 ~
600 {— } T E e &) GlueX O(ss)
400 - 14, f%‘i! g | :
o If ik L 2073
. !§§!§ = =
200_— z iiéi EILY . 3 5—5-2.5 (D(Iln)
s I’-oll-ol-l-oll—l‘-l—'—l-ﬂ!°o!d.0 ..I..: I TN T A T TN S NN T TN S .| .:.!l..—u..ﬂ! .| j'_
008 R S I R T — 20 22 24 30 o(nn)

37 Invariant Mass [GeV/c?]
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2D. Investigate new states with GlueX

(13 b
strengths of GlueX: heyond
future and quark quark
* ph ducti
photoproduction ongoing model model
* acceptances experiments states  states

* versatility
BelleII  Y(10890)

Y(bb)
BESIII Y (4260)
PANDA X(3872)
P(ce)
Y(2175)
71(1600)
GlueX Pd(ss)
w(nn)
o(nn)
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2. Investigate new states.

“beyond”’
future and quark quark
ongoing model model

experiments states states

BelleII  Y(10890)

Summary: ¥(5b)
* experimental results are coming fast and there BESIII Y (4260)
are more coming...
PANDA  X(3872)
¥ 1t 1s going to take some work to put all of this
together into a coherent picture... P(ce)
Ys(2175)
m1(1600)
GlueX P(ss)
w(nn)
o(nn)
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Three Goals of Experimental Meson Spectroscopy

1. Understand quark
model states.
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CHARMONIUM

4.4

4.2
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3.4
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Xc0(13Po)
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1+ O++ D++
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Belle 11

BESIII

PANDA

GlueX
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“beyond”’
quark quark
model model
states  states
Y(10890)

Y(bb)
Y (4260)
X(3872)

P(ce)
Y(2175)
7t1(1600)

¢(ss)
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o(nn)

78



Three Goals of Experimental Meson Spectroscopy

1. Understand quark
model states.

-0

CHARMONIUM

2. Investigate new
states.

111

HYBRID CHARMONIUM

future and
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(1P P
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“beyond”’
quark  quark
model model
states  states
Y(10890)

Y(bb)
Y (4260)
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Three Goals of Experimental Meson Spectroscopy

1. Understand quark
model states.

-0

CHARMONIUM

MASS [GeV/c?]

2. Investigate new
states.

111

HYBRID CHARMONIUM

3. Explore.
Explore the unpredicted
and the undiscovered...
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“beyond”’
quark  quark
model model
states  states
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Y(bb)
Y (4260)
X(3872)
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Three Goals of Experimental Meson Spectroscopy

1. Understand quark
model states.

-0

CHARMONIUM

MASS [GeV/c?]

2. Investigate new
states.

111

HYBRID CHARMONIUM

3. Explore.
Explore the unpredicted
and the undiscovered...
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4.4 | [riasy LY@y
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“beyond”’
quark  quark
model model
states  states

Y(10890)

Y(bb)

Y (4260)
X(3872)
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