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Elementary parameter in SM (PDG2012)

Me=0.510998910±0.000000013 (2.6×10–8)
Mμ=105.658367±0.000004 (3.8×10–8)
Mτ=1776.82 ±0.16 (9.0×10–5)

Motivation of high accurate τ
 

mass measurement
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and  gμ
 

: coupling constants;
ττ

 

and τμ
 

:life time  of τ
 

andμ
 

;
B (τ eνeντ ) and  B (μ eνeνμ) : 
decay branching ratio; Δe:correct 
factor (phase factor, radiative
correction factor of QED，correct 
factor of propagator of W-meson 
etc.)

Lepton universality testing 

Yoshio  Koideo
 

(1981) equality testing 
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mτ
τ

 
lepton mass measurement 

[value+statistic +systematic error]
Year Ex. Group Data 

sample
Method

1776.68±0.12±0.41 2009 Babar 423 fb−1 Pseudo-
 mass

1776.81+(+0.25−0.23)±0.15 2007 KEDR 6.7 pb−1 Scan

1776.61±0.13±0.35 2007 Belle 414 fb−1 Pseudo-
 mass

1776.96+(+0.18−0.21)+(+0.25−0.17) 1996 BES 5.1 pb−1 Scan

Method: Pseudo-mass and threshold scan

PDG2012:
1776.82 ±0.16 MeV



Sep., 18th, 2012 Mo Xiaohu 4

Pτ

Ph

Pν

θ All in CMS

Pseudomass
 

method

Mmin

 

≤

 
Mτ

Mmin
2

 

=Mh
2

 

+ 2( Eτ

 

– Eh

 

)( Eh

 

– Ph

 

)

Eτ

 

= Ebeam

 

:
 

beam energy, run dependence
 is corrected

 Eh

 

:
 
hadron

 
system energy

 Ph

 

:
 
hadron

 
system momentum

 Mh

 

:
 

mass of the hadron
 

system

τ
 

+
τ

 
–

Mτ

 

= 1776.61 
± 0.13(stat.)
± 0.35(sys.) MeV 

(Belle:PRL99,011801)

|M τ
 

+

 

– M τ
 

–

 

|/Mτ

 

< 2.8 ·
 

10–4

@ 90% C.L.

f(x)=(a3 +a4 ·x)·arctg((x-a1 )/a2 )
+a5 +a6 ·x

Data : 414 fb−1
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Mτ
 

=1776.81+
 

0.25

 
±0.15

 
MeV

σMτ
 

/ Mτ
 

=
 

1.64 ×10 – 4

−
 

0.23

Threshold scan method

8 points, 6.7 pb−1, for τ
1 points, 0.8 pb−1, at ψ′

KDER : JETPL85_347

RDM CBS
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RFRF

SIP

NCP For BEPCII 
Energy accuracy
Improvement :

 10–3 5× 10 –5

For BESIII physics
•

 
Effective 
experimental 
means of τ

 
mass 

measurement
•

 
High accuracy 
measurement of 
physics analysis

•
 

Measurement of 
resonance 
parameters, mass 
of charm mesons
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1.Scan optimization
2.Data taking
3.Analysis 
1)Ecm calculation 
2)Energy point 
determination

3)Resonance scan (E,ΔE)
4)

 
τ mass fit

4.Summary

Content

BINP, Hawaii University, 
IHEP,

 
Tsinghua

 
University. 

Pr
el
im
in
ar
y!
!
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Monte Carlo simulation, sampling technique, 
are employed to obtain the optimal data taking 
point for high accuracy τ mass measurement. We 
found:

optimal position is locate at large derivative
of cross section near threshold ;

one point is enough, and 54 pb–1 is sufficient  
for accuracy up to 0.1 MeV .
New technique maybe adopted at BESIII  to 

improve the accuracy of absolute energy 
calibration

Summary

9th International Workshop on Tau Lepton Physics

Pisa, Italy, 19-22 September 2006
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Statistic optimization for scan data taking

1.
 

N free parameters fit, N energy  points is 
enough

2.
 

The optimal position can be obtained by 
single parameter scan   

3.
 

Luminosity  allocation can be determined 
analytically or by simulation method

4.
 

The uncertainty of tau
 

mass is 
proportional to the inverse of square root 
of luminosity
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1=Mτ
 

,  2=ε, 3=σBG
 

;
L1

 
: L2

 
= 3:1 , L1

 
: Ltot

 
= 10% , δMτ

 
∝(√L)–1;

Lτ
 

= 110 pb–1

Optimization study: 
Chin. Phys. C 2009, 
33:501-507 ;  
Y.K.Wang, 
J.Y.Zhang, 
X.H.Mo, 
C.Z.Yuan.

Only based on 
e μ

 
event

 
!!

Only Statistics 
uncertainty !!
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First circle:
J/ψ

 
scan (7 pts) τ scan (5 pts) ψ’ scan (7 pts) 

Second circle:
J/ψscan (7pts) τscan (pt.9&10) ψ’scan (7 pts)

τ
 

scan plan /anticipated

Final uncertainty 
(sta. ⊕

 
sys.)< 0.1MeV

10days

100 pb–1
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actual
 

τ
 

mass scan

4/14
 

5/(39+26)   3.7/7 9/14 
28%   7.7%           53%      64%

Preliminary results: 
(1776.84 ±0.30)

 
MeV 

0.31MeV (5
 

pb–1 )
<0.1MeV (66 pb–1 ) 

21.75 pb–1 (τ) + 
8.677pb–1(J/ψ

 
&ψ′)=30.348pb–1

 

/9.7days

Prel
imin

ary

eμ
 

events only
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Details about data analysis
1) Ecm calculation 

2) Energy point determination

3) Resonance scan (E,ΔE)

4) τ mass fit
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θ=π−α
α ≈ 22mrad

Ee+ Ee–

Ee+ Ee–

BEMS

2
cos)( α
⋅+= −+ ee

AA
cm EEE

2
cos2 α
⋅= −+ ee

GA
cm EEE

( )απ −⋅−−−+= −+−+ cos222 22222
eeeeeee

S
cm mEmEEEmE

22 )()( −+−+ +−+=
eeee

ppEES

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−≈≈

8
12

2α
beam

GA
cm

GA
cm EEE

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−≈

8
12

2α
beam

S
cm EE

CM energy setting 

Ecm
GA

 
≈ Ecm
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√S

α-effect ≈ 6×10−5, 
0.11MeV @τ threshold
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2012.5.1

Two conditions for BEMS 
data taking control:
1.Accelerator status, beam 
injection;
2. Time duration of 
counting, 40-60 minutes. 

Under the 
condition of 
stable running, 
the data taking 
time for BESIII

 and BEMS 
almost coincide 
with each other;

 but for unstable 
situation, 
whatever due to 
accelerator or 
detector, the 
overlap of two 
kinds of time 
are complicated,

 and should be 
considered 
carefully, 
especially for 
scan  data 
taking.  
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For τ
 

scan, the 
data time is 
comparative long, 
and the running 
status is fairly 
stable 

For resonance scans, the 

situation is rather …
 

…

@ψ’



Sep., 18th, 2012 Mo Xiaohu 17

N
ha

d
/ N

ee
∝
σ

re
s

τ
 

scan
run: 24992-25244

J/ψ
 

scan
run: 24937-24978

ψ′
 

scan
run: 25245-25337

N
ha

d
/ N

ee
∝
σ

re
s

Classification of run by the ratio of Nhad

 

/Nee

1

2

3 4

5

6

7
1

2

3

4

5

6

7



Sep., 18th, 2012 Mo Xiaohu 18

Time matching 

BEMS d.t time 

BES  d.t. time 
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ψ’

J/ψ

ψ’

J/ψ
Fit results for 

J/ψ &ψ’

ΔEScale
 

≈70 keV
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ΔESpread
 

≈15 keV
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The detection efficiency for different 
final states at different scan points

Event Selection Partial information, 
not the full list !
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The number of observed events and that of 
normalized MC samples are consistent within errors.

Total 
consistency 
is fairly well!



Sep., 18th, 2012 Mo Xiaohu 24

Acoplanarity angle PTEM
2-point
Ecm=3553.8MeV

3-point
Ecm=3561.1MeV

4-point
Ecm=3600.2MeV
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Momentum of charged tracks TOF of charged tracks

2-point
Ecm=3553.8MeV

3-point
Ecm=3561.1MeV

4-point
Ecm=3600.2MeV
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E.A.Kuraev,V.S.Fadin
 

, Sov.J.Nucl.Phys. 41(1985)466;
Π(s):  F.A. Berends et al. , Nucl. Phys. B57 (1973)381. 
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BES:PRD53(1995)20
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Theoretical accuracy of cross section at the level of 0.1% 
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Mτ
 

= 1776.9?  ± ~0.?5 MeV

Systematic errors 

Source keV

Theo. ~10

ESpread ~15

EScale ~70

ESelection ~60

Lum. ~1

Sum ~94

τ
 

mass measurement ~0.15 MeV
 

or 9×10−5, 

0.1
 

MeV
 

or 6×10−5.

Perfect b
ut 

Prelim
in

ary!

She came, her face 
half hid behind a 
pipa lute still.
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1.
 

BESIII: Mτ
 

= similar
 

± comparable
 

MeV,
PDG12: Mτ

 
= 1776.82 ± 0.16 MeV;

2. Universality will be tested at the 
level of ~0.3%; and Koideo

 
identity 

is established within the error of 
~50keV;

3. Experience is gotten, confidence is 
built for  obtaining in the future 
the uncertainty

 
≤

 
0.1

 
MeV;

Summary
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