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Standard pictures of Xs,,,np decays
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~ abvDD
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E..>3.73 GeV
Before 2002

Initial y(3770) Program at BES

Ga ng RONG (on Behalf of y(3770) Physics Group/Project )
Institute of High Energy Physics, CAS, China
5 September, 2019

Found/established additional strong decay
Jy ( Iy <

Finding new-cc and non-cc

; states, X, .pp, by means of
‘*W — — “*X abvDD < . searching for JAWTCT in the
E,=3.773 GeV \ Bhelstatescf X,, .-
June 2002 After June 2002



>y (3770) project

 History of w(3770) physics at BES-I and BES-II
* QCD and X, ,pp States

* y(3770) physics and international competition
* Innovation leads the future
»Total measurements at BES-II

»>Several examples of measurements at BES-II
 Discovery of y(3770)>J/yrtn
* Finds 15% of y(3770) decay into non-DD

. Absolute measurements of f;_, f. ¥(0) and £, *(0)
» Solving a long-standing puzzle in D decays

»Measurements naturally extended to BES-III
»Summary



A History of the y(3770) program —
» Proposals for taking y(3770) data at BES-1 were not approved

* D physics at 3.773 proposed by Prof. Hitlinng in 1991
* D physics at 3.773 proposed by Prof. Yan in 1992

* D physics at 3.773 proposed by some others in 1993 ?
» BES-I accumulated 24 pb-! of data at 4.03 and 4.14 GeV for Ds* physics
* D.*physics at y(4030) proposed by Profs. Zhang/Toki at the BES-1 was approved in1991

* During 1992 -- 1993, 22.3 pb! of data were collected at 4.03 GeV
1.5 pb! of data were collected at 4.14 GeV

> BES-II collected 7.4 pb! of data in two test-runs for y(3770) data taking

* In2001, ~2 pb of data were collected at energies from 3.67
to 3.89 GeV; ~1.3 pb! of data were collected at 3.773 GeV

* InApril 2002, ~5.3 pb! of data were collected at 3.773 GeV

> Began to study decays of X,,op [Ww(4030), w(4140), non-cc states, y(3770),.4] in 1995
* Study D-meson decays - /
* Focus on studying no-open-charm-pair (NOCP) decays of X, pstates
* Search for non-cc state by studying NOCP decays of X, ., , Which might easily decay to NOCP FS.



£ QCD and X,p,0p[Xapop=¥(3770) at 3.773 GeV]  — ==

» Test of QCD in lower energy
* QCD predicts existing non-cc states S, lying above DD threshold (abvDD)
* QCD effective theories expect decay rates of cc state R, to exclusive final states
* Finding S,,,pp and measuring the rates of R, ,,decays are important tests of QCD theory
* Precise measurements of decay constant and form factors of D mesons are crucial test of LQCD
» Bottleneck of finding new state S, and new decays of R, ,pp

* Before 2002, neither S, nor N (non- ) decays of R, ., Was observed
since few experimental physicists studied NOCP decays of X,y (here X stands for Sor R)

* Atthat time, experimental physicists believed 100% of X, .op

decay into final state, which had become a bottleneck of ‘Z,N\‘txab@<
discovering new state X, ., and new kinds of decays of X, op
» The goal of y(3770) or X,,,pp Physics at BES-II ‘X‘ X<
* Tofind NOCP decays of X, ,np, to break through the bottleneck, ... &l 3,73 Gev
» To find new state by means of studying the NOCP decays of X ,.np DcT Q002

* To study D-meson decays: measuring fj,, hadronic form factors, and test of conservation law, ...



£ Evidence for y(3770)>J/yr'w & Proposal for y(3770) physics = =

» Results of y(3770) & D decays from available data
 We studied more than 30 NOCP final states from these data, and find some possible NOCP
final states. Among these J/yn*n~ is the most sensitive NOCP final state of the X, ,, decays.

e We found 6.8+3 J/yn*n~ from the data taken ~3.773 GeV, found <
(24+13+14)% of w(3770) decay into NOCP final states, ... {x‘x oD

a

* These were reported at the BES Collaboration 2002 Meeting held in June 2002.

» Proposal for y(3770) physics program
At BES Collaboration 2002 Meeting we propased for taking y(3770) data Note,

 Study NOCP decays of y(3770) or X,;,,op  Study D-meson decays
v Precisely measure Br[y(3770)>J/yntn] v' Measurement of f;,
v Precisely measure Br[y(3770)>non-DD] v' Measurement of FF f,*(q?), f.*(q?)
v" Finding more y(3770)->light-hadrons decays v' Test Isospin symmetry in D SL decays
v' Searching for new state(s), ... v o ‘f

Note: Because six experiments in the world had been studying both the Charmonium and D-meson decays, some friends in the Collaboration
strongly opposed taking y(3770) data since they believe that it is difficult for BES to publish significant papers based on the y(3770)
data in any International Journal due to the highly hot competition with other experiments in both the y(3770) and D physics.



A Competition with other experirrr{ents~ -

> y(3770) physics Aﬁ]”é‘iﬁiﬁﬁ B factories ﬁlv%iﬂ*ﬁg‘ﬂggﬁfi
* In 2003, seven experiments [BaBar, BELLE, CDF, SRUNEHT #E-Iuﬂwﬁﬂ‘ﬁlﬂﬂgg'%%ﬁﬁﬁ%

D0 and FOCUS, CLEO-c, BES-II] had been studying
both the Charmonium and D physics

» The performances of these six detectors are
much better than that of the BES-IL.

Why be CLEO-c¢’s punching bag?

A 5T IE B F- s m AR BERG L2 i dti?i£\§4 r&._* £ESR CLEO-c u: an 0 Ib Gorilla!! (Dragon??)
i |
5 I# -
% J -
” 59\ > =< Operated at energies from 3.65 to 4.85 GeV,

BEPC BES-II CESR 9120 ST - 57of. Olsen kindly presented this cartoon at the BES

» CLEO-cis going to collect 1 fb'! of data at 3.773 GeV Collaboration Meeting held in June 2002, which
image to compare the actual strength of the BES-II

« Comparing to BES-II, CLEO-c is really too strong!  [ERtEaR:o e B s cbfue) I B1s e 1 R e R s

5 ! . : - | take y(3770) data, instead taking data at y(3686)
American friends withdrew from paper publications peak and 3.65 GeV, so that BES could run away

based on y(3770) data because of existing CLEO-C it e8s: X0l Ao MW LI\

Studies of y(3770) and D physics were very competitive in the world 16 years ago !




A Innovative methods/techniques and program ~ -

» How to win the competition ?
* Rely on soft strength; make an unique program on study of y(3770) or X_,,pp physics;
* Develop some innovative methods and MC techniques for the physics

» Innovative methods and MC techniques

* Techniques to separately different kinds of events

* Codes for analyzing observed cross sections in full energy region
* Fully MC simulated ISR-VP correction generators

* The ISR and VP correction programs, ...

> Proposal approved & four months y(3770) data taking

* As well prepared software for the project, our proposal was approved in Nov, 200
« ~25pb!ofdata (cross-section scan + data taking at 3.773 GeV) were accumulatedin 2003

> Global strategy and direction
« Take globally analyzing o(e*e->hadrons) as a means to an end
* Grasp the systematic studies of NOCP decays of X, pas the breakthrough dlré’ctlon

 Take finding some more sensitive NOCP final states of X, ,, decaysas A Breakthrough .

The BES finally won the competition with the other experiments in y(3770) physics




# Summary of total Measurements/Cited by PDG— =—

» Measured more than170 physical quantities, including decay branching fractions of w(3770),
D%and Dt mesons, resonance parameters of y(3686) and y(3770), ...

» Measured ~50-channel cross sections for ete=>LH and ete=>DD at 3.65 and ~3.773 GeV

» Measured R4, R,;3770)and R;,4 atenergies from 3.6 to 3.9 GeV.

»> More than 140 measurements are included in the Review of Particle Physics -- PD
* 63 of these are the first measurements

« 45 of these are the most precision measurements
» 33 of these are general measurements

* Our the world’s best measurements of y(3686) and y(3770) resonance =
parameters dominate the weighted-average values in PDG editions after 2007

» 25 measurements of y(3686) in PDG are improved by re-normalizing with our measurements

» Published 35 papers in PRL, PRD, ... which have been cited by more than 1000 times
» More than 31 invited talks were presented at International Conference /Workshop till 2009

» Wrote y(3770) non-DD decays in {Heavy Quarkonium Physics) published in EPJC, and y(3770)
physics and D physics in a book entitled { e*e Collision Physics ) published in China

As an example, several discoveries/measurements are presented below:




J~<

gl Discovery #1: w(3770)DIymin  wed =-

> BES discovers the first NOCP decay of X, 2 J/yn*n™ for
the first time, which is assigned to be y(3770)2> J/yn*n. P

> This discovery reveals that the particles Xy, lying above 7\
DD threshold can decay into NOCP final states 0 3.06 3.1 3.15 3.2

» It overturns the conventional knowledge that 100% of
X, pvpp decay into OCP final states, thereby breaking
through the Bottleneck of finding new states X, .rp-

» BES finds a ‘golden’ NOCP final state -- J/yn*n~ which
can be used to find and study NOCP decays of other X, op. BF (4 (3770 ) > J /ym 'z ) = (0.34 £ 0.14 + 0.09 )%

» The news of this discovery reported at BES Collaboration 2002 Meeting spread quickly outside
of the Collaboration, inspiringa lot of physicists to find the decays of X, ;p2 J/ynin,
leading to the discovery of new particles, such as XYZ in a short time scale after 2002.

> This discovery and measurement of Br[y(3770)->J/yrn*n- ] can be used to test the QCD
multipole-expansion approaches in calculations of y(3770) hadronic transition.



#  International repercussions: Discovery of \|l(3770)“9\]/\|!’n;+ﬂ;_ -

> Discovery of y(3770)>J/yn'n- by BES was widely questioned in the world

After BES discover this decay, CLEO-c began to find y(3770)>J/yn*n~ in their data. But they
did not observe it, then the BES discovery was widely questioned in the world

« 2003 Lepton and Photon Interaction Conf., 11—16 Aug., 2003
™  Prof. Skwarnicki from the CLEO collaboration claimed Wy B

+ Data sample: BDDpr(
10) decays

l % that they did not see any event of y(3770)>J/yr*n- -

« Hadron 2003

y  The CLEO Spokesperson, Prof. Cassel claimed in the Conference
3 . Summary Talk that CLEO-c did not observe y(3770)2>J/ynn.
He also said the CLEO-c detector is much better than the BES-II,

why did the BES-II discover it, but the CLEO-c did not observe it?
- DAPHNE 2004, Aug., 2004 Csarozent

u” decays

Prof. Hanna from Cornell University claimed that the CLEO-c did Y e /+ .
not observed any y(3770)> J/yrtr s, v

CLEO-c

885!
1.85x 10 Jr decay

« Aset of Conferences/workshops held during 2003--2005 =54 ;fe{,ts

6.01+0. 8 _b_C.l.d(]f

m ", Alotof physicists from different Nations called in questions for 8ROy
-y “‘ y(3770)>J/lyrntn discovered by the BES




# International repercussions: Discovery of y(3770)> Jym'r= ==

« The BES-11 y(3770)>J/yn*w is challenged by the CLEO-c
v" Alot of particle physicists pointed out that it is a terribly hard measurement to search for
this typical J/yntn~ final state, or itis impossible to observe this transition.

& v" Prof. Quigg (the head of theoretical physics division of Feimi national Laboratory) said
& “jtis a terribly hard measurement, but a precise normalization for the 1D properties is
urgently needed... [hep-ph/0403187]"

' I v" Prof. Eichten said in his published-paper that “y(3770)-2> J/yn*n- discovered by the
P Y BES is seriously challenged by the CLEO-c. o , ,
E ﬂ@lﬂ—f’h sical Review Letters [P}

» The paper was rejected by PRL i i “’“’ i

Th BEPC collabor

v" Referee A said, “If correct this result would certainly be ;;,‘H ;’
Report of Referce B (Pl, cal Review Letter)

very important in elucidating the exact nature of Y(3770),... [ T

b'vd l hf&l e. Thu s an inter mq lfnl

side the charmoninm s ytemexut

v" Referee B said MARK-III did not observe y(3770)2>J/yrn'n, m%%;%zgfggrgﬁ ﬁf@iﬁ%&‘%@
CLEO-c did not observe this decay, BELLE did not observe it, |t
and BaBar did not observe this decay. Why only the BES can ) S o bl

. . T 1S publisihed 1n bo
observe this decay? I do not believe the BES result! Ido not Wthe HEP&N"; and PL,‘; 605(2005)63;

recommend to publish the BES result. has been cited by more than 93 times

MARK-III CELO-¢ BELL BABAR SUM



# International repercussions: Discovery of \|1(377b)9J/\|1n+n- -—

» After more than two years efforts, CLEO-c finally observe y(3770)2>J/yrn-

In the world-wide highly hot debate/controversy about this discovery, the physicists from
CLEO-c discussed the analysis with us in very details by e-mails for many times. After
improving their event selection criteria to prevent rejecting signal of J/yn*n~ in suppressing
backgrounds, ... two years latter (Aug., 2005), CLEO-c finally observed the w(3770)=2>J/yrntn

S it s PHYSICAL REVIEW LETTERS ek ey . Rev |'ews 0 ﬁb&‘e‘?ﬂ"ﬁﬁ'ﬁ?c’é’ Up to August 2005
et e R N N U I N s B S P MR e K L L ]

Quarkonia and their transitions
/

Obscrvation of $(3770) — =/ and Measarement o T, [(25)] CEsta Bichton 3~ BB the world-wide

Forniand, PO. Box 500, Bat

NE Adm' )P Alcunder.” K Berkelmn,' DG Cassel.' V Crode.' JE Doboscg.” KM Ecldusd” R Bielich, Suchen Gadies ﬂ%iﬂ‘]&%ﬂ%% h igh Iy hot

T T A TLL | Wl debate/controversy

; Azhike = >
a Q(l) mumpuk npm\mn \p in a broad range. BES ‘%g};;?g;ﬂwp %sz’ i;gg}zrj about the

5._@?3§mq;§&;uq?7f'yggwaﬁibé’§ | = ——— discovery of
y(3770)2> Iy

I'he rates for transitions of ¢{3770) 10 --J ¥ have had Come to a CIOSe
BES X 3.7 y(3770) —)J/an’vr

le\I\ Ku: uu( 2006) is opposig 1o ours.] A wide range

c:»u'cl:l::r.l:d::::'“tl:v hlr}::h:.:-”r... 1:»\rr.j|m"|]nv~‘lru:l-: .:\::l The debate IaSted
— ‘ over two years!

The BES Collaboration (Bai er al.. 2005) find
B{yA3770) — w7 J/ ] =(0.34 20,142 0.09)%. The CLE(




-
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£ Effect of discovery of w(3770)>Jyrtr- on physics

» y(3770)2>J/yntn isincluded in the most famous Journal
* As atransition law, y(3770)>J/yr*n- isincluded in “Review of Moden Physics”, and so on,

in which the transition is discussed in a spectral section or a paragraph

UME 80, JULY-SEFTEMBER 2008 - Aamate 0ven f www owcaded o

o " in Particle Physics Moo {Heavy Quarkonium Physms))
" {Reviews of Modern Physics) ad hl:*p‘i‘z e

ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE

CERN ¢

e 85ﬁ@ﬁﬁ§ﬁ$ﬂ#§%‘* . L
Chammanium ;%H!E-\\& QUARKONIUM PHYSICS - >

ME Volehn'

[y N

* The <<Part1cle Physms BOOKLET>>> annotates thls dlscovery It is written that ‘In addition
to dominant decay mode to DD, y(3770) was found to decay into the final states containing
the J/y. Making this kind commentary and annotation on one decay mode in the BOOKLET
is very rare in the last 40 years. "

> From 2003 to 2008, in plenary talks presented atthe ICHEP and [
Lepton- Photon Conference, y(3770)>J/yrn*n- were always mentioned/discussed 4

*‘ ™. < All of these indicate that the discovery of y(3770)2>J/yrntn is Very important
- for helping us understand the strong interaction inside of the Charmonium system



#  Discovery #2: 15% of y(3770) decay intcr)"non-DQ -

> Based on three independent data samples and four analysis methods, BES finds that
(14.71£3.2)% of w(3770) decays into NOCP for the first time in the world, elucidating that
branching fractions of particles X, ,,, decay into NOCP final states could be large

1. R-value measurements 2. Cross-section scan 3. K-maxenergy CS 4. K-max energy CS scan

hadrons #ﬂﬁ .
O LA S
BES-H (PRL 54{2000)554) . -

o BES-NI (PRL 88(2002)1018021-1)
BES-N (this work)

.5
5
.5
0]
a
2
0
a

Events/18 MeV

QN

E gKmax [GeV]

e v Sl
ELSEMWIER

wowewe lsevier. conloc atefpinysieth

MMeasurements of the cross sections for e te— —= hadrons at 3.650, 3_.6648,
3.T7T73 GeVW and the branching fraction for ¥ (3770) — non-£>».1>»

. . ; week ending
PRL 97, 121801 (2006) PHYSICAL REVIEW LETTERS 22 SEPTEMBEN 2006

These papers have
been cited by 314 times

Measurements of the Branching Fractions for (3770) — DD, DD~ . DD,
and the Resonance Parameters of y(3770) and (2 5)

M. Ablikim." J
PHYSICAL REVIEW D T6, 122002 (2007)

wrwra e lsevser comlocate/physle

ns for e e — hadrons|, . o

in the range from 3.65 to 3.87 GeW and the branching fraction
for Wwi{3770) — non-4/>» >

BES Collaboration



~

#  International repercussions : 15% of y(3770) decay into non-DD = -—

» The Chinese Academician of CAS, Prof. K.T. Zhao
pointed out: “If the branching fraction for
v(3770)-> non-DD can be as large as 10%, it will - and ex:

p dea.'us nt .u‘r{’%??{]l in the t ure. It then tDt'l] branching
be a real challenge to our understanding of QCD, ot ;;:‘;;;i;;;:;;i:;:;:; s L ot
and new decay mechanisms have to be considered.” e

Review

> Prof. M. B. Voloshin pointed out: “BES measurements Lo "‘“T?’ffi'*:a_‘"“”ﬁ“;f*“”:'t“"‘ —
. : *" ScienceDire aicle
of branching fractions for y(3770)->DD and - N
y(3770)>non-DD all indicate that the branching T e

fraction for y(3770) decay into non-DD are large,
which means y(3770) is not pure cc state, instead
containing 4-quark components in its wave function.

Charmonium

M.B. Voloshin*




Effects of discoveries of y(3770)>J/yrn'n-, non-DD

Standard pictures of
Xp decays

A Z
¥ ~XavaQ
~‘kx
m < abvDD

E.>3.73 GeV
Before 2002

BES-1IFFR¥ T SEIE a5 DDEY
ERFXapvop IERITFRIE
BRI 35 5 R AN 5T SR,
I T MBIy {ERIES
Bir, #5Xop2Ylvnin
=T, 5| 4%ERRSEEE
AHOPIBER I #RDD
%gﬁ?ﬂlﬁgﬁﬁ?i‘f =EH

on X,,,op Physics

BES found/established additional strong decay in 2002

Iy <

v <
‘* XabvbD
a

Ecm-3 773 GeV

Iy <

*w(sm) é

From y(3770)2>J/yrn'r,
these 2 kinds processes
(onright) are naturedly
expected. So there must be
J/yrtn final states
coming from other X, rp
or P,,,pp. Studying the
J/yrtn final state at
other high energy
experiments probably
find new non-cc states, ...

Iy <

~ \* X abuon <
* L PavaD

Jhy <

Pawvop could be a vector
or another kinds of state

y(3770)> Iy B R EHBR T
DD F AT LAEE 2 EFAREE
)y BOEEHE; E£EPR
ESlRRARM, HahT EpR
= BE IR A5 DDA FHYAE
KN FHIREE, yrnniER
#F Hfx, SRODH LK FIE
KN FHRERHRIH, -
5]

Finding new cc and non-cc states,

X o by means of searching for
J/IYTT in the final states of these

states decays

dltsoévery of

XY7Z states
After June 2002



A Discovery #3: Anomalous line-shape of c(e+e:éhadrons)" -

» The BES finds an anomalous line-shape of o(e*e->hadrons), which is more likely a
Di-structures around 3.773 GeV.
Parameters under one

Di-structure parameters w(3770) assumption

Cruantiny oo AM (Soluwion 1 e AM (Solution 2) one AM ${3770) and G(3900) AM (Solution 3)
125103 = 1.21 L2002 = 1. 10 182106 = 1.72 170104 = 1.63
3GES.S = 04 = OS5 I6ESS = 0.0 = 05 3I685.5 =00 =035 36855 =00 =05
| I O § 0 oy 312+ 34 > 1 311 = 38 = 1 304 =36 = | 293 = 36 = |
e e, [KEV] 2,24 = LOL = 0.1 1 223 =004 =011 224+ 0,04 +0.11 223 =004 = 001
3750 = 24 = OS5 ATH26 = 11.L8 = 05 IMBIZOS505 A4 05205
28.5 = 4.6 = 0.1 499 = 321 =M1 28221 0.1 286232001
ISS =34 = 8 186 +— 2001 = 8 260 =21 =8 24 =23 =8
Ay [MWieW ] ATTIT 0= 06 = LS A3TE81L.LO = 1.3 = 0.5 3943.0 (fixed)
s [MeWV] 1223 = 2.4 =01 193 = 3.1 =01 .
or org [WMieW] - .- .-
157 [eW] 93 = 26 =9 243 = 160 = 9 e
or O - - . e a 0.243 (fixed)
o [dbeg] .- (158 == 334 = 5) (150 =23 £ 5)
N D4 == 5.6 = LK 5225 =6 0.0 =05 =06 0ol = L2 0.6

54 (fixed)

« At 7o statistical  Prof. M.B. Voloshin interprets the ‘Anomalous line-shape of
significance level, the o(ete>hadrons)’ as a Diresonance. In his paper, he said “the
assumption that there multi-quarks state lying threshold energy would affect the
Is only one simple . | nature of the “well known” resonance, which is very similar to
y(3770) atthe what we reported in the BES published paper. He suggests to

energies from 3.73 to investigate the nature of the “well known” resonance
3.78 Is ruled out




™

#  Example #4 : Precise measurements of y(3686) and y(3770) parameters™

» We developed a new method to precisely measure the resonance parameters of y(3686)
and y(3770) cocos FiT-

Mv(3m =3IFT7T=29092 1T 055 MeVw

l_;qum PDGOS Fit

10 === o | Qur measurement gives 79% weight in PDG average - T

”':

We first directly observed the
effects of vacuum polarization
correction on the cross sections of
continuum light hadron
production, which modifies the
r=e o= 265+ 18 ke values of the parameters. We

= sl Sl considered these effects in
analysis of cross sections and

PDGOB FIT -

/ J\\

1
S kadrons
‘|| P, E=Eg-
|l o |

“‘H | T i = =0S solved the problems with
ol fx;‘ w1 o 3 difference in the jues measured
» We considered this VP correction for ate’e and pp experiments.
the first time in e*e” experiments to These measurements contribute PRL 97 (2006) 121801,

get unbiased values of the parameters | ~80% weights in PDG averages cited by 103 times




£ Measurements #6: o(e*e>LH) at 3.65, 3.773 GeV; Br(y(3770) > LHy" ==

» We measured more than 50-channel cross sections for
ete>LH (light-hadron) at 3.65 and 3.773 GeV

» We set more than 50 upper limits on branching fractions
for y(3770) decay into light-hadrons final states, which
filled the empty blocks in Particle Physics Book for these

corresponding measurements

y(3770)> O [PV] Br [X1073] y(3770)> O, [Pb] Br [X1073]
T <15.8 <2.3
K*K-1 <21.1 <3.1
PPN <7.7 <1.1

£ Tyhs [PD] Typs [PD] Hsir s Oaps [P] O [PD]
(3.773 GeV) (3.650 GeV) (3.773 GeY) (3.650 GeY)
KK KKn T
KK 7' n <1224 KK <174
KK-mr | <3t 2841 PP7 <
i o
K KKK SEA <397.8
A KKvr
KK-KK <204.8 <3268 N
A i

N S e

(16 _[PDG2008,1028

[EESIIM
[21_{PDGO08 028 |

Kp) I
p[)b[% lOb .l. _“'P.,‘” I..u:L

PDG008 1028 T (an'e’™) T

M 31 | PDG2008 1028 | |

13 | PDG2008 1009 | T lpp "2
33 IPDG2008.1029 | I" (AA =)

PDG008 1029

" (ppp )
(D =2u Xyl .

B —




A Example #7 : Measurements of Diff. kind of R-values at E,,>3.63 GeV ™

» Previously measured R-values in the world are all R, 4
R, .4 could not be used to directly compare with pQCD calculations
since R, ; includes contributions from all resonances decays
> Different R-values RERDSEIREL EFRyY(3770)E DDEZBI~ERFE, HEEEHR
We developed the new Monte Carlo generator built in both the ISR and Vacuum Polarization
corrections. The ISR correction is based on the Structure-function approach.
We separately measured the R 4., R,,3770) and R4 for the first time in this energy region
8 enefgy points Considering the effects of all vector
ec. 2003 data } states on the R-values at energies
from 3.6 to 3.87 GeV

Determine different kinds of R-values
in the energy region for the first time

P
"

2

® Ry, BES—I (PRLEB 10180211 (2002))
O Rosgpopm BES=I1 {PLE 844 145 {2008})
01 Rt (i k)

T Ry [t work)

— ¢contium Ruda (pOCD)

b
o

7

—
e
h’]a‘.
-
-
en
o
o
+
o
)
W
o
o
W

Pinpoint out that different R-values are
used to calculate differents quantltles
R4 is used to calculate @ (S), Ry,qiS

PRL 97, 262001 (2006); PLB 652 (2007) 238, cited by 82 records used to calculate a p(S) and (g-2)




A Example #9 : Measurement of decay constant o -

» Observed 3 leptonic decay events of D> u*v
Before CLEO-c, we found 3 leptonic decay events of D*->putv,
which is the first statistically significant observation of the purely DT \
leptonic D* decays, and measured decay constant o

f, = (37112 +25) MeV

’04 Electroweak Interactions and Unified Theories, p404, March, 2004;

BES-II

At the BES-III, we made the world’s best measurement of f,,

» Scientific significance
f, is an important constant . Precision measurement of £, is a crucial test of the Lattice QCD
techniques used to compute important heavy quark processes in the D and B mesons
leptonic decays, then help physicists more precisely test the SM

}-0.214 = 0.003 = 0.0089 (PDG20186)

In 1999, we translated all of the single and double D*/- B(D*>ptv)=(3.71+0.19 +0.06)x10-4 S B SR

tag software packages from the BES-II experiment to the f.,=(203.245.3+1.8) MeV
. Atthe experiment, we then made the 1

world’s best measurements of the decay constant f, and V4/=0.2210+0.0058+0.0047

the quark-mixing-matrix element |V 4| PRD 89, 051104(R) (2014); 52 Citations




# Example #10 : Measurements of D°>K(x) etv form factors= ==
» D2 K-etv and D'>retv f,™(g°)

We absolutely measure the hadronic FFs for D°->K-etv

and D°>rwe*v decays for the first time in the world

£ K(0)=0.7840.05 f,7%0)=0.73+0.15
(relative error is 0.64%)

These results are widely cited by theoretical physicists to validate their LQCD calculations of FFs.
At the BES-III, we made the world’s best measurement of these form factors FFs

L~0.028 fbl (~3.773 GeV)
BES-II

» Scientific significance
These form factor results can be used to validate the LQCD (and QCD sum rule) calculations of
the form factors, help physicists better understand the strong interaction at lower energies.

In 1999, we translated all of the single and f,%(0)=0.7368+0.0026+0.0036 (relative error is 0.6%)
double D tag software packages from the f,®(0)=0.637240.0008 =0.0044 ,A
BES-II to the . In 2015, atthe , f.®0)/f,X(0)=0.8649+0.0112+ 0.007?*'
we made the world’s best measurements of | V.[=0.960140. 0003+0. 0047 0. 0239y,
these form factors and |V_4| and |V ¢|: | V.4/=0. 215540. 0027 £0. 0014 £0. 0094,

N S [Vl /IV[=0. 23840. 0040. 002+ 0. 011y,




|

A Example #11 : Solved a puzzle: “Isospin is not conserved in D decays”™ -

» PDG2014 T'(D°>K-e*v)T'(D*=>anti-K%%*v)
Before 2005, world average of decay ratio (PDG2004):
I'(D°>K-e*v)/T'(D*>anti-K%*v)=1.4+0.2,
which conflicts with the SM prediction, and indicates

I(§ L] L] L] L] 0 + .- n
ISOSpl:l con.se.rvatlon is not l}eld in DY and D* semi-leptonic Phys.L ett.B608(2005)24,
decays”. This is a long-standing Puzzle Phys.Lett.B644(2007)20,

Cited by 133 records

» BES-II mesurement
(D> K-e*v)/T(D*>anti-K%*v)=1.08+0.22+0.07,
indicating that Isospin conservation is held in D semi-leptonic decays, thereby solved the
long-standing puzzle --- “the Isospin conservation is not held in D semi-leptonic decays".

At the BES-III, we made the world’s best measurement of this ratio again
¥

“

In 2017, with the BES-III data, we made the world’s best measurement:
(D> K-e*v)/T[(D*>anti-K%*v)=1.030.01£0.02




A International repercussions: fy and FFs f+k(0), f K(0)y—H»s-

» BES D physics results are widely cited by researchers from other collaborations
: ] .Shipsey MRS
In a plenary talk presented at ICHEPO4, Prof. Shipsey ki w

FKINCLEOG 4L (CLEO-c3R)L &= A,
I. Shipsey##%, 7E2004%E X [r i 4 H1

(CLEO-c spokesperson) pointed out that the absence gt il

25 P, 4 T CLEOMIBES (BES-Il
WD T RAEM LR, oty

of accurate charm data against which to test lattice (Bestmsdn roLtot 1 L
%, CLEOMEFEANX, MEMWAELBES Logtge”™)

techniques is changing with the BES-II run at w(3770) &

* Prof. Shipsey cited more than 10 BES D physics results
to discuss the experimental test of the SM in his talk.

* Prof. Shipsey pointed out BES solved a long-standing
puzzle that ‘Isospin conservation is not held in D°and
D* semi-leptonic decays’.

» Ata set of International Conferences/Workshops, a lot of physicists from CLEO and other
Collaborations all claimed that their measurements on D-mesons decays are in good
agreement with BES-II measurements. /

* Inpublished papers, alot of theoretical physicists report that their calculated fd}m factors
based on the LQCD or QCD techniques are in very good agreement with the BES-II
measurements of these form factors




# National Review of the BES-I| Pﬁysi.cs- 8-

=

5 £ Ly P 3
:il W W |
"% 233 SR BAR A% RaE BES‘”‘Zéil‘:’g"""‘*
> The review committee mfwiiﬂ O
5 Academician of CAS and 8 Professors (£ #, Fit, L2-F, KisE, otiznrs

MREF, FRE, RER, KMmE, £4+%) from research institutions & Universities in Chlna
» The results of the National Review

On 17 December 2007, the review committee awards the BES-II y(3770) Physics as the only one
particularly outstanding project in the BES-II Physics containing 5 physics projects

FRENFTRN—BUAN: ZWB[ BES-11 y(3770) Project] BifS T IFSRWIEARMEZMNFMR, HPEHEE

EFR EEREBT w(3770) DI ynn FEI ~15% y(3770) REB{E-DD RSF, WS T —tEERENERY
AR, ZWE AR EERYIEM R SUSE RS A ML TR, BEkTABIEREE, TES
A FHE (ENEREDR, AE— MR .



£ y(3770) Project Winning NNS Award in 2010 ~ ==

» The BES-II y(3770) Project was honored > The y(3770) Project was judged the
with second-prizes of the National Natural  particularly outstanding project by National
Science Awards in 2010 Natural Science Foundation of China in

2011

2 -,i
BESS ool 1 10 % (3770 e

To summarize, owing to over 150 Chinese Scientists and Engineers’ great efforts on the project, BES
won the competition with other Collaborations in studies of both the y(3770) and D physics. On
behalf of the y(3770) Physics Group/Project at the BES-II experiment, I would like to thank all of
them and the IHEP leadership for strongly supporting this y(3770) project 17 years ago.

4
y(3770) or X,,,pp Physics Project is naturally extended to the NOCP decays of X,,,pp
and D Physics at the BES-111 experiment



£ study of X,,,ppPhysics atthe BES-1II -~ ==

»> we suggested /proposed to search for new states by energy scan at BES-III experiment

* We proposed to find new states by studying line-shape of cross sections for ete2>J/yX,
y(3686)X, (X=nm, or anything) and studying the J/ynr final states from data taken at energies
from 3.73 to 4.5 GeV in the talk/paper presented at an International workshop in Oct., 2009

* We proposed to study Y(4260) and search for new state by studying line-shape of cross sections for
ete2>hadron, J/y X(X=nr, or anything), ... at energies from 3.7 to 4.5 GeV. This proposal was
presented at BESIII Collaboration 2009 Winter Meeting held in Nankai University, 7—10 Nov..20009.

Proposal for Finer Energy Scan in the Proposal

()])E‘ll Charm Energ}' Region We propose to make a finer energy scan in the open charm
energy region, which can be divided into two stages

2009 5%10H , R B4 A [ A EFLBSL_E #23 BESII A3.7~4.5 GeViE &

EiF Z2 2 RfEHE, B3 7]/ v FdE-DD £&5, FTEIIETS.
Talk given at International Workshop on efe—Collison from ¢ to yw,
Beijing, Oct., 13-16, 2009

G. RONG ! X.Y. Zhang 2 J.C. Chen!
D.H. Zhang ! H.L. Mal

1 Institute of High Energy of Physics

2 Shandong University

BES-ll Annual Meeting, November 7—10, 2009, Nankai University

We suggested to find new
states by analyzing line-

Physics Goal Conclusion
‘With 100 pb-! of data taken in first phase of energy scan

® Measurement of I'®®y .4

There are some uncertainties in interpretation of the
X(4260) state. No I'®°gy240)is available currently.

shape of cross sections for
ete 2>J/yX, y(3686)X,
open-charm-pair, ... at
energies from 3.9 to 4.5 GeV

Measurement of the I"®®y 44 can help interpretation
of the X(4260) state.

In view of these physics potentials in the open charm energy
region, we propose to operate two phases of energy scan
experiments We pr £
in this December and the second one sometimes before 2013




% X_,0p and Charm Meson Physics at the BES-111~"=

> Two projects supported by the Chinese Governments

Under the two projects associated with Professors from Universities  &araum ks rietsmms

and Institute in the BES-III Collaboration, we worked in two directions: o5 s 1 oD

1. Study NOCP decays of X, p States S
oy Crp R B BE A R 0T 52 P )
v' Study NOCP decays of X, . from the data taken at energies o
— IR H AT, 20134F9H26H
from 3.7 to 4.6 GeV , '
¥ Measuring/analyzing cross-sections for e*e'>J/yX, LH, i~ s S
at energies from 3.7 to 4.6 GeV, BES-IH DD | £ 26 3% &
) ] EIE-—DDE%’E%“E%E}FT»
2. Study charmed mesons (semi-)leptonic decays AW . _4SN"

v Made several the world’s best measurements of charm % Al
meson (semi-)leptonic decays [ £, f.%(0), f+*(0) ], which are
crucial test of the Lattice techniques used to compute
important heavy quark processes in D and B mesons decays.

v" Precisely determined the quark-mixing parameters |V 4| and |V | of the SM.

20165F3H5H

More than papers (see publication list below) related to X, Physics and Charm Meson
Physics have been published 4

(R H 4 2 AR FERIAR SN R |



A Xovop PhYsics at the BES-111 -3

» Study NOCP decays of X, np from data taken at energies from 3.7 to 4.6 GeV

 NOCP decay of y(3770) * NOCP decay of y(4040)
B[y(3770->vy,]=(6.88+0.28+0.67)x10°3 By (3770) D AAn+n]<4.7x1074
TTw(3770>7xcol=(187+8+19) keV As an example, Bly E3770§ >AAn’] <0.7x10*

By (3770) >AAn] <1.9x10*
Bw(3770)>yy,,,]=(2.48+0.15+0.23)x103 show a few Bly(3770) >=*2-] <1.0x10*
ITw(3770) >y ]=(67.5+4.1+6.7) keV measurements By (3770) >X02°] <0.4x10™*
B[w(3770)>yy,]=(0.25+0.21+0.18)x10° 0) 11\ Bly(3770) >E'E] <1.5x10*
Ily(3770)2yx2]<17.4 keV By (3770) >E%59] <1.4x10™*

» Measuring cross-sections for ete->light-hadron at energies from 3.6 to 3. 9 GeV
o e épg (Physikalisches Institute, *- ) .
o[y(3770)>pp]=(0.059*007 . +0.012) pb ¢, =(255.8390 ; ; #4.8)°

oly(3770)>ppl=(2.57012 , ,.4+0.012) pb 0,=(266.9*61 ., £0.9)°

¢ ete>ppn’
o[y (3770)>ppn°]=(33.80£1.8 £2.1) pb  ¢,=(269.7£2.340.3)°
o[y (3770)>ppn®]=(0.067010 , ,+£0.01) pb ¢,=(266.8524 ,;,+11.0)°




£ Xaovop Physics at the BES-1II -~ ===

» Measurements of cross sections for ete—>J/yX, light-hadrons, hadrond, pp-
at energies from 3.7 to 4.6 GeV

* o(ete2>J/yX) at energies from 3.55 to 3.89 (4.6) GeV
Analysis being reviewed within the BES-III Collaboration

* o(ete2>ptp) at energies from 3.81 to 4.60 GeV

In this analysis, we observed some structure(s); Analysis is currently being reviewed within
the BES-III Collaboration

* o(ete2>pu) at energies from 3.55 to 3.9 GeV
we observed a structure in this energy region; Analysis is still in progress

* o(ete>hadrons) at energies from 3.55 to 3.87 GeV
In this analysis, we observed di-structure(s) as those observed at the BES-II; Analysis is still in

progress \f
£

* o(ete>LH) at energies from 3.55 to 4.60 GeV
Analysis of these are still in progress at the BES-III experiment



" -
— ——

A Precision measurements of fy, and |V 4| with D*>p+v

< 290 at 90% C.L. MARK—IIT

e BES—I
- ES—II
209.0+9.3+2.6 CLEO-—c

203.245.3+1.8 BES—-III

« Based on 2.93 fb! of data taken with e ] e = oo xees
the BES-III detector at 3.773 GeV, we i (g oo o N i Somes
made the world’s best measurements of [ i W ' - - -

Br., decay constant f and V4] e | =

B(D*>putv)=(3.71£0.19 £0.06)x10—+* ey 2555 200 soofm4[1c:10eﬂ 500 600
f,=(203.245.3+1.8) MeV
V. ([=0.2210+0.0058:0.0047

0.2210 + 00058 + 0.0047 =4
BES-IIl (D"— p'v,)

0.2155 + 0,0027 + 0.0014 = 0.0094}—af—|
BES-IIl (D°— me'v,)

Number of Events

0.234 + 0.007 + 0.002 + 0.025 o
CLEO-c (D= me'v,, D'— nle*v,)

* Measurement of f, is a crucial test of
the Lattice QCD techniques used to | | By
Compute important heavy quark 0230+ 0.011

processes in D and B mesons decays. PRD 89, 051104(R) (2014)

0.1 0.120.140.16?\./1? 0.2 0.220.240.26
Using measurement of D*->utv to determine |V 4| for the first time in the world




A Precision measurements of FFs and |V 4| with D°>K(rm)e*v™™ -

(a) D°=Kew,

> D> K-etv and D= wetv , o
« We made the world’s best measurements of 15| e

Br, |V, [V4l, as well as f X(0) and f,™(0).

B(D%>K-e*v)=(3.50510.014 +0.033)%
B(D%>metv) = (0.295+0.004 £0.003)% MRS 1

The relative systematic uncertainty is 0.94%, while ' @ (GeV¥lc)
the corresponding CLLEO-c's uncertainty is 1.14%. Lo . | (o),

— LQCD

V. |=0.9601+0.0003 4+ 0.0047 4 0.0239,,. TEERRE B
V_,|=0.2155+0.0027 £ 0.0014 4 0.0094,
V||V |=0.238+0.004+0.00240.011,.

f,%(0)=0.7368 +0.0026 +0.0036 Relativey
f,7(0)=0.637240.0008£0.0044  °rroris06%
f,%(0)/f,(0)=0.8649+0.011240.0073

» For the same size of data samples, our

reconstructed number of D°-> K(w)e*v events
is 40%(28%) more than that of CLEO-c.

* The precision of these form factors (FFs)
measured at BES-III experiment are four
times higher than that of LQCD calculations.



£ The CKM Matrix Status (2008 and 2016) ~ *—

% +
I BES-III(D"->p'v,) D 7e'v,: |V_j=0.214 % 0.003 £ 0.009 (PDG2016)

C K M M atrix Statu s (2""8) :E:;H::::::t[:fove ; ,: ) :, K [ BESHI(D ~>me'v,) D'-> wv,: |V_J=0.219:+0.005  0.003 (PDG2016)

_ _ . Il CLEO<c:(D'-p'v,) V-V V_J=0.230 £ 0.011 (PDG2016)
AV, /V,=0.03% AV, /Vi=1.25% AV, /Vy=9.2% 5 Y [ ] CLEOc:(D%—n%",)
) o o B Belle:(D°>xe'v,)

- 1= iy
<! & e < ) : Py
=N i By 7\1 2| A0 8% = [ Baar(D’-swe'v,) 5

[ neutrino-scattering

Weight Average: |Vw|=0.220 +0.005 (PDG2016)

©
v

BES-111 D*>utv

Avtsl.‘rv ts=6 % A‘rt[l"llr\rtd=3 " %

iﬁ A0 %
‘Bdl:iﬁdle pBdB,  >T4% | /D,D,.+LQ<:D D,Ds+LQCD

B.B+LQCD .B,BerD.@,CDF

. BES-IIl
K(n:)'e+v |

» Our measurements of values of |V_4| from both the leptonic and semileptonic D decays
dominate (57% weight) the PDG16 value of |V_4] |

» The BES-11l measurements improve the accuracies of the average values of the |V 4| and
V.| given in PDG2014 by over 70% and 45%, respectively.



x Summary - —

» We began to study D-meson decays and NOCP (non-open-charm-pair) decays of X, .pp [w(4030),
y(4140), non-cc states,...] in 1995.

» The research work in both the D and X, physics at BES-I improved our soft strength and make
it is possible to win the competition with other experiments in studies of these physics at BES-II

» With discoveries of y(3770)>J/yn*n-, w(3770)>non-DD, di-structures nearby 3.773 GeV,and
systematic studies of e*e->NOCP at energies from 3.5 to 3.9 GeV, the bottleneck of finding NOCP
decays of X, ,pp and discovering new states has been broken. Practice has proved that studying
NOCP decays of X, ,pp are really more sensitive to find new non-cc states. The studying NOCP
decays of X, pp have been naturally extended to higher energies at BES-IIL.

» Experience in study of charm physics at BES-I and BES-II has enabled us to make the world’s best
measurements of fj, f.X(q?), f,*(q?) as well as |V 4| and |V_| at the BES-IIL.

» We are still working on studying these physics at the BES-III to find something new, and to try to
understand some interesting puzzles in the X, ., physics and in hadronic physics...



Publication list (related to the two projects supported by the Chinese Government)

1. Precision measurements of B(D+—u+vp), the pseudoscalar decay constant fD+, and the quark mixing matrix element |\Vcd|
(BES 11l Collaboration), Phys.Rev. D89 (2014) no.5, 051104

2. Study of Dynamics of DO—K—e+ve and DO—n—e+ve Decays
(BESIII Collaboration), Phys.Rev. D92 (2015) no.7, 072012

3. Measurement of the form factors in the decay D+—wme+ve and search for the decay D+—de+ve
(BESIII Collaboration), Phys.Rev. D92 (2015) no.7, 071101

4. Meas urement of the absolute branching fraction of D+—K 0Oe+ve via K 0—n0n0
(BESIII Collaboration), Chin.Phys. C40 (2016) no.11, 113001

5. Analysis of D+—K 0e+ve and D+—n0e+ve semileptonic decays
(BESIII Collaboration), Phys.Rev. D96 (2017) no.1, 012002

6. Study of D+—K-—ntetve
(BESIII Collaboration), Phys.Rev. D94 (2016) no.3, 032001

7. Measurements of the absolute branching fractions for D+s—ne+ve and D+s—mn'etve
(BESIII Collaboration), Phys.Rev. D94 (2016) no.11, 112003

8. Measurements of the branching fractions for D+—K0SK0SK+, KOSKO0Sz+ and DO—KO0SKO0S, KOSKOSK0S
(BESIII Collaboration), Phys.Lett. B765 (2017) 231-237

9. Improved measurement of the absolute branching fraction of D+—K Ou+vu
(BESIII Collaboration, Eur.Phys.J. C76 (2016) no.7, 369

10. Measurement of the branching fractions of D+s—n'X and D+s—n/p+ in e+te——D+sD—s
(BESIII Collaboration), Phys.Lett. B750 (2015) 466-474

11. Study of the DO—K—u+vu dynamics and test of lepton flavor universality with DO—K—{+v{ decays
(BESIII Collaboration), Phys.Rev.Lett. 122 (2019) no.1, 011804



12.

13.

14

15.

16.

17.

18.

19.

20.

Measurement of B(y(3770)—yycl) and search for y(3770)—yyc2
(BESIII Collaboration), Phys.Rev. D91 (2015) no.9, 092009

Measurement of the branching fraction for y(3770)—yycO
(BESIII Collaboration), Phys.Lett. B753 (2016) 103-109

Search for baryonic decays of y(3770) and y(4040)
(BESIII Collaboration), Phys.Rev. D87 (2013) no.11, 112011

Study of e+e——ppn0 in the Vicinity of the y(3770)
(BESIII Collaboration), Phys.Rev. D90 (2014) no.3, 032007

Search for the radiative transitions y(3770)—ync and ync(2S)
(BESIII Collaboration), Phys.Rev. D89 (2014) no.11, 112005

Study of e+e— — pp in the vicinity of w(3770)
(BESIII Collaboration), Phys.Lett. B735 (2014) 101-107

Search for the Y (4140) via e+te——ydJ/y at s\=4.23 , 4.26 and 4.36 GeV
(BESIII Collaboration), Phys.Rev. D91 (2015) no.3, 032002

Measurement of the integrated luminosities of the data taken by BESIII at s¥=3.650 and 3.773 GeV
(BESIII Collaboration), Chin.Phys. C37 (2013) 123001

Measurement of the integrated Luminosities of cross-section scan data samples around the y(3770) mass region
(BESIII Collaboration), Chin.Phys. C42 (2018) no.6, 063001
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4  International repercussions: y(3770)>>non-DD decays — =—

» At workshop DAPHNE 2004, Prof. [l —.

Hanna summarized existing (‘fgﬂ'ﬂ‘l “QQ-bar S B Fe AR K
: : narkomia ;
eleven hot topics a1.r1d puzz.les in S5 7 T —— ﬁlﬁHﬂ%ﬁﬁﬂEﬁ e
the Heavy Quarkonia Physics. Ny A A ot
2 Puzzle Pieces: S ) definitely
g R 1 known at
« Two of these were originally from £ Results on b and ¢ that time in
studies of y(3770) physics atthe |2 LDl Wowam ST
BES-II experiment. Questions about [l SPEC'I'I‘QSCUDY and
these were still open at that time 5 Dﬁﬂﬂ}’
E. e- * ' | 5 - |1""1‘1J...rnln L. -
- In 2005, the BES gave a definite  [i= Hannia Mahle Krueger ¢ o () ~ ""' Rl
answer about y(3770)> J/yrtn . C?"ﬂlEL:;NEEIW '
* In 2006, the BES gave another . DAPHNE 2004
definite answer about Sy R W(st;togt”;”gsf_ﬁm A
y(3770)->non-DD, i.e.~15% of I R AR (2 A CLEO-c

v(3770) decay into non-DD.



A International repercussions: y(3770)=>non-DD decays™ ™=
- Before 2006, most international physicists still did not e paity o ¥ (3778) mudl 7 challonged
believe the BES results. For example, Prof. Voloshin . Dnineriy o7 S—.
would rather cite the CLEO-c’s unpublished result than et o T e o3
Cite the BES puthhed result in hlS papers n;lll‘tw\x ith ‘.:\u a wi ’:nd dd qu‘uk pairs. N unt.l) thu, d ata to

be discussed are: the total cross section for DD i IO-
duction in ete™ —anpibilatiQo atdhe=/d3770% pe

- — DD) = (6.39 + 0.10*3}7) nb; (1)

B 2] Q. He et al. (CLEO Collaboration), Reports No. CLNS-

o _ (6.14 4+ 0.12 =& 0.50) nb.

oo | 05-1914 nd No. CLEO-03-6, 2005 (unpublished).

PLB &03 (CZ20O04) 1 3O

9 Progress in Particle Physics and Nuclear Physics
SN ITEIR Prwongprw s o Puartiebe el Poucbear Phiysics fil (2O %5t 11
Roevicw

 After BES published 6 papers reporting y(3770)->non- IR |
DD decays, the situation was totally changed. In 2008, in : .
a paper to review Charmonium, Prof. Voloshin discuses = e I“{.‘,;'i;!‘:’.‘.iﬁ'!i“.'.‘f.ﬁn =

the effects of the experimental measurements on —._ v v e o vith . oo G s s
p charmonium-related resonances al a rate that outpaces the ability of the thmn 10 |ll lhur prupu rtlu mn ILllIl\l\ILI'I'

Charmonium physics He Cited 6 BES p apers in sclmm. Furlly:rrm::src.tiw_. data very strongly suggest that §L||10|1g_l!m new resonances there are exotic four-quark states,
. possibly hybrid states with gluonic degrees of freedom in addition to the cc¢ pair, and also loosely bound states of

heavy hadrons — charmonium molecules. Thus it looks like that charmonium not only has provided us with a “hadronie

diSCllSSiOIl Of progress On Charmonium thSiCS. He put atomic physicsh' but quite possibly also with a *hadronic chemistry”, and in its mature age of 33 charmonium still offers

us new intriguing puzzles.

the BES results at the ﬁrSt place n hlS dlSC“SSlon oete™ = DD) = (6.57£0.040.10) nb. On the other hand, the BES measurement of the total cross section [ 148]
gives oleTe™ = Y(3770)] = (7.25 £0.27 £ 0.34)nb, and their directly reported result [149] for the branching

* Prof. Voloshin gave a high level of evaluation of studies IR AECIETE:

B[y (3770) = non - DD] = (164 £7.3 s an ample ro(jm for non-D) deéﬂys of Y(3770) and their

Of \II(377O) non-DD decays at BES-II' branching fraction for v (3770) — DD is alsoin agreement with the CLEO result foro(ete™ = DD).

Prof. Voloshin XJBES-11 y(3770)>non-DD fARESRIAISERIZEN | Rt RIR 7 ElfrmseiIE R AVIRISFISCI0
BERA], X BES-11 SLIRLEER IAR SERITM. BES-11 w(3770) YIBASERMT T ftbfilxd BES-11 MIBHFTHEE.




4 Example #5: Precisely measuring o(e‘e>y(3770)) and Brly(3770)>e*e]

Data taken
} at 3 or 2
energies

A

Dec. 2003 data

a

Mar. 2003 data

(1.0540.14) X 105 PDGO6
(0.96+0.07)X10° PDG18




A

Example #8 : Measurements of shape of cross sections for ete=>DD™ '*‘""'

The BES measure the shape of cross sections for
ete > DD and ratio of the charged over the neutral
DD cross sections at energies from 3.73 to 3.82 GeV 5

for the first time in the world.

These shapes of cross sections and ratios could help
us understand the y(3770) production and decays,
as well as help us search for other state X, np.

Response to the measurements

Charmonium:
Above the Open Charm Threshold

Charm 07 Estia Eichten @Fﬂ—‘igﬁ%%ﬂﬁﬂ%%,

Fermilab

HARTY R

LR = i — 1 importamt maeaasurernmeaem o
I Resonancs Shape
£{2) Ratic o= chargs tdo mewutral T fAnal states

ower The whole mresorfjanmnce magiom

=
=
=8
£
=

==
==

oo N MO

4
2
8
4
2
(o]

At CharmO7, Prof. Eichten pointed out that
BES made two important measurements: Y

1. theline-shape of cross sections for W™ 5
ete- 2hadrons;

2. theline-shape of the ratio of the charged
over neutral DD cross sections.

PLB 668,(2008) 263; PRL 101, (2008) 102004;
cited by 67 times



#  Response to D Physics: Decay constant f, and FFs f;K(O), K085~

e The BES publlshed results DRL 95, 351501 (005, PHYSICAL REVIEW LETTERS
before CLEO-C did_ In CLEO-C lnipl_r(n-'e(l Measurement of 3(D+—’[.l+li] al:d tllf Pseudoscalar Decay Constant fj)+

- LT . . Prof. Ryd

. Our measurement of fp+ 15 much more precise th ~ )
pubhshed paperS, CELO'C Jur m asurement of fp+ 1s much_mor _pr | ...lh...l." o : — ) from
) ‘ HEVIOUS 5 1%yl : *Orelcd - - Orn-e“
pointes out that ‘CLEO-c ety
- : -~ — iscusse
results are in g0od agreement —_—e . T EPRILe ™ thepES

results.

with the BES measurements’. TR im—. : )

SoE AT
it s I I NS s

C azsroc {5
rk IT [7].

 BELLE'’s speaker in talks/papers pointed « FOCUS’s publications pointed out that ‘our
out that the measurements are in good measurements agree with recent the BES
agreement with the BES measurements experimental results, f,(0), f,%(0), f,*0)/f,*(0)
D0 > Kiniv Analysis —Laurenz Widham 23

Form Factors and Absolute BRs

PRL 94, 011601 (2005) PHYSICAL REVIEW LETTERS 14 JANUARY 2005

=L e e i e for D° > zev/Kev Semileptonic Decays of D Mesons in Three-Flavor Lattice Q€D FOCUS
BELLE gB‘H(J Wldhalm j’g - 15 C. Aubin,' C. Bernard,' C. DeTar,®> M. DiPierro,” A. El-Khadra,* Steven Gottlieb,” E. B. Greg gory, 6 U. M. Heller,”
H BELLE MIZRE BES |< /— e ; ratios, although some may be expected. Our results agree
HIRF &R IRAT ! & - O with recent experimental results, f277(0) = 0.73(15),

+ good agreement with relative measurements done by BES and FOCUS f27R0) = 0.78(5) [19]. D_'"i“! F7R0) = 0.86(9),



— ——

y BES-111 B[w(3770)~>non-DD]

» IHEP working group » UM working group

We directly measure the branching Daniel Cronin-Hennessy and Ron Poling are
fraction the members of the CLEO collaboration.

on— They measured the branching fraction in
By (3770) >non-DD]=(10. 1£3. 5+A, )% September 2013

BF[w(3770)>non-DD]=(9.6+-0.4+-2.8)%,
which 1s consistent within error with
the BES-II measurements

w(S??O)—-non—DB Status Update

University of Minnesota
2013-9-24
Fall 2013 Physics and Software Workshop

3.8

to extrapolate qa efficiency as a function of

tead of MC extrapolation is the main difference
= Based on first 923 pb™' 3.773 GeV, old 3.65 GeV, and five
new continuum points data - On o full ~3 fb" \W(3770) data set

* Cpup, = (3.8652 + 0.019(stat) = 0.044(sys)) nb

_ —,
M._’_‘_;-*g __i__+r{___ + 4

= o, = (2.809 + 0.020(stat) + 0.034(sys)) nb

* BR(w(3770) -> ﬂDﬂ-DB) = (9.59 + 0.36(stat) + 2.8(sys))%




Issue about B[y (3770)->non-DD]

CLEO-c H# 43 ¥ AEAE K 7]

Available online at www.sciencedirect.com

— i

= =

-~ ScienceDirect PHYSICS LETTERS B

L=

b=

BN =l

: d ) wsics Letters 41 (20067 145155
ELSEVIER Phy L B 641 (2006) 145155

www.elsevier.comdlocate/physleth

Measurements of the cross sections for etTe™ — hadrons at 3.650. 3.6648,

3.773 GeV and the branching fraction for ¥ (3770) — non-D D

BES Collaboration
M. Ablikim®. J.Z. Bai®. Y. Ban®, J.G. Bian?, X. Cai®, H.F. Chen®. H.S. Chen *, H.X. Chen *,

& After BES submitlting the paper to Phys. Lett. B, CLEO reported a measure-
- ~ obs . R ) I3 . Y - = - obs

ment nl_ Uw{;:%,??ﬂ} ._ll‘tj:iuftu ed in [_1 2]. In CLEO s measur c.,n'n.,n_l nl_lh:., Uw{-.ﬂ??p}_ no
correction for the difference of the ISR and vacuum polarization correction o
the continuum hadron production at Eo, = 3.671 GeV and E_ ., = 3.773 GeWV
is mentioned in the continuum background subtraction. This effect would sys-

T L= - il i = 3 -1 T Th L = Gbs ~ 3 3 3 il ¥ =} Pl g _ - L
tematically shift the measured Tl (3TTO) significantly. Moreover from CLEQO s
published paper. one hnd that the leptonic width of ¥ ({25) estimated based on
the number of Ny 25y = 583000 = 6000 at Egqpyy = 3.773 GeV is F;‘?ES} =
2.55 keWVW which is larger than 1;;‘:?,:.5.~. = 2.330 &= 0.036 =0.110 keV measured
by BES Collaboration (see [31]) based on analysis of ¥ (25) and yWw(3770)
cross section scan data. This difference would attect the observed cross sec-

- obs - .
von o377, by about 0.26 nb. 132] CLEO Collaboration, D. Besson, et al., Phys. Rev. Lett, 96 (2006) 092002,
44



Issue about B[y(3770)->non-DD]

CLEO-C 4 4% ‘Pi:}‘"ﬁ& = /\lﬂf@

obs had obs y/ (3770 )
O had — Oy@m) = ]
e L €., (3170 )
| 1 N ~ N N ISR N ISR N
3) Eg 773 G@V&b%gﬁ? 1 had w (3770 ) T w (3686 ) T iy T continuum
ﬁ, | | _ ISR ISR 377 3 MeV
‘ N w (3770 ) N had N w (3686 ) N Jily N continuum ‘
|l
ISR ISR
N w (3686 ) L 0-\41(3686) &

1) i‘F‘ﬁG'SRy(%%) H?-l" %?ﬁEKT
0.23 KeV, BBo'SR .0 K0.26 nb
> ZAHTHT w(3686)117 A

:Z:ti:uu'::ev = N :’::tilnuu'\:\ev x f X 77
3.671 ° 2) CLEO-c

f= 2 MR T
3.773 1 1.025 B IE

n =1.025 CffiiHED ?;&ggﬁ

1)F02) R T w(3770) KA H /) T 0.66 nb
[ 0.26+16x0.025=0.26+0.40=0.66 nb ]



Issue about B[y(3770)->non-DD]

Effects of Interference

BES-I1 Measurements of ete— = hadrons

PLB 550 (2002)24

“.!_ES,I — hadroms : : )
s 10° L
[#] ! i
2 : : ib

Eﬁﬁyﬁ?/ 3.675 alﬁs !3.585 3.69 3695 37\ 3705
T3 R T RERTRE, LK
I BB 2] BN
Figure 6. The cross section for (a) ete™ —
hadrons, (b) ete™ = wta—J/4, and (c) ete™ —
ptpu— wversus center-of-mass energy. The solid
curves represent the results of the fit to the data.

10°

3 PPL 97 (2006)121801

46



Issue about B[y(3770)->non-DD]

\|1(3770)9non -DD & AR E185H

- 1 5 \i RIS e
i i B > non—
_ H 4 l'l. )-\lf': -‘[lﬁ
E i ; \ % A 3 55
— it 2 B! /
. i .
A 2 5
NP 2l
10T el
o I L e
D'dg - i ;15 & ¥ i
EERE [
L 4
Lt | |
3.65 3.7 .
3723 AT ATl 38 3823
Eon [GeV]

B XK B8 WM 2] non-DD5% ¥4 TH 3 55 3. 765 GeV




Issue about B[y(3770)->non-DD]

v (3770) JE-DDFERE T X W EI-THE

M.B. Voloshin #giHH, @Ry (B770) FREFFI-SHARS, LK ERLEEILM 2]
1R REIJE-DDEFER 4 T HE

PHYSICAL REVIEW D 71, 114003 (2005) v : s
[t is well known [29] that the ¢c¢ pair inside a four-quark

cc purity of §/(3770) and ¢ challenged component can annihilate in second order in the QCD
coupling ie. as s JPC = |-~
M. B. Voloshin pling «, i.e. much faster than a colorless .J |

e heavy quark pair, which 1s bound by the conservation laws
William I Fine Theoretical Physics Institute, University of Minnesota, Minneapolis, Minnesota 55435, USA - .'C]_c [3' ) _ " 1o co
and Instifute nfﬂrc*ormm# and E,mpc*mnmm! Physics, Moscow, 117259, Russia to annihilate via three gluons. In particular a 5] ¢C pa 1
(Received 6 May 2005; published 6 June 2005)

It is suggested that the resonance (3770} may contain a sizeable {(){(10%) in terms of the probability
weight factor) four-quark component with the up- and down-quarks and antiquarks in addition to the ¢¢ NN v
pair, which component in itself has a substantial part with isospin / = 1. Furthermore such a four-quark 4- %jﬁ AN ﬁ%t’ﬁ E‘JCC'@& E(JJEE th@i
part of the wave function should also affect the properties of the i charmonium resonance through the 5 CC B’JE% [y{,@z Mﬁﬁﬁ[ﬁﬂj %U{Ej(ﬂg

i#(3770) — ¢ mixing previously considered in the literature. It is argued that an admixture of extra light
quark pms can explain a possible discrepancy between the theoretical expectations and the recent data on EIE_DDEQﬁi Hﬁ o
the non-DD decay width of the #(3770) and the ratio of the yield of charged and neutral D meson pairs in
its decays, as well as on the extra rate of the // direct decay into light hadrons and the rate of the decay
i — 77 [ib. 1t is further argued that the suggested four-quark component of the wave function of the
i(3770) should give rise to a measurable rate for the decays ¢(3770) — 0. /i and ¢(3770) — 71 /ij.



y(3686) Resonance Parameters
PDGOS S ¥ LS

¥(2S) WIDTH

VAL UE (keV) EVTS DOCUMENT D TECN _ COMMENT
317+ 9 OURFIT
286+16 OUR AVERAGE mﬁﬁ*&'f’hﬁ W !
35888+ 4 ABLIKIM 088 BES2 eT e~ — hadrons 3 7
29025+ 4 2.7k ANDREOTTI 07 EB36 pp— ete™, J/uX 10 F I
33158+ 2 ABLIKIM 06L BES2 el e~ — hadrons [
——JRALIT 6 BAl 028 BES2 ete- — —
287£37£16 T ARMSTRONG 938 E760 Pp — ete™ g |
6 From a simultaneous fit to the hathqnic and ;a"' g cross section, assuming I — Iy, + — 2 hadrons
ecidon.

oes not include vacuum polarization corr

10%

r(hadrons) h
I
VAL LIE [keW '} 10 TEC/ CORMMENT -
e & = VWe do not use the following data for averages, fits, limits, etc. = = = 3'66 3'68 : 3"7 3'72
258 26 026 BES2 ete— -b/cm [Ge V ]
224 456 LUTH 5 MRK1 et e
rete) s
WALUE (ke SCLIAIE s E£C COMAENT
2.38 =0.04 OUR FIT
2.33 +0.07 OUR AVERAGE
2.338+£0.037 £0.096 ABLIKIM nsp BESZ2 et e — nadrons
2.3304+£0.036+0.110 ABLIKINM 06 BESZ2 et e~ — hadrons
—— Ta44 to.21 v B BAI 028 BES2 et e—
2.4 £0.21 CCEXATTIER o RVUOE g2 T mini-reviey

The value of I'*%; 345y =2.54 keV measured by CLEO-c
is 0.21 keV larger than the world averaged value of

BES-II
y(3770) 44

BES 2

After 2006, the world averaged value of I'*¢ 3445, dose
not include the CLEO-c’s measurement of the I"®¢ 3¢,

RVUE

PRL96, 082004 (2006)

PRL 96, 082004 (2006) PHYSICAL REVIEW LETTERS

Observation of (3770) — waJ /¢ and Measurement of 1", [¢(25)]

N.E. Adam,' J.P. Alexander,! K. Berkelman.'! D. G. Cassel.! V. Crede.' J. E. Duboscq.' K. M. Ecklund,'

| [, [4(2S)] = (2.54 + 0.03 = 0.11) keV. | CLEO-c

R. Ehrlich,!




£ RMYENOSIyrr WEBEXREM

ltl:z“iﬂ.?ETTDD liﬂ_l:*ﬁ? X pvop A LUEE SRAE ARS8 )y RS IR, B
BB TS AYBER_1T+2EZ AN “BRT U0 LERTB|ete R/, DDH LR FAEER
TFE|HE non-DD 3E:..»E’J1§*3T‘JA1/E'\” XMEGINVRE LIS HERNER, 2fES|
SEZSEAYIESRMEEINEEFAA Iyt KSERIE T BER, 3k DD BT
B non-DD (D=D%, D**, Ds*, Ds™)Z¥%, MMERB/LEARALZIM T ZNHERF, MXYZ F.

« 200246 H, FEBESHEARHES L, TAIRE T KM EHIDDE ERT X2 watn, Tl
FE Xopeop =W(3770), Blw(3770)> Jyn*n R .. MH BN AERBRII L EREYEERA,
BELLESCERZH 3 TAEE L BIZE SR H IR TR, FMNIwnn AEREIEH KB X(3872),

» BaBarSs LA AT IRAE S BBIEHERPHR Iy n RE, HFMNlyrn ARFREE
H, RILTY(4260)F—RIFHI T

« DO MICDF AWEEMATIPNIBIRERFHR Jyn'n RKE, SN NFFEERITIE.

HEREENREHRENET, PEALKYET/EZNI ISR FERMEAR, MFE3.773 GeV &R
ERBIERAS, KILTEHF DD B ERFH non-DD FZ: X, .np>dwnn, ¥R T DD B ERF X0 BA
i sEEAERE Jyn'n FWENE, BET “BRTUTASZILRLEFEERete 246, DD B LK T
Xapvop 100% ZEARE] DD RAE” WAAEFKINR” , FHMITH TLK B 285K DD B ERF X,,0p=> non-
DD EA&KIE M, @ﬁ&ﬁ@%ﬂﬁﬂiyka X (3872) 1 Y (4260) ZELAETIFER . HTRE3.773 Kt
IERERNBEREEATRINT Jyntn, FrUBESIRIZEERN: w(3770)>yrtn, FHill B i%FEE 4L .
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In 2004, there is almost/
empty block in the ‘Mes’i
Summary Table’ of th1s¢
BOOKLET, since few |
experimental physicis
studied NOCP decay; of
Xaovop at that time

In 2008, alotof
measurements are filled
the Meson Summary Table.
Actually, the B playd a
leading role in study of
NOCP decays of X_;,pp-



A Response to discovery: 15% of y(3770) decay into non-DD ™

Before 2007, Prof. Voloshin never cited BES-11 published results on non-DD decays of y(3770),
However, in a paper to review Charmonium published in 2008, he discussed the effects of
existing measurements on Charmonium physics. He cited 6 BES-II’s papers in discussion of
progress on Charmonium physics. He put the BES-11 results at the first place in his discussion.

I rwngriasmes A

Progress in Particle Physics and Nuclear Physics e oo

Ped i Bymanis FRFn s e s
v - ey BSlagrmie-m il o JAHERE i GE™ ™Mea™ 11

e L R R T PRSI TR T g PR

| S L
C "lacar v e n i LNy

Pl . R, “eslas=lapae ™

frperes, & fapdeamaemar

Recently the physics of charmonium regained a great repewed nterest due to the massive dedicated investigation
by BES and CLEO-c¢ and the studies using decays of B mesons and the radiative return technique at the B factories
with a higher initial energy of the electron and positron beams. After a *dry spell’ of more than two decades during
which no new states of charmonium have been found with any certainty, new observations discover charmonium and
charmomume-related resonances at a rate that outpaces the ability of the theory o fit thewr properties in a consistent
scheme. Furthermore, the data very strongly suggest that among the new resonances there are exotic four-quark states,
possibly hybrid states with gluonic degrees of freedom in addition to the c¢ pair, and also loosely bound states of
heavy hadrons — charmonium molecules. Thus it looks like that charmonium not only has provided us with a *hadronic
atomic physics™ but quite possibly also with a *hadromic chemistry”, and in its mature age of 33 charmonium sull offers
us new intriguing puzzles.




A Compare with CLEO-c < A e

D'>Ketv §ll D'>netv RIZILIEIHAF To compare with the CLEO-c, we
5 CLEO-c B&&4 2N normalize the numbers of events

b, ) 40 SR of the anti-D° tags and D°>K(rx)-
A£BES-IIT X522 R A& 7T, CLEO-c Sti4 — AR H IR & b R etv by a factor of 3.582[it is the

KNEAMBNFHEMTKFRSWGEANKR, LHEN T4 RN A ratio of the Luminosity of BES-III
#F L& &AM H 7&& BES-IIL# 2 ﬂ'] 4 % 5CLEO-c *f thde T : data over the Luminosity of CLEO-
1S fo—0 ——— 2.92F1¢ NEETIAT c ] to get the numbers of these

events from the 0.818 fb! of data
at BES-III, we find that our
number of the anti-D° tag is 18%

) 0.1 more than that of CLEO-c, and the

= » o E—— numbers of D°= K(n)e*v is
)2 —1¢ % r] #-56 BAF P, BES-IIL anti-DP tag 4] ﬁbbCLEO < % 40%(28%) more than the CLEO-c.

18.2% ; D*>K(m)e'v #) & 2 & 1t CLEO-c %22%(10%). The systematic uncertainties of

BES-ITT 3 %] %DO%K(n)—ew = 45) # b CLEO-c #9 £40% (28.2%), JEkY E‘eafﬁlreﬁlen&alg "'?30"(; ,
9 N 200 smaller than the CLEO-c, Both o

BES-IIT 3| & 2 % 7 % %‘ﬁé‘ WCLEO-c # /] 20%; 114{4‘? these result in the more than

BES-III @ & &) ¥ . & 4 %‘5[3 %’Vl‘*‘tlﬁtﬁ" % %*‘t/ﬁ%ﬁ e precision measuréments of these
CLECc & RZ A N FFE. XRBTAHARTEAREIKRED, decays at the BES-III experiment.
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