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Comparison	  with	  experiments	   

in	  consistent	  with	  
DHMZ10	

D.	  Nomura	  (tau2012)	

Difference: experiment — SM 

aµ 
exp  –  aµ 

SM = (26.1 ± 8.0) × 10 
–10 

     Æ  3.3 ”standard deviations“ (e+e–) 

     Æ  2.4 ”standard deviations“ (τ) 
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Status	  of	  hadronic	  vacuum	  polariza9on 
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e+e-‐	  àππ(γ)	  cross-‐sec9ons	  from	  BaBar 6

trum, after the latter is corrected using data for all known
detector and reconstruction differences. The generator is
also corrected for its known NLO deficiencies using the
comparison to PHOKHARA . The ratio is consistent with
unity from threshold to 3 GeV /c 2 , (Fig. 1 (a)). A fit to a
constant value yields ( χ 2/n df = 55 .4/ 54; ndf =number of
degrees off reedom)

σdata
µµγ ( γ )

σNLO QED
µµγ ( γ )

− 1 = (40 ± 20 ± 55 ± 94) × 10− 4 , (2)

where the errors are statistical, systematic from this anal -
ysis, and systematic from L ee , respectively. The QED
test is thus satisfied within an overall accuracy of 1.1%.

To correct for resolution and FSR effects, an unfold-
ing of the background-subtracted and efficiency-corrected
mππ distribution is performed. A separate mass-transfer
matrix is created using simulation for the ρ central and
tail regions; this provides the probability that an event
generated in a

√
s interval i is reconstructed in a mππ

interval j . The matrix is corrected using data to account
for the larger rate of events with poorer mass resolution.
Performance and robustness of the unfolding method [17]
have been assessed using test models. For the 2-MeV
intervals, the significant elements of the resulting covari -
ance matrix lie near the diagonal over a typical range of
6 − 8MeV, which corresponds to the energy resolution.

The results for the e+ e− π+ π− (γ ) bare cross sec-
tion [18] including FSR, σ0

ππ ( γ ) (
√
s ), are given in Fig. 1

(b). Prominent features are the dominant ρ resonance,
the abrupt drop at 0 .78 GeV due to ρ− ω interference, a
clear dip at 1 .6 GeV resulting from higher ρ state inter-
ference, and additional structure near 2 .2 GeV. System-
atic uncertainties are estimated from the precision of the
data-MC comparisons and from the measurement proce-
dures used for the various efficiencies. They are reported

TABLE I: Relative systematic uncertainties (in 10 − 3 ) on the
e+ e− π+ π− (γ ) cross section by

√
s intervals (in GeV) up

to 1.2 GeV. The statistical part of the efficiency uncertainties
is included in the total statistical uncertainty in each int erval.

Source of CM Energy Interval (GeV)
Uncertainty 0.3-0.4 0.4-0.5 0.5-0.6 0.6-0.9 0.9-1.2
trigger/ filter 5.3 2.7 1.9 1.0 0.5

tracking 3.8 2.1 2.1 1.1 1.7
π-ID 10.1 2.5 6.2 2.4 4.2

background 3.5 4.3 5.2 1.0 3.0
acceptance 1.6 1.6 1.0 1.0 1.6

kinematic fit ( χ 2 ) 0.9 0.9 0.3 0.3 0.9
correlated µµ ID loss 3.0 2.0 3.0 1.3 2.0
ππ/µµ non-cancel. 2.7 1.4 1.6 1.1 1.3

unfolding 1.0 2.7 2.7 1.0 1.3
ISR luminosity ( µµ ) 3.4 3.4 3.4 3.4 3.4
total uncertainty 13.8 8.1 10.2 5.0 6.5
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FIG. 1: (a) The ratio of the measured cross section for
e+ e− µ+ µ− γ (γ ) to the NLO QED prediction. The
band represents Eq. (2). (b) The measured cross section for
e+ e− π+ π− (γ ) from 0.3 to 3GeV. (c) Enlarged view of the
ρ region in energy intervals of 2 MeV. The errors are from the
combined diagonal elements of the statistical and systemat ic
covariance matrices.

in Table I for 0 .3 <
√
s < 1.2 GeV. Although larger

outside this range, the systematic uncertainties do not
exceed statistical errors over the full spectrum for the
chosen energy intervals.

The lowest-order contribution of the ππ(γ ) intermedi-
ate state to the muon magnetic anomaly is given by

aππ ( γ ) ,LO
µ =

1
4π3

∞

4m 2
π

ds K (s ) σ0
ππ ( γ ) (s ) , (3)

where K (s ) is a known kernel [19]. The integration uses
the measured cross section and the errors are computed
using the full statistical and systematic covariance ma-
trices. The systematic uncertainties for each source are
taken to be fully correlated over all mass regions. The
integrated result from threshold to 1 .8 GeV is

aππ ( γ ) ,LO
µ = (514 .1 ± 2.2 ± 3.1) × 10− 10 , (4)

where the errors are statistical and systematic. This
value is larger than that from a combination of previ-
ous e+ e− data [5] (503 .5± 3.5), but is in good agreement
with the updated value from τ decay [5] (515.2 ± 3.4).

In summary, the cross section for the process e+ e−
π+ π− (γ ) has been measured in the energy range from 0.3
to 3 GeV, using the ISR method. The result for the ππ
hadronic contribution to aµ has a precision comparable
to that of the combined value from existing e+ e− experi-
ments. However, the BABAR central value is larger, which
reduces the deviation of the direct aµ measurement from
the Standard Model prediction.

We are grateful for the excellent luminosity and ma-
chine conditions provided by our PEP-II colleagues, and

BABAR,	  PRL	  103,	  231801	  (2009)	  

e+e– → µ+µ –(γ)	  

e+e– → π+π –(γ)	  

Systematic uncertainty: 
0.5—1.4%  
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Comparisons	  of	  e+e-‐	  data 
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Comparison	  of	  e+e-‐	  à	  π+π-‐	  in	  ρ	  region	   

Further	  check	  from	  BESIII.	  	  	  	  
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Outline 

•  BESIII	  ISR	  program	  
•  R	  scan	  for	  Ecm>2.0	  GeV	  
•  Overview	  on	  meson	  transi9on	  form-‐factors	  
•  BESIII	  plan	  and	  prospects	  
•  Conclusion	  and	  outlook	   
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BEPCII	  project 

Achieved	  luminosity	  85%	  @	  3770MeV 
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BESIII	  detector 
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Data	  samples	  for	  ISR	  physics 
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ISR	  from	  BESIII	  at	  3770	  MeV? 
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e+e-‐	  à	  π+π-‐	  γISR:	  ager	  π-‐μ	  separa9on	   
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Measurements	  of	  e+e-‐àμμγISR	  :	  data	  vs.	  MC 
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Results(s9ll	  blinded):	  	   �(e+e� ! ⇡+⇡�)

The	  uncertainty	  around	  
	  the	  ρ	  peak	  is	  close	  to	  	  
	  1%	  for	  method	  1.	  
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R	  values	  scan	  in	  3	  Phases	   
6%	  

3.5%	  

• Phase	  I:	  pre-‐study,	  ∼7	  days	  	  	  Done	  
	  	  	  	  Machine	  study	  at	  2.0,	  2.5	  and	  4.2(4.6)	  GeV,	  MC	  tuning,	  …	  	  	  	  
• Phase	  II:	  scan	  resonance	  region,	  2	  months	  	  Done	  	  
	  	  	  	  ∼104	  points	  in	  3.8-‐4.6	  GeV,	  100k	  events,	  step	  2,	  5,10,	  20	  MeV.	  
	  	  	  	  Single/separated	  beam	  for	  beam	  associated	  background	  study.	  
• Phase	  III:	  scan	  con(nuum	  region,	  6	  months	  	  (2014-‐2015)	  
	  	  	  	  15	  points	  in	  2.0-‐3.0	  GeV,	  	  10-‐20	  pb-‐1	  @	  each	  point,	  step	  100	  MeV,	  	  	  
 

J	  
J	  
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R	  scan	  2013-‐2014 

Fine	  binning	  R	  ra(o	  in	  Charmonium	  region:	  	  
	  	  	  	  	  	  	  	  	  	  <1%	  	  (stat.)	  
	  	  	  	  	  	  	  	  	  	  <2%	  	  (syst.)	  
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Proton	  From	  factor:	   e+e� ! pp̄

Our	  goal	  is	  to	  measure	  the	  ra(o	  of	  form	  factors	  with	  9%	  -‐	  15%	  accuracy.	  
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Meson	  transi9on	  form-‐factors	  Pàγ*γ* 
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Space	  like	  form-‐factor:	  single	  tag	  method 
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Exis9ng	  data	  on	  transi9on	  form-‐factors 
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BESIII	  sensi9vity	  for	   e+e� ! e+e�⇡0
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Outlook	  for	  (g-‐2)μ 
New	  (g-‐2)μ	  experiments	  at	  at	  H-‐Line/J-‐PARC	  and	  FNL	  will	  reach	  
0.1ppm,	  almost	  5	  9mes	  bemer	  than	  that	  from	  BNL:	  	  

	  

To	  improve	  the	  SM	  predic9on,	  therefore,	  we	  need	  precision	  hadron	  cross-‐sec9ons	  
	  from	  e+e-‐	  machine,	  and	  bemer	  spectrum	  from	  tau	  decays.	  	   
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Conclusion	   

	  	  	  We	  expect	  results	  from	  BESIII	  soon	  
Ø 	  	  Precision	  hadron	  cross-‐sec9on	  	  measurements	  
	  	  	  	  	  	  	  from	  BESIII	  à	  HVPà	  (g-‐2)μ	  
Ø 	  	  Space	  like	  9me	  form	  factors	  à	  HLbL	  scamering	  	  	  
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Thanks! 

With	  more	  measurements	  from	  CMD,	  SND,	  BESIII,	  	  
	  The	  uncertainty	  on	  HVP	  can	  be	  reduced	  by	  a	  factor	  of	  2?	  	   

Special	  thanks	  to	  my	  BESIII	  colleague	  Achim	  Denig.	  	  I	  stolen	  many	  slides	  from	  Achim. 


