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Physics in the τ-charm region in China

Long and successful history, with major contributions from SLAC:

1981 T. D. Lee and W. Panofsky suggest e+e− collider in

China

1982 e+e− collider endorsed by Deng Xiaoping

1984 Approval, ground breaking (Deng Xiaoping wielding

shovel)

1988 First collisions in BEPC

1991 US scientists join BES (≈ 145 authors)

2003 Approval of major upgrade: BEPCII and BESIII

2008 First hadron events recorded in BESIII

2018 BESIII: international collaboration with 450 authors, 228

papers
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The BESIII Collaboration 2018

14 countries

61 institutions

∼ 450 members



Achievements: τ

Most precise single measurement of τ mass, using 24pb−1

using threshold scan and beam energy measurement via Laser

Compton backscattering
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The measured cross sections at different scan points are
consistent with the theoretical values. In Fig. 6 (right plot),
the dependence of lnL on mτ is almost symmetric as a
consequence of the large data sample obtained.

3. Systematic error estimation

Theoretical accuracy.—The systematic error associated
with the theoretical τ pair production cross section is
estimated by comparing the difference of the fitted mτ
between two cases; in one case, the old τ pair production
cross- section formulas are used, in the other, the improved
version formulas are used. The uncertainty due to this effect
is at the level of 10−3 MeV=c2. More details can be found
in Ref. [29].

Energy scale.—The mτ shift, ΔτM¼ð0.054$0.030ðstatÞ$
0.012ðsystÞÞMeV=c2 [Eq. (12)] is taken as a systematic error.
Combining statistical and systematic errors, two boundaries
can be established:Δmlow

τ ¼ 0.054−0.032¼ 0.022MeV=c2

and Δmhigh
τ ¼ 0.054þ0.032¼ 0.086MeV=c2. We take the

higher value to form a negative systematic error and the lower
value the positive systematic error. The systematic errors on
the mτ from this source are Δm−

τ ¼ 0.086 MeV=c2

and Δmþ
τ ¼ 0.022 MeV=c2.

Energy spread.—From Table II, δBEMS
w at the τ scan energy

points is determined from the BEMS to be ð1.469$
0.064Þ MeV. If we assume quadratic dependence of δw
on energy, we can also extrapolate the J=ψ and ψ 0 energy
spreads to the τ region, which yields δw ¼ ð1.471$
0.040Þ MeV. The difference of energy spreads obtained
from these two methods is taken as a systematic uncer-
tainty. The largest contribution to the energy spread
uncertainty comes from interference effects. Including
interference, the difference between the extrapolated value
and the BEMS measurement is 0.056 MeV, and the overall
systematic error is taken as 0.057 MeV. The final energy

spread at the τ scan energy points is ð1.469$ 0.064$
0.057Þ MeV. The uncertainty of mτ from this item is
estimated by refitting the data when the energy spread is
set at its $1σ values, and the shifted value of the fitted
mτ, $0.016 MeV=c2, is taken as the systematic error.
Table VII lists the fitted results with different energy
spread values.

Luminosity.—Both the Bhabha and the two-gamma lumi-
nosities are used in fitting the τ mass, and the difference of
fitted τ masses is taken as the systematic error due to
uncertainty in the luminosity determination. The difference
is 0.001 MeV=c2.
The τ mass shift [Eq. (12)] is 0.054 MeV=c2 when

determined with two-gamma luminosities. If Bhabha lumi-
nosities are used instead, the mass shift is 0.059 MeV=c2,
and the difference, 0.005 MeV=c2, is also taken as a sys-
tematical error due to the luminosity. The total systematical
uncertainty from luminosity determination is 0.006 MeV=c2.

Number of good photons.—It is required that there are no
extra good photons in our final states. Bhabha events are
selected as a control sample to study the efficiency differ-
ence between data and MC of this requirement. The
efficiency for data is ð79.17$ 0.06Þ%, and the efficiency
for the MC simulation is ð79.01$ 0.14Þ%, where the errors
are statistical. Correcting the number of observed events
from data for the efficiency difference, we refit the τ mass,
and the change of τ mass is 0.002 MeV=c2, which is taken
as the systematic uncertainty for this requirement.
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FIG. 6. (left) The c.m. energy dependence of the τ pair cross section resulting from the likelihood fit (curve), compared to the data
(Poisson errors), and (right) the dependence of the logarithm of the likelihood function on mτ, with the efficiency and background
parameters fixed at their most likely values.

TABLE VII. The τ mass determined from fits with different
energy spreads.

δBEMS
w (MeV) τ mass (MeV=c2)

1.383 1776.891þ0.111
−0.117

1.469 1776.906þ0.116
−0.120

1.553 1776.919þ0.119
−0.126
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the dependence of lnL on mτ is almost symmetric as a
consequence of the large data sample obtained.
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with the theoretical τ pair production cross section is
estimated by comparing the difference of the fitted mτ
between two cases; in one case, the old τ pair production
cross- section formulas are used, in the other, the improved
version formulas are used. The uncertainty due to this effect
is at the level of 10−3 MeV=c2. More details can be found
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the mτ from this source are Δm−
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w at the τ scan energy

points is determined from the BEMS to be ð1.469$
0.064Þ MeV. If we assume quadratic dependence of δw
on energy, we can also extrapolate the J=ψ and ψ 0 energy
spreads to the τ region, which yields δw ¼ ð1.471$
0.040Þ MeV. The difference of energy spreads obtained
from these two methods is taken as a systematic uncer-
tainty. The largest contribution to the energy spread
uncertainty comes from interference effects. Including
interference, the difference between the extrapolated value
and the BEMS measurement is 0.056 MeV, and the overall
systematic error is taken as 0.057 MeV. The final energy

spread at the τ scan energy points is ð1.469$ 0.064$
0.057Þ MeV. The uncertainty of mτ from this item is
estimated by refitting the data when the energy spread is
set at its $1σ values, and the shifted value of the fitted
mτ, $0.016 MeV=c2, is taken as the systematic error.
Table VII lists the fitted results with different energy
spread values.

Luminosity.—Both the Bhabha and the two-gamma lumi-
nosities are used in fitting the τ mass, and the difference of
fitted τ masses is taken as the systematic error due to
uncertainty in the luminosity determination. The difference
is 0.001 MeV=c2.
The τ mass shift [Eq. (12)] is 0.054 MeV=c2 when

determined with two-gamma luminosities. If Bhabha lumi-
nosities are used instead, the mass shift is 0.059 MeV=c2,
and the difference, 0.005 MeV=c2, is also taken as a sys-
tematical error due to the luminosity. The total systematical
uncertainty from luminosity determination is 0.006 MeV=c2.

Number of good photons.—It is required that there are no
extra good photons in our final states. Bhabha events are
selected as a control sample to study the efficiency differ-
ence between data and MC of this requirement. The
efficiency for data is ð79.17$ 0.06Þ%, and the efficiency
for the MC simulation is ð79.01$ 0.14Þ%, where the errors
are statistical. Correcting the number of observed events
from data for the efficiency difference, we refit the τ mass,
and the change of τ mass is 0.002 MeV=c2, which is taken
as the systematic uncertainty for this requirement.
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FIG. 6. (left) The c.m. energy dependence of the τ pair cross section resulting from the likelihood fit (curve), compared to the data
(Poisson errors), and (right) the dependence of the logarithm of the likelihood function on mτ, with the efficiency and background
parameters fixed at their most likely values.

TABLE VII. The τ mass determined from fits with different
energy spreads.
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Figure 3

(Left plot) Cross section versus e

+
e

� CM energy. Cross section measurements are shown with
error bars; the smooth curve is the fit. (Right plot) Comparison of the measured ⌧ mass with
those from the PDG (17). The green band corresponds to the 1 � limit of the BESIII
measurement. Modified from Reference (16) with permission.

Lepton Universality

A precision m⌧ measurement is also required to check lepton universality. Lepton universality, a basic

ingredient in the minimal Standard Model, requires that the charged-current gauge coupling strengths for

the electron, muon, and tau leptons, ge, gµ, g⌧ , should be identical: ge = gµ = g⌧ . Lepton universality

implies:

✓
g⌧

gµ

◆2

=
⌧µ

⌧⌧

⇣
mµ

m⌧

⌘5
B(⌧ ! e⌫⌫̄)

B(µ ! e⌫⌫̄)
(1 + FW )(1 + F�) = 1, (3)

where FW and F� are the weak and electromagnetic radiative corrections (10). Note (g⌧/gµ)2 depends on

m⌧ to the fifth power.

Inserting the ⌧ mass value into Eq. 3, together with the values of ⌧µ, ⌧⌧ , mµ, m⌧ , B(⌧ ! e⌫⌫̄) and

B(µ ! e⌫⌫̄) from the PDG (17) and using the values of FW (-0.0003) and F� (0.0001)) calculated from

reference (10), the ratio of squared coupling constants is determined to be:

✓
g⌧

gµ

◆2

= 1.0016 ± 0.0042, (4)

which is consistent with unity.

5. R SCAN

The big news of 2012 was the discovery of the Higgs particle, the capstone of the Standard

Model, at the Large Hadron Collider (LHC) at CERN in Geneva, Switzerland. However,

before the discovery, fits in the Standard Model were able to predict its mass, because

higher order terms in the model can include a massive virtual particle, such as the Higgs.

Surprisingly, important in this fit is R scan data.

Among the three input parameters generally used in global fits to electroweak data,

8 R. A. Briere, F. A. Harris and R. E. Mitchell

Tau Mass (MeV/c2)

BESIII, Phys. Rev. D 90, 012001 (2014)

mτ = (1776.91± 0.12+0.10−0.13)MeV/c2

New scan data taken in 2018
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Unique datasets collected so far for open charm

√
s / GeV L/ fb−1

3.77 2.93 DD

4.08 0.48 DD∗, ψ(4040)

4.18 3.2 DsD
∗
s

4.6 0.56 Λ+
c Λ̄−

c

Threshold production: double-tag method possible, giving access to

absolute branching fractions, leptonic and semi-leptonic decays!

Tagged samples of 2.76× 106 neutral D and 1.57× 106 charged D in

3.77GeV data sample

106× 103 Λ+
c Λ̄−

c pairs produced in 4.6GeV data

15× 103 single-tag Λc events
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Leptonic and semileptonic D decays

Clean way to measure |Vcd |, |Vcs|, hadronic decay constants fD, and
form factors

Example: D+ → µ+ν, measure fD+ using world average for |Vcd |
PRD 89, 051104(R) (2014)

 
160      170      180      190      200      210

 fD+  (MeV) 

CLEO 
PRD78(2008)052003 209.0±9.3±2.6 

BESIII (2.9 fb-1) 
PRD89(2014)051104(R) 203.2±5.3±1.8 

                      

BESIII (20 fb-1) 
Expected 203.2±2.0±1.8 

HPQCD 
PRD86(2012)054510 208.3±3.4 

Fermilab Lattice + MILC 
PRD90(2014)074509 212.6±0.4+1.0 

-1.2 
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Strong phase between D0 and D0 decays

Needed for precision measurement of CKM UT angle γ via

B → D(∗)K(∗) decays

Current best measurement from CLEO-c. Limits systematic uncertainty

on γ to 2◦, with current LHCb dataset

Strong phases from 2.93 fb−1 at BESIII sufficient for LHCb Run II, but

not precise enough beyond that

(or for Belle II, eventually)

Joint LHCb-BESIII workshop

in February 2018 to discuss

synergies, needs …

LHCb-PUB-2016-025

20 fb−1 on ψ(3770) would give

0.7◦ systematics due to
strong phases
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Other open charm topics, in particular CPV in Charm

Data sample is small compared to charm samples at B factories, LHCb

and (eventually) Belle II

No Lorentz boost ⇒ no decay time information, no time-dependent

measurements

On the other hand, inherently symmetric source of D0 and D0 (no

production asymmetry)

Rare decays, in particular with neutrals / neutrinos in final state

Test lepton flavour universality
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Outlook: machine and detector upgrades

Planned and funded upgrades of BEPCII:

Top-up injection: level off instantaneous luminosity

gain ≈ 30% in Lint

Energy upgrade:

I currently, Emax
b

= 2.3GeV due to power supplies, cooling of magnets

I upgrade I: Emax
b

= 2.35GeV: done in summer shutdown 2018
I upgrade II: Emax

b
= 2.45GeV: requires rebuilt septum magnets (in

progress)

will give access to resonance around 4.66GeV seen by Belle in

Λ+
c Λ−

c and much larger Λ+
c sample

Detector: replace inner part of drift chamber by Cylindrical GEM

detector (Italy, IHEP, Germany, Sweden)
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Outlook

Whitepaper with outline of physics programme for the next 5 ∼ 10

years in preparation

Wish list for charm physics:

20 fb−1 on ψ(3770)

6 fb−1 at 4.18GeV

5 fb−1 at 4.64GeV

Competition for beam time from XYZ programme, light hadron

spectroscopy

Super-τ-charm factory (1× 1035 cm−2s−1)
Hefei, Novosibirsk?
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