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Muon Magnetic Moment: (g-2)µ 
	   	  	  Magne'c	  Moment:	  	  	  µ	  	  =	  	  μB	  	  g	  	  S	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  aμSM	  =	  (g-‐2)μ	  /	  2	  =	  aμQED	  +	  aμweak	  	  +	  aμhad	  =	  	  (	  11	  659	  182.8	  ±	  4.9	  )	  ·∙	  10-‐10	  	  

→ → 

Teubner	  et	  al	  ’11	  

3	  
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	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  BNL/E821	  measurement	  aμexp	  	  =	  	  (	  11	  659	  208.9	  ±	  6.3	  )	  ·∙	  10-‐10	  	  
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Δaμ	  =	  aμexp	  –	  aμSM	  =	  	  	  

(26.1	  ±	  8.0)	  ·∙	  10-‐10	  	  (3.3	  σ)	  

Error(s)	  or	  New	  Physics	  ?	  
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Note:	   	  Discrepancy	  twice	  as	  large	  as	  aμweak	  !	  

	  Expect	  ΔaμBSM	  =	  26	  ⋅ 10-‐10	  ~	  aμweak	  	  x	  	  couplings	  	  x	  (	  	  	  	  	  	  	  	  	  )2 mW	  	  

mBSM	  
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Δaµ

SUSY ≈ +13 ⋅10−10 sgn(µ) 100 GeV
mSUSY

⎛

⎝⎜
⎞

⎠⎟

2

tanβ

mBSM	  ~	  O(mW	  ),	  SUSY	  

Increasing	  tension	  with	  LHC	  data,	  non-‐
tradiUonal	  SUSY	  models	  viable	  

Stöckinger	  et	  al	  ’13	  

	  	  	  	  Tes'ng	  a	  very	  wide	  range	  of	  BSM	  models	  
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BNL	  E821	  	  ’06	  

ωa = ωS - ωC = aµ ⋅  	

e B 
 m 

ωS: Spin	  precession	  frequency	  
ωC: Cyclotron	  frequency	  	  	  	  

aµ
exp = ( 11	  659	  208.9	  ±	  5.4stat	  ± 3.3syst	  )	  ·	  10-‐10	  

Positron	  coun'ng	  rate	  (log	  scale)	  
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FNAL,	  July	  26,	  2013	  

St.	  Louis	  

BNL  FNAL, A new (g-2)µ Experiment  
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BNL/FNAL Approach 

Naohito	  Saito	  

J-PARC Approach 
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14m diameter 

BNL/FNAL Approach 

Naohito	  Saito	  

J-PARC Approach 



Achim	  Denig 	   	   	   	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Low-‐energy	  tests	  of	  the	  Standard	  Model 	  	  

Upcoming (g-2)µ Measurements 
14	  

22 

14m diameter 

BNL/FNAL Approach 

Naohito	  Saito	  

J-PARC Approach 



Achim	  Denig 	   	   	   	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Low-‐energy	  tests	  of	  the	  Standard	  Model 	  	  

Upcoming (g-2)µ Measurements 
15	  

22 

14m diameter 

BNL/FNAL Approach 

Naohito	  Saito	  

J-PARC Approach 



Achim	  Denig 	   	   	   	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Low-‐energy	  tests	  of	  the	  Standard	  Model 	  	  

Upcoming (g-2)µ Measurements 
16	  

22 

14m diameter 

BNL/FNAL Approach 

Naohito	  Saito	  

J-PARC Approach 
• 	  concept	  at	  FNAL	  as	  BNL/CERN	  
• 	  higher	  muon	  staUsUcs	  
• 	  less	  pion	  contaminaUon	  
• 	  beder	  control	  of	  systemaUcs	  

• 	  table	  top	  experiment	  
• 	  ultra-‐cold	  muons	  
• 	  injecUon	  in	  3T	  MRT	  magnet	  
• 	  even	  larger	  muon	  staUsUcs	  

Factor	  4	  
improved	  	  
accuracy	  
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EW	  contribuUons:	  A	  trimph	  of	  perturbaUve	  QFT	  and	  compuUng	  

aμSM	  	  	  	  	  	  	  	  	  =	  	  	  	  	  aμQED	  	  	  	  +	  	  	  	  	  	  aμweak	  	  	  +	  	  	  	  	  aμhad	  	  	  	  	  =	  	  	  	  	  	  	  (	  11	  659	  182.8	  ±	  4.9	  )	  ·∙	  10-‐10	   

Kinoshita	  et	  al.	  ‘12	

Czarnecki	  et	  al.	  	

(	  11	  658	  471.808	  ±	  0.015	  )	  ·∙	  10-‐10	   

(	  15.4	  ±	  0.2	  )	  ·∙	  10-‐10	   
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Hadronic	  contribuUon	  non-‐perturba've,	  the	  limi'ng	  contribuUon	  

aμSM	  	  	  	  	  	  	  	  	  =	  	  	  	  	  aμQED	  	  	  	  +	  	  	  	  	  	  aμweak	  	  	  +	  	  	  	  	  aμhad	  	  	  	  	  =	  	  	  	  	  	  	  (	  11	  659	  182.8	  ±	  4.9	  )	  ·∙	  10-‐10	   

Teubnernet	  al.	  ‘11	

	  HVP:	  Hadronic	  Vacuum	  PolarizaUon	  (	  692.3	  ±	  4.2	  )	  ·∙	  10-‐10	   
NLO	  Hadronic	  Vacuum	  PolarizaUon	  (	  -‐9.8	  ±	  0.1	  )	  ·∙	  10-‐10	   

HVP	  

	  HLbL:	  Hadronic	  Light-‐by-‐Light	  (	  10.5	  ±	  2.6	  )	  ·∙	  10-‐10	   

HLbL	  
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Hadronic	  contribuUon	  non-‐perturba've,	  the	  limi'ng	  contribuUon	  

aμSM	  	  	  	  	  	  	  	  	  =	  	  	  	  	  aμQED	  	  	  	  +	  	  	  	  	  	  aμweak	  	  	  +	  	  	  	  	  aμhad	  	  	  	  	  =	  	  	  	  	  	  	  (	  11	  659	  182.8	  ±	  4.9	  )	  ·∙	  10-‐10	   

Teubnernet	  al.	  ‘11	

	  HVP:	  Hadronic	  Vacuum	  PolarizaUon	  (	  692.3	  ±	  4.2	  )	  ·∙	  10-‐10	   
NLO	  Hadronic	  Vacuum	  PolarizaUon	  (	  -‐9.8	  ±	  0.1	  )	  ·∙	  10-‐10	   

σhad = σ( e+e-→  hadrons	  )	  
~	  1/s	  	  Data	  below	  ~3	  GeV	  needed!	  

    

€ 

aµ
HVP =

1
4π3 ds

4mπ
2

∞

∫ K(s)σ had

HVP	  

	  HLbL:	  Hadronic	  Light-‐by-‐Light	  (	  10.5	  ±	  2.6	  )	  ·∙	  10-‐10	   
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Initial State Radiation 

e- 

e+ γISR	  

Hadrons	  

M hadr 

Ini'al	  State	  Radia'on	  (ISR)	  
aka	  Radia've	  Return	  

• 	  	  Pioneered	  by	  KLOE	  ‘05	  
• 	  	  Needs	  no	  systemaUc	  variaUon	  of	  
	  	  	  beam	  energy	  (parUcle	  factories!)	  

• 	  High	  staUsUcs	  thanks	  to	  high	  
	  	  	  integrated	  luminosiUes	  

Rev. Mod. Phys. 83, 1545–1588 (2011) !

ISR	  spectra	  measured	  by	  

20	  

ECM 
E’ 

E’ , GeV 

	  En're	  E	  range	  <ECM	  accessible	  

pQCD 
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Most relevant Channel: e+e- → π+π-   
ρ	  resonance	  

ρ	  -‐	  ω	  interference	  

21	  

Systema'c	  Uncertain'es	  

•  BABAR 	  0.5%	  
•  KLOE 	  0.8%	  
•  CMD2 	  0.8%*	  
•  SND 	  1.5%*	  
	  	  	  	  *	  limited	  in	  addiUon	  by	  staUsUcs	  
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22	  

Observa'ons	  

•  KLOE	  and	  BABAR	  dominate	  the	  world	  average	  
•  RelaUvely	  large	  systemaUc	  differences,	  esp.	  above	  ρ	  peak	  
•  Knowledge	  of	  aµhad	  dramaUcally	  limited	  due	  to	  this	  difference	  

Note: KLOE05 super- 
seded by KLOE08 
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Energy Scan e+e- 
Radiative Return e+e- 

IHEP/Beijing 
BESII, R scan >2 GeV 

  
Novosibirsk/CMD-3, SND 

R Scan < 2 GeV 

BESIII 
√s = 3 ... 4 GeV 

 

KEK/Tsukuba 
BELLE-II 

√s=10.58 GeV 
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Energy Scan e+e- 
Radiative Return e+e- 

IHEP/Beijing 
BESII, R scan >2 GeV 

  
Novosibirsk/CMD-3, SND 

R Scan < 2 GeV 

BESIII 
√s = 3 ... 4 GeV 

 

KEK/Tsukuba 
BELLE-II 

√s=10.58 GeV 
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Hadronic Light-by-Light Scattering 
25	  

aμHLbL	  	  =(	  10.5	  ±	  2.6	  )	  ·∙	  10-‐10	  

	  	  	  	  	  	  	  	  	  	  Prades	  et	  al.	  	  

Based	  on	  phenomenological	  	  
theoreUcal	  models	  (different	  	  
groups	  find	  significantly	  larger	  	  
values/errors) 
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Based	  on	  phenomenological	  	  
theoreUcal	  models	  (different	  	  
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values/errors) 

⇔ 
Rela'on	  ?	  

Exp.	  Input	  ?	  

π0, η, ηʹ′	

γ* 

γ 

e-	


e-	


e+	
e+	


Dispersion	  RelaUons	  being	  developed	  using	  expt.	  input	  	  
from	  γγ-‐scadering	  !	  Form	  Factors	  F(Q2)!	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Vanderhaeghen	  et	  al.,	  Colangelo	  et	  al.	  ‘14	  

π0, η, η#$
!

γ(�)!

γ�!

e�!

e+!

BESIII,	  KLOE-‐2 
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Crystal Ball: TL FF  ⌘ ! e+e��

S. Prakhov, M. Unverzagt et al. (A2 collab.) ‘14 

TL calculation: S. Leupold, C. Terschlüsen 
Padé calculation: R. Escribano, P. Masjuan, P. Sanches-Puertas 

27	  

l+

l�

⌘
�F⌘(mll)

�⇤

VMD pole model: 
Λ-2=(1.95 ± 0.15stat ± 0.10syst) GeV-2 
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Conclusions & Outlook (g-2)µ 
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(g-‐2)µ	  Experiment:	  Reduc'on	  of	  error	  by	  factor	  4	  !	  

(g-‐2)µ	  Theory:	  Reduc'on	  of	  error	  by	  factor	  2	  !	  
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Conclusions & Outlook (g-2)µ 
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(g-‐2)µ	  Experiment:	  Reduc'on	  of	  error	  by	  factor	  4	  !	  

(g-‐2)µ	  Theory:	  Reduc'on	  of	  error	  by	  factor	  2	  !	  

Establish	  devia'on	  at	  >>5σ	  level	  
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The  
Dark Photon 
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Search	  for	  the	  O(GeV/c2)	  mass	  scale	  in	  a	  world-‐wide	  effort	  

 	  	  Could	  explain	  large	  number	  of	  astrophysical	  anomalies	  	  

 	  	  Could	  explain	  presently	  seen	  devia'on	  of	  >3σ	  between	  (g-‐2)μ	  	  	  
	  	  	  	  	  	  Standard	  Model	  predicUon	  and	  direct	  (g-‐2)μ	  measurement	  

Arkani-Hamed et al. (2009)!
Andreas, Ringwald (2010); Andreas, Niebuhr, Ringwald (2012) !

Pospelov(2008)!

α ʹ′=ε 
2 · αem 

Mass	  [eV]	  10-‐6	   10-‐2	   106	   109	   1011	   1013	  

LHC	  

Axion	  

Dark	  photon	  

W’,	  Z’	  

New	  massive	  force	  carrier	  of	  extra	  U(1)d	  gauge	  group;	  
predicted	  in	  almost	  all	  string	  compac'fica'ons	  	  

Dark Photon Search 
31	  
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The (g-2)µ Parameter Range 
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Mass	  

32	  

Status	  2011	  
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Kinetic Mixing and the Dark Sector 

Standard	  
Model	  	  
Sector	  	  
U(1)	  

Dark	  	  
Sector	  	  
U(1)d	  	  	  

Holdom	  86	  

γ γʹ′ 

Heavy	  Charged	  Leptons	  L	  
(carry	  U(1)d	  charge)	  

Dark	  Photon	  
(aka	  Aʹ′,	  U,	  Zd,	  ...)	  

A	  portal	  to	  relate	  the	  dark	  sector	  to	  the	  SM	  world	  (coupling	  ~	  ε2)	  

Features	  à	  la	  Arkani-‐Hamed:	  A	  theory	  of	  Dark	  Mater	  
• 	  More	  than	  one	  Dark	  Mader	  parUcle	  	  Dark	  Sector	  

• 	  dm	  +	  dm	  → e+e-‐	  explains	  positron	  excess  
• 	  Astrophysical	  anomalies	  (PAMELA,	  FERMI,	  DAMA/LIBRA,	  INTEGRAL,	  ...)	  	  
	  	  	  suggest	  dark	  photon	  mass	  on	  GeV	  mass	  scala	  (and	  lighter	  than	  2Mp)	  	  

33	  
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Searches using Fixed-Target Experiments 
Low-‐energy,	  high-‐intensity	  accelerators	  (MAMI,	  JLAB)	  
are	  ideally	  suited	  for	  Dark	  Photon	  searches!	  

γ	
 γ	

Bjorken,	  Essig,	  Schuster,	  Toro	  (2009)	  

34	  
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Searches using Fixed-Target Experiments 
Low-‐energy,	  high-‐intensity	  accelerators	  (MAMI,	  JLAB)	  
are	  ideally	  suited	  for	  Dark	  Photon	  searches!	  

γ	
 γ	

Bjorken,	  Essig,	  Schuster,	  Toro	  (2009)	  
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QED	  background	  processes:	  
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	  	  Hypothe'cal	  	  Dark	  	  
Photon	  signal:	  	  
	  	  	  	  	  	  bump	  in	  one	  	  
	  	  	  	  	  	  	  	  	  	  single	  bin	  

QED	  bkg.	  

sideband	  
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MAMI Results (A1 collaboration) 
Phys.	  Rev.	  Led.	  112	  (2014),	  221802	  

36	  

3	  weeks	  of	  beamUme	  
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A1 - SFB 
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BABAR Dark Photon Search (arXiv:1406.2980) 

e-‐	  

e+	  
γISR	  

e+/µ+	  

e-‐/µ-‐	  

e+e-‐	  →	  µ+µ-‐	  γISR	  
e+e-‐	  →	  e+e-‐	  γISR	  
arXiv:1406.2980	  

Analysis	  of	  the	  full	  data	  set	  
(10	  years)	  
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BABAR Dark Photon Search (arXiv:1406.2980) 

Remaining	  (g-‐2)µ	  welcome	  region!?	  
Dark	  Light	  @	  JLAB	  
MESA	  @	  Mainz	  
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A1 - SFB 
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BABAR Dark Photon Search (arXiv:1406.2980) 

En're	  remaining	  white	  	  
region	  (JLAB	  APEX,	  HPS)	  

InteresUng	  in	  view	  	  
of	  dark	  sector	  
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Conclusions 



Achim	  Denig 	   	   	   	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Low-‐energy	  tests	  of	  the	  Standard	  Model 	  	  

The Frontiers of Particle Physics 

41	  

• 	  (g-‐2)µ	  
• 	  New	  light	  gauge	  bosons	  
• 	  Proton	  radius	  puzzle	  
• 	  EDMs	  
• 	  LFV	  (e.g.	  µ→eγ)	  
• 	  Flavour	  CKM	  Physics	  
• 	  ……	  

LHC	  

Future:	  
• 	  low-‐energy	  sin2QW	  
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EW Mixing Angle sin2ΘW  at Low Energies 
42	  

MESA:	  	  Δsin2θW	  =	  4	  x	  10-‐4 

Standard	  Model	  	  
Running	  of	  sin2θW	  

MESA 

A	  quan'ty	  which	  incorporates	  SU(2)LxU(1)Y	  +	  Higgs	  
Mechanism+	  Renormalizability	  

sin2⇥W = (e/g)2 = 1� (MW/MZ)
2

Precision	  measurement	  
at	  low	  Q	  	  

	  Probe	  BSM	  at	  mul'	  TeV	  scale	  
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Parity Violating Electron Scattering 
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	  	  	  	  	  Scatering	  of	  longitudinally	  polarized	  electrons	  on	  protons	  /	  electrons	  

	  	  	  	  	  	  Z	  boson	  exchange	  introduces	  parity-‐viola'ng	  effect	  	  
	  	  	  	  	  	  Measure	  parity-‐viola'ng	  Le}-‐Right	  cross	  sec'on	  asymmetry	  ALR	  
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	  	  	  	  	  Scatering	  of	  longitudinally	  polarized	  electrons	  on	  protons	  /	  electrons	  

	  	  	  	  	  	  Z	  boson	  exchange	  introduces	  parity-‐viola'ng	  effect	  	  
	  	  	  	  	  	  Measure	  parity-‐viola'ng	  Le}-‐Right	  cross	  sec'on	  asymmetry	  ALR	  

3	  projects	  at	  JLAB	  (1.2	  GeV,	  11	  GeV	  )	  and	  MESA/Mainz	  (0.1	  GeV):	  

• 	  QWEAK@JLAB	  (6	  GeV),	  data	  taking	  finished	  

• 	  P2@MESA	  (0.1	  GeV),	  in	  prepara'on	  

• 	  Moeller@JLAB	  (11	  GeV),	  in	  prepara'on	  

PANIC2020	  :	  

Δsin2θW	  	  4	  x	  10-‐4	  

(Thursday	  a�ernoon	  session)	  
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Thank you! 
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Additional slides  
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  Energy Scan < 2 GeV at Novosibirsk	

47	  

VEPP-‐2000	  (since	  2010):	  

• 	  	  Classical	  energy	  scan	  technique,	  no	  ISR	  
• 	  	  	  Upgrade	  of	  detectors	  CMD-‐3,	  SND,	  	  
• 	  Lmax	  =	  1032	  cm-‐2	  s-‐1	  at	  2	  GeV,	  	  20%	  reached	  

	  	  concept	  of	  round	  beams	  
	  	  already	  now	  compeUUve	  in	  staUsUcs	  

Absolute	  µ+µ-‐γ	  cross	  secUon	  	  
measured	  with	  0.5%	  accuracy!	   
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MESA contribution to sin2θW 
	  	  	  	  	  Scatering	  of	  long.	  polarized	  electrons	  (150	  MeV)	  on	  protons	  
	  	  	  	  	  	  Z	  boson	  exchange	  introduces	  parity-‐viola'ng	  effect	  	  

	  	  	  	  	  	  Measure	  Parity-‐viola'ng	  Le}-‐Right	  cross	  sec'on	  asymmetry	  ALR	  of	  20	  x	  10-‐9	  

MESA:	  	  Δsin2θW	  =	  4	  x	  10-‐4 

Standard	  Model	  	  
Running	  of	  sin2θW	  

MESA 
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Summary (g-2)µ 

Future	  improvement	  of	  aµhad	  ?	  

1st	  priority:	  
Clarify	  situaUon	  regarding	  π+π-	

(KLOE	  vs.	  BABAR	  puzzle)	  

2nd	  priority:	  
Measure 3π, 4π channels	  

3rd	  priority:	  
KK	  and	  higher	  mulUpliciUes	  

49	  
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Dark Photon Search in a world-wide Effort 
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γ ʹ′ e+	  

e-	


WASA@COSY	  
HADES@GSI	  

π0	  →	  e+e-γ	  
η	  →	  e+e-γ	  

Dalitz	  decays	  	  
pseudoscalar	  	  
mesons	   Radia've	  	  

meson	  decays	  	  
Φ	  →	  ηe+e-	  
Υ(4S)	  →	  µ+µ-γ	  

KLOE@FrascaU	  
BABAR@SLAC	  

Hall	  B,	  2015	  
HPS@	  JLAB	  

e+e-‐	  par'cle	  factories	  	  
ISR	  produc'on	  of	  γ‘	  

KLOE,	  BABAR,	  BESIII@Beijing	  

HR	  spectrometer	  
	  +	  septum	  magnet	  
 	  extend	  MAMI	  range	  

APEX	  @	  JLAB	  

Displaced	  vertex	  technique	  
	  sensiUvity	  to	  low	  ε	  region;	  
Si	  vertex	  trigger,	  PbWO4	  EMC	  

fixed	  target	  

	  	  	  	  fixed	  	  	  	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  target	  

Dark	  Light	  @	  JLAB	  
MESA@Mainz	  

Low	  mass	  region	  <	  50	  MeV	  

fixed	  	  	  	  	  target	  
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BESIII 
51	  

Unprecedented	  accuracy	  	  
	  	  	  	  	  Q2	  <	  1.5	  GeV2	  

	  	  most	  relevant	  range	  for	  HLbL	  

only	  MC	  shown	  red	  error	  bars	  correspond	  to	  	  BESIII	  staUsUcs	  

KLOE-‐II/FrascaU	  

preliminary	  
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Outline 

Dark	  Photons	  

•  Overview	  
•  Recent	  Searches	  for	  the	  Dark	  Photon	  

Anomalous	  Magne'c	  Moment	  of	  the	  Muon	  (g-‐2)µ	  
•  (g-‐2)µ	  Overview	  
•  Experiment:	  Towards	  a	  New	  Measurement	  of	  (g-‐2)µ	  
•  SM	  PredicUon:	  	  Hadronic	  Vacuum	  PolarizaUon	  
	   	   	  Hadronic	  Light-‐by-‐Light	  ContribuUon	  

52	  
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Flagship ISR Analysis: e+e- → π+π-γISR   

 [GeV]π2m
0 0.5 1 1.5 2 2.5 3 3.5 4

ev
en

ts
 / 

20
 M

eV

0

5000

10000

15000

20000

25000  MCγ-π+π 
 MCγ-µ+µ 

 data

Event	  yield	  a�er	  acceptance	  cuts	  only	  

Features: 
•   ψ(3770) data	  only	  (2.9	  �-‐1)	  
• 	  	  no	  dedicated	  background	  subtracUon	  
• 	  	  tagged	  ISR	  photon	  

	  large	  staUsUcs	  of	  e+e-‐	  → ππγ events	  
	  background	  dominated	  by	  e+e-‐	  → µµγ	

 data	  –	  MC	  differences	  visible	  

iniUal	  publicaUon	  
600	  –	  900	  MeV	  

preliminary	  

J/ψ 

ρ	
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e+e- → π+π-γISR: π - µ Separation   

CFMlpANN response
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

dx / 
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/N
) d

N

0
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22 Signal (test sample)

Background (test sample)
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Background (training sample)

Kolmogorov-Smirnov test: signal (background) probability = 0.735 (0.455)
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O

-fl
ow
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, 0

.0
)%

 / 
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.0
, 0
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)%

TMVA overtraining check for classifier: CFMlpANN

TMVA	  method	  (Neural	  Network): 
•   trained	  using	  µµγ	  and	  ππππγ	  MC	  events	  
• 	  	  informaUon	  based	  on	  track	  level	  
• 	  	  efficiency	  matrix	  (p,Θ)	  for	  data,	  MC	  
• 	  	  correct	  for	  data	  	  -‐	  MC	  differences	  
• 	  	  cross	  checked	  for	  different	  TMVA	  methods	  

preliminary	  
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π µ 

 [GeV]π2m
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Event	  yield	  ππγ a�er	  π-‐µ	  separaUon	  

preliminary	  
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Measurement of µ+µ-γ: Data vs. QED 

 / ndf 2χ    134 / 134
p0        0.0028± 0.9949 
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 / ndf 2χ    134 / 134
p0        0.0028± 0.9949 
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 / ndf 2χ    134 / 134
p0        0.0028± 0.9949 
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 / ndf 2χ    134 / 134
p0        0.0028± 0.9949 

Event	  yield	  µµγ a�er	  π-‐µ	  separaUon	  
and	  all	  efficiency	  correcUons	  

Features:	  

• 	  	  background	  from	  ππγ	  very	  small	  
• 	  	  PHOKHARA	  accuracy	  <0.5%	  
• 	  	  luminosity	  measurement	  based	  
	  	  	  on	  Bhabha	  ev.,	  1.0%	  accuracy	  

preliminary	  
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	  excellent	  agreement	  with	  QED	


    Δ(MC/QED-‐data)	  =	  	  
	  	  	  	  	  	  	  (0.51	  ±	  0.28)	  %	  	  
	  accuracy	  on	  1%	  level	  as	  needed	  
	  	  	  	  	  to	  be	  compeUUve	  !	  
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Meson Transition Form Factors P→ γ* γ(*) 

Time-‐like	  transi'on	  form	  factors:	  

  Dalitz	  decays	  

•  0	  <	  q²	  <	  MP²	  

  AnnihilaUon	  process	  	  

•  q²	  =	  s	  >	  MP²	  

Space–like	  transi'on	  form	  factors:	  

  Two-‐photon	  producUon	  of	  mesons	  
	  	  in	  e+e-‐	  

56	  
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Existing Data on SL Transition Form Factors 

e+e- →e+e- η e+e- →e+e- η' 

e+e- →e+e- π0 Features:	  

• 	  	  recent	  high-‐Q2	  data	  from	  BABAR	  and	  BELLE	  Q2	  >	  4	  GeV2	  	  
• 	  	  above	  1.5	  GeV2	  data	  from	  CLEO	  
• 	  	  below	  1.5	  GeV2	  data	  from	  CELLO,	  very	  poor	  accuracy	  

	  low	  Q2	  range	  not	  covered	  
	  	  	  	  	  most	  	  relevant	  for	  HLbL	  contribuUon	  to	  (g-‐2)µ	  
	  most	  relevant	  channels:	  π0, η, η', ππ	


iniUal	  BESIII	  publicaUon	  
<	  3.1	  GeV2	  
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58 Impact of KLOE-II Future 

Installation of dedicated tagging 
detectors close to beam pipe 

58	  
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59 
Relevance for HLbL 

courtesy: V. Pauk, JGU 

Weighting functions dominate at low Q < 2 GeV ! 

Pseudoscalar Mesons Axial Vector Mesons 
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  Overview Novosibirsk Results	

•  CMD-2: π+π- <1%, higher multiplicities few % accuracy 

•  SND measurement of π+π- with 1.2% accuracy 

CMD-2 
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Summary of ISR Results 
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•  Large g-2  Large CLFV	
G. Isidori, F. Mescia, P. Paradisi, and D. Temes, PRD 75 (2007) 115019 

  Flavour physics with large tan β with a Bino-like LSP	

Excluded by MEG 

deviation from SM (g-2) 

g-2 (BNL E821) 

Motivation: SUSY in CLFV and DMs [From Tsutomu Mibe] 

Br(µ ! e�)⇥ 1011

5.7⇥ 10�13 �!
MEG limit now even: 
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Lepton EDMs: dµ vs. aµ 

•  One more reason to push for best possible muon EDM measurement: 
      µEDM could in principle fake muon AMM   `The g-2 anomaly isn’t’ (Feng et al 

2001) 

      

•  Less room than there was  
      before E821 improved the  

      limit. 

E821 exclusion (95% C.L) 
G.W. Benett et. al, PRD80 

(2009) 052008	

Δaµ x 1010	

d µ
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m
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