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Hadrons and exotic hadrons

* Conventional hadrons: Meson (a pair of quark-antiquark ) & Baryon (three quarks)

Conventional hadrons

qguark model - lowest configuration

Meson

* Exotic hadrons

Non-standard hadrons

Long history of experimental efforts, no unambiguous
examples of light hadrons with exotic nature

® No solid signature of bluebells

® Pentaquark state ®" appeared and disappeared

B - e e e e e e -

Molecule Tetraquark Hadro-quarkonium ® With eXOti C q ua ntu M num be rs

Lot Y

Glueball

® With normal quantum numbers: hard to distinguish
between conventional and exotic

> Need clear signature: e.g. charged + heavy quarkonium
in the final state

Pentaquark
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Breakthrough in QQ system

* Discovery of the X(3872) by Belle * Discovery of the Y(4260) by BaBar
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w(4040) data

* Proposed on 03 June 2010 [Shenyang]

Two important issues

* Find excited charmonium states
— 2P states ', via y(4040) radiative transition
— S-wave spin-singlet (M1 transition, very hard)
« Understand C-even XYZ
— Can be produced in y(4040) radiative decays
— For example: inclusive photon spectrum
— X(3872)>nndly, inndly, ...
— XYZ(3940)->wJ/y, DDbar, DD*, ...
- X(3915)2>wd/vy, ...

We propose to do these with y(4040) data! «

* Approved on 25 October 2010 [IHEP]

Data taking plan

Debugging the BEM system (1 week)

360 pb! @ y(4040) (1-2 months)
— If full energy injection OK

1.5 fb! @ y(3770) (3-4 months)
Tau mass scan(10 days)

* Data accumulation
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* Dedicated working group formed
[tirst meeting on 17 November 2010]

@ Regular discussion (every two weeks)

@ Hadronic transition, radiative transition, and open charm
pair production [also Ds physics]

> Benchmarks for key processes

» Confidence at higher E¢n,




Data sample at higher energies

* Initial plan: 600 pb-1 at 6 points from 4210 to 4460 MeV [30/11/2011, IHEP]

* XYZ working group for sensitivity study

* Modified to 500 pb-' each at 2 points, 4260 and 4360 MeV [01/03/2012-IHEP, 10/06/2012-Soochow]

Proposal to Study Decays of the Y(4260) and Y (4360) Data taking plan for next run

If the machine is able to run @ high mass energy
We request 500pb-1 (or more) of data at 4260 MeV and 4360 MeV

to study decays of the Y(4260) and Y(4360) (total of ~106 days*). —0.5 fb'! @ 4260 MeV (~50 days)
g e —tau scan (~15 days) ? (understand BEMS well)
1. To learn about the Y(4260) and Y (4360). 1 ~
(Their masses and widths have been established -- —0.5 fb @ 4360 MeV ( 50 days)
branching ratios are now needed to further explore their composition.) — R scan (25 days)
Proposed Approved

2. To search for new states in Y(4260) and Y(4360) decays.
Otherwise, run @ 4170 MeV (2.4 fb?)




Y(4260) and Y(4360) data
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Y(4260) and Y(4360) data
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Y(4260) and Y(4360) data

Integrated_Luminosity

[525 pb-1in 30 days] 40x of CLEO-c data

[14/12/2012-14/01/2013]
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Y(4260) and Y(4360) data

Integrated_Luminosity

[525 pb-1in 30 days] 40x of CLEO-c data

[14/12/2012-14/01/2013]
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[26/01/2013-24/02/2013]
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e Highest energy BEPCII ever reach

o BEMS measures E.,, at TMeV level

e Low background, low noise, all sub-detectors excellent
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Excellent data quality

— N -
. O n
400}~ S 350 ISRy’ ~+-Data
. o - — Fit
350 = = 300 - --=+ Background
"oanof- = 250 $
= col T =
52505 § 200E
$200- I 150 t
150[- 100 -
100(1 502_
I R T T 0 3 66 368 37 3 70
M(m*m J/y) (GeV/c?)
AMp=0.5x0.2 MeV AM,=0.2x0.1 MeV
oMp=6.0+0.1 MeV oM,=2.0+0.1 MeV

* Data calibration, reconstruction, MC simulation were finished shortly after the data taking ...

* Production version was ready earlier March...
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Efficient working group & intensive discussion

WEDNESDAY, JANUARY 9 M AN T TV TV - 1020 AV Progress on Psi4260 to pi pi he BUENEERAT, AR 48

Speaker: Ms Yuping Guo (Nankai University & IHEP)

XTI - 9:20 AM  Y(4260) data taking status (2012-12-19 to 2013-01-08) LU — 9:20 AM  Data taking status B LD - 9:20 AM  piOpi0J/psi
Speaker: Chunhua Li (IHEP) Speaker: Ms i & (ihep) Slides  |:¢] Speaker: Mr Jian-Ming Bian (EPC)

Slides = [ Slides - Slides
[ZTIN - 9:40AM  On the MC sampes of psi(4260) AT o Y\'ZR BT TY Yl - 10:00 AM  pit+pi-J/psi with Boss663p01 data

LY.\ — 9:40 AM  study of psi(4260) to pi pi hc, hc to gamma etac .
y of psi( ) topip g Speaker: Dr Rong-Gang Ping Speaker: Mr Zhiging LIU (IHEP)

Speaker: Ms Yuping Guo (Nankai University & IHEP)

. i Slides LY\ — 9:20 AM gamma eta_c at Ecm=4.01 GeV Slides
Slides  |-¢] Speaker: Manuel Lara (Indiana University)
CROVA' — 10:00 AM A First Look at the 4260 Data

LRV — 10:00 AM  pi pi Jpsi at 4.26GeV Speaker: Ryan Mitchell (Indiana University)

Speaker: Jingzhi Zhang (IHEP)
Slides

slides e+e- to eta'J/psi & eta psi'
Speaker: Chao Dong (Nankai U)

Slides Slides
. WEDNESDAY, F
Open charm cl"o§s sectlén at 4.26 GeV : updated result of Y(4260)/Y(4360)-->piOpi0J/psi
Speaker: Mr weimin song (ihep) Speaker: Mr Zhentian Sun (USTC&IHEP)
WEDNESDAY, JANUARY 16 Slides

LIV \YI — 9:40 AM A Closer Look at pi+pi-J/psi
Speaker: Ryan Mitchell (Indiana University) Slides

LTI — 9:20 AM  Y(4260) data taking status (2013-01-09 to 01-15) Y(4260) data check with 3 photons Slides
Speaker: Mr Yujun MO (IHEP) Speaker: Dr Kai Zhu (IHEP)
slides Slides LR LY\ — 10:00 AM  PWA on psi(4260)->pi+pi-J/psi
Speaker: Dr Ronggang Ping

IETYE - 9:40 AM  Full Y(4260) data sample pi+pi-J/psi, gamma gamma J/psi, gamma gamma psi' at 4.26 GeV Slides
Speaker: Jingzhi Zhang (IHEP) Speaker. Mr Zhiging LIU (IHEP)

DD*pi
Speaker: Xin-Ping Xu (Soochow University (suda))

Slides

searching for new resonance in D*D*pi final state
Speaker: weimin song
document [xX] = Slides [ Slides - 10:20 AM  Y4260-->piDD* Slides

Speaker: Xin-Ping Xu (Soochow University (suda))
L. . L. pi+pi-J/psi at 4.26 GeV
LY\ — 10:00 AM  Preliminary study of psi(4260)->pi+pi-psi(3686) Speaker: Dr Gang LI (IHEP) Slides R Efficiency and PID study

Speaker: Mr Liang Yan (USTC) Speaker: Xiaorong Zhou

slides pi0 h_c at 4.01 and 4.26 GeV Slides
Speaker: Dr aigiang guo (BES3 collaboration grounp member) T F
UESDAY, IFE

— 10:20 AM Search for X(3872) in psi(4260)->gamma X(3872) Slides -] Fisrt look at Ds @4260
Speaker: Lei Zhang

Speaker: Dr Ping Rong-Gang (Institute of High Energy Physics of Chinese Acade YT - 920 AM Open charm final states at 4.26 GeV

Slides _ Slides
WEDNESDAY, JANUARY 30 slides [

— 10:40 AM Y(4260)--DDbar+X Al — 12:20 PM - Study DD structures in open charm region

Speaker: Dr Gang LI (HEP) LDV — 9:20 AM  Data taking status at 4.36 GeV IWIY W — 9:40 AM DD+X at 4.26GeV Speaker: Dr Xiao-Rui Lu (UCAS)

Slides PRIV — 9:20 AM  Progress on Y(4260)->pi+pi-J/psi Slides Slides
Speaker: Mr Zhiging LIU (IHEP)

VLNV — 12:40 PM  Study of Y(4260)->pi+pi-psi(3686)
Speaker: Mr Liang Yan (USTC)

Slides Slides

- 11:00 AM Y4260-->gamma chi_cJ Slides L OYAYI — 10:00 AM e+e- to pi pi hc
Speaker: Ms Xiao Ai (cong)
CFLY\' I — 9:40 AM Preliminary studies of searching for psi4260-> eat/pi0 + jpsi
— 11:20 AM e+e--->pi+pi-h_c, h_c-->gamma eta_c, eta_c-->anything Speaker: Cong Geng (USTC)
Speaker: Ms Yuping Guo (Nankai University & IHEP) s — 10:20 AM Progress report about the PWA on psi(4260)->pi PRIV — 1:00 PM Update of PWA on psi(4260)->pi+pi-J/psi
ides .
Speaker: Dr RongGang Ping Speaker: Dr Rong-Gang Ping
— 11:40 AM e+e--->omega J/psi + X

Speaker: Jingzhi Zhang (IHEP) (LYY — 10:00 AM A Revised First Look at the 4260 Data Slides Slides

Speaker: Ryan Mitchell (Indiana University)
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Discovery of Z(3900) - Timeline

* Jan. 14, 2013: * Mar. 18, 2013:
Data taking at 4260 MeV finished Reteree-author meeting with extensive cross-checks
* Feb., 2013: * Mar. 20 - 22, 2013:
Convincing evidence for the Z(3200) Shorten collaboration-wide review
* Feb.27-Mar. 1, 2013: [Tsinghua CM] * Mar. 24, 2013:
Discussions of the publication strategy Submission to the arXiv and PRL
* Mar. 3, 2013: * Mar. 27, 2013:
First draft of the memo and paper Special seminar at IHEP
* Mar. 5, 2013: * Mar. 28, 2013:
Review committee formed Celebration in the BESIIl control room
[Xinchou (ch), Yuanning, Fred, Matt] * May 2, 2013:
* Mar.4-7,2013: Paper accepted by PRL
Many iterations on the paper draft; Cross checks * Jun.17, 2013:
by many collaborators [dE/dx, E.,, Luminosity, Published, PRL110, 252001 (2013)

other E.,,, neutral mode, ISR corrections, PWA]

Yuping Guo (Fudan University) @ Celebration Ceremony of the 500 Publications of BESIII Collaboration ?



ete—ntnJ/yw events

* Select 4 charged tracks and reconstruct J/w
with lepton pair

* Only use MDC and EMC information, MC
simulation reliable

* Very clean sample, high detection efticiency

$ :605— 887+133 on  120f 595428 on * At least 4 independent analyses, all get
O 140 ~: _— (1) - . . . .
N . t L - SIg. events L
O oL 519 events s | O 100 519 €Y A similar results
§ 100F § 80}
s O g o
c 60 - :
o h O 40
) i
20 20¢
0 . 0 . PRL110, 252001 (2013)
3.15 3.2 3 3.05 3.1 3.15 3.2
M(uw) (GeV/c?) M(e*e) (GeV/c?)

Yuping Guo (Fudan University) @ Celebration Ceremony of the 500 Publications of BESIII Collaboration 10



Cross section of ete—n*nJ/y

3 120_| | I|III|III|III| |
=y : 3 i
B 100 | PRD86, 051102 (2012)  — 30
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o : = 40
© 40 — +z
i - — 20
20 — ©
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0 0
- #_
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E.n(GeV)

BESIII result: o(ete—n*tnJ/w) =(62.9£1.9+3.7) pb

- PRL99, 182004 (2007)
ey
IHIH |||||| I Hﬂ} HH {HH {m ﬁH{{* +H * *i # H
| 4 4 5 5 5 5
Eom (GeV)

PRL110, 252001 (2013)

Consistent with BaBar and Belle results; Best precision
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Dalitz plot and 1D projections
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The Z(3900) signal
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Viewpoint: New Particle Hints at Four-Quark Matter

Eric Swanson, University of Pittshurgh, Pittsburgh, PA 15260, USA

Published June 17,2013 | Physics 6, 69 (2013) | DOI: 10.1103/Physics 6.69

Two experiments have detected the signature of a new particle, which may combine quarks in a way not seen before.

Particle physicists seem to have a pretty good handle on the fundamental particles of the universe, but
there are some glaring holes in this understanding. Quarks are a good example of this. We know that all
nuclear matter is made up of quarks, and we have a pretty good understanding of how two quarks
interact at close range. But our quark theory cannot tell us which quark combinations will result in a
bound particle or a stable nuclel. All we can go onis experience, and experience has shown that
particles with four quarks do not exist. But the situation may have changed with the possible discovery
of a new particle containing at least four quarks. Two separate groups, both reporting in Physical
Review Letters, have seen evidence for this strange particle, called Z_(3900). Aithough the data is open
to other interpretations, it's clear that our understanding of quarks has a long way to go.

The evidence for Z.(3900) comes from two independent groups: the BESII Collaboration at the Beijing
Electron Positron Collider, China, [1] and the Belle Collaboration at the High Energy Accelerator
Research Organization in Tsukuba, Japan [2]. It is the business of both [abs to accelerate electrons and

Observation of a Charged Charmoniumlike
Structure in e¥e" =t Uy at Vs=4.26 GeV
M. Ablikim et al. (BESIIl Collaboration)

Phys. Rev. Lett. 110, 252001 (2013)

Published June 17, 2013 | PDF (free)

Study of e¥e"—m*mJiw and Observation of a
Charged Charmoniumlike State at Belle

Z. Q. Liu et al. (Belle Collaboration)
Phys. Rev. Lett. 110, 252002 (2013)

Published June 17, 2013 | PDF (free)
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Quark quartet opens fresh vista on matter
First particle containing four quarks is confirmed.

Devin Powell

18 June 2013

PDF ’ @, Rights & Permissions

\
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Charged Charmoniumlike
.t Jiy at Vs=4.26 GeV
BESIIl Collaboration)

110, 252001 (2013)
7,2013 | PDF (free)
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Four-Quark matter - Highlights of the year

NOTES FROM THE EDITORS “© 90
S 80 Z{3885)
Highlights of the Year Q70
60
December 30, 2013 « Physics 6,139 < 50 — «: 120
=~ 40 L 1200
> a l
. . ) -
Physics looks back at the standout stories of 2013. _E 30 6 100F ‘ Zc( 4 0 2 0)
o 20 g I
o 10E | s S0
O SN BT I BT BT E B
3.85 3.90 3.95 4.00 4.05 4.10 4.1! - 6%
O 2
M(D°D*) (GeV/c?) I
PRL112, 022001 (2014) « 20
410 415 420 4.2
80 Mﬁ‘(GeV/c")
Images from popular Physics stories in 2013. -
~ . 70F
O Z(4025) PRL111, 242001 (2013)
As 2013 draws to a close, we look back on the research covered in Physics that really made waves in and beyond the é) § H
physics community. In thinking about which stories to highlight, we considered a combination of factors: popularity To) >0 E_
on the website, a clear element of surprise or discovery, or signs that the work could lead to better technology. On C\\‘/ 40 ;_
behalf of the Physics staff, we wish everyone an excellent New Year. —~ 30 f—
B2/ - : —p
- : GCJ 20F
- Matteo Rini and Jessica Thomas = -
i 10f Neutral partners observed =
Four-Quark Matter e - e . . . I
| | | | 4.02 4.04 4.06 4.08 Isospin triplets
Quarks come in twos and threes—or so nearly every experiment has told us. This summer, the BESIII Collaboration ) >
in China and the Belle Collaboration in Japan reported they had sorted through the debris of high-energy electron- RM() (GeV/cT) To P Cited P hySiCS papers at BESIII
positron collisions and seen a mysterious particle that appeared to contain four quarks. Though other explanations
for the nature of the particle, dubbed Z.(3900), are possible, the “tetraquark” interpretation may be gaining PRL1 72, 132001 (20 74)

traction: BESIII has since seen a series of other particles that appear to contain four quarks.
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Z. states at a glance

2008

2015
2018

2014
2008

2014
2021

2021

State M (MeV/c*) T (MeV)  JFY  Process Experiment
5013 Z.(3900)(£0)  3888.4+25 283425 1t~  etem — aF0)(x(=0)j/y) BESIII, Belle
ete™ — m(+0(DD*)(=0) BESIII
Hb—)Xﬂ'-l_(ﬂ'_J/’(ﬁ) DO
ete” > 7t (Nep™) BESIII
5013 Z0(4020)F0) 40241419  13+£5 1T (?) ete” = aFO(n(=0p,) BESIII, Belle
ete™ = (0 (D*D*)(=0) BESIII
Z(4050)* 4051723 82150 7+ B K~ (m"xe1) Belle
ete” = ) (P ye01.2) BESIII Not Seen!
Z(4055)* 350 4054 + 3.2 45+ 13 7= etem =t (7 9(29)) Belle
Z(4100)* 240 4096 + 28 15215 7" BY 5 Kt(rn,.) LHCb
ete™ = 7 )n0(7n(=Hp,) BESIII Not Seen!
ete™ =t In(n(=Hn,) BESIII Not Seen!
Z(4200)* 4196735 370119 1t~ BY o K~ (xtJ/y) Belle, LHCb
7 (4250)* 424871 10° 177735° 7+t BY s K~ (7Fxa) Belle
ete” = 1) (5P xe01.2) BESIII Not Seen!
7 (4430)* 4478113 181+31 1t~ B — K+ (x¢(25)) Belle, LHCb
first/2008 BY s K- (7I'+ J /,‘p) Belle
R.0(4240) 4239157 2201320 07— B — Ktr(295) LHCb
Z.,(3985)%0  3982.5T2%  12.87%2 ? ete” — K+(D;D*® + D:~D°) BESIII
Hoomeutral ete” - KY(DfD*~ + D**D~) BESIII
Z.5(4000)* 4003* 7, 131 + 30 1t Bt 5 ¢(J/YKT) LHCb
Z,5(4220)* 4216153 233155 1t Bt o ¢(J/YKT) LHCb
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Z. states at a glance

2013

2013

2008

2015
2018

2014
2008

2014
2021

2021

State

M (MeV/c?) T (MeV)

Z.(3900)(+:0)

Z.(4020)(+:0)

Z(4050)*

Z(4055)* 350
Z(4100)* 340

Z:(3900)~

Z.5(3992)°

JPC

Z.(3900)°

Process

Z.5(3985)*

Experiment

Z.(4020)°

Z.(4020)"

Z.(3900)*

Z.(4020)*

Z(4200)* . . :

7(4250) n Z.5(3985) Z5(3992)

Z(4430)* 447873 181 £ 31 " BY = KT (1T W(2Zy)) Belle, LHUD

first/2008 BY & K- (7T+J / zp) Belle

R0 (4240) 4239737 2207320 07—  BY— Ktry(29) LHCb

Z.,(3985)%0  3982.5T2%  12.87%2 ? ete~ — K (D;D*° + D:~DY) BESIII
4.60-neutral ete™ — KQ(D+D*~ + D**D~) BESIII

Z,5(4000)* 400317, 131 + 30 1t Bt - ¢(J/YKT) LHCb
Z.5(4220)* 4216139 2337 50" 1t Bt = ¢(J/YKT) LHCb
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Z. states at a glance

State M (MeV/c?) T (MeV) JFC  Process Experiment
2013 Ze(3900)0)

Z.5(3992)° Z.s(3985)*

2013 Zc(4020)+0)

2008 Z(4050):|: Z.(3900)° Z.(4020)°

7.(3900)" Z:(4020)" Z:(4020)*

Z.(3900)*

2015 Z(4055)F 350

o1 Z(4100)F =40

2014 Z(4200)*
oo 2(4250)*

Z.<(3985)" Z.5(3992)°

Z(4430)* AT
first/2008

2014 Reo(4240) 423

+.,0 . . . .
2021 Zes(3985) 4,60-.,,63282' * Great opportunity for study of hadron inner structure and binding force

Z.5(4000)* 400._ e " S e
Z,5(4220)* 4216159 2337550 1t BT = ¢(J/YKT) LHCb

* Interpretation of all findings in one picture = big challenge!

2021
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