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国家科技进步特等奖(1990)

1988年10月16日，实现正负电子对撞。

人民日报

http://www.ihep.cas.cn/zt/bepc30/
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BEPCII: a τ-c Factory

• First collision in 2008, physics run started in 2009
• Operation c.m. energy: 2.0-4.6GeV
• BEPCII reached peak lumi of 1x1033 cm-2s-1@1.89GeV in April 2016
• BESIII collaboration includes 66 institutes: 38 Chinese institutes，16 

European ones，5 US ones and 7 from other Asian countries
• Secured the running for another 6-7 years, with small(but critical)

energy increase and lumi upgrade
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国家科技进步一等奖(2016)



Dayong Wang

BESIII: First collision event 
on July 19, 2008

10-year anniversary of BEPCII/BESIII !
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Physics accomplishments
τ mass measurement (BES+BESIII)

1995年国家自然科学⼆等奖

R value measurement (BESII)
2004年国家自然科学⼆等奖

Charmonium physics
2001年国家自然科学⼆等奖

Charm physics (BESII+BESIII)
2010年国家自然科学⼆等奖

Exotic hadrons (BESII+BESIII)
2013年国家自然科学⼆等奖
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BEPCII: a τ-c Factory

2018/10/26

p Rich of resonances, charmonia and  charmed mesons.
p Threshold characteristics (pairs of τ, D, Ds, charmed baryons…).
p Transition between perturbative and non-perturbative QCD.
p New hadrons: glueballs, hybrids, multi-quark states
p New Physics: large datasets, hermetic detector, good performance

6
τ+τ− DsDs ΛcΛc

HFCPV2018 6
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BESIII@BEPCII
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Ref:
NIM A614, 
345 (2010)

high lumi, large datasets, hermetic detector 
with good performance and clean 
environment

BESIII Detector Performance

Exps.
MDC

Spatial 
resolution

MDC

dE/dx
resolution

EMC

Energy 
resolution

CLEO-c 110 µm 5% 2.2-2.4 %

BaBar 125 µm 7% 2.67 %

Belle 130 µm 5.6% 2.2 %

BESIII 
115 µm <5%

(Bhabha) 2.4%

Exps.
TOF

Time 
resolution 

CDFII 100 ps

Belle 90 ps
BESIII 68 ps (BTOF)

60 ps (ETOF)

MUC:    Efficiency ~ 96%
BG level:  < 0.04 Hz/cm2(B-MUC), < 0.1 Hz/cm2(E-MUC)

LXR Seminar at Center for HEP, PKU., 2017 14

competitive in channels with low energy 
electron/photons, neutrons, pi0’s

2015 ETOF upgrade: 60ps
2019/20: Inner upgrade?
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BESIII publications
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BESIII charm data samples

2018/10/26 HFCPV2018

∼ 0.5 B        𝜓(3686) events    ∼ 24×CLEO-c
∼ 1.3 B       𝐽/𝜓 events                  ∼ 21×BESII

∼ 2.9/fb      𝜓(3770) ∼ 3.5×CLEO-c yellow book: 90M DDbar

∼ 9/fb XYZ	above	4	GeV
• 20 points for R &QCD Scan: 

500/pb finished in May 2015
• Y(2175) resonance: 100 /pb 
• 2016: 3/fb Ds data at 4170 MeV 
∼ 5×CLEO-c

• 2017: Y(4260), X(3872)
• 2018：4.6B 𝐽/𝜓 (NEW)
∼ other data sets: tau, resonance 
scan and continuum, etc.

9

∼ 0.6/fb Λc pairs at threshold Unique
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∼ 0.482/fb 4.009 Ds study
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Tagging technique at threshold

2018/10/26 HFCPV2018 10

Analysis Technique 
• e+e-ÆDD (Lc

+Lc
- ), near Thrs.    

9 Tagging D- (D0), Lc
- from 

hadronic decay modes 

• Event is very clean    

• Double tag analysis   

9 (semi-)leptonic decay event can 
be well reconstructed in the 
recoil side of the tagged D (Lc

-)  

• High tagging efficiency  
• Most systematic uncertainties 

can be cancelled out  

M2
missing=E2

miss – p2
miss ~0 D-ÆK+p-p-   vs.  D+Æm+n 

m+ 

p Event is very clean 
p High tagging efficiency 
p Most systematic uncertainties can be cancelled
p Could measure absolute BFs 
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Measuring CKM matrix
--- test SM EW theory

2018/10/26 HFCPV2018 11

Charm decays + LQCD Charm decays + 
B decays + LQCD

How to measure?

5
Expected precision < 2% at BESIII 
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D(s) Leptonic decays
■ Extract decay constant fD(s) incorporates the strong 

interaction effects (wave function at the origin) 
■ To validate Lattice QCD calculation of fB(s) and provide 

constrain of CKM- unitarity

2018/10/26 HFCPV2018 12

Charm Leptonic Decays

• Exp. decay rate + LQCD Æ CKM matrix elements

• Exp. decay rate + |Vcs(d)|
CKMfitterÆ calibrate LQCD

• Charm leptonic decays involve both weak and strong interactions. 

• The weak part is easy to be described as the annihilation of the 

quark-antiquark pair via the standard model W+ boson. 

• The strong interactions arise due to gluon exchanges between 

the charm quark and the light quark. These are parameterized

in terms of the ‘‘decay constant’’.
Decay rate (Exp.)

Decay constant (LQCD)

CKM matrix element
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fD+ Comparison

2018/10/26 HFCPV2018 13

fD+ comparison

• Most recent LQCD calculation, very precise
• BESIII:  fD+=(203.2r5.3r1.8) MeV (P+Q mode), 

most precise measurement 18

Ref:
赵明刚（南 开）
李惠静（复 旦）
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D(s) Semi-leptonic decays

■ form factor (FF) 
◆ Measure |Vcx| x FF
◆ CKM-unitarity => | Vcx|, extract FF, test LQCD 
◆ Input LQCD FF to test CKM-unitarity

2018/10/26 HFCPV2018 14

Charm semi-leptonic decays (s)

• The effects of the strong and weak interactions can be well 
separated in semi-leptonic decays

• Good place to measure CKM matrix elements and study the 
weak decay mechanism of charm mesons; calibrate LQCD

At zero positron mass limit:

(s) lQ )Differential 
rate (Exp.)

CKM matrix element

Form factor
(LQCD)

• Analyze exp. partial decay rates Æ q2 dependence of f+
K(S)(q2), 

extract f+
K(S)(0) with |Vcs(d)|

CKMfitter as input
• Exp. + LQCD calculation of f+

K(0) and f+
S(0) Æ Vcs(d)

8
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FF comparison

2018/10/26 HFCPV2018 15

STCF�
��	� 12

D(S) Semi-Leptonic decays
Semi-leptonic: form facotr (FF)
• Measure |Vcx| x FF
• Charm physics:

• CKM-unitarity Þ | Vcx|, extract FF, test LQCD 
• Input LQCD FF to test CKM-unitarity

Xiao-Rui LYU

BESIII: systematic dominant
STCF: systematic control is challenging

Ref:
赵明刚（南 开） Charmed meson leptonic
and semi-leptonic decays at BESIII
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Cabbibo-supressed D0(+)→π−(0)μ+νμ

2018/10/26 HFCPV2018 16
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Fig. 2: (Color online) Fits to the M2

miss

distributions of
the DT candidates. The dots with error bars are data. The
blue solid, green long dashed, pink dashed, red dotted and
black dot-dashed curves represent the overall fit results, the
SL signals, the BKGI, BKGII and BKGIII components (see
text), respectively.

uncertainties from the di↵erent sources considered are
shown in Table 2. The uncertainty from the ST yield is
taken as 0.5% by examining its relative change between
data and MC simulation by varying the fit range, signal
shape and endpoint of ARGUS function. The e�cien-
cies of µ+ and ⇡
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� events and DT DD̄

hadronic events, respectively. We assign the uncertain-
ties of ⇡� tracking (PID), µ+ tracking (PID) and ⇡

0 re-
construction to be 0.5% (0.5%), 0.5% (0.5%) and 1.0%,
respectively. The uncertainty related to the choice of the
E

extra �

max

requirement is assigned by analyzing the con-
trol sample D
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e
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⌫
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; it is 1.2% (1.7%) for
the D

0(+) decay. The uncertainty associated with the
M

⇡µ

+ requirement is investigated by using the alterna-
tive requirements of 1.65GeV/c2 or 1.75GeV/c2. The
uncertainty due to the K

0

S

veto is estimated by varying
theM

⇡
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D

�
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+) requirement by ±0.01GeV/c2. The
changes to the measured BFs with the di↵erent require-
ments are taken as the systematic uncertainties. The
uncertainties related to the M
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miss

fits are investigated
by varying the fit ranges by ±0.025 (0.050)GeV2

/c

4 for
D

0(+) decays, and with di↵erent parameterizations of sig-
nals, combinatorial and peaking backgrounds. The ef-
fects due to signal shapes are estimated with di↵erent re-
quirements on the MC-truth matched signal shapes. The
relative magnitudes of the dominant combinatorial back-
ground components in BKGIII are varied by ±20%. The
fixed magnitudes of the dominant peaking backgrounds
in BKGII are changed according to the BF uncertainties
[20], the limited MC statistics of background channels,
and the data-MC di↵erences of the rates of misidentifying
K

� as ⇡� and ⇡

+ as µ+. The maximum changes of BFs
are taken as their respective uncertainties. The uncer-
tainties due to limited MC statistics are 0.3% for both de-
cays. The uncertainty related to MC generator assump-
tions is estimated to be 0.3% via comparing the DT e�-
ciencies by varying the quoted vector HFF parameters by

one standard deviation and replacing the nominal scalar
HFF model with the simple pole model [37]. The un-
certainty due to FSR e↵ect is assigned as 0.3%, which is
obtained by comparing the nominal DT e�ciency to that
when the FSR photon probability is changed by ±20%.
The total systematic uncertainty is the quadratic sum of
the individual contributions.

Table 1: ST and DT yields, signal e�ciencies in the M
BC

sig-
nal regions, and the obtained BFs. The numbers in the first
and second brackets are the statistical and systematic uncer-
tainties in the last two digits, respectively. The e�ciencies do
not include B⇡0!�� . See Supplemental Material [38] for tag
dependent numbers.

Mode N0(+)

ST

(⇥104) N0(+)

DT

✏0(+)

⇡µ⌫ (%) BD!⇡µ⌫µ (%)
⇡�µ+⌫µ 232.1(02) 2265(63) 35.82(08) 0.272(08)(06)
⇡0µ+⌫µ 152.2(02) 1335(42) 25.36(07) 0.350(11)(10)

Table 2: Relative systematic uncertainties in BF measure-
ments.

Source (%) B0

⇡µ⌫ B+

⇡µ⌫

ST yields 0.5 0.5
µ+ tracking 0.5 0.5
µ+ PID 0.5 0.5

⇡� tracking 0.5 –
⇡� PID 0.5 –

⇡0 reconstruction – 1.0
Eextra �

max

requirement 1.2 1.7
M⇡µ+ requirement 0.4 0.9

K0

S veto – 0.2
M2

miss

fit 1.6 1.4
MC statistics 0.3 0.3
MC generator 0.3 0.3
FSR e↵ect 0.3 0.3

Total 2.4 2.8
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=
0.964±0.037

stat.
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syst.

. Here, the systematic uncer-
tainties in ST yields, ⇡� tracking and PID, and ⇡

0 recon-
struction cancel, and an additional uncertainty of 0.5%
is included to take into account di↵erent FSR e↵ects for
electron and muon. The measured values of R0(+)

LFU

co-
incide with the SM expectation 0.985 [19] within 1.7�
(0.5�).
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are obtained in the full q

2 (four-
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⌫

µ
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2 dependence of R0(+)
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, we examine BFRs
in di↵erent q
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2 bin is calculated by
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the individual contributions.
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Fig. 2: (Color online) Fits to the M2

miss

distributions of
the DT candidates. The dots with error bars are data. The
blue solid, green long dashed, pink dashed, red dotted and
black dot-dashed curves represent the overall fit results, the
SL signals, the BKGI, BKGII and BKGIII components (see
text), respectively.
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by varying the fit ranges by ±0.025 (0.050)GeV2

/c

4 for
D

0(+) decays, and with di↵erent parameterizations of sig-
nals, combinatorial and peaking backgrounds. The ef-
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tions is estimated to be 0.3% via comparing the DT e�-
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certainty due to FSR e↵ect is assigned as 0.3%, which is
obtained by comparing the nominal DT e�ciency to that
when the FSR photon probability is changed by ±20%.
The total systematic uncertainty is the quadratic sum of
the individual contributions.
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distributions of
the DT candidates. The dots with error bars are data. The
blue solid, green long dashed, pink dashed, red dotted and
black dot-dashed curves represent the overall fit results, the
SL signals, the BKGI, BKGII and BKGIII components (see
text), respectively.
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hadronic events, respectively. We assign the uncertain-
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requirement is assigned by analyzing the con-
trol sample D

0(+) ! ⇡

�(0)

e

+

⌫

e
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tive requirements of 1.65GeV/c2 or 1.75GeV/c2. The
uncertainty due to the K
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fits are investigated
by varying the fit ranges by ±0.025 (0.050)GeV2
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4 for
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0(+) decays, and with di↵erent parameterizations of sig-
nals, combinatorial and peaking backgrounds. The ef-
fects due to signal shapes are estimated with di↵erent re-
quirements on the MC-truth matched signal shapes. The
relative magnitudes of the dominant combinatorial back-
ground components in BKGIII are varied by ±20%. The
fixed magnitudes of the dominant peaking backgrounds
in BKGII are changed according to the BF uncertainties
[20], the limited MC statistics of background channels,
and the data-MC di↵erences of the rates of misidentifying
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� as ⇡� and ⇡

+ as µ+. The maximum changes of BFs
are taken as their respective uncertainties. The uncer-
tainties due to limited MC statistics are 0.3% for both de-
cays. The uncertainty related to MC generator assump-
tions is estimated to be 0.3% via comparing the DT e�-
ciencies by varying the quoted vector HFF parameters by

one standard deviation and replacing the nominal scalar
HFF model with the simple pole model [37]. The un-
certainty due to FSR e↵ect is assigned as 0.3%, which is
obtained by comparing the nominal DT e�ciency to that
when the FSR photon probability is changed by ±20%.
The total systematic uncertainty is the quadratic sum of
the individual contributions.
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electron and muon. The measured values of R0(+)
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incide with the SM expectation 0.985 [19] within 1.7�
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fects due to signal shapes are estimated with di↵erent re-
quirements on the MC-truth matched signal shapes. The
relative magnitudes of the dominant combinatorial back-
ground components in BKGIII are varied by ±20%. The
fixed magnitudes of the dominant peaking backgrounds
in BKGII are changed according to the BF uncertainties
[20], the limited MC statistics of background channels,
and the data-MC di↵erences of the rates of misidentifying
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� as ⇡� and ⇡

+ as µ+. The maximum changes of BFs
are taken as their respective uncertainties. The uncer-
tainties due to limited MC statistics are 0.3% for both de-
cays. The uncertainty related to MC generator assump-
tions is estimated to be 0.3% via comparing the DT e�-
ciencies by varying the quoted vector HFF parameters by

one standard deviation and replacing the nominal scalar
HFF model with the simple pole model [37]. The un-
certainty due to FSR e↵ect is assigned as 0.3%, which is
obtained by comparing the nominal DT e�ciency to that
when the FSR photon probability is changed by ±20%.
The total systematic uncertainty is the quadratic sum of
the individual contributions.
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First observation: D0(+) àa0
+(0) e+v
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BESIII: First observation of D0(+) Æ a0(980)-(0) e+Q
PRL 121, 081802(2018)

To understand the internal structure of a0(980) -- two quark states 

or tetra quark system:
• A prediction for the BF for 𝑫+ → 𝒂𝟎 𝟗𝟖𝟎 𝟎𝒆+𝝂𝒆 is : 𝟓~𝟓. 𝟒(𝟔~𝟖) × 𝟏𝟎−𝟓

for two(tetra) quark description

• A model-independent way to distinguish two different descriptions: R=1(3) 

for two(tetra) quark. (PRD 82, 034016 (2010))

2.9 σ

6.4 σ

BESIII 2.93𝐟𝒃−𝟏@𝛙 𝟑𝟕𝟕𝟎

• Isospin conservation holds

• BESIII results for 𝑫+ → 𝒇𝟎𝒆+𝝂𝒆 ongoing.34
PRL 121, 081802(2018) 



Dayong Wang

D(s) hadronic decays
■ Strong phase measurement with quantum correlated
𝝍’’ →𝑫𝟎𝑫𝟎 is crucial in the model-independent determinations 
of γ and charm mixing/direct CPV. 

■ Probe non-perturbative QCD
◆ Help to understand hadron spectroscopy – Study SU(3) flavor symmetry
◆ Study short and long distance effects 

2018/10/26 HFCPV2018 18

• 𝐃𝐬+ → 𝛚𝛑+: pure W-annihilation process, first evidence by 
CLEO: 𝟐. 𝟏 ± 𝟎. 𝟗 ± 𝟎. 𝟏 × 𝟏𝟎−𝟑 with 𝟔. 𝟎 ± 𝟐. 𝟒 events 

• Q. Qin et al. [PRD 89, 054006] predicts, with Br(𝑫𝒔+ → 𝛚𝝅+) 
as one input:

• 𝐃𝐬+ → 𝛚𝐊+(SCS): CLEO set UL: < 𝟐. 𝟒 × 𝟏𝟎−𝟑@𝟗𝟎% 𝐂. 𝐋.

(without  𝝆 − 𝝎 mixing)

(with  𝝆 − 𝝎 mixing)

70 11 evtsr 38 8 evtsr7.7σ 6.2σ

BESIII Preliminary results:
ℬ Ds+ → ωπ+ = 1.85 ± 0.30stat. ± 0.19syst. × 10−3
ℬ Ds+ → ωK+ = 1.13 ± 0.24stat. ± 0.14syst. × 10−3

𝐁𝐄𝐒𝐈𝐈𝐈 𝑫𝒔+ → 𝝎𝝅+and 𝝎𝑲+

48

First observation
pure W-annihilation process 

• The only kinematic allowed baryonic charm decay mode
• At short-distance level, Br. expected to be ~10-6(chiral suppression 

by the factor (mS/mDs)4)
• Long distance effect may enhance Br: ~10-3  

• First evidence by CLEO-c:                                            (PRL 100, 181802(2008)) 

BESIII: 𝑫𝒔+→ 𝒑 𝒏

> 10 V

Short-distance (~10-6) Long-distance effect

• Weak annihilation process is not 
the driving mechanism

• The hadronization process driven
by non-perturbative dynamics 
determines underlying physics

BESIII preliminary
Statistical error only.
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Amplitude analysis: D0->𝑲−𝝅+𝝅𝟎𝝅𝟎
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Ref:
柯百谦（⾼能所） Charmed meson 
hadronic decays at BESII

BESIII: Amplitude analysis of 
• is reconstructed by 𝑲−𝝅+𝝅𝟎𝝅𝟎 , reconstructed by 𝑲+ 𝝅−

• 5950 events with purity ~99%,used for amplitude analysis.

First measurement
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D+ → γe+νe search at BESIII
■ Double Tag analysis with

2.9fb-1 @3.773GeV
■ pi0 e v background

normalization with
dedicate DT analysis
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the inclusive DD̄ MC samples, in which both D mesons
decay inclusively, indicates that there are no significant
backgrounds which peak in MBC.

B. Double-tag event selection and yields

We search for the signal Dþ → γeþνe in the remaining
charged tracks and showers recoiling against the ST D−

candidates. Exactly one good remaining charged track is
required, with charge opposite to that of the ST D−. The
track must be identified as an electron by combining the
information from dE=dx, TOF and the EMC. The PID L
is required to satisfy LðeÞ > 0 and LðeÞ=ðLðeÞ þ LðπÞþ
LðKÞÞ > 0.8. There must be at least one remaining photon
to be selected as the candidate radiative photon. The
selection criteria of good photons are the same with those
for the ST side; in the case of multiple candidates, the
highest energy photon is used. However, we reject events in
which any pair of photons satisfies χ2 < 20 in the π0 1C
kinematic fit. To improve the degraded momentum resolu-
tion of the electron due to FSR and bremsstrahlung, the
energy of neighboring photons, presumably due to FSR, is
added back to electron candidates. Specifically, photonswith
energy greater than 50 MeVand within a cone of 5° around
the electron direction (but excluding the radiative one) are
included. To suppress the background Dþ → K0

Le
þνe, the

radiative photon is further required to have a lateral moment
[27] within the range (0.0, 0.3). This lateral moment, which
describes the shape of electromagnetic showers, is found in
MC event studies to peak around 0.15 for photons but to vary
broadly from 0 to 0.85 for K0

L candidates.
In the selection of DT events, the undetected neutrino is

inferred by studying the missing energy, Emiss, and missing
momentum, ~pmiss, which are defined as

Emiss ≡ Ebeam − Eγ − Ee; ð4Þ

and

~pmiss ≡ −
h
~pγ þ ~pe þ p̂ST

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E2
beam=c

2 −m2
D−c2

q i
; ð5Þ

in the rest frame of eþe− system. Here, Eγ (Ee) and ~pγ (~pe)
are the energy and momentum of the radiative photon
(electron), respectively, andmD− is the nominal mass of the
D− meson [21]. In calculating ~pmiss, only the direction
vector of the ST D− candidate, p̂ST, is used; the corre-
sponding magnitude of momentum is fixed. The variable
Umiss is then defined as

Umiss ≡ Emiss − j~pmissjc: ð6Þ

The distribution of Umiss for the surviving DT candidates is
illustrated in Fig. 2; the Dþ → γeþνe signals should peak
around zero, as shown with the dotted curve.
By studying the MC simulation samples, the background

from the semileptonic decayDþ → π0eþνe is found to have
a nontrivial shape in Umiss. Therefore, we study the Dþ →
π0eþνe backgrounds exclusively by selecting a control
sample in data with exactly the same selection criteria for
the STevents and electron candidates used in the selection of
signal events. The π0 candidates are reconstructed from two
photons with a 1C kinematic fit constraining their mass to
the π0 nominal value and having a fit χ2 < 20.We extract the
yield of the control sample Dþ → π0eþνe, Nπ0

DT, by fitting
the corresponding Umiss distribution. The expected number
of background Dþ → π0eþνe in the selection of signal
Dþ → γeþνe, N

exp
π0

, is calculated with

Nexp
π0 ¼ Nπ0

DT
P

i
Ni

ST
εiST

εiDT;π0

X

i

Ni
ST

εiST
εi;γDT;π0 ; ð7Þ
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FIG. 1. The MBC distributions for the six tag modes. Dots with
error bars are data. The blue solid lines show the overall fit curves
and the red dashed lines are for the background contributions.
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FIG. 2. The Umiss distribution. Dots with error bars are data, the
red solid-line histogram shows the overall fit curve, the blue
dashed-line histogram shows the background Dþ → π0eþνe, and
the green shaded histogram includes all other background. The
black dotted line shows the signal MC simulation normalized to
the branching fraction BðDþ → γeþνeÞ ¼ 100 × 10−5.
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which takes into account the effects of both systematic and
statistical uncertainties. We obtain a smooth probability
density function (PDF) from the data sample using the
kernel estimation method [30]. A large number of toy MC
samples are generated according to the smooth PDF, while
the number of events in each MC sample is allowed to
fluctuate with a Poisson distribution according to the yield
found in the fit to the data sample. The same fit procedure
used for data is applied to each toy MC sample, while
randomly making systematic variations in the fit procedure,
as described in the previous section. In the calculation of
the branching fraction BðDþ → γeþνeÞ for the toy MC
sample, the DT efficiencies are varied randomly according
to the detection efficiency uncertainties (5.8%), and the
ST yields and the corresponding efficiencies are varied
randomly according to the statistical uncertainty due to the
size of data and MC samples. The resultant distribution of
BðDþ → γeþνeÞ for all toy MC samples is shown in
Fig. 3. By integrating up to 90% of the area in the physical
region BðDþ → γeþνeÞ ≥ 0, we obtain an upper limit
at the 90% C.L. for the branching fraction as
BðDþ → γeþνeÞ < 3.0 × 10−5.

VI. SUMMARY

In summary, we present the first search for the radiative
leptonic decay Dþ → γeþνe in the charm sector based on a
DT method using a data sample of 2.93 fb−1 collected with
the BESIII detector at a center-of-mass energyffiffiffi
s

p
¼ 3.773 GeV. No significant Dþ → γeþνe signal is

observed. With a 10 MeV cutoff on the radiative photon
energy, the upper limit of the decay branching fraction
for Dþ → γeþνe is BðDþ → γeþνeÞ < 3.0 × 10−5 at the
90% C.L. The result approaches the theoretical predictions
in Refs. [12,13]; more data may help to discriminate among
the full suite of theoretical models.
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where εiDT;π0 is the DT efficiency ofDþ → π0eþνe, ε
i;γ
DT;π0 is

the rate of misidentifyingDþ → π0eþνe asDþ → γeþνe for
the tag mode i, individually. The values of the corresponding
efficiencies are summarized in Table II. We find Nπ0

DT ¼
3016# 68 and Nexp

π0
¼ 612# 14, respectively, where the

errors are statistical only.
An extended unbinned maximum likelihood fit is per-

formed on the finalUmiss distribution as shown in Fig. 2. The
signal shape is derived from the simulated Dþ → γeþνe
events convoluted with a Gaussian function to compensate
for resolution differences between data and MC simulation.
The parameters of this Gaussian smearing function are
extracted according to the discrepancy in resolution between
data andMCsimulation in the control sampleDþ → π0eþνe,
and are fixed in the fit. The shape of the background Dþ →
π0eþνe is extracted from the simulated Dþ → π0eþνe
sample, and is normalized toNexp

π0 . For the other background
components, the shape from the inclusive MC sample
(excluding the contribution from Dþ → π0eþνe) is adopted
and the yield is determined in the fit. We obtain a signal yield
of NDT ¼ −21# 23, and the resulting branching fraction is
BðDþ → γeþνeÞ ¼ ð−2.5# 2.7Þ × 10−5, where the uncer-
tainties are statistical only. Since no obvious signal is
observed, an upper limit at the 90% C.L. on the branching
fraction of Dþ → γeþνe will be set below after taking into
account the effects of statistical and systematic uncertainties.

IV. SYSTEMATIC UNCERTAINTIES

The systematic uncertainties in the selection of the ST
candidates are assumed to largely cancel, with any residual
effects being negligible. Other systematic uncertainties,
related to the detection efficiencies, are summarized in
Table III. To evaluate the systematic uncertainty related to
the model of the decay dynamics, an alternative signal MC
sample based on the single-pole model [1,12] is produced,
and the resultant difference in the detection efficiency with
respect to the nominal value, 3.5%, is assigned as the

systematic uncertainty. The uncertainties of electron
tracking and PID are estimated to be 0.5% and 0.5%,
respectively, by studying a control sample of radiative
Bhabha scattering events. The uncertainty in photon
reconstruction is assigned as 1.0%, based on a study of
double-tagged D0 → KSπ0 events [28]. The uncertainty
related with the lateral moment requirement for the photon
is estimated to be 4.4% by studying a photon control
sample from radiative Bhabha scattering events. The
quadratic sum of the above systematic uncertainties, related
to detection efficiency, is 5.8%.
The systematic uncertainty associated with the estimated

number of background Dþ → π0eþνe events includes a
statistical uncertainty on the size of the DT control sample
(Dþ → π0eþνe) of 2.3%, and relative uncertainties on the
detection efficiency relative to signal of 1.0% for the π0 1C
kinematic fit and 1.0% for the extra photon with respect to
the signal. Adding in quadrature, the total uncertainty of the
background Dþ → π0eþνe rate is 2.7%. Note this value is
not the direct fractional change in the branching fraction of
Dþ → γeþνe; it is the fluctuation of background Dþ →
π0eþνe and will be considered along with other effects
from the fit procedure.
Various sources of systematic uncertainties in the fit

procedure are considered: (a) fits are redone with the fitting
range being as ð−0.15; 0.25Þ GeV or ð−0.20; 0.25Þ GeV,
(b) the mean and width of the smearing Gaussian function
for the signal shape are varied according to the correspond-
ing uncertainties obtained from the control sample
Dþ → π0eþνe, (c) the number of the background Dþ →
π0eþνe is varied according its uncertainty (2.7%), and
(d) the shape derived from the inclusive MC sample is
replaced by a second-order polynomial function to describe
the other backgrounds excluding Dþ → π0eþνe. All of
these fitting procedure effects are accounted for within the
upper limit evaluation described next.

V. THE UPPER LIMIT ON THE BRANCHING
FRACTION

To set the upper limit on the decay branching fraction
BðDþ → γeþνeÞ, we follow the method in Refs. [28,29]

TABLE III. Systematic uncertainties related to detection effi-
ciencies in the branching fraction measurement.

Source Relative uncertainty (%)

Signal MC model 3.5
eþ tracking 0.5
eþ PID 0.5
γ reconstruction 1.0
Lateral moment 4.4
π0eþνe backgrounds 2.7a

aNote that this value is a fractional change in the π0eþνe rate,
not in the branching fraction of Dþ → γeþνe.

TABLE II. Summaries of the DT efficiencies of Dþ → γeþνe
(εiDT) and Dþ → π0eþνe (εiDT;π0 ), and the rates of misidentifying

Dþ → π0eþνe as Dþ → γeþνe (εi;γDT;π0 ), where the branching
fraction of K0

S → πþπ− and π0 → γγ are not included. The
uncertainties are MC statistical only.

Tag mode εiDT (%) εiDT;π0 (%) εi;γDT;π0 (%)

Kþπ−π− 27.09# 0.11 27.93# 0.14 5.32# 0.07

Kþπ−π−π0 14.28# 0.08 13.79# 0.11 3.05# 0.05

K0
Sπ

− 28.97# 0.10 30.23# 0.14 5.87# 0.07

K0
Sπ

−π0 15.62# 0.08 15.17# 0.11 3.29# 0.06

K0
Sπ

þπ−π− 17.86# 0.09 17.55# 0.12 3.72# 0.06

KþK−π− 21.12# 0.10 22.28# 0.13 4.19# 0.06
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the inclusive DD̄ MC samples, in which both D mesons
decay inclusively, indicates that there are no significant
backgrounds which peak in MBC.

B. Double-tag event selection and yields

We search for the signal Dþ → γeþνe in the remaining
charged tracks and showers recoiling against the ST D−

candidates. Exactly one good remaining charged track is
required, with charge opposite to that of the ST D−. The
track must be identified as an electron by combining the
information from dE=dx, TOF and the EMC. The PID L
is required to satisfy LðeÞ > 0 and LðeÞ=ðLðeÞ þ LðπÞþ
LðKÞÞ > 0.8. There must be at least one remaining photon
to be selected as the candidate radiative photon. The
selection criteria of good photons are the same with those
for the ST side; in the case of multiple candidates, the
highest energy photon is used. However, we reject events in
which any pair of photons satisfies χ2 < 20 in the π0 1C
kinematic fit. To improve the degraded momentum resolu-
tion of the electron due to FSR and bremsstrahlung, the
energy of neighboring photons, presumably due to FSR, is
added back to electron candidates. Specifically, photonswith
energy greater than 50 MeVand within a cone of 5° around
the electron direction (but excluding the radiative one) are
included. To suppress the background Dþ → K0

Le
þνe, the

radiative photon is further required to have a lateral moment
[27] within the range (0.0, 0.3). This lateral moment, which
describes the shape of electromagnetic showers, is found in
MC event studies to peak around 0.15 for photons but to vary
broadly from 0 to 0.85 for K0

L candidates.
In the selection of DT events, the undetected neutrino is

inferred by studying the missing energy, Emiss, and missing
momentum, ~pmiss, which are defined as

Emiss ≡ Ebeam − Eγ − Ee; ð4Þ

and

~pmiss ≡ −
h
~pγ þ ~pe þ p̂ST

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E2
beam=c

2 −m2
D−c2

q i
; ð5Þ

in the rest frame of eþe− system. Here, Eγ (Ee) and ~pγ (~pe)
are the energy and momentum of the radiative photon
(electron), respectively, andmD− is the nominal mass of the
D− meson [21]. In calculating ~pmiss, only the direction
vector of the ST D− candidate, p̂ST, is used; the corre-
sponding magnitude of momentum is fixed. The variable
Umiss is then defined as

Umiss ≡ Emiss − j~pmissjc: ð6Þ

The distribution of Umiss for the surviving DT candidates is
illustrated in Fig. 2; the Dþ → γeþνe signals should peak
around zero, as shown with the dotted curve.
By studying the MC simulation samples, the background

from the semileptonic decayDþ → π0eþνe is found to have
a nontrivial shape in Umiss. Therefore, we study the Dþ →
π0eþνe backgrounds exclusively by selecting a control
sample in data with exactly the same selection criteria for
the STevents and electron candidates used in the selection of
signal events. The π0 candidates are reconstructed from two
photons with a 1C kinematic fit constraining their mass to
the π0 nominal value and having a fit χ2 < 20.We extract the
yield of the control sample Dþ → π0eþνe, Nπ0

DT, by fitting
the corresponding Umiss distribution. The expected number
of background Dþ → π0eþνe in the selection of signal
Dþ → γeþνe, N

exp
π0

, is calculated with

Nexp
π0 ¼ Nπ0

DT
P

i
Ni

ST
εiST

εiDT;π0

X

i
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ST

εiST
εi;γDT;π0 ; ð7Þ
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FIG. 1. The MBC distributions for the six tag modes. Dots with
error bars are data. The blue solid lines show the overall fit curves
and the red dashed lines are for the background contributions.
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FIG. 2. The Umiss distribution. Dots with error bars are data, the
red solid-line histogram shows the overall fit curve, the blue
dashed-line histogram shows the background Dþ → π0eþνe, and
the green shaded histogram includes all other background. The
black dotted line shows the signal MC simulation normalized to
the branching fraction BðDþ → γeþνeÞ ¼ 100 × 10−5.
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D→h(h’)ee search

■ With double tag technique at threshold,
both D0 and D+ FCNC are studied.

■ UL for D+ 4-track events are provided for 1st

time
■ other FCNC upper limits are greatly

improved
■ divide the M(ee) distribution into 3 regions 

for Kpiee to help separate LD effect
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L ¼ Pðnobs; ntag · B · εsig þ nbkg1 þ nbkg2Þ
· Gðεsig; εMC

sig ; ε
MC
sig · σMC

ε Þ

· PðnSBbkg1; nbkg1 · fÞ · Gðnbkg2; nMC
bkg2; σ

MC
bkg2Þ: ð2Þ

Based on the Bayesian method, we use the
likelihood distribution as a function of the signal BF B,
with variations of the other parameters nbkg1, nbkg2, and εsig,
as the probability function. Note that the STyields, ntag, are
taken as the truth ones, as their uncertainties are negligible.
The resultant likelihood distributions for all the signal

modes are shown in Fig. 3, and the ULs on the signal BFs
at the 90% CL are estimated by integrating the likelihood
curves in the physical region of B ≥ 0. For D0 →
K−πþeþe−, the BF is determined to be ð2.5% 1.1Þ ×
10−5 with a significance of 2.6σ, where the uncertainty
includes the statistical and systematic ones. Reference [4]
predicts the BF of D0 → K−πþeþe−, which is dominated
by the LD bremsstrahlung and (virtual) resonance-decay
contributions in the lower and upper regions, respectively,
to exceed 0.99 × 10−5 in the lowerMeþe− region, adding up
to 1.6 × 10−5 in the whole region. Therefore, we divide the
Meþe− distribution into three regions and determine the BFs
in the individual regions. All these results are listed in
Table V, and are all within the SM predictions.

VI. SUMMARY

To summarize, searches for Dþ and D0 decays into
hðhð0ÞÞeþe− final states are performed, based on the DT
analysis of a eþe− collision sample of 2.93 fb−1 taken atffiffiffi
s

p
¼ 3.773 GeV with the BESIII detector. No evident
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FIG. 3. Likelihood curves as a function of the signal BFs. The arrows point to the position of the ULs at the 90% CL.

TABLE V. Results of the ULs on the BFs for the investigated
rare decays at the 90% CL, and the corresponding results in the
PDG. Also listed are the results of the BFs in the different Meþe−

regions for D0 → K−πþeþe−. The uncertainties include both
statistical and systematic ones.

Signal decays B (×10−5) PDG [9] (×10−5)

Dþ → πþπ0eþe− <1.4 & & &
Dþ → Kþπ0eþe− <1.5 & & &
Dþ → K0

Sπ
þeþe− <2.6 & & &

Dþ → K0
SK

þeþe− <1.1 & & &
D0 → K−Kþeþe− <1.1 <31.5
D0 → πþπ−eþe− <0.7 <37.3
D0 → K−πþeþe−† <4.1 <38.5
D0 → π0eþe− <0.4 <4.5
D0 → ηeþe− <0.3 <11

D0 → ωeþe− <0.6 <18

D0 → K0
Se

þe− <1.2 <11
† in Meþe− regions:
½0.00; 0.20Þ GeV=c2 <3.0 (1.5þ1.0

−0.9 ) & & &
½0.20; 0.65Þ GeV=c2 <0.7 & & &
½0.65; 0.90Þ GeV=c2 <1.9 (1.0þ0.5

−0.4 ) & & &
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is required to be within 3σ of the nominal value, as listed in
Table II, and only the combination with the smallest jΔEsigj
is kept. The Msig

BC distributions of the surviving events are
shown in Fig. 2, where no significant excess over the
expected backgrounds is observed. The number of remain-
ing signal candidates, nobs, is counted in the Msig

BC signal
regions and listed in Table II. The corresponding DT
detection efficiencies and the average signal efficiencies
εsig over different ST modes are given in Table III. The BFs
of the rare decays will be determined by subtracting the
background contributions.
The backgrounds are separated into two categories:

events with a wrong ST candidate, and events with a
correct ST but wrong signal candidate, which dominantly
originate from the γ-conversion process. The former
background can be estimated with the surviving events
in the ST sideband (SB) region of Mtag

BC distribution, which
is defined as ð1.830; 1.855Þ GeV=c2 for D̄0 decays and
ð1.830; 1.860Þ GeV=c2 for D− decays. The corresponding
number of wrong-ST background events, nbkg1, is esti-
mated with the number of events in the SB region (nSBbkg1)
normalized by a scale factor f, which is the ratio of the
integrated numbers of background events in the signal and
SB regions. The scale factor f is found to be 0.466# 0.001
for the Dþ decays and 0.611# 0.001 for the D0 decays,
respectively, where the uncertainty is statistical only. The

wrong-ST background is expected to follow a Poisson (P)
distribution with central value of nbkg1 · f. The background
from misreconstructed signal is estimated with the DþD−

andD0D̄0 events in the inclusiveMC samples by subtracting
thewrongSTevents, and the correspondingnumber of events
is expected to follow aGaussian distribution (G), with central
value nMC

bkg2 and standard deviation σMC
bkg2. The relevant

numbers are summarized in Table II.

IV. SYSTEMATIC UNCERTAINTIES

With the DT technique, the systematic uncertainties in
the BF measurements due to the detection and recon-
struction of the ST D̄ mesons mostly cancel, as shown in
Eq. (1). For the signal side, the following sources of
systematic uncertainties, as summarized in Table IV, are
considered. All of these contributions are added in quad-
rature to obtain the total systematic uncertainties.
The uncertainties of tracking and PID efficiencies forK#

and π# are studied with control samples of DD̄ favored
hadronic modes [22]. We assign an uncertainty of 1.0% per
track for the tracking and 0.5% for the PID uncertainties.
The tracking and PID efficiency for e# detection is studied
using radiative Bhabha events, and the corresponding
systematic uncertainty is evaluated by weighting according
to the cos θ and transverse momentum distributions of
the e# tracks. The uncertainties for π0, η and K0
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FIG. 2. Distributions ofMsig
BC for the signal modes after applying all selection criteria. The solid histograms are data, the hatched ones

are the events in the inclusive MC samples scaled to the luminosity of data, the hollow ones are the SB events in the ST Mtag
BC

distributions, and the dashed lines denote the signal regions. The inset shows the Meþe− distribution for D0 → K−πþeþe−, which is
divided into three regions, ½0.00; 0.20Þ, ½0.20; 0.65Þ and ½0.65; 0.90& GeV=c2, distinguished by the dot-dashed lines.
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FIG. 1: (Color online) Distribution of the D
∗+
s recoil mass of the

events from data (black dots) and inclusive MC sample (green his-
togram), which is normalized according to the integrated luminosi-
ty. The red curve shows the same distribution for D∗+

s D
∗
s0(2317)

−

events from MC simulation.

since they have an identical D∗

s0(2317)
− compared to the sig-

nal process D∗+
s D∗

s0(2317)
−.

The process e+e− → D∗+
s D∗

s0(2317)
− → D∗+

s π0D−

s is
studied via a further π0 reconstruction with two photons from
the remaining showers in the EMC and D−

s as missing par-
ticle. If there are more than two photons, all combinations
of γγD∗+

s are subjected to a 4C kinematic fit with mass con-
straints on the D+

s , D∗+
s , π0 candidates and a missing D−

s ,
requiring the χ2

4C to be less than 36.

The requirements on ∆MK+K−π+ , ∆MγK+K−π+ , χ2
2C

and χ2
4C are optimized with MC samples to obtain the

best statistical precision of B(D∗

s0(2317)
− → π0D−

s ).
The D∗+

s D∗

s0(2317)
− signal is generated by assuming

B(D∗

s0(2317)
− → π0D−

s ) = 0.9 and B(D∗

s0(2317)
− →

γD∗−

s ) = 0.1 and normalized according to the number of
signal events from data. The background is taken from a toy
MC sample generated by fitting the recoil mass distribution
of D∗+

s from data. The MC samples are analyzed with the
same procedure as for data to obtain the branching fraction
B(D∗

s0(2317)
− → π0D−

s ). The requirements yielding the
smallest relative statistical uncertainty are used in this analy-
sis.

The e+e− → D∗+
s D∗

s0(2317)
− events are divided in two

subcategories: “π0-tag succeeded” if at least one π0 is tagged
and the event passed the 4C kinematic fit, and “π0-tag failed”
for the other events. The recoil mass distributions of the
D∗+

s from the 2C kinematic fit of these two subcategories are
shown in Fig. 2. These distributions are fitted simultaneously
to measure the branching fraction of D∗

s0(2317)
− → π0D−

s .

The real D∗

s0(2317)
− → π0D−

s signal events could be cat-
egorized into both subsamples since the detection efficiency
for π0 is 43.4%. On the other hand, potential background
events, such as D∗

s0(2317)
− → γD∗−

s or other decay chan-
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FIG. 2: (Color online) Fit result for data at 4.6 GeV for the two
subsamples, “π0-tag succeeded” (top) and “π0-tag failed” (bottom).
The red dotted and green dashed curves show the fit results for signal
and background, respectively, while the blue curve shows their sum.

nels, could be reconstructed in the “π0-tag succeeded” sample
too. Therefore, the number of D∗

s0(2317)
− signal events in

the “π0-tag succeeded” subsample, N0, is expressed as

N0 = Ntot/ϵtot · B · ϵsig +Ntot/ϵtot · (1− B) · ϵbkg, (1)

where the first and the second terms represent the contribu-
tions from D∗

s0(2317)
− → π0D−

s (with a branching fraction
of B) and from the other D∗

s0(2317)
− decay mode (with a

branching fraction of 1 − B), respectively. Here the other
decay mode means the potential peaking background mode
D∗

s0(2317)
− → γD∗−

s , which is expected to be the dominant
mode besides π0D−

s , and any other decay modes are consid-
ered in the systematic uncertainty. The Ntot is the number
of D∗

s0(2317)
− signal events in the full sample (the sum of

“π0-tag succeeded” and “π0-tag failed” events), ϵtot is the
corresponding detection efficiency for the reconstructed D∗+

s ,
Ntot/ϵtot is the number of producedD∗+

s D∗

s0(2317)
− events,

ϵsig is the detection efficiency for D∗

s0(2317)
− → π0D−

s

events being reconstructed in the “π0-tag succeeded” sample
including the branching fraction of π0 → γγ [5], and ϵbkg is
the efficiency for non-(D∗

s0(2317)
− → π0D−

s ) events to be
reconstructed in the “π0-tag succeeded” sample. The efficien-
cies ϵtot, ϵsig and ϵbkg are obtained from MC simulations, and
are 40.0%, 17.2%, and 5.8%, respectively.

From Eq. (1), we derive the absolute branching fraction
B(D∗

s0(2317)
− → π0D−

s ) as

B =
N0 −Ntot/ϵtot · ϵbkg
Ntot/ϵtot · (ϵsig − ϵbkg)

, (2)

where the branching fraction B and Ntot are the free parame-
ters in a simultaneous fit to the recoil mass distributions of the
D∗+

s in Fig. 2, and N0 is calculated using Eq. (1).
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5.8σ

M=(2318.3 ± 1.2 ± 1.2) MeV/c2

BF=1.00+0.00 ± 0.14 

differs from the expectation of the 
conventional c ̄s hypothesis of the 
Ds0(2317)- but agrees well with the 
calculation in the molecule picture 
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The process e+e− → D
∗+
s D

∗
s0(2317)

−+c.c. is observed for the first time with the data sample of 567 pb−1

collected with the BESIII detector operating at the BEPCII collider at a center-of-mass energy
√
s = 4.6 GeV.

The statistical significance of the D
∗
s0(2317)

± signal is 5.8σ and the mass is measured to be (2318.3 ± 1.2 ±
1.2) MeV/c2. The absolute branching fraction B(D∗

s0(2317)
± → π

0
D

±
s ) is measured as 1.00+0.00

−0.14 ± 0.14 for
the first time. The uncertainties are statistical and systematic, respectively.

PACS numbers: 13.25.Ft, 13.66.Bc, 14.40.Lb, 14.40.Rt.

The D∗

s0(2317)
− meson was first observed at the BABAR

experiment via its decay to π0D−

s [1, 2]; it was subsequently
confirmed at the CLEO [3] and Belle [4] experiments. The
D∗

s0(2317)
− meson is suggested to be the P -wave c̄s state

4.6GeV data 567pb-1
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Recent Λc decay results
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� Measurement of B[/c
+Æ/X]� Evidence of /c

+Æph, and 
search for /c

+ÆpS0

PRD95(2017)111102
arXiv:1805.09060PRL121(2018)062003

� Measurement of B[/c
+ÆeX]

PDG: B[/c
+Æ/X]=(35r11)%

This implies 1/3 /c
+Æ /X 

decay BFs are still to be 
unmeasured

Important to calibrate the 
CF amplitude in charmed 
baryon sector, and guide 
experimental searches.

PDG: B[/c
+Æ/X]=(4.5r1.7)%

Test effective quark model 
calculation, and guide 
experimental searches.

BESIII: /c measurements

55Ref: 潘 越（中科⼤）

𝛬c→	𝛯(*)0 𝐾+
PLB783, 200 (2018) 
W-change only

Sep. 15, 2018, Ji'Nan

W-exchange-only process  Λ†" → Ξ	(∗)9K"

42

6.4σ10.3σ

PLB783, 200 (2018)

• First absolute measurement
of the decay BF

• No models can accommodate
the both rates
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Hadron Landscape at BESIII

2018/10/26 HFCPV2018 24

BESIII

Hadron Landscape

Hadron-physics challenges:
l Understanding of 

established states:
precision spectroscopy

l Nature of exotic states:
search and spectroscopy of 
unexpected states

At BESIII, two golden measures to study hadron spectroscopy, esp., to search for exotics
• Light hadrons: charmonium radiative decays (act as spin filter)
• Heavy hadrons: direct production, radiative and hadronic transitions

Sep. 15, 2018, Ji'Nan 10

p Understanding of 
established states: 
precision spectroscopy

p Nature of exotic states: 
search and spectroscopy 
of unexpected states 
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𝑿(𝒑𝒑T) and X(1835)
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η(1405)/η(1475)
Ø η(1405)/η(1475) are two different states or one 0-+ state in different decay modes?

l MARK III reported two states mixture in the 1400 MeV/c2 region for the first time in the PWA of
𝐽/𝜓 → 𝛾𝐾VW𝐾±𝜋∓.

l Confirmed by Crystall Barrel and Obelix

l No observation by L3 on η(1405). Both states not found by CLEO

ü Described by 𝑎W(980)𝜋 and 𝐾∗𝐾 amplitudes [Phys. Rev. Lett. 65, 2507 (1990)] 
[Phys. Lett. B 545, 261 (2002)] 

ü First observation of η(1405)→f0(980)π0 by BESIII in J/ψ→γ3π decay with a narrow resonance f0(980)
and isospin violation. [PRL 108, 182001 (2012)] 

According to triangle singularity, the shift of the peak
positions in different channels occurs via the intermediate
𝐾∗𝐾] + 𝑐. 𝑐 rescattering [PRL 108, 081803 (2012)] 

η(1405) and η(1475)
could be one state
appeared as different line
shape in different channel



Dayong Wang2018/10/26 HFCPV2018 27

Ø Two resonance structures corresponding to η(1475) and X(1835)
mass positions are observed in the ϕ yield versus M(γϕ) data

Ø Γ(η(1405/1475)→γρ):Γ(η(1405/1475)→γϕ) is slightly larger
than the prediction of 3.8:1 in PRD 87, 014023 (2013) for the
case of a single pseudoscalar state.

Ø Interpretation of η(1475)/X(1835)→γϕ

η(1475)
13.5σ X(1835

)
6.3σ

f1(1285)
< 5σ

Solution1: constructive interference

Solution II: destructive interference

ü Angular distributions are in favor of 0-+

ü Measured M and Γ are consistent with η(1475) and X(1835)

ü Sizable 𝑠𝑠̅ component
ü η(1475) could be a radial excitation of the η´, if η(1405) and
η(1475) are different states [PRD 70, 114033 (2013)]

Observation of η(1475) and X(1835) 
in J/ψ→γγϕ

Phys. Rev. D 97, 051101(R) (2018) 
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Figure 2. (color online) Fits to the Mηπ0 spectra of the
J/ψ → φηπ0 for destructive (upper) and constructive (lower)
interference in the decay η → γγ (left) and η → π+π−π0

(right), respectively. The dots with error bars represent the
data, the (black) solid curves represent the total fit results, the
(red) dashed curves represent the mixing signals, the (pink)
dashed curves represent the J/ψ → φa0

0(980) EM processes,
the (light-blue) dotted curves represent the interference terms,
the (dark-red) long-dashed lines represent the sum of a0

0(980)
signals, the (blue) solid curves show the η′ peaking back-
grounds, and the (blue) dot-dashed curves represent the con-
tinuum backgrounds.

from the η′ decays are included with shapes and mag-
nitudes fixed to values estimated from the MC simu-
lation. Two solutions (denoted as solution I and solu-
tion II for the destructive and constructive interferences,
respectively) with different relative phase angles ϕ but
equal fit qualities are found. The statistical significances
of the f0(980)→a00(980) mixing signal and that of the
J/ψ → φa00(980) EM process are 7.4σ and 4.6σ, respec-
tively, estimated by the changes of likelihood values be-
tween the fits with and without the mixing signal or EM
process included. The resulting fit curves are shown in
Fig. 2, and the signal yields are summarized in Table I.

For the decay ψ(3686) → γχc1, χc1 → π0π+π−, the
candidate events are required to have two identified pi-
ons with opposite charge and at least three photons.
A 4C kinematic fit is performed for the π+π−γγγ hy-
pothesis. For events with more than three photons,
the combination with the smallest χ2

4C is retained, and
χ2
4C < 20 is required. To reject the background events

with two or four photons in the final states, the two
requirements χ2

4C(π
+π−γγγ) < χ2

4C(π
+π−γγγγ) and

χ2
4C(π

+π−γγγ) < χ2
4C(π

+π−γγ) are imposed. The π0

candidate is reconstructed using the two-photon combi-
nation with invariant mass closest to mπ0 , and the same

mass window is applied.
After applying the above requirements, the scatter plot

of Mπ+π−π0 versus Mπ+π− is shown in Fig. 3(a). A
prominent cluster of χc1 → π0f0(980) events is observed.
The Mπ+π− projection with the χc1 mass requirement of
|Mπ+π−π0 − mχc1 | < 20 MeV/c2 is shown in Fig. 3(b).
The width of the f0(980) signal appears significantly nar-
rower than the world average value [6]. The events from
the χc1 sideband region (3.43< Mπ+π−π0 <3.47 GeV/c2)
and the inclusive MC sample are used to estimate the
background shape, shown as the shaded histogram in
Fig. 3(b), which is found to be flat in the Mπ+π− dis-
tributions.
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Figure 3. (color online) (a) Scatter plot of Mπ+π−π0 versus
Mπ+π− for the χc1 → π+π−π0 decay and (b) fit to Mπ+π−

spectrum for the χc1 → π+π−π0 in the χc1 signal region.
The dots with error bars are the data, the solid curve rep-
resents the fit result, the dashed curve represents the mixing
signal, and the shaded histogram represents the normalized
background from the χc1 sideband.

To determine the yield of the a00(980)→f0(980) mixing
signal in the χc1 → π+π−π0 decay, an unbinned maxi-
mum likelihood fit is performed to the Mπ+π− spectrum
in [0.70, 1.25] GeV/c2. In the fit, the a00(980)→f0(980)
mixing signal and χc1 → π0f0(980) → π+π−π0 EM
process are described in the same fashion as in Eq.(3),
and the background shape is described by a second-
order Chebyshev polynomial function. The fit result is
illustrated in Fig. 3(b), and the signal yields are sum-
marized in Table I. The statistical significances of the
mixing signal and the EM process are estimated to be
5.5σ and 0.2σ, respectively. The interference effect be-
tween the mixing signal and EM process is weak enough
to be neglected. The direct contribution from the EM
process comes out to be negligible, and it is also ig-
nored in the nominal fit. With the extracted signal
yields, the branching fractions of the mixing processes
J/ψ → φf0(980) → φa00(980) → φηπ0, ψ(3686) →
γχc1 → γπ0a00(980) → γπ0f0(980) → γπ+π−π0 and the
EM process J/ψ → φa00(980) → φηπ0, as well as the mix-
ing intensities ξfa and ξaf , are calculated as summarized
in Table II, where the normalization branching fractions
are taken from the PDG [6].
The systematic uncertainty for the branching fraction

measurement mainly comes from uncertainties in the
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Figure 2. (color online) Fits to the Mηπ0 spectra of the
J/ψ → φηπ0 for destructive (upper) and constructive (lower)
interference in the decay η → γγ (left) and η → π+π−π0

(right), respectively. The dots with error bars represent the
data, the (black) solid curves represent the total fit results, the
(red) dashed curves represent the mixing signals, the (pink)
dashed curves represent the J/ψ → φa0

0(980) EM processes,
the (light-blue) dotted curves represent the interference terms,
the (dark-red) long-dashed lines represent the sum of a0

0(980)
signals, the (blue) solid curves show the η′ peaking back-
grounds, and the (blue) dot-dashed curves represent the con-
tinuum backgrounds.

from the η′ decays are included with shapes and mag-
nitudes fixed to values estimated from the MC simu-
lation. Two solutions (denoted as solution I and solu-
tion II for the destructive and constructive interferences,
respectively) with different relative phase angles ϕ but
equal fit qualities are found. The statistical significances
of the f0(980)→a00(980) mixing signal and that of the
J/ψ → φa00(980) EM process are 7.4σ and 4.6σ, respec-
tively, estimated by the changes of likelihood values be-
tween the fits with and without the mixing signal or EM
process included. The resulting fit curves are shown in
Fig. 2, and the signal yields are summarized in Table I.

For the decay ψ(3686) → γχc1, χc1 → π0π+π−, the
candidate events are required to have two identified pi-
ons with opposite charge and at least three photons.
A 4C kinematic fit is performed for the π+π−γγγ hy-
pothesis. For events with more than three photons,
the combination with the smallest χ2

4C is retained, and
χ2
4C < 20 is required. To reject the background events

with two or four photons in the final states, the two
requirements χ2

4C(π
+π−γγγ) < χ2

4C(π
+π−γγγγ) and

χ2
4C(π

+π−γγγ) < χ2
4C(π

+π−γγ) are imposed. The π0

candidate is reconstructed using the two-photon combi-
nation with invariant mass closest to mπ0 , and the same

mass window is applied.
After applying the above requirements, the scatter plot

of Mπ+π−π0 versus Mπ+π− is shown in Fig. 3(a). A
prominent cluster of χc1 → π0f0(980) events is observed.
The Mπ+π− projection with the χc1 mass requirement of
|Mπ+π−π0 − mχc1 | < 20 MeV/c2 is shown in Fig. 3(b).
The width of the f0(980) signal appears significantly nar-
rower than the world average value [6]. The events from
the χc1 sideband region (3.43< Mπ+π−π0 <3.47 GeV/c2)
and the inclusive MC sample are used to estimate the
background shape, shown as the shaded histogram in
Fig. 3(b), which is found to be flat in the Mπ+π− dis-
tributions.
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Figure 3. (color online) (a) Scatter plot of Mπ+π−π0 versus
Mπ+π− for the χc1 → π+π−π0 decay and (b) fit to Mπ+π−

spectrum for the χc1 → π+π−π0 in the χc1 signal region.
The dots with error bars are the data, the solid curve rep-
resents the fit result, the dashed curve represents the mixing
signal, and the shaded histogram represents the normalized
background from the χc1 sideband.

To determine the yield of the a00(980)→f0(980) mixing
signal in the χc1 → π+π−π0 decay, an unbinned maxi-
mum likelihood fit is performed to the Mπ+π− spectrum
in [0.70, 1.25] GeV/c2. In the fit, the a00(980)→f0(980)
mixing signal and χc1 → π0f0(980) → π+π−π0 EM
process are described in the same fashion as in Eq.(3),
and the background shape is described by a second-
order Chebyshev polynomial function. The fit result is
illustrated in Fig. 3(b), and the signal yields are sum-
marized in Table I. The statistical significances of the
mixing signal and the EM process are estimated to be
5.5σ and 0.2σ, respectively. The interference effect be-
tween the mixing signal and EM process is weak enough
to be neglected. The direct contribution from the EM
process comes out to be negligible, and it is also ig-
nored in the nominal fit. With the extracted signal
yields, the branching fractions of the mixing processes
J/ψ → φf0(980) → φa00(980) → φηπ0, ψ(3686) →
γχc1 → γπ0a00(980) → γπ0f0(980) → γπ+π−π0 and the
EM process J/ψ → φa00(980) → φηπ0, as well as the mix-
ing intensities ξfa and ξaf , are calculated as summarized
in Table II, where the normalization branching fractions
are taken from the PDG [6].
The systematic uncertainty for the branching fraction

measurement mainly comes from uncertainties in the
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Table I. Summary of the signal yields (N), relative phase
angles (ϕ), and the statistical significance (S) from the fits,
where the uncertainties are statistical only. In the decay
J/ψ → φηπ0 the former numbers are for the η → γγ decay
mode and the latter are for the η → π+π−π0 decay mode.

Channel
J/ψ → φηπ0

χc1 → 3π
Solution I Solution II

N (mixing) 161± 26 | 45± 7 67± 21 | 19± 6 42± 7
N (EM) 162 ± 54 | 46± 16 130 ± 51 | 37± 14 −
ϕ (degree) 23.6 ± 11.3 −51.5± 21.3 −
S (mixing) 7.4σ 5.5σ
S (EM) 4.6σ −

event selection efficiencies, the fit procedure, the branch-
ing fractions of intermediate state decays and the total
numbers of J/ψ and ψ(3686) events. The uncertainties
associated with the charged tracking and PID are both
1.0% per track [35], and 1.0% for photon detection [36].
For kinematic fits, differences in the efficiencies between
data and MC are determined to be 1.5% and 2.5% by se-
lecting clean control samples of J/ψ → ωη → π+π−π0η
and ψ(3686) → π+π−J/ψ → π+π−γη, respectively. The
uncertainties for φ, η, π0 and χc1 mass window require-
ments are estimated as 1.8%, 0.1%, 1.0% and 3.0%, re-
spectively, while the contributions from the requirements
on χ2

π0π0 and χ2
ηη are negligible. The uncertainty on the

η′ peaking background is estimated by varying η′ yields
by 1σ in the fit. The uncertainties on the continuum
background shape are estimated as 3.4% and 2.4% for the
two mixing processes by changing the order of the Cheby-
shev polynomial. The uncertainties on the branching
fractions of the intermediate state decays are taken from
PDG [6]. The uncertainties on the total numbers of J/ψ
and ψ(3686) events are 0.8% [28, 29] and 0.6% [30, 31],
respectively. The total systematic uncertainties are the
individual uncertainties added in quadrature (the corre-
lation between the two η decay modes in J/ψ → φηπ0 is
considered), as listed as the second item in Table II.
Various experiments, e.g., BNL E852 [22], KLOE [23,

24] and SND [25, 26], have reported different central
masses and coupling constants for a00(980) and f0(980)
resonances. To evaluate the likely impact from the in-
put parameters of a00(980) and f0(980), a series of fits
are carried out with the input masses and coupling con-
stants from the different experiments. As the fit results
turn out to be sensitive to the various input parame-
ters, the largest deviations from the nominal results are
treated as isolated uncertainties and are summarized as
the third term in Table II.

We obtain constraints on ga0K+K− and gf0K+K− by
scanning the two coupling constants in the region of [0.0,
6.0]GeV, which covers all the results from theories and
experiments, and calculate the statistical significance of
the mixing signal by simultaneously fitting the Mηπ0 and
Mπ+π− spectra in the data. Other input parameters of

a00(980) and f0(980) are fixed to the CB-experiment val-
ues in the fit. The statistical significance of the signal
versus the values of ga0K+K− and gf0K+K− is shown in
Fig. 4. The regions with higher statistical significance in-
dicate larger probability for the emergence of the two cou-
pling constants. The predicted coupling constants from
various models [18] are displayed as well (color markers),
but the theoretical uncertainties on the models are not
considered here.
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Figure 4. (color online) The statistical significance of the sig-
nal scanned in the two-dimensional space of ga0K+K− and
gf0K+K− . The regions with higher statistical significance in-
dicate larger probability for the emergence of the two coupling
constants. The markers indicate predictions from various il-
lustrative theoretical models.

In summary, the a00(980)-f0(980) mixing is studied
with the isospin violating processes J/ψ → φa00(980) →
φηπ0 and χc1 → π0f0(980) → π0π+π− using the samples
of 1.31 × 109 J/ψ events and 4.48 × 108 ψ(3686) events
accumulated at the BESIII detector. Based on the input
parameters of a00(980) and f0(980) in Refs. [18, 21], the
signals of f0(980)→a00(980) and a00(980)→f0(980) are ob-
served for the first time with statistical significances of
7.4σ and 5.5σ, respectively. The corresponding branch-
ing fractions of the mixing signal and the mixing inten-
sities as well as the EM process of J/ψ → φa00(980) →
φηπ0 are also measured. Finally, the significance of the
mixing signal is measured versus the values of the two
coupling constants, ga0K+K− and gf0K+K− , and com-
pared with theoretical predictions. In addition, the cen-
tral values of the mixing intensities, ξfa and ξaf , can be
used to estimate the coupling constants of the f0(980)
and a00(980) resonances [37]. The results of this measure-
ment help to deepen our understanding of the nature of
the a00(980) and f0(980) mesons.
We would like to thank J. J. Wu for very helpful dis-

cussions. The BESIII collaboration thanks the staff of
BEPCII, the IHEP computing center and the supercom-
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We report the first observation of a0
0(980)-f0(980) mixing in the decays of J/ψ → φf0(980) →

φa0
0(980) → φηπ0 and χc1 → a0

0(980)π
0 → f0(980)π

0 → π+π−π0, using data samples of 1.31 × 109

J/ψ events and 4.48 × 108 ψ(3686) events accumulated with the BESIII detector. The signals of
f0(980) → a0

0(980) and a0
0(980) → f0(980) mixing are observed at levels of statistical significance of

7.4σ and 5.5σ, respectively. The corresponding branching fractions and mixing intensities are mea-
sured and the constraint regions on the coupling constants, ga0K+K− and gf0K+K− , are estimated.
The results improve the understanding of the nature of a0

0(980) and f0(980).

PACS numbers: 13.25.Gv, 12.38.Qk, 12.39.Mk

Since the discoveries of a00(980) and f0(980) several
decades ago, explanations about the nature of these two
light scalar mesons have been controversial. These two
states, with similar masses but different decay modes and
isospins, are difficult to accommodate in the traditional
quark-antiquark model [1], and many alternative formu-
lations have been proposed to explain their internal struc-
ture, including tetra-quarks [1, 2], KK̄ molecule [3], or
quark-antiquark gluon hybrid [4].
The mixing mechanism in the system of a00(980)-

f0(980), which was first proposed in the late 1970s [5], is
thought to be an essential approach to clarify the nature
of these two mesons. Both a00(980) and f0(980) can de-
cay into K+K− and K0K̄0, which show a difference of
8 MeV/c2 in the production mass threshold due to isospin
breaking effects. The mixing amplitude between a00(980)
and f0(980) is dominated by the unitary cuts of the
intermediate two-kaon system and proportional to the
phase-space difference between them. As a consequence,
a narrow peak of about 8 MeV/c2 in width is predicted
between the charged and neutral KK̄ mass thresholds,
while the normal widths of a00(980) and f0(980) should
be 50 − 100 MeV/c2 [6]. The mixing mechanism has
been studied extensively in various aspects, and many
reactions have been discussed, such as γp → pπ0η [7],
π−p → π0ηn [8, 9], pn → dπ0η [10–12], dd → απ0η [13].
However, no quantitative experimental result has been
firmly established yet.
Inspired by Refs. [14–16], a first quantitative calcula-

tion was carried out to examine the a00(980) ↔ f0(980)
mixing with the isospin-violating processes of J/ψ →
φf0(980) → φa00(980) → φηπ0 and χc1 → π0a00(980) →
π0f0(980) → π0π+π− [17–20]. The central masses and
couplings of a00(980) → ηπ0/KK̄ and f0(980) → ππ/KK̄
from various models [1–4] and different experimental re-
sults [21–26] were investigated. The mixing intensities,
i.e., ξfa for the f0(980) → a00(980) transition and ξaf for
the a00(980) → f0(980) transition, are defined as

ξfa =
B(J/ψ → φf0(980) → φa0

0(980) → φηπ0)
B(J/ψ → φf0(980) → φππ)

, (1)

ξaf =
B(χc1 → π0a0

0(980) → π0f0(980) → π0π+π−)
B(χc1 → π0a0

0(980) → π0π0η)
. (2)

The mixing intensities, ξfa and ξaf , are important ex-
perimental probes of the nature of a00(980) and f0(980),
as they are sensitive to the couplings in the processes

of a00(980) → KK̄ and f0(980) → KK̄, respectively. A
direct measurement of the mixing intensities would pro-
vide crucial constraints in models of a00(980) and f0(980)
internal structure. It is also worth noting that besides
the a00(980)-f0(980) mixing mechanism, the underlying
electromagnetic (EM) processes of J/ψ → φa00(980) and
χc1 → π0f0(980) with normal widths of a00(980) and
f0(980) may occur via a γ∗ or K∗K loop [17], and the
EM processes will interfere with the corresponding mix-
ing signals.

As suggested by Refs. [17, 18], the mixing intensities,
ξfa and ξaf , were measured based on the data samples
of 2.25 × 108 J/ψ events and 1.06 × 108 ψ(3686) events
collected at BESIII via the decays of J/ψ → φηπ0 and
χc1 → π+π−π0 [27]. At present, BESIII has accumulated
much larger data samples of 1.31×109 J/ψ events [28, 29]
and 4.48 × 108 ψ(3686) events [30, 31], which provides
a good opportunity to firmly establish the existence of
a00(980)-f0(980) mixing and precisely measure the mixing
intensities. In this Letter, we present a study of a00(980)-
f0(980) mixing with the decays of J/ψ → φηπ0 (η →
γγ and η → π+π−π0, φ → K+K−) and ψ(3686) →
γχc1 → γπ0π+π−. The signals of a00(980)-f0(980) mixing
are observed with a statistical significance of larger than
5σ for the first time, and the corresponding branching
fractions and mixing intensities are measured.

Details on the features and capabilities of the Beijing
Electron-Positron Collider (BEPCII) and the BESIII de-
tector can be found in Refs. [32, 33]. A geant4-based [34]
Monte Carlo (MC) software package is used to optimize
the event selection criteria, estimate backgrounds, and
determine the detection efficiency. The selection crite-
ria of charged tracks, particle identification (PID), and
photon candidates are the same as those in Ref. [27].

For the decay J/ψ → φηπ0 with η → γγ (π+π−π0),
the candidate events are required to have two kaons
(and two pions) with opposite charges and at least four
photons. A four-constraint (4C) kinematic fit enforc-
ing energy-momentum conservation is performed for the
K+K−(π+π−)γγγγ hypothesis. For the events with
more than four photons, the combination with the small-
est χ2

4C is retained, and χ2
4C < 50 (60) is required.

For the η → γγ decay mode, the π0 and η candidates

are reconstructed by minimizing χ2
π0η =

(Mγ1γ2−mπ0 )
2

σ2

π0

+

(Mγ3γ4−mη)
2

σ2
η

, where mπ0 and mη are the nominal masses

3

We report the first observation of a0
0(980)-f0(980) mixing in the decays of J/ψ → φf0(980) →

φa0
0(980) → φηπ0 and χc1 → a0

0(980)π
0 → f0(980)π

0 → π+π−π0, using data samples of 1.31 × 109

J/ψ events and 4.48 × 108 ψ(3686) events accumulated with the BESIII detector. The signals of
f0(980) → a0

0(980) and a0
0(980) → f0(980) mixing are observed at levels of statistical significance of

7.4σ and 5.5σ, respectively. The corresponding branching fractions and mixing intensities are mea-
sured and the constraint regions on the coupling constants, ga0K+K− and gf0K+K− , are estimated.
The results improve the understanding of the nature of a0

0(980) and f0(980).

PACS numbers: 13.25.Gv, 12.38.Qk, 12.39.Mk

Since the discoveries of a00(980) and f0(980) several
decades ago, explanations about the nature of these two
light scalar mesons have been controversial. These two
states, with similar masses but different decay modes and
isospins, are difficult to accommodate in the traditional
quark-antiquark model [1], and many alternative formu-
lations have been proposed to explain their internal struc-
ture, including tetra-quarks [1, 2], KK̄ molecule [3], or
quark-antiquark gluon hybrid [4].
The mixing mechanism in the system of a00(980)-

f0(980), which was first proposed in the late 1970s [5], is
thought to be an essential approach to clarify the nature
of these two mesons. Both a00(980) and f0(980) can de-
cay into K+K− and K0K̄0, which show a difference of
8 MeV/c2 in the production mass threshold due to isospin
breaking effects. The mixing amplitude between a00(980)
and f0(980) is dominated by the unitary cuts of the
intermediate two-kaon system and proportional to the
phase-space difference between them. As a consequence,
a narrow peak of about 8 MeV/c2 in width is predicted
between the charged and neutral KK̄ mass thresholds,
while the normal widths of a00(980) and f0(980) should
be 50 − 100 MeV/c2 [6]. The mixing mechanism has
been studied extensively in various aspects, and many
reactions have been discussed, such as γp → pπ0η [7],
π−p → π0ηn [8, 9], pn → dπ0η [10–12], dd → απ0η [13].
However, no quantitative experimental result has been
firmly established yet.
Inspired by Refs. [14–16], a first quantitative calcula-

tion was carried out to examine the a00(980) ↔ f0(980)
mixing with the isospin-violating processes of J/ψ →
φf0(980) → φa00(980) → φηπ0 and χc1 → π0a00(980) →
π0f0(980) → π0π+π− [17–20]. The central masses and
couplings of a00(980) → ηπ0/KK̄ and f0(980) → ππ/KK̄
from various models [1–4] and different experimental re-
sults [21–26] were investigated. The mixing intensities,
i.e., ξfa for the f0(980) → a00(980) transition and ξaf for
the a00(980) → f0(980) transition, are defined as

ξfa =
B(J/ψ → φf0(980) → φa0

0(980) → φηπ0)
B(J/ψ → φf0(980) → φππ)

, (1)

ξaf =
B(χc1 → π0a0

0(980) → π0f0(980) → π0π+π−)
B(χc1 → π0a0

0(980) → π0π0η)
. (2)

The mixing intensities, ξfa and ξaf , are important ex-
perimental probes of the nature of a00(980) and f0(980),
as they are sensitive to the couplings in the processes

of a00(980) → KK̄ and f0(980) → KK̄, respectively. A
direct measurement of the mixing intensities would pro-
vide crucial constraints in models of a00(980) and f0(980)
internal structure. It is also worth noting that besides
the a00(980)-f0(980) mixing mechanism, the underlying
electromagnetic (EM) processes of J/ψ → φa00(980) and
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As suggested by Refs. [17, 18], the mixing intensities,
ξfa and ξaf , were measured based on the data samples
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a good opportunity to firmly establish the existence of
a00(980)-f0(980) mixing and precisely measure the mixing
intensities. In this Letter, we present a study of a00(980)-
f0(980) mixing with the decays of J/ψ → φηπ0 (η →
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5σ for the first time, and the corresponding branching
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Details on the features and capabilities of the Beijing
Electron-Positron Collider (BEPCII) and the BESIII de-
tector can be found in Refs. [32, 33]. A geant4-based [34]
Monte Carlo (MC) software package is used to optimize
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ria of charged tracks, particle identification (PID), and
photon candidates are the same as those in Ref. [27].

For the decay J/ψ → φηπ0 with η → γγ (π+π−π0),
the candidate events are required to have two kaons
(and two pions) with opposite charges and at least four
photons. A four-constraint (4C) kinematic fit enforc-
ing energy-momentum conservation is performed for the
K+K−(π+π−)γγγγ hypothesis. For the events with
more than four photons, the combination with the small-
est χ2

4C is retained, and χ2
4C < 50 (60) is required.

For the η → γγ decay mode, the π0 and η candidates

are reconstructed by minimizing χ2
π0η =

(Mγ1γ2−mπ0 )
2

σ2

π0

+

(Mγ3γ4−mη)
2

σ2
η

, where mπ0 and mη are the nominal masses

5.5σ

7.4σ

Phys.Rev.Lett. 121 (2018), 022001
Editor’s suggestion
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arxiv:1803. 09714，
Phys. Lett. B 783 (2018) 452

Dalitz type decays  to provide more info 
about meson structure, and plays 
important role  in constraining the 
uncertainties to (g-2)µ

𝐎𝐛𝐬𝐞𝐫𝐯𝐚𝐭𝐢𝐨𝐧	𝐨𝐟		𝝍(𝟑𝟔𝟖𝟔) → 𝜼′𝒆s𝒆t

Phys.Rev.Lett. 120 (2018), 242003

7.0σ 6.3σ

𝐩𝐫𝐞𝐜𝐢𝐬𝐢𝐨𝐧	𝐬𝐭𝐮𝐝𝐲	𝐨𝐟	𝜼′ → &γπ+π-
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Observation of spin polarization
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Ref:平荣刚（⾼能所）
BESIII上超⼦的横向极化
和CP破坏研究

ΔΦ=42.3o±0.6o±0.5o
Fit results

𝑒𝑒+𝑒𝑒− → (Λ → 𝑝𝑝π−)(�Λ → 𝑝̅𝑝π+) 𝑒𝑒+𝑒𝑒− → (Λ → 𝑝𝑝π−)(�Λ → �𝑛𝑛π0)

Moment:

Λ𝑒𝑒+

𝑒𝑒−

𝑧̂𝑧
�𝑦𝑦Baryon polarization in e+e-

ΔΦ = 𝜋𝜋
2
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FIG. 2. Moments µ(cos ✓⇤) for acceptance uncorrected data as a function of cos ✓⇤ for (a) p⇡�p̄⇡+ and (b) p⇡�n̄⇡0

data sets. The points with error bars are the data, and the solid-line histogram is the global fit result. The dashed
histogram shows the no polarization scenario (W(⇠; 0, 0, 0, 0) ⌘ 1).

dence is µ(cos ✓
⇤

) ⇠
q

1� ↵

2

 

↵�sin�� cos ✓
⇤

sin ✓
⇤

for the acceptance corrected data (compare Eq. (1)).
The phase between helicity flip and helicity conserv-
ing transitions is determined to be �� = (42.4 ±
0.6 ± 0.5)�, where the first uncertainty is statistical
and the second systematic. This large value of the
phase enables a simultaneous determination of the de-
cay asymmetry parameters for ⇤ ! p⇡

�, ⇤̄ ! p̄⇡

+,
and ⇤̄ ! n̄⇡

0 as given in Table I. The value of
↵� = 0.750 ± 0.009 ± 0.004 di↵ers by more than
five standard deviations from the commonly accepted
world average value of ↵PDG

� = 0.642 ± 0.013, based
on elaborate experiments from 1963-75 [13–17], where
the daughter proton polarization was measured in a
secondary scattering process. Our result means that
all published measurements on ⇤/⇤̄ polarization, de-
termined from the product of ↵� and the polariza-
tion, are (17 ± 3)% too large. The obtained value
for the ratio ↵̄

0

/↵

+

is 3� lower than unity, the val-
ue expected from the |�I| = 1

2

rule for non-leptonic
decays of strange particles [16, 31], indicating the im-
portance of radiative corrections [30, 32]. The ↵�
and ↵

+

values determined in this Letter, together
with the covariance matrix, enable a calculation of the
CP odd observable A

CP

= (↵� + ↵

+

)/(↵� � ↵

+

) =
�0.006 ± 0.012 ± 0.007. This is the most sensi-
tive test of CP violation for the ⇤ baryon with a
substantially improved precision over previous mea-
surements [9] (Table I) and using a novel, mod-
el independent method. The Cabibbo-Kobayashi-
Maskawa (CKM) mechanism predicts an A

CP

value

of ⇠ 10�4 [33], while various extensions of the stan-
dard model predict larger value [34], in an attempt
to explain the observed baryon-antibaryon asymme-
try in the universe. This new method for CP tests,
when applied to the foreseen future larger data sam-
ples, can reach a precision level compatible with the-
ory predictions, which in turn will give a clue about
baryogenesis.
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ΔΦ=42.4±0.6±0.5 (degree)
5

where n̂
1

(n̂
2

) is the unit vector in the direction of
the nucleon (antinucleon) in the rest frame of ⇤ (⇤̄).
The components of these vectors are expressed using
a common (x̂, ŷ, ẑ) coordinate system with the ori-
entation shown in Fig. 1. The ẑ axis in the ⇤ and
⇤̄ rest frames is oriented along the ⇤ momentum p

⇤

in the J/ rest system. The ŷ axis is perpendicular
to the reaction plane and oriented along the vector
k�⇥ p

⇤

, where k� is the electron beam momentum
in the J/ rest system. The variable ⇠ denotes the
tuple (✓

⇤

, n̂
1

, n̂
2

), a set of kinematic variables which
uniquely specify an event configuration. The terms
multiplied by ↵�↵+

in Eq. (1) represent the contribu-
tion from ⇤⇤̄ spin correlations, while the terms multi-
plied by ↵� and ↵

+

separately represent the contribu-
tion from the polarization. The presence of all three
contributions in Eq. (1) enables an unambiguous de-
termination of the parameters ↵

 

and �� and the
decay asymmetries ↵�, ↵+

. If ⇤̄ is reconstructed via
its n̄⇡0 decay, the parameters ↵

 

, �� and the decay
asymmetries ↵� and ↵̄

0

can be determined indepen-
dently, since the corresponding angular distribution
is obtained by replacing ↵

+

by ↵̄

0

and interpreting
n̂
2

as the antineutron direction in Eq. (1).

II. ANALYSIS

The analysis is based on (1310.6 ± 7.0) ⇥ 106 J/ 

events [28] collected with the BESIII detector, which
is described in detail in Ref. [29]. The ⇤ hyperons
are reconstructed using their p⇡

� decays and the ⇤̄
hyperons using their p̄⇡

+ or n̄⇡

0 decays. The event
reconstruction and selection procedure are described
in Appendix A. The resulting data samples are es-
sentially background free, as shown in Figs. A.1 and
A.2. A Monte Carlo (MC) simulation including all
known J/ decays is used to determine the back-
ground contribution. The sizes of the final data sam-
ples are 420,593 and 47,009 events with an estimated
background of 399± 20 and 66.0± 8.2 events for the
p⇡

�
p̄⇡

+ and p⇡

�
n̄⇡

0 final states, respectively. For
each event the full set of the kinematic variables ⇠ is
reconstructed.

The free parameters describing the angular distri-
butions for the two data sets — ↵

 

, ��, ↵�, ↵+

,
and ↵̄

0

— are determined from a simultaneous un-
binned maximum likelihood fit. In the fit, the like-
lihood function is constructed from the probabili-
ty density function P(⇠(i)) = C(↵

 

,��,↵�,↵2

)⇥
W(⇠(i);↵

 

,��,↵�,↵2

) with ↵

2

= ↵

+

and ↵

2

= ↵̄

0

TABLE I. Summary of the results: the J/ ! ⇤⇤̄ angular
distribution parameter ↵ , the phase ��, the asymmetry
parameters for the ⇤ ! p⇡� (↵�), ⇤̄ ! p̄⇡+ (↵+) and
⇤̄ ! n̄⇡0 (↵̄0) decays, the CP asymmetry ACP , and the
ratio ↵̄0/↵+. The first uncertainty is statistical, and the
second one is systematic.

Parameters This work Previous results
↵ 0.461± 0.006 ±0.007 0.469± 0.027 [25]
�� (42.4± 0.6± 0.5)� –
↵� 0.750± 0.009± 0.004 0.642± 0.013 [27]
↵+ �0.758± 0.010± 0.007 �0.71± 0.08 [27]
↵̄0 �0.692± 0.016± 0.006 –
ACP �0.006± 0.012± 0.007 0.006± 0.021 [27]
↵̄0/↵+ 0.913± 0.028± 0.012 –

for the p⇡

�
p̄⇡

+ and p⇡

�
n̄⇡

0 data sets, respective-
ly. The final configuration of an event i is character-
ized by the vector ⇠(i), and W(⇠(i);↵

 

,��,↵�,↵2

)
is given by Eq. (1). The normalization of the
probability function, C(↵

 

,��,↵�,↵2

), is deter-
mined for each parameter set using a sum of the
weights W(⇠(m);↵

 

,��,↵�,↵2

) for an ensemble
⇠(m) of isotropically generated MC events (with
W(⇠; 0, 0, 0, 0) ⌘ 1). The generated events are prop-
agated through a computer model of the BESIII de-
tector and filtered using the same selection criteria
as for the experimental data. The resulting global
fit describes the multidimensional angular distribu-
tions very well as shown in Figs. A.3 and A.4. In a
crosscheck the fit was applied to the two data sets
separately and the obtained values of the parame-
ters agree within statistical uncertainties as shown in
Table A.1. The details of the fit as well the evalua-
tion of the systematic uncertainties are discussed in
Appendix A, and the contributions to the systematic
uncertainty are listed in Table A.2.

III. RESULTS

A clear polarization, strongly dependent on the ⇤
direction, cos ✓

⇤

, is observed for ⇤ and ⇤̄. In Fig. 2,

the moment µ(cos ✓
⇤

) = (1/N)
P

N(✓⇤)

i

(n(i)

1,y

� n

(i)

2,y

),
related to the polarization, is calculated in 50 bins in
cos ✓

⇤

. N is the total number of events in the da-
ta sample and N(✓

⇤

) is the number of events in a
cos ✓

⇤

bin. In the limit of CP conservation, ↵� =
�↵

+

, while an approximate isospin symmetry leads
to ↵

+

⇡ ↵̄

0

[16, 30], and the expected angular depen-

arxiv:1808. 08917
In review of Nature Physics
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Charmonia and XYZ
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Overpopulated
observed new
charmonium-like	
states,	i.e.	“XYZ”.

c
L 

S=0,1 

`c

J=L+S

BEPCII energy

Charmonium	Spectrum	

��	 
��XYZ����
����� 4

Ref:
王雄飞（⾼能所）
Status of Charmonium
Spectroscopy
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Observation of for X(3872) to pi0 chic1

2018/10/26 HFCPV2018 32Sep. 15, 2018, Ji'Nan 12

Observation of '(3872) → /945C(17)

The large value for D disfavors the EFG(HI)
interpretation of the X(3872).

1.6J

5.2J

1.6J

EFL
EFM

EFH
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Y(4260)=>Y(4220)
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Y(4260)ÎY(4220): what is it? 

25

Y(4220) appeared in 𝜔𝜒𝑐0, 𝜋+𝜋−𝐽/𝑝𝑠𝑖, 𝜋+𝜋−\′, 𝜋+𝜋−ℎ𝑐, 𝐷0𝐷∗−𝜋+

Mass~4220 MeV, Width~ 60 MeV!

Consistent values of
Mass~4220 MeV, 
Width~ 60 MeV!

PRL118, 092001 (2017) PRL118, 092002 (2017)

PRD 96, 032004 (2017)

arXiv:1808.02847 

First observation 
of Y decays to 
open charm


��XYZ����
����� 13

Cross sections of !+!−→""$(2S)

��	

• Confirm the lineshape of the Y(4360)
• Y(4220) and Y(4390) are confirmed

"3"4$(2L)
PRD96, 032004 (2017)

PRD97, 052001 (2018)

"8"8$(2L)

PRD97, 052001 (2018) 
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BESIII measurement
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Y(4220) and the new Y's

"Y(4220)"Y/0Z



Dayong Wang

Search for Zc->ρηc
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Search for Z5(\) → 3]5

Sep. 15, 2018, Ji'Nan

@ 4.23 GeV

18
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Observation of e+e-→ π+π-ψ’’

36

BESIII preliminary

2018/10/26 HFCPV2018

Also observed  e+e-→�DD1(2420)+c.c.
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Enhancement of hyperon pair
production near threshold
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Phys. Rev. D 97, 032013 (2018)

Phys. Rev. Lett. 120, 132001 (2018)

Coulomb enhancement factor?

Sep. 15, 2018, Ji'Nan

The cross-section of baryon pair

PRD97,032013(2018)

45
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Search for  J/ψ[ψ(3686) → 𝐷W𝑒s𝑒t.
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J/ψ

ψ(3686)

Considering the systematic uncertainty, at 90%C.L.
J/ψ→ 𝐷W𝑒s𝑒t + 𝑐. 𝑐. < 8.5×10t~	2 orders improvement over PLB 639, 418 (2006)

ψ(3686)→ 𝐷W𝑒s𝑒t + 𝑐. 𝑐. < 1.4 × 10t� set for the first time

Phys. Rev. D96,111101(2017) (RC) 
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𝝍 𝟑𝟔𝟖𝟔 → 𝚲𝒄s	𝒑T	𝒆s𝒆t search
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l No	signal	is	found.
l the	90%	C.L.	upper	limit	

(Nup=47.3)	is	obtained	
taking	into	account	the	
efficiency	and	systematic	
uncertainties.

Nucl. Instrum. Methods A 551 (2005) 493– 503.

l The	BF	upper	limit	@90%	C.L.	is	determined	to	be	1.7×𝟏𝟎t𝟔
with	systematic	uncertainties	taken	into	account.

5

integrated luminosity of 567 pb−1 [27]. By apply-
ing the same Mpπ+ selection requirement, we cal-
culate the corresponding efficiency as the ratio of
the events with and without the selection require-
ment. The efficiency difference between data and
MC simulation, 1.0%, is assigned as the systematic
uncertainty.

(VII) We study the influence of the physics model of
the decay ψ(3686)→ Λ+

c pe
+e− by changing the de-

cay model to an extreme model and a phase space
model. In the extreme model, we assume an addi-
tional intermediate decay of ψ(3686) → Xp, where
the polar angle distribution of p follows 1 + cos2 θ
and X decays to Λ+

c e
+e− according to a VMD

model. The difference in the signal detection ef-
ficiency is 34.3% which is mainly due to the differ-
ent geometrical acceptance for the events and the
difficulty in finding low momentum leptons with re-
spect to the nominal physics model. In the phase
space model, we assume a uniform phase space dis-
tribution for signal, and the resulting difference in
efficiency with respect to the nominal value is found
to be 8.3%. We assign 34.3% as the systematic un-
certainty.

A summary of all systematic uncertainties is given in
Table I. The total uncertainty is 37.2%, which is the
quadrature sum of the individual values.

TABLE I: Overview of systematic uncertainties.

Sources Systematic uncertainty (%)
Number of ψ(3686) decays 0.6
Track reconstruction 9.0
Particle identification 9.0
4C kinematic fit 1.0
BF of Λ+

c → pK−π+ 5.2
Signal region 4.0
Mpπ−/Mpπ+ criteria 1.0
Physics model 34.3
Total 37.2

V. RESULT

The number of signal events is determined by exam-
ining the Λ+

c signal in the MpK−π+ distribution, which
is shown in Fig. 2. No events survive within the signal
region ranging from 2.25 to 2.32 GeV/c2. The potential
background in the signal region is estimated using events
in the MpK−π+ sideband regions, which are defined as
[2.06, 2.23] GeV/c2 and [2.34, 2.40] GeV/c2. The esti-
mated number of background events is 1.5, assuming a
uniform distribution of background in the MpK−π+ dis-
tribution. We also estimate the number of background
events to be zero using the inclusive MC sample and
the data sample with

√
s = 3.773 GeV. As no candi-

date events are found in the signal region, the estimated

)2 (GeV/c+π
-pKM

2 2.05 2.1 2.15 2.2 2.25 2.3 2.35 2.4

)2
Ev

en
ts

 / 
(5

 M
eV

/c

0.5

1

1.5

2

2.5

3 Data
Signal MC

Fig. 2: Distribution of MpK−π+ for the data (dots with error
bars) and signal MC sample (dashed histogram). The signal
MC is scaled arbitrarily. The regions between the left (right)
two blue dashed and middle two red solid arrows represent
the sideband and signal regions, respectively.

number of background events is determined to be 0± 1.5
events. Using the Rolke method [28, 29], an upper limit
Nup of 47.3 produced events at the 90% confidence level
(C.L.) is obtained. This upper limit takes into account
the number of background events, the systematic uncer-
tainty, and the detection efficiency (7.21%). The number
of signal events is assumed to follow a Poisson distri-
bution, and the signal detection efficiency and the num-
ber of background events are assumed to follow Gaussian
distributions with widths given by the corresponding un-
certainties. The upper limit on the BF (B) of the decay
ψ(3686) → Λ+

c pe
+e−+ c.c. is calculated to be 1.7× 10−6

using the following formula:

B ≤
Nup

Nψ(3686) × BF(Λ+
c → pK−π+)

, (1)

where Nψ(3686) is the number of ψ(3686) decays and
BF(Λ+

c → pK−π+) is the BF of the decay Λ+
c →

pK−π+ [26].

VI. SUMMARY

The search for the FCNC decay ψ(3686) → Λ+
c pe

+e−+
c.c. is performed for the first time using a sample of
(448.1± 2.9)× 106 ψ(3686) decays. No signal events are
observed and the upper limit on the BF at the 90% C.L.
is determined to be 1.7 × 10−6. The result is within the
expectations of the SM, and no evidence for new physics
is found.

Signal region:2.25-2.32 GeV.
𝚲𝒄s mass:	2.286	GeV

Signal region

Sideband Sideband

Phys.	Rev.	D 97,	091102(RC)(2018)
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Search for BNV process J/ψ → Λc
+e-

■ The first of "Sakharov conditions": “there must be BNV process”
■ Many theory could have BNV，e.g. Georgi–Glashow GUT model,

X and Y bosons with charges 4/3 and 1/3, BNV and LNV
Phys.Rev.Lett. 32 (1974) 438-441
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5

is the decay branching fraction taken from Ref. [20]. In-
serting the numbers of s90, N tot

J/ψ and B(Λ+
c → pK−π+)

into the above equation, the upper limit on the branching
fraction of J/ψ → Λ+

c e
− is determined to be

B(J/ψ → Λ+
c e

−) < 6.9× 10−8.
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FIG. 2. Distributions of MpK−π+ for the J/ψ → Λ+
c e

− candi-
date events for signal MC simulation (shaded histogram) and
data (dots with error bars), where the signal MC sample is
normalized arbitrarily. The inset plot shows a narrow mass
range within (2.23, 2.33) GeV/c2, where the arrows represent
the signal mass window.

Systematic uncertainties in the measurement of
B(J/ψ → Λ+

c e
−) mainly originate from the total num-

ber of J/ψ events, the tracking efficiency, the PID ef-
ficiency, the kinematic fit, the MC modeling, and the
quoted branching fraction for Λ+

c → pK−π+. The un-
certainty in the total number of J/ψ, determined via in-
clusive hadronic events, is 0.5% [19]. The uncertainty
due to tracking efficiency is 1.0% for each track, as deter-
mined from a study of the control samples J/ψ → pK−Λ̄
and ψ(3686) → π+π−J/ψ [21]. The uncertainties aris-
ing from the differences of PID efficiencies between data
and MC simulation for electron, pion, kaon, and proton
are determined with the control samples e+e− → γe+e−

(at 3.097 GeV), J/ψ → K+K−π0, J/ψ → π+π−π0 and
J/ψ → π+π−pp̄, respectively. They are 0.3%, 1.0%, 0.5%
and 0.6% for electron, pion, kaon and proton, respec-
tively. The uncertainty of the kinematic fit is estimated
using a control sample of J/ψ → π+π−pp̄, where a se-
lection efficiency is defined by counting the number of

events with and without the kinematic fit requirement.
The difference of the selection efficiencies between data
and MC simulation, 0.2%, is assigned as the correspond-
ing systematic uncertainty. The uncertainty due to MC
modeling is negligible [16]. In the calculation of the up-
per limit, the branching fraction B(Λ+

c → pK−π+) =
(6.35 ± 0.33)% is quoted from Ref. [20], yielding a sys-
tematic uncertainty of 5.2%. The total systematic un-
certainty is 7.0%, obtained by adding all of the above
uncertainties in quadrature.

In summary, by analyzing 1.3106×109 J/ψ events col-
lected at

√
s = 3.097 GeV with the BESIII detector at

the BEPCII collider, the decay of J/ψ → Λ+
c e

−+c.c. has
been investigated for the first time. No signal events have
been observed and thus the upper limit on the branching
fraction is set to be 6.9 × 10−8 at the 90% CL, which is
more than two orders of magnitude more strict than that
of CLEO’s measurement in the analogous process [6].
The result is one of the best constraints from meson de-
cays [22, 23] and is consistent with the conclusion drawn
from the proton decay experiment [24].
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Measurement of 𝑱/𝝍 → 𝑲𝒔𝑲𝑳and search for 𝑱/𝝍 → 𝑲𝒔𝑲𝒔
■ Search for J/ψ → K�K�

◆ CP and Bose-Einstein statistics violating process
◆ EPR: ~ 10−8 level
◆ K0 oscillation model: 10−9

◆ Compared MARKIII and BESII, the upper limit is 
improved by 102 and reaches the order of EPR expectation

■ Measurement of ℬ(J/ψ → K�K�)
◆ 𝓑(𝐉/𝛙 → 𝐊𝐬𝐊𝐋) = (𝟏. 𝟗𝟏± 𝟎.𝟎𝟏(𝒔𝒕𝒂𝒕. ) ± 𝟎. 𝟎𝟓(𝒔𝒚𝒔𝒕. ))×𝟏𝟎t𝟒.
◆ the precision is improved from 19%(PDG) to 2.6%, while the 

central value consistent.
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assuming them to be pions, and the πþπ− invariant mass
must be within 18 MeV=c2 from the KS nominal mass. The
KS candidates must have a momentum within the range of
½1.40; 1.60# GeV=c. In order to suppress the non-KS back-
grounds, the decay length over its uncertainty (L=σL) has to
be larger than 2.0. Each event must have at least two KS
candidates. If there are more than two KS candidates, the
combination with the smallest sum of χ2 of the secondary
vertex fits is selected.
The KSKS candidates are then combined in a 4C

kinematic fit, where the constraints are provided by energy
and momentum conservation. Only events with χ2 < 40 are
retained. The distribution of the KS momentum in the J=ψ
rest frame is shown in Fig. 4. The KS momentum resolution
is determined from the signal MC sample as σw ¼
1.3 MeV=c, which is the weighted average of the standard
deviations of two Gaussians with common mean. The
number of signal events is obtained by counting the
remaining events within 5 × σw of the expected momen-
tum. After all requirements have been imposed, two events
remain in this region.
The same selection criteria are applied to the inclusive

MC sample, which shows that the background mainly
comes from the processes J=ψ → πþπ−πþπ− and
J=ψ → KSKL. Their contributions are estimated from
the corresponding MC samples using

NX
exp ¼ NJ=ψ · BðJ=ψ → XÞ · ϵXKSKS

; ð3Þ

where X represents the corresponding channels J=ψ →
πþπ−πþπ− or J=ψ → KSKL (KS → πþπ−), and NX

exp is the
expected number of events from channel X. BðJ=ψ → XÞ is

the product branching fractions of the cascade decay, where
BðJ=ψ → πþπ−πþπ−Þ is taken from the PDG [3],
BðJ=ψ → KSKLÞ is set to the value obtained in this paper,
and ϵXKSKS

is theKSKS selection efficiency for a sample of X
events. The efficiencies of J=ψ → πþπ−πþπ− and KSKL
channels are ð1.9' 0.6Þ × 10−7 and ð8.5' 3.4Þ × 10−6,
respectively. The expected background numbers are calcu-
lated to be Nπþπ−πþπ−

exp ¼ 0.9' 0.3 and NKSKL
exp ¼ 1.5' 0.6,

where the uncertainties are from propagation of the items
in Eq. (3). Some other exclusive processes, such as
J=ψ → γKSKS, are also studied with high statistics MC
samples, but none of them survive the event selection.
Table III summarizes the systematic uncertainties in the

search for J=ψ → KSKS. Common uncertainties including
those from the number of J=ψ decays and the KS → πþπ−

branching fraction are the same as described in Sec. III. The
uncertainty from KS reconstruction is evaluated according
to the KS selection criteria used in this channel, with a
method similar to that in Sec. III, and is determined to be
1.5% per KS. The uncertainty from the 4C kinematic fit is
investigated using the control sample of J=ψ → γKSKS,
and the difference of the efficiency between the data and
MC samples is taken as the systematic uncertainty asso-
ciated with the kinematic fit.
Since we have not observed a significant signal, an upper

limit for BðJ=ψ → KSKSÞ is set at the 95% C.L. The upper
limit is calculated using the relation

BðJ=ψ → KSKSÞ <
NUL

ϵMC · NJ=ψ
; ð4Þ

whereNUL is the upper limit on the number of signal events
estimated with Nobs and Nbkg using a frequentist approach
with the profile likelihood method, as implemented in the
ROOT framework [18], and ϵMC is the detection efficiency.
The calculation includes statistical fluctuations and sys-
tematic uncertainties. The signal and background fluctua-
tions are assumed to follow Poisson distributions, while the
systematic uncertainty is taken to be a Gaussian distribu-
tion. The branching fraction of KS → πþπ− is included in
the event selection efficiency ϵMC. The values of variables
used to calculate the upper limit on the branching fraction
and the final result are summarized in Table IV, where the
Nbkg is the sum of Nπþπ−πþπ−

exp and NKSKL
exp .

(GeV/c)
SKP

1.46 1.47 1.48

E
ve

nt
s/

(0
.3

M
eV

/c
)

0

1

2

3

FIG. 4. The distribution of KS momentum in the J=ψ rest
frame. The (black) crosses are from data, and the (red) solid line
is from the signal MC sample. The arrows indicate the 5 × σw
selection region.

TABLE III. The systematic uncertainties related to the search
for J=ψ → KSKS.

Source Uncertainty (%)

KS reconstruction 3.0
4C kinematic fit 1.1
BðKS → πþπ−Þ 0.2
NJ=ψ 0.6
Total 3.2

M. ABLIKIM et al. PHYSICAL REVIEW D 96, 112001 (2017)

112001-6V. SUMMARY

Based on a data sample of 1.31 × 109 J=ψ events
collected with the BESIII detector, the measurements of
J=ψ → KSKL and KSKS have been performed. The
branching fraction of J=ψ → KSKL is determined to be
BðJ=ψ→KSKLÞ¼ ð1.93$0.01ðstatÞ$0.05ðsystÞÞ×10−4,
which agrees with the BESII measurement [1] while
discrepancy with the CLEO data [2] persists. Compared
with the world average value listed in the PDG [3], the
relative precision is greatly improved, while the central
value is consistent. With regard to the search for the CP and
Bose-Einstein statistics violating process J=ψ → KSKS, an
upper limit on its branching fraction is set at the 95% C.L.
to be BðJ=ψ → KSKSÞ < 1.4 × 10−8, which is an improve-
ment by 2 orders in magnitude compared to the best
previous searches [7,8]. The upper limit reaches the order
of the EPR expectations [5].
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Motivation
Ø The high intensity e+e- collider experiments have already placed a strong exclusion limits on the invisible 

decays of several quorkonium states. 
PRL 103, 251801 (2009), PRD 87, 012009 (2013)

Ø But, the invisible decays of ϕ and ω mesons are 
not yet experimentally explored.

Theoretical branching fractions:

Ø BESIII has placed a strong exclusion limits on the invisible decays of η(') mesons using 225 million J/ψ 
events in J/ψ→ϕη(') decay.

Ø Perform the search for invisible decays of ϕ and ω mesons in J/ψ→ω/ϕη decays using 1310.6 million 
J/ψ events collected by BESIII experiment. 

PRD 87, 012009 (2013)

arXiv:0712.0016 [hep-ph] (2007)
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spectively. The MV
recoil distribution of the event candi-

dates for the data range [0.40, 1.35] GeV/c2 is shown
in Fig. 1. The expected distributions for ω and φ in-
visible decay signals by MC simulation are also depicted
in the plot. Detailed studies of the inclusive J/ψ de-
cay sample indicate that the non-peaking backgrounds
are dominated by processes with non-η mesons in the fi-
nal state, which can be evaluated with the normalized
events in the η mass sideband regions, as shown by a
cyan histogram in Fig. 1. The non-peaking background
from J/ψ → γη, which has a large branching fraction,
is evaluated to be 1.8 events with negligible uncertain-
ties by using an exclusive MC sample normalized accord-
ing to the branching fractions quoted in the PDG [21],
and is ignored in the following analysis. The possible
peaking background is from the decay J/ψ → V η with
the V meson decaying visibly. The numbers of peak-
ing backgrounds are evaluated to be 0.1 for J/ψ → ωη
and 2.0 for J/ψ → φη with negligible uncertainty using
the simulated MC samples normalized according to the
measured branching fractions of J/ψ → V η described in
Sec. IVB and IVC, respectively, and the corresponding
distributions are presented in Fig. 1. The backgrounds
from other sources are negligible.
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FIG. 1. (Color online) Invariant mass recoiling against the
selected η candidate (MV

recoil) for data (black dot points with
error bars), signal MC samples (pink and black histograms
for ω and φ, respectively) and various expected backgrounds
shown as different colored histograms.

An extended maximum likelihood (ML) fit to the
MV

recoil distribution is performed to obtain the signal yield
(Nsig). The probability density function (PDF) of the V
meson invisible decay signal and peaking background is
described by their MC simulated shapes, while that of the
non-peaking background is represented by an increasing
exponential function. In the fit, the number of peaking
background events is fixed, while the parameters of the
non-peaking background PDF and the yields for signal
and non-peaking background events are free parameters
in the fit. The ML fit yields Nsig = 1.4 ± 3.6 events
for the ω → invisible decay and Nsig = −0.6 ± 4.5 for
the φ → invisible decay, respectively. The obtained Nsig

events for both decay modes are consistent with zero, and

no evidence of invisible decays of ω and φ mesons is ob-
served. The fitted MV

recoil are shown in Fig. 2. The cor-
responding signal detection efficiencies, estimated with
the MC simulation, are 20.5% and 21.3% for ω and φ
invisible decays, respectively.
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FIG. 2. (Color online) Fit to the MV
recoil distribution for ω

(top) and φ (bottom) signals. The data are shown by the dots
with error bars, the non-peaking background by the green
dashed curve, the peaking background by the cyan dashed
curve, the signal by the red dashed curve. and the total fit
by the blue solid curve.

B. The visible decay mode ω → π+π−π0

The candidate events of J/ψ → ωη with subsequent
decays ω → π+π−π0 and η → π+π−π0 are required to
have four charged tracks with net charge zero and at least
two independent π0 candidates without sharing the same
photon. The four charged tracks are assumed to be pions
and required to originate from a common vertex by per-
forming a vertex fit. For an event with multiple π0π0 pair
candidates, the one with the least value of ptot is selected,
where ptot is the total momentum of the 2(π+π−π0) can-
didates. The total energy (Etot) of the selected candidate
is also required to satisfy Etot > 2.95 GeV. For a selected
2(π+π−π0) final state, the combinations of π+π−π0 for
ω and η signals are determined by

χ2
ωη =

(Mω
π+π−π0 −Mω)2

σ2
ω

+
(Mη

π+π−π0 −Mη)2

σ2
η

, (2)
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σ2
ω
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(Mη

π+π−π0 −Mη)2

σ2
η

, (2)
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TABLE I. Systematic uncertainties and their sources.

Source ω decays φ decays

Additive systematic uncertainties (events)

Fixed PDFs 0.1 0.1
Background modelling 1.6 1.0
Total 1.6 1.0

Multiplicative systematic uncertainties (%)

Charged tracks reconstruction 2.0 2.0
Photon detection 2.0 —
EExtra

γ requirement 1.1 1.1
π0 reconstrunction 1.0 —
Etot requirement 2.1 1.0
Fit parameters (visible decays) 0.3 negl.
B(ω → π+π−π0/φ → K+K−) 0.8 1.0
Nvisible

sig uncertainty 1.0 1.0
Total 4.0 2.9

obtained signal yields and the corresponding detection
efficiencies for the visible and invisible decays as pre-
sented above. The systematic uncertainty is included
by convolving the likelihood versus the branching frac-
tion ratio curve with a Gaussian function with a width
equal to the systematic uncertainty. The upper lim-
its on the branching fraction ratios are measured to be
B(ω→invisible)
B(ω→π+π−π0) < 8.1×10−5 and B(φ→invisible)

B(φ→K+K−) < 3.4×10−4

for ω and φmesons, respectively, at the 90% C.L. after in-
tegrating their likelihood versus branching fraction ratio
curves from zero to 90% of the total curve. By using the
branching fractions of ω → π+π−π0 and φ → K+K−

quoted in the PDG [21], the upper limits on the in-
visible decay branching fractions at the 90% C.L. are
calculated to be B(ω → invisible) < 7.3 × 10−5 and
B(φ→ invisible) < 1.7× 10−4, individually.

VII. SUMMARY

Using a data sample of (1310.6±7.0)×106 J/ψ events
collected by the BESIII experiment at the BEPCII col-
lider, a search for the invisible decays of ω and φ mesons
in J/ψ → V η decays is performed for the first time.
We find no significant signal for these invisible decays

and set 90% C.L. upper limits on the ratio of branch-
ing fractions of invisible decays to that of the corre-
sponding visible decays to be B(ω→invisible)

B(ω→π+π−π0) < 8.1× 10−5

and B(φ→invisible)
B(φ→K+K−) < 3.4 × 10−4, respectively. The up-

per limits on the branching fractions B(ω → invisible)
and B(φ → invisible) are also determined to be less
than 7.3× 10−5 and 1.7× 10−4, respectively, at the 90%
C.L. by using B(ω → π+π−π0) and B(φ → K+K−)
from the PDG [21]. These results can provide a comple-
mentary information to study the nature of dark matter
and constrain the parameters of phenomenological mod-
els [15, 16].
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Summary
n It is 30 year anniversary of BEPC/BES, also 10 year

anniversary of BESIII first collision event
n BESIII has performed wide range of physics studies

◆ Light hadron spectroscopy and decays
◆ Charmonia transitions and XYZ
◆ R value and QCD studies
◆ Charmed meson and charmed baryon
◆ Rare decays and new physics search

l BESIII has great potential with unique datasets and analysis
techniques. Operation for another 6-7 years forseen, with
small(but critical) energy and lumi upgrade
l …More to come!
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Ref: 吕晓睿（国科⼤） BESIII prospect

BESIII publication webpage:
http://english.ihep.cas.cn/chnl/245/index.html
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Observation of e+e-→�DD1(2420)+c.c.
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