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Motivation

® How do the properties of QCD manifest themselves in the
structure and spectrum of hadrons!?
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Motivation

® How do the properties of QCD manifest themselves in the
structure and spectrum of hadrons!?

o QCD suggests
® confinement: stable hadrons need to be colorless

® luon-gluon interactions: hadrons with “valence
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gluons” (hybrids and glueballs) could exist
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Motivation

® How do the properties of QCD manifest themselves in the
structure and spectrum of hadrons!?

o QCD suggests
® confinement: stable hadrons need to be colorless

® luon-gluon interactions: hadrons with “valence
g g
gluons” (hybrids and glueballs) could exist

® Experiment:

® most states are quark-antiquark mesons or three-quark
baryons

® little evidence for hybrids or glueballs
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Motivation

® How do the properties of QCD manifest themselves in the
structure and spectrum of hadrons!?

o QCD suggests
® confinement: stable hadrons need to be colorless

® gluon-gluon interactions: hadrons with “valence
gluons” (hybrids and glueballs) could exist

® Experiment:

® most states are quark-antiquark mesons or three-quark
baryons

® little evidence for hybrids or glueballs

® Can we find evidence for these more interesting hadrons that
are, in principle, allowed by QCD?
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The Experiment: BESIII at BEPCII

g BEPCH, SC magnet

Multipurpose
Detector

(Scale)

Collisions with
E.m from

~2 GeV to 4.6 GeV

Running in 4 GeV
region since late 2012
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I h e L an d S C aP e (Spectrum figures courtesy of R. Mitchell)
4.4 Nc(41S0) P(43S1)
Y(4360)
Xc2(33P2)
Y(4260) | Ne(3'P1) Xo1(33P1)
_ 4.2 Xc0(33Po)
® 3|l states below DD threshold have b(2°D1)
been observed
R 33S
% 40 | [nfaisg F
[ . >
® charm anti-charm potential model o 2(29P)
: = O, he(21P
describes spectrum below DD ) X(3872)
@ - c0(2P
threshold ¢ 38 Ry Xc0(22Po)
<§E PMp | T T
P’(23S4)
® attempt to understand 215
fundamental structure by studying o =
ho(17P1) Xe2(1PP2)
o(17P; Xc1(13P1)
® pattern of masses
3.4 Xco(13Po)
® transitions between states
® states with unconventional 30 | _ _
. . ' predicted, discovered
charmonium properties began
. . J/P(13S+) : :
appearing in the spectrum about a 1 A et
decade ago 3.0 - Ne(1'So) unpredicted, discovered
0+ 1-—- 1+- O++ 1++ 2++
JPC
Prediction: Barnes, Swanson, and
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The History:

|-~ state produced in e¥e

TN
o

Y(4260)

The BaBar Collaboration, PRL 95, 142001 (2005)
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mass greater than 2M(D) so
we expect OZI favored decay:
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CLEO Collaboration, PRD 80,072001 (2009)
B(Y (4260) — DD)

B(Y (4260) — nnd/o)

compare with =500 for Y(3770)
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More History: Y(4360)

o(m*n™Y(2S))(pb)
® similar to Y(4260) except 100 4 (o) . Bl
. , 75 | + BoBar
dominantly decays to TTITT) e |
® additional state at 4660 MeV 25 JL@ I&ﬁ{w Ll
01 .' M{#‘ .*.*.**.* KK
4 5 6 7 8
. Vs (GeV)
® nature of Y states is unknown S mH(25))(ob)
® all produced in e*e collisions 100 | (b)
. N 75 ‘ h :ggIIIBeor
® perfect problem to study with e*e- 50 | ﬁ Hl ﬁ
collider in the charmonium region o5 | k WH | Ly 4
. . . 0 _I.llfll ..... |l*‘llwJrlﬂr‘l\"l"d(u“.‘L
® motivation for dedicated 4 42 44 46 48 5
running at BESII| starting in the V5 (GeV)

winter of 2012-2013

Liu, Qin, and Yuan, PRD 78, 014032 (2008)
using data from:
BaBar Collaboration, PRL 98,212001 (2007)
Belle Collaboration, PRL 99, 142002 (2007)
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The Available Data

Data sets collected by BESIII since 2009

e*e collision Ecm Lor N Physics Topics
3097 MeV: |/Y 1.3 x 107 )/ light hadron spectroscopy
3686 MeV: Y’ 0.4 x 10° ' charmonium transitions; light hadron spectroscopy
Y(3770) 2.9 fb! D decays; precision flavor physics
P (4040) 0.5 fb-! charmonium spectroscopy
3554 MeV 0.024 fb"! precision determination of T mass
4230 MeV - 4260 MeV 1.9 fb-! charmonium spectroscopy; study of Y(4260) and Z.
4360 MeV 0.5 fb-! charmonium spectroscopy; study of Y(4360)
4100 MeV - 4400 MeV 0.5 fb-! coarse scan; Y spectroscopy
3850 MeV - 4590 MeV 0.8 fb! fine scan; R measurement; Y spectroscopy
4600 MeV 0.5 fb-! charmonium spectroscopy

(Red: partial or full data sets for the analyses presented today)
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T — > -I-l-+-|-l-- /
e e ‘.l) 4.4 [ aiso) P(43S1)
Y(4360) 3
Xc2 2
Y (4260) | N(3'P1) Xe1(3%P1)
/ Xco(33Po)
p(2°D1)
= P(3°S1)
® TITT/Y is the only firmly > —
. (5 hc(21P1) c2 2
established decay mode of = X(3872)
Y(4260) 7 RS
. . . . = P’(23S4)
® preliminary Belle result limits 1o | @S
g(KKJ/Y) to about 1/10 of | ] o2
. Al Xc1(13P1
TITT)/Wp (arXiv:1402.6578)
34 | Tt Xeo(1%Po)
® natural starting place for study:
® collide e'e" near 4260 MeV 32 | edioted. discovered
. . JAP(13S1) redicted, undiscovered
® examine TTITT)/YP Dalitz plot predeed
3.0 |- Nc(11So) unpredicted, discovered
O—+ 1-—- 1+- O++ 1++ 2++
JPC
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e'e =TI T)/P at Ecn = 4260 MeV

® |/Y is cleanly identified in dilepton decay modes

160 o

o -+ Data o 120 -+ Data
S 140 — Fit S C — Fit
o) o 100
5] 120 ---. Background 10, r ---- Background
% 100 % 80F
c 80 o 60fF
g 40 e o
w 20 w 20

o TG’('..“......}‘...‘"..‘ highe. o b P’ 3 0 AR T e s Vs L i e e N N YN AN
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e'e =TI T)/P at Ecn = 4260 MeV

® |/Y is cleanly identified in dilepton decay modes

160 120F
o -+ Data o OF -+ Data
S 140 — Fit S C — Fit
(‘B 120 - Background 8 100:_ ---- Background
% 100 % 80F
c 80 S 60F
@ 60 @ . F
= e 40
g 4 s |
w 20 w 20
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M(e'e) (GeV/c?)

® Structure in TT*)/\P mass that does not arise from

TTTTT" interactions

N 120 L +data
O X
S 100 --MC H
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%3 80 [ sideband }H ;
o N T
o 60 + : !
m :
£ 40
Q N
w20
of
0.2

DEPARTMENT OF PHYSICS

INDIANA UNIVERSITY

College of Arts and Sciences
Bloomington

BESIII Collaboration, PRL 110,252001 (2013)

100 + Data
o, F -= MC
S 80 = — Z,(3900) MC
8 - H } [ sideband
S 60 *
S Wb
=~ i o
2 OF i
s b i
> Y
o 20: ++-+
OM |
3.2 3334 3536 37 3839 4 41 4.
M(r*Jly) (GeV/c?)
C 5
16 - 15 ._-H-_'- ':_ °
o T4F N | P
(\T(: 1.2 = : - 0.5 #{E%:{ﬂi 1
Ster el )
() - o & - ! I
) 1: .:...'3'-'-.--"}-:-":"'!! 10 12 14 16
—~ 0.8 F Lo Fotas T
ROSE SEEIE R z
o\ . iy |
S 041 5 1
0.2 i et
O_11111111111111:-111111111111111111111111111111111
10 11 12 13 14 15 16 17 18 19 20

2( + 2\2
M (7[ J/l//) (GeV/C ) M. R. Shepherd

CAP Congress, Sudbury
June 19, 2014



Belle Collaboration, PRL 110,252002 (2013)
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Belle Collaboration, PRL 110,252002 (2013)
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BESIII Collaboration, PRL 110, 252001 (2013)
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---- Background fit
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o(w' 7 Jly) (pb)

Belle Collaboration, PRL 110,252002 (2013)
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BESIII Collaboration, PRL 110,252001 (2013) Belle Collaboration, PRL 110, 252002 (2013)
- —4-— Data 70
100 B — Total fit N F ~+4- data
Nc\‘) B ---- Background fit | Q 60 - — Fit
%J 80 L -.-. PHSP MC % 50 f_ — Background
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o 60 \ S 40F
o . S :
2 40r | LllegtHs P +
S A § 20F
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i‘ : e ' —— O|||
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Belle Collaboration, PRL 110,252002 (2013)
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"= T*(DD*)* at Ec, = 4260 MeV

o If Z(3885) is Z(3900):

I'(Z,(3900) — DD*)

[(Z.(3900) — wJ/¢) 6.2 4 2.9

® 1T angular distribution
establishes JF = |*

0.5¢
0.45F
0.4F I -
0.35F
0.3E
0.25F
0.2F
0.15F

0.1 A
0.05f ) 0
0102 03 04 05 06 07 08 09
|cos 0,

Fractional yield

I'IJ ' DEPARTMENT OF PHYSICS

INDIANA UNIVERSITY I I

Colle ege of Arts and Sciences
Bloomin gton

Events / 4 MeV/c?

Events / 4 MeV/c?

—
o
Oll

BESIII Collaboration, PRL 112,022001 (2013)
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M[Z.(3885)] = 3884 + 4 MeV
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C( ) 4.4 |- [ aisy) LUESY
Y(4360)
Xc2(3°P2)
Y (4260) | N(3'P1) Xe1(3%P1)
/ Xc0(33P0)
P (23D1)
& P(3%S4)
® Charged charmonium-like >
2(23P
structure above DD* mass O, he(2'Py) ] L2l
threshold 0 Xc0(23Po)
2 L)
XY 1D i
® Decays to (DD*)* and T1#/ in = 0'(2351)
ratio of 63 : | 6 | (Ne2'So)
: : : Xc2(13P2)
® Evidence for neutral isospin ho(17P1) Xe1(13P1)
partner [T. Xiao et al., PLB 727, DD* | T ——
366 (2013)]
o =1
. . 3.2 - predicted, discovered
® Production seems correlated with
Y(4260) decay JIP(18S1) predicted, undiscovered
3.0 |- Ne(11So) unpredicted, discovered
O—+ 1-—- 1+- O++ 1++ 2++
JPC
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ete =TT TT h.

44 Nc(41S0) P(43S1)
Y(4360)
/ X02(33P2)
Y (4260) | N(3'P1) Xe1(3%P1)
4.2 T[Zl: il Xco(33Po)
P(2°D1)
® significant TT*TT"hc production reported __ S
% Z(4020
by CLEO at Ecm = 4170 MeV S RS
e Xc2(2°P2)
[PRL 107,041803 (201 1)] O [Z@e00) \ S - 2(23P>
® correlated with Y(4260)? &H 38 V] Xeo(2Po)
i T e N — N
: .. = ’ ,
® hcis spin singlet (5=0) state i Rl TF
36 L Nc'(2'So) \
° d|fferent. charm quark spin ST p Xo2(13P2)
orientation than |/
3.4 7-[$ Xco(13Po)
® explore TT*TT transitions to hc as a
function of Ecm
® search for TT*h. states T predicfed, diseovered
JIP(18S1) predicted, undiscovered
3.0 |- Ne(11So) unpredicted, discovered
O—+ 1-—- 1+- O++ 1++ 2++
JPC
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ete =TT TT he

no sharp structure in TT" TT"h.
Cross section

® correlation with Y(4260) or
Y(4360) unclear
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BESIII Collaboration, PRL 1 1,242001 (2013)

+ + = F
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—D 'rl' Tl' 80
€€ h C /&\ 70F
Q —
< 601 ;
: ] = 50 i
® no sharp structure in TT"TTh. . a0b
cross section + 30
® correlation with Y(4260) or o igg_ : I
Y(4360) unclear S SO S ) S AU
o f
+ _ ool v bov oo b va by |
® narrow TT*h.structure observed 1074100 4.054.10 4.15 4.20(4 25 4.30 4.35 4.40 4.45
E(GeV)
o M[Z(4020)] = 4023 £ 3 MeV i
o T[[Z(4020)] = 8 + 4 MeV 120
[£(4020)] =8 £ 4 Me _
100
K
E 80 [
Y - b
S 60 ; 0
S b
£ o 38 39 40 4l
é" ) Mﬂlc(GeV/cz)
20
0 WP EF Ty Tg’mm:ll,_.lx.v_”““”
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BESIII Collaboration, PRL 1 1,242001 (2013)

® atE.,=4260 MeV:

90
P + - 2 ook
e'e—=TI"TThe 2v
< 60" --
® no sharp structure in TT"TTh. A 505 "
: = 40¢
cross section T o300 I
® correlation with Y(4260) or o 2% : [
Y(4360) unclear S lgi__; ________________________________________________________________
o
® narrow TT*hcstructure observed 1074100 4.05 4.10 4.15 4.20]4 b5 430 435 4.40 4.45
E(GeV)
o M[Z(4020)] = 4023 + 3 MeV ¢f / )
® [[Z(4020)] = 8 + 4 MeV 1201~ ~
® no significant evidence for s :
Z,(3900) = T*h 80|~ 2
60%} %
=

8 39 4.0 4.1

10 R
M_., (GeV/c?)

o(ete”™ = 152,(3900)F — 77" h.) < 11 pb

Events/(0.005 GeV/c?)

oleTe”™ = 75 Z.(3900)F — 7T n~J/¢) =13+ 5 pb

. 0 RpAT 7, SN IRT N S
BESIII Collaboration, PRL 110,252001 (2013) 3.95 4.00 4.05 4.10 4.15 4.20 4.25
M_., (GeV/c?)
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e'e =T (D*D*)* at E., = 4260 MeV

BESIII Collaboration, PRL 112, 132001 (2014)

80  — - comb.BKG —+ data
a’:(: ----- D*D** — total fit
S 60l — - Z,(4025)
® deviation from phase space decay 2 H -~ PHSP signal
To) u
® could be described by a « 40t
charged state decaying to D*D* =t
. . S 20/
o if Z.(4025)* is the Z.(4020)* Ij'>j -
. + mm s 2R et T — L
observed in the TT*h. spectrum: e TR R 2

4—.02| |4.£)4' | |4.£)6| | |4.08
B = Recoil Mass [GeV/c?]
I'(Z.(4020) — D*D*) 94 F

[(Z.(4020) — mhe) M[Z.(4025)] = 4026 + 3 MeV
[[Z.(4025)] = 25 + 6 MeV

® similar behavior to Z/(3900)*

compare with TT*h structure:

M[Z.(4020)] = 4023 * 3 MeV
[[Z.(4020)] = 8 + 4 MeV
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Z.(4020)*

4.4 N(41So) P(43S1)
Y (4360)
/ Xc2(3%P2)
Y (4260) | N(3'P1) Xo1(33P1)
42 - v/ 7 Xc0(3%Po)
. . P(23Dn)
® Charged charmonium-like /
DL .
structure above D*D* mass S 4 (2020, ¥(3°S1)
threshold > X o
.. (2, Zi(3900) hc(21 P1) X 3872
® Prefers to transition to \ EETE)
h . . . 0p) 8 Xco(23Po)
charmonium spin singlet (hc) 2 "' (13Dy)
. . 24\V 1”4 O N N
over spin triplet (/) = vesy| .
P D*D* ne’(2'So) \LI
® " unknown -
he(11P X2(1%F2)
. . o(1P1) Xc1(13P1)
® Correlation with Y(4360) or
Y(4260) is unclear DD* = Xeo(1*Po)
® |[f structure in TThc is the same as
: kMY - kY
that in D™*D*, then ratio of D*D 3.2 L oredicted, discovered
to Trhc partial widths is 1215 : |
JIP(15S4) predicted, undiscovered
o o o
Qualitatively similar to Z(3900) 30 |- e R
O+ 1-—- 1+- O++ 1++ D++
JPC
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ete = Tro11%,

438
4.4 No(41S0) Y(4°SH)
Y(4360)
/ g Xc2(33P2)
el Xc1(3%P1)
® +a-— 770770 + 0 |Y(4260)
Study e*e =TT 1T hc at 4.23, 4.26, and 4o TSIV~ P
4.36 GeV P(23D1)
% 4 {z@020)] s, [ V&S
E Z(3900 | Xe2(2%P2)
S (3900) \ he(2'P1) X(3872)
0D 8 L Xco(23P
0p) 3.8 W'’ (13D1) )
<§E 2Mp |\ N
P’(23S4) _
7 218 n+ 'TEO
36 [ R N
Xc2(13P2)
n(17P-) —TE®
34 L ﬂ:i Xco(13Po)
3.2 - predicted, discovered
JIP(18S1) predicted, undiscovered
3.0 . .
Ne(11So) unpredicted, discovered
O+ 1-—- 1+- O++ 1++ D++
JPC
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ete = Tro11%,

43
4.4 — [1,(41S0) W(43S1)
Y (4360)
< he(31P1) (33P+) )
Y (4260) | Ne(3'P Xo
® Study e*e = TTTT%h, at 4.23, 4.26, and nt, 0 A0 =
4.2 / XcO(33PO)
4.36 GeV P(2°D1)
® Observe Z(4020)° structure in Tt®h. mass g , (2020} 55y | 4&S)
distribution > X ol
O [Z(3900) \ ho(21P1) B
o . .
BESIII Preliminary result: 0 38| o Xo0(2%Po)
< e N e e e
® M[Zc(4020)°] = 4023.6 £ 4.5 MeV = &b w’(2\381)
: : N ne’(2'So) 7t+,TEO
® Neutral isospin partner of the Z.(4020)* 3.6 |- T
Xc
ne(17Py) e
3 BESIII Prelimi 3p
- reliminar T .
na y 34 L T+ Xco(13Po)
© 350
% 300
LSD 25F- 3.2 I- predicted, discovered
S F
E 205_ JIP(18S1) predicted, undiscovered
s I5E 3.0
2 10;_ 1 ne(11S0) unpredicted, discovered
5
05 e O—+ 1-—- 1+- O++ 1++ D++
385 39 395 4 405 41 415 42 425
My (1h ) (GeV/c?) Jre
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Intermission

® Confirm well-established decay of Y(4260)— TT*1T+)/Y
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Intermission

® Confirm well-established decay of Y(4260)— TT*1T+)/Y
® observe new structure in TT*)/\) mass spectrum
® mass of about 3900 MeV;also decays to DD*

® heavy and charged: can’t be charm anti-charm
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Intermission

® Confirm well-established decay of Y(4260)— TT*1T+)/Y
® observe new structure in TT*)/\) mass spectrum
® mass of about 3900 MeV;also decays to DD*

® heavy and charged: can’t be charm anti-charm
® Try to establish Y(4260)— Tt*117h. and Y(4260)— 11°11%h,

® no clear Y(4260)-like structure in e*e = TT*TT*h. cross section
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Intermission

® Confirm well-established decay of Y(4260)— TT*1T+)/Y
® observe new structure in TT*)/\) mass spectrum
® mass of about 3900 MeV;also decays to DD*
® heavy and charged: can’t be charm anti-charm
® Try to establish Y(4260)—=Tr*1T%h, and Y(4260)— 11°110h,
® no clear Y(4260)-like structure in e*e = TT*TT*h. cross section
® observe new structures in Trth. and TT%h. mass spectra

® both have a mass of about 4020 MeV; consistent with isovector
triplet of states; may decay to D*D*

® heavy and charged: can’t be charm anti-charm
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Intermission

® Confirm well-established decay of Y(4260)— TT*1T+)/Y
® observe new structure in TT*)/\) mass spectrum
® mass of about 3900 MeV;also decays to DD*
® heavy and charged: can’t be charm anti-charm
® Try to establish Y(4260)—=Tr*1T%h, and Y(4260)— 11°110h,
® no clear Y(4260)-like structure in e*e = TT*TT*h. cross section
® observe new structures in Trth. and TT%h. mass spectra

® both have a mass of about 4020 MeV; consistent with isovector
triplet of states; may decay to D*D*

® heavy and charged: can’t be charm anti-charm

® What does this tell us about Y(4260)? Don’t know.

® Search for more Y(4260) decay modes, like transitions to
(un)conventional charmonium.

| DEPARTMENT OF PHYSICS M. R. Shepherd
INDIANA UNIVERSITY 18 CAP Congress, Sudbury
](é;);locrf?n(;ft(ﬁ]rts and Sciences June ]Q/ 20 ]4




P

X(3872)

® well-established neutral state just at or
below D°D*? threshold
® discovered by Belle in B decay

[PRL 91,262001 (2003)]

® decay to (TT7TT")p J/Y is atypical of
conventional charmonium

® popular explanation: bound D?D*?
“molecular” state

°

recent developments:

o [C= 1" firmly established by LHCb
[PRL 110,222001 (2013)]

® | HCb observes radiative transition
to P’ (arXiv:1404.0275)
® BESIll observes production in

e*e = YX(3872)
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3
4.4 | [aisg LE&ESY
Y (4360)
~ Xc2(33P2)
Y(4260) | Ne(3'P1) Xc1(3%P1)
4.2 T/ 7 \_ Xc0(33Po)
/ P(23D1)
% 4.(2(4020) Jis,) | U Y
%) / : : Xc2(23P2)
O, Z(3900) he(21P4)
\ X(3872)
N0 28 Xeo(22P
2 y(1%D)) —
s P24 1Y/, e
_|_ —
L T'T
D*D* Nc’'(21So)
X02(13P2)
Xc1(13P+)
DD*
3.2 predicted, discovered
JIP(18S4) predicted, undiscovered
3.0 Nne(11S0) unpredicted, discovered
O+ 1-— 1+ O++ 1++ 2++
JPC
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CAP Congress, Sudbury

June 19, 2014



e*e—YyX(3872)

BESIII Collaboration, PRL 112,092001 (2014)

1 5 —4- Data B
N, i — Total fit il
. S - --- Background
e search for YX(3872) with 2 10 fl ;
X(3872) = T1TTJ/Y at 3 I 1 ]
Ecm = 4.23 GeV, 4.26 GeV, and 4.36 GeV 5 of N
L = .
e summed over all data X(3872) L g I
significance: 6.30 o LI
3.8 3.85 3.9 3.95
® production in Y(4260) decay suggestive M(r i) (GeV/c?)
but not conclusive 06~
. B —4— data
® if from Y(4260): 3 05F — Y(4260)
= H ----- Phase Space
S 04 -- Linear
% -
B(Y (4260) — vX (3872)) ~ 0.1 j§: 0.3
B(Y (4260) — ntn=J/4) 5 02F
o N
é 01F
©
O = 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
4 4.1 4.2 4.3 4.4 4.5
E. (GeV)
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X 4.4 L Ne(41So) P(43S4)
Y(4360)
/ Xc2(33P2)
Y(4260) | N(3'P1) Xo1(33P1)
42 - T/ 2/ N X-0(3°Po)
T
Y 4.(24020) |is,) "’(3331)\\ Y
E é 3900 : Xc2(23P2)
.. )
® Search for transitions of Y(4260) % 8 (15D
. . . 2MAl TN T B N
to the Xy states via the emission = '(255) T
of a vector meson D*D*/ | [ne'2'So) \zt
: he(11P+) Xc2(13P2)
® Need to observe peak in the A X1 (12P1)
e*e = WXco cross section that oo - T Yeo(15P0)
matches the Y(4260) lineshape
3.2 - predicted, discovered
JAP(1354) predicted, undiscovered
3.0 - Ne(11So) unpredicted, discovered
O+ 1-— 1+ O++ 1++ 2++
JPC
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Ecm

e*e P WXco

BESIII Preliminary
e - 1 - -
Eoo ° oo, $
0.95%¢ ¢ | 0959 & © o
e ., s, .
(\é\_) 0.9:3 . Y ° o | C\é\_) O.QE. .3 .'..‘.. .3,
Eoss?‘g . o° . L Eoss-j’ et ° :-o. .
S 08 o & w0 . % [Te 2 [ = 08 o oose ¥ CHlN ]
5 E':*"s TS ﬁ& R R O T ” %r
‘& 0.75F—s —® . — ‘& 0.75F2— —= — — o
E E o ° o ® g E i 0. ° ° ° %
0.7k ° . i 0.7 % . %
E . ° o. o) o ° °
0.65:— b e © o o 0.651 °
E AR B, ST B B B B Y S B | ‘|| *
3.2 3.25 33 335 34 345 35 3.2 325 33 3 35 3.4 3 45 3 5
M(r') (GeV/c?) M(K*K) (GeV/c?)
1 ® 1 ® °
C %o o C e i
0.95:—. 0'95;_.. [ o0 o |
:.. o o* E: .o. ° °
% oo o8 @ e | % 0.95—‘..‘ LI
> 0.858 e o 2 0.85F o o:-' ¢
(O] Fe ° (O] C d
— e -3 — g — = —
I A L E R -t"a-i-ci iﬁ;'r
BOTSE— — e —& | — —% — 075 :‘7—0— T
s F . . e S [ e .
0.7_:; L] ° 0.75— ° + °
0.655— . .| I o.eszj | .
0_‘||||||||||||||||.I........ 0.6‘||.I....I....I...I........
32 325 33 335 34 345 35 32 325 33 335 34 345 35
M(*r) (GeV/c?) M(K*K') (GeV/c?)
Exm = 4.26 GeV
BESIII Preliminary
Vs (GeV) o (pb)
4.23 59.2+6.4+6.3
| DEPARTMENT OF PHYSICS 426 250+5.6+3.2

College of Arts and Sciences
Bloomington

INDIANA UNIVERSITY

22

observation of WXco production at

4230 MeV and 4260 MeV

no evidence for WXco at 4360 MeV

no evidence for WXc2 at 4230 or 4260 MeV
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e*e P WXco

Exm =423 GeV
l BESIII Preliminary
're . - 1_:. : : -
0.95%¢ ¢ | 0.95[8 & © o
E. o . e, ° .
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© 09F" :‘ : °° eee b 0.9 o e, $ e’
%0.85! .. ° %085— s b ‘.:.. d
© E ° 0] )
— re— o § —* o ] & [Py o
T e 30 Taple - e -tﬁ:i-ei‘:..wr
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= F ° . ... = L e . * .
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M(m'r) (GeV/c?) M(K*K) (GeV/c?)
Exm = 4.26 GeV
BESIII Preliminary
Vs (GeV) o (pb)
4.23 59.2+6.4+6.3
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o(7 7 Jy) (pb)

observation of WXco production at
4230 MeV and 4260 MeV

no evidence for WXco at 4360 MeV

no evidence for WXc2 at 4230 or 4260 MeV

Belle Collaboration, PRL 110,252002 (2013)

80 [
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40
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W]

0
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e*e P WXco

observation of WXco production at
4230 MeV and 4260 MeV

no evidence for WXco at 4360 MeV

no evidence for WXc2 at 4230 or 4260 MeV

shape seems inconsistent with Y(4260)

Belle Collaboration, PRL 110,252002 (2013)
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70
60

BESIII Preliminary
g(WXco)

Exm =423 GeV
l BESIII Preliminary
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44 r]c(4180)| '
77 Xc2(33P2)
LR Ne(3'P1) Xc1(33P1)
. . 4.2
® Measuring (and understanding)
transitions between states is
essential < 4
.. . o Xo2(2%Pz)
® Remaining experimental =
. 0 248
challenges: 2
2 24V e N N Y A _ """""""""""""
® explore all possible decay o'p*
modes of new states Yea(19P2)
ne(1 Py I
® establish Y(4260) or Y(4360) L L - o
as a definitive source of
transition in e*e collisions
. 3.2 |- predicted, discovered
® More data at a variety of Ecm
. JAP(13S1) predicted, undiscovered
may shed light on problem
3.0 - Ne(11So) unpredicted, discovered
O+ 1-— 1+ O++ 1++ 2++
JPC
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Y(4260)
Y(4360)

® Y(4260) is a strong source of
TITT)/YP in e*e collisions

® about |/4 of rate is through
T*Z(3900)*

® source of TTTThc in e+e- collisions
not conclusive

® about |/5 of the rate is
through 11*Z(4020)+

® observation of e*e” = YX(3872),
perhaps via Y(4260) — yX(3872)

® observation of eter = WXco, but
likely not through Y(4260)

nature of Y states remains unclear

| DEPARTMENT OF PHYSICS

INDIANA UNIVERSITY

College of Arts and Sciences
Bloomington

24

M. R. Shepherd
CAP Congress, Sudbury
June 19, 2014



Y(4260)
Y(4360)

newly observed structures:
presence of electric charge rules out
conventional charm anti-charm state

Z.(3900)*

Z.(4020)*

(assuming just one object)

Y(4260)'i5 a strong souree of narrow charged charmonium- ® narrow charged
TITT)/P in e”e collisions like structure above (DD*)* charmonium-like structure
® about 1/4 of rate is through mass threshold (3876 MeV) above D*D* mass threshold
T1*Z(3900)7 decays to (DD¥)* and (4017 MeV)
TT)/Q in ratio of 6+3 : | kk) E
source of TTTTh. in e+e- collisions J ° deicay.s to (,D D%) anc!
not conclusive evidence for neutral isospin TChc in ratio of 1215 : |
, partner ® observation of neutral
® about |/5 of the rate is . < osbin bartner 7 (4020)0
through TT£Z,(4020)7 decay rate to TT"h. must be at pin p c
or below the decay rate to o s\t
. + no apparent decay to (DD¥)
observation of e*e = YX(3872), ™)/P
perhaps via Y(4260) — yX(3872) F=1 ® decay rate to TT"h. must
. . dominate TTJ/ if it exists
observation of e"e” = WXco, but production seems correlated b
likely not through Y(4260) with Y(4260) decay ® J unknown
® production correlated with

nature of Y states remains unclear

no production in B*—=K*Z* (in
contrast to B—KX(3872))*

*BaBar Collaboration, PRD 79, 112001 (2009)

Y(4260) and/or Y(4360)
decay!?
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Global Context

® Other charged charmonium-like states:

® 7.(4430)*—’11* discovered by Belle in 2008, not confirmed by
BaBar, but recently confirmed by LHCb (arXiv:1404.1903)

® 7.(4050)* and Z.(4250)* reported by Belle to decay to X TT*
but not confirmed by BaBar

® Parallels to the bottomonium system:
(studied by the Belle Collaboration [PRL 108, 122001 (2012)])

® An apparent analogue of the Y(4260) exists for b quarks with a mass
around 10.865 GeV with large decays to TTTTY (nS) and TTTThy(mP)

® Observed: Zy(10610)* and Z,(10650)*
® decays to both TThy(mP) and TTY(nS)

® heavy and charged: not just bottom anti-bottom
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Summary of Observations

® (Clear evidence for narrow structures in TT*}/\ and TT*h. spectra whose
origin is unknown

e conspicuously close to DD* and D*D* thresholds
® new type of QCD state or dynamically generated structure!?
® one certainty: not conventional charmonium
® Data are slightly suggestive of transitions between mysterious structures
® Z.(3900)* appears to be correlated with Y(4260) decay
® .. .butsource of TITTh: and Z(4020)*? is not clear
® possible radiative transition: Y(4260) — yX(3872)
® ...but WX does not seem to be a product of Y(4260) decay
® Strong similarities between charmonium and bottomonium system

® Expect to hear more from BESIll in the near future!
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