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A new particle Zoo!

only established states shown
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Quark-Model: Eichten et al. PRD 17 (1978)
— missing low lying
states found

— Above the DD
threshold:

> Many new states

> Incompatible with

quark model in
mass and

properties

What are they?



2011 iscovery of charged states that
— have masses in the quarkonium regime;

— decay with © und @ in the final state

— must contain at least 4 quarks
E.g. Z,(10610)" and Z,(10650)" in ete™ — mx(QQ) at T (55)
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Data by Belle: A. Garmash etal., arxiv:1512.07419 & A. Bondar et al., PRL 108(2012)122001
Fit: F-K. Guo et al., PRD 93 (2016) no.7, 074031

more of the kind: Z.(3900)™, Z.(4020)", Z.(4430)7, ...



Hybrid

— Compact with active gluons and Q@

Tetraquark
— Compact object formed from (Qq) and (Qq)

OO Hadro-Quarkonium
%@g@ — Compact (QQ) surrounded by light quarks

@ Hadronic-Molecule

— Extended object made of (Qq) and (Qq)

o

Certainly not simply a perturbative threshold effect
Guo et al., PRD91(2015)051504

Lattice studies mostly exploratory - but progress expected soon



Note that luminosity is lower at J/v,
and machine is optimal near y" peak
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e"e~ collisions near Y (4S)

in ISR production
ete” = ysrJ/U T

= JFC =1—~

. Y(4008) —» Jymn T ?
. Y (4260) — J/pmT
.. Y(4360) — p(2S)tT ™
.. Y(4630) — p(2S)tT
.. Y(4660) = AFA.
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Dec, 2012 to Jan, 2013, BESIII accumulate 525 pb! data @ 4.26

GeV.

Peak position of Y(4260)>n n-J/y cross section.

N(p+u—)=882+33; N(e+e-)=595=+28; purity ~90%.

Born cross section: 68=(62.9+1.9+3.7) pb at BESTII. PRL 110, 251002

Good agreement with Belle and BaBar.
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aquarks

e arXiv:1110.1333, 1303.6857
e arXiv:1304.0345, 1304.1301...

“* tetraquark

2. Hadronic molecules . molecule
+ arXiv:1303.6608, 1304.2882, 1304.1850... O
3. Four quark state (1 or 2) Lol
* arXiv:1304.0380.. . e Exotic!
4. Meson loop 9 | /”T

o) (4040 -~

* arXiv:1303.6355

° arXiv:1304.4458... mﬂQ mau{} %* " A
3fen) T/t

5. ISPE model @
* arXiv:1303.6842... Meson loop ISPE model
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» The e*te2>7'n~J/y was measured with improved precision with BESIII data.
» Fit with three coherent BW resonances (Fit I); or coherent sum of an
exponential and two BW resonances (Fit I1).

» The 1t resonance R1 is similar to Y(4008) by Belle, however can not be

confirmed.

» The 2" resonance R2 is similar to Y(4260), but with lower mass & width.
» The 3™ resonance R3 have a significance > 7.7c, nature unclear.
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m Lineshape more complicated than
just a single resonance / structure

m Y (4008) not needed to describe
data

m Significances for R and Rz > 70
m Y (4360) — J/Yy T seen?



Cross section measurement of e*fe™2> n*nh_
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17 energy points from 3896 MeV to 4600
MeV ,total luminosity 5.26 fb! and 62
energy points from 4097 MeV to 4587
MeV, total luminosity: 0.51 fb!

= Decay channel: n.—X
X={pp-bar, n*w’K*K’, m*npp-bar, 2(K*K’),
2(mtrr), 3(ntm), 2(ntn)KHK, KoK +c.c.,
KKt +c.c., K*Kn®, pp-barn®, K*Km,

ntnn, T, 2(ntn)n, 2(ntand) }

—

Y(4220) 4218.4+4.0+0.9
Y(4390) 4391.6+6.3%£1.0

66.0+9.0+0.4 4.6+4.1+0.8
139.5£16.1+0.6 11.849.7+1.9 3.1+1.5+0.2



erent channels:
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energy points; L, ,=5.1fb1)
W(2S) Reconstructed modes:

Mode I: W(3686)=> 1t/ P, J/W=21H1 (I=e/p)

Mode II: W(3686)=> neutrals+)/, neutrals=(n°m®, n%, n and yy) J/L21*1 (I=e/p)
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Summary

* BESIII recently updated e*te=2>m*nJ/\y cross
sections. The peaking position of Y(4260) shifts to
lower mass obviously. More complicated
structures are observed.

» BESIII recently updated e*e=> " hc cross
sections. Two structures, Y(4220) and Y(4390),

were observed.

* BESIII recently updated e*te=2> ' y(2S) cross
sections which are consistent with Belle results
with improved precision.



