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Physics at BES-II1
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In 2008 we published an 814 page book
that listed the physics opportunities at
at BESIII, which we estimated would take
10 years. Now, 10 years later, we still have
a 10-year-long list of physics to explore, but
most of these were never mentioned in
book and the consequences of unexpected
discoveries we made and surprises we
encountered during BESIII’s 15t 10 years. )




The QCD “dilemma”
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“psychological” problem
-- theory is divorced from reality --

/ \

strongly interacting particles
of the Standard Model

strongly interacting particles
in Nature
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Frank Wilczek (on long-distance QCD)

https://www.edge.org/conversation/frank_wilczek-power-over-nature

We have something called a
standard model, but its

R foundations are kind of

_ | scandalous. We have not known
£\ how to define an important

part of it mathematically

rigorously,...



In the absence of rigorous QCD sol’ns
‘QCD-motivated’ models are used



QCD-motivated models differ in their
predictions of non qg (qgqq) shadons
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15t: the other XY mesons

baryonium states discovered at BESTI & BESTI?



J/w =2 v pp at BESII

-- with 58M J/s --
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J/w = v pp at BESIII (PWA)
- with 225M J/ws --

I BESIII PRL 108, 112003 (2012)
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“protonium:” a pp bound state?
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X(1835)>r'tn’

-- with 58M J/ys --

BESII observation of X(1835) in

EVENTS/20MeV/c?
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X(1835)>r'tn’

- with 225M J/s --

BESIII observation of X(1835) in .
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X(1835)>r'tn’

- with 1.1B J/ys --

Jly > yrn'nn
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Flatte formula fit:
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X(1835) in other channels?
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need coupled channel analyses
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1--AA threshold state?
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M=2m, peaks in ete > 2(K*K") & PK*K ?

M=2.232 +3.5 MeV (2m,=2.2314 MeV)

160 UUU™ UTTEH —4— BES-I pata i —4— BES-Ill Data
140 f_ ,,,,,,,,,,,,,,,,,,,,,,,,, Best Fit ' — Best Fit

A D P R R X(2232) contribution
120 -t—t I

B A Ay e continuum contribution
o~ il Inh Ml | 1y
40 '; .............. AT TT ........

-------- X(2232) contribution

-------- continuum contribution

50

cBoM(e*e’ = ¢ K'K)) (pb)

oBon(e*e’ —» K'K'K*K)) (pb)

L L B

‘ ’IlLlLIJJ 0 T T
2 22 24 26 28 3 32 22 24 26 28 3

/s (GeV) s (GeV)

/



AN molecule??

JPC_

b

n-exchange
is not allowed

lacks a credible binding mechanism



a spectroscopy of baryonium states?

BESII: strong evidence for a 0* bound pp state

BESIII: strong evidence for a 1-bound AA state



a spectroscopy of baryonium states?




the hidden charm XYZ states



MASS [GeV/c?]

4.4

4.2

4.0

3.8

3.6

3.4

3.2

3.0

hidden charm XYZ states

Iy

D*D*

" [ne(1780)|

[y |- 1) RG] Eiosor]

DD*/mJ/!

Iy
Xc1(33P1)

Xc2(33P2)

Xc0(33Po)

TtXc1

oIy
D*D*/nhe

P'(23S1)

he(11P1) Xe1(13P1)
Xco(13Po)

established cc states

predicted, undiscovered

1+
JPC

O++

1++

2++

- 2Mp-

Mp+Mp+

.| 2Mp



4.4

4.2

4.0

S [GeV/c?]

hidden charm XYZ states

| g pls

Iy

L D*D*

Ty’

Xc0(33Po)

D*D*/mthe TXct

[y |- 1) RG] Eiosor]

Iy
Xc1(33P1)

oIy

Xc2(33P2)

- 2Mp-

MD+MD~

S
®
D

3.6

3.4

3.2

3.0

" [ne(1'80)|

Xco(13Po)

Xc1(13P4)

Xc2(13P2)

established cc states

predicted, undiscovered

neutral XYZ mesons

(0 1= U= O++ 1++ 2++ /
JPC

. 2Mp

20t century physics



hidden charm XYZ states
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| Potential model; very successful

forty years plus
many, many hours of work

potential model works

all low-level states discovered
at predicted mass values

OZI-rule applies, no exceptions
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20t century expectations for
215t century experiments

-- few (=10) more states to find

-- decays dominated by D(*)D(*)
tiny rates for /Y, vJ/P(xcl), ...

(ala OZI-rule expectations)

-- masses similar to potential model
values (modified by D(*)D(*)|oops)

-- broader & broader widths
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Characteristics of the new “XYZ” states

* Decays to open charm are suppressed

* Decays to hidden charm are enhanced
-- Large apparent OZI-rule violations
* They are relatively narrow

* Some are near 2-particle thresholds,
but others are not



General issue with XYZ mesons

true resonances? ...
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The Z(4430) story

seen by Belle
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"Belle analysis too naive?”



More sophisticated Belle analysis

K Chilikin et al Belle: PRD 88 074026

2013: 4-dim amplitude analysis
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a genuine resonance or a kinematical
effect?

K Chilikin et al Belle: PRD 88 074026

2013: 4-dim amplitude analysis

o M ?II
K*(892) and K*2(1430) veto a real BW or a rescattering process:
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LHCb with 10x Belle’s statistics

-- confirms Belle & shows phase motion --

B2>K't vy’ 4-dim amplitude analysis Model-ind. Argand plot
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phase motion settled the issue

Model-ind. Argand plot

BW resonant phase moﬁon
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Z.(3900) & Z_(4020): resonances or Cusps
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Sm(ABw)
? Bugg: EPL 96 11002 (2011)
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Afgand plots require large statistics;
distinguishing BW- from Cusp-phase
motion will require huge data samples



Lessons for HIEPA

Bump hunting is out! multi-dimensional coupled-channel
amplitude analyses are required.

K*(892) and K*2(1430) veto

| With Z(4430)

M4y’ ) Ge\ﬁ/c%13

High statistics phase-motion measurements are essential.
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Lessons for HIEPA

occurs at M>M,,
peak mas =

Argand plot



Experiments at HIEPA
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Spectroscopy roadmap for HIEPA
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hidden charm spectroscopy roadmap

“20™ century” charmonium “21st century” XYZ meson

/ physics 7( physics \ﬁ




Opportunity at HIEPA

= totally map out what is happening in
e*e> hadrons for 2my<E_ <=4.6 GeV

" multi-dimensional, coupled-channel amplitude
analyses for many final states.

These data are “teeming” wit XYZ states

ete> Y states € established

Y states = hadrons+ Z_states €established
Y states 2 y+ X(3872) €established

Y states = y+X(3915) €seen?

other, new ones likely are there,
- — waiting to be discovered



Comments

= BESII and BESIII results indicate interesting features

at the pp and AA (& other) thresholds.

-- HIEPA will offer unique opportunities for high-statistics
studies of all stable baryon-antibaryon threshholds

*" The charmonium model, a great success of 215t century
physics, can’t describe the M>2m_ hidden charm spectrum

= e*e” annihilations for 2my<E_<4.6 GeV are a prolific
source of many of the XYZ states

= A thorough experimental characterization of e*e hadrons
for E_,>2m, will provide important clues about XYZ physics.
--this can only be done at a facility like HIEPA
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