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The anomalous magnetic 
moment of the muon: a crack in 
the Standard Model? 



 Outlook 

•  The anomalous magnetic moment of the muon : aµ= (g-2)µ/2  
•  Measurement of aµ 	


•  The Standard Model calculation of aµ 

•  The hadronic contribution and measurement of the hadronic 
cross sections at low energy  

•  Future measurement of aµ  at FNAL 
•  Conclusions 



! 

aµ =
(gµ " 2)
2

• Measured and computed with fabulous 
precision (~0.5ppm)  

• Long established discrepancy (>3σ) 
between SM prediction and BNL E821 exp. 

• Theoretical error δaµ
SM (~5x10-10) slightly 

smaller than experimental one. Dominated 
by hadronic corrections (HLO-VP and 
HLBL)  

• Twofold improvement on δaµ
SM from 2001 

(thanks to new e+e- measurements)! 

 

•  New g-2 experiment(s) at FNAL and J-
PARC to reduce the experimental 
uncertainty of a factor four (1.5 10-10 ) 

 

T.Teubner, PHIPSI08	


 Muon anomaly 

In 2001 aµ
EXP-aµ

TH=(23±16)•10-10	


In 2013: aµ
EXP-aµ

TH=(28±8)•10-10	


	


…but where all of that did start from? 



In the beginning there was Dirac 

predicted electron magnetic moment 

However,  experimentally g > 2;  need to add a Pauli term 

where a is the 
anomaly,  

dimension 5 operator 

(only from loops) 



In the QED, a becomes an expansion in (α/π) from loops	


Dirac            
Stern-Gerlach 

Schwinger 
Kusch-Foley 

Empty space is not empty… there are also other (important) 
contributions… (SM) 

a=α/2π	




QED Weak 

Precisely known 
Large uncertainty  

(significant work going on) 

Hadronic contribution 

HLbL HLO 

In the ’70 at CERN aµ was measured  with an uncertainty of 8x10-9  

(7ppm), of the same order of aµ
SM (sensitive to hadronic 

contribution) 

aµ
QED ~a/2π~ O(10-3)          aµ

HAD ~ O(10-8)         aµ
Weak ~ O(10-9) 

 

Standard Model contribution to (g-2) 



But how was possible 
to measure g-2 to 
such an accuracy? 

EXP 

Cern experiment in ‘70: a triumph for the QED 



•  Place polarized muons in a B field 
–  spin precession frequency (q = ± e)  

–  cyclotron frequency 

The aµ Experiments: 

Since g > 2, the spin gets ahead of the momentum 





4 Key elements of modern storage-ring g-2 measurements 

(1) Polarized muons 
 ~97% polarized for forward decays 

 

(2) Precession proportional to (g-2)  
  
  

(3) Pµ magic momentum = 3.094 GeV/c 
  

 
  

 E field* doesn’t affect muon spin when γ = 29.3 
(4) Parity violation in the decay gives 

average spin direction 
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*Note: this carries a tiny systematic error of < 0.05 ppm in past experiment 



# of high energy electrons vs time: 

This was the results of CERN exp (‘70). Since that many advances in 
Experiment and Theory 



- p. 12/57 

E821 exp at BNL: Muon (g-2) storage ring 



B. Lee Roberts,  University of Sussex – 8 July  2011 - p. 13/33 B. L.  Roberts,  Fermilab , 3 September 2008  - p. 13/68 

Inflector 

Kicker  
Modules 

Storage 
ring 

Central  orbit 
Injection orbit 

Pions 

−π

p=3.1GeV/c 

Experimental Technique 

B


•  Muon polarization 

R=711.2cm 

d=9cm 

(1.45T) 

Electric Quadrupoles 

xc ≈ 77 mm 

β ≈ 10 mrad 

B·dl ≈ 0.1 Tm 

xc 

R

R β	


Target 

25ns bunch of       
≥ 1 X 1012 
protons 

• injection & kicking 
• Muon storage ring 

•  focus with  Electric Quadrupoles 

• 24 electron calorimeters  



- p. 14/33 

Waveform digitizer 
gives  t, E 

Picture of a Lead-Scifi 
Calorimeter from  E821 



µs 

γτµ  =  64.4 µs;                          
(g-2): τa  = 4.37 µs;  
Cyclotron:  tC  =  149 ns 

γτ	


Ee ≥ 1.8 GeV  

The arrival time spectrum of high-energy e- 

Result: 

How does it compare with the SM? 



well known  significant work ongoing 

The SM Value for aµ 

We have reached a 0.6 ppm accuracy!  

(E821 @ BNL) 



δaµQED =0.001ppm 



Impressive calculation…hundreds of diagrams 



δaµWeak =0.02 ppm 



δaµHLO =0.4 ppm 



aµ
HLO: 

L.O. Hadronic contribution to aµ can be estimated by means of a dispersion 
integral: 
    

- K(s) = analytic kernel-function 

- above sufficiently high energy value, typically 2…5 GeV, use  pQCD  

    Input: 

    a)  hadronic electron-positron cross section data  

    b)  hadronic τ- decays, which can be used with the help of the CVC-theorem  
         and an isospin rotation (plus isospin breaking corrections) 

! 

aµ
had =

" mµ
3#
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ds R(s) ˆ K (s)
s2

4 m#
2
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+
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R(s) =
" tot (e

+e# $ %*$ q q $ hadrons)
" tot (e

+e# $ %*$ µ+µ#)

H 

1 / s2 makes low 

energy contributions 

especially important: 

! 

e+e" #$ +$"

in the range < 1 GeV	


contributes to 70% ! 

(A., D., H. ’97) 

(G.dR 69, E.J.95, A.D.H.’97,….) 



 Dispersion Integral: 
Contribution of different energy regions to the dispersion integral 

and the error to aµ
HLO 

δaµ
exp→ 1.5 10-10 = 0.2%  on aµ

HLO 

~40%	

~75%	


(mostly 2π)	


~55%	


contributions error2 

Very important 
also the region 
1-2 GeV 

New g-2 exp.	


K(s)~1/s	


aµ
HLO δaµ

HLO 



 e+e- data: a worldwide efforts 

~1% ~3-5% δσHAD ~7-15% ~6% 



Main contributions to aµ
HLO and Δα(MZ) 

new meas 

new meas 

M. Davier et al. Eur.Phys.J. C71 (2011) 1515 M. Davier et al. Eur.Phys.J. C71 (2011) 1515 



 Measured cross section for e+e- →π+ π-  

(2010) ( data: different experiments 

B. Lee Roberts for the New Muon (g-2) Collaboration – DPF 10 August  2011 - p. 25/57 
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δaµHLO =0.4 ppm 
δaµHLO =0.3 ppm 



SM
  th

eo
ry

 

~3.5 “standard deviations” 
with SM 

Error dominated by 
experimental uncertainty! 

Hint of new physics?  

 

(0.54 ppm!) 

A factor 15 improvement 
in accuracy respect to 
CERN! 

aµ
SM =116 591802± 49

aµ
SM =116 591802± 49 !10"11 M. Davier et al. 2011 

aµ
E821 ! aµ

SM = (287±80)"10!11 (3.6! )



SPARES 

Are we missing something? 

Possible explanations? 

What are we missing (theory or exp)? 



New Physics? 
aµ
TH = aµ

QED + aµ
HAD + aµ

Weak + aµ
???

???? 
X SUSY? 

g - 2 

Natalia Toro, Aspen 2011 

Dark Photons? 



SUSY? 
SUSY with mass scale of several 100 GeV 
is consistent with discrepancy 

Large tanβ, µ>0 prefer. 

strong limit on MSUSY 

!aµ
SUSY "13#10$10 sgnµ( ) tan! 100GeV

MSUSY

%

&
'

(

)
*

2

Important 
constraint for 
interpretation of 
BSM physics 
searches at LHC 



Correlation btw g-2 and LHC result on H->γγ	


arXiv:1207.6393v1 

Post Higgs paper 

•  Observations: 
–   production rate is too high by ~40-50% 
–  Higgs rates in ZZ* and WW* are consistent     
     with the SM 
–  Muon anomaly differs from SM by ~ +280 x 10-11 

•  Theoretical SUSY model that fits observations 
–  light stau with large left-right mixing  
–  light Bino 
–  heavy higgsinos 

•  Other consequences 
ü  Predicts Muon Anomaly exactly 
ü  Compatible with thermal dark matter 
ü  Predicts small deviations in h à γZ and h à ττ	

ü  Predicts measureable violations of Lepton Non-Universality in τ-µ and τ-e 
ü  Predicts NO violation in the µ-e sector 

26 Jul 2012 



Correlation btw g-2 and µ->eγ	




15 May 2012 

Dark Photons? 
arXiv:1205.2709v1 

Searches for dark photons are currently underway at e+e- colliders: B-,tau/
charm-, φ-factories (KLOE)and fixed target experiments 



Summary of present status 

BNL E821 citations Present 

E821 experiment at BNL has generated enormous interest 

Tantalizing deviation with SM (although persistent since 10 years)  is ~3σ	


Current discrepancy limited by experimental uncertainty  (BNL)	


 

2000 

We need a new (possible more) (g-2) experiment(s)! 



•  New experiment at FNAL (E989) at 
magic momentum, consolidated 
method. 20 x µ w.r.t. E821. 
Relocate the BNL storage ring to 
FNAL. Has got a Stage-1 approval! 

•  Alternative proposal at J-PARC w/
out magic momentum and no E 
field, requiring ultra-slow muons 
generated  from laser-ionised 
muonium atoms (see talk of Saito) 

We need a new (possibly more)  (g-2)µ experiment(s)! 
Current discrepancy limited by experimental uncertainty. Two 
proposals to improve it x4: 

Precision target (E989): 16x10-11 (0.14 ppm) . If the central 
value remains the same ⇒ >7σ from SM! 



•  New experiment at FNAL (E989) at 
magic momentum, consolidated 
method. 20 x µ w.r.t. E821. 
Relocate the BNL storage ring to 
FNAL.  

New experiment at FNAL (E989) 

Precision target ~ 16x10-11 (0.14 
ppm) . If the central value remains 
the same ⇒ 5-8σ from SM* (enough 
to claim discovery of New Physics!) 

*Depending on the progress on Theory 

3.3 σ	


E821 



•  New experiment at FNAL (E989) at 
magic momentum, consolidated 
method. 20 x µ w.r.t. E821. 
Relocate the BNL storage ring to 
FNAL.  

New experiment at FNAL (E989) 

*Depending on the progress on Theory 
E989 

3.3 σ	


8 σ	
Precision target ~ 16x10-11 (0.14 
ppm) . If the central value remains 
the same ⇒ 5-8σ from SM* (enough 
to claim discovery of New Physics!) 



Fermilab (g-2) Experiment: 
•  E821 at Brookhaven 
 

•  E989 at Fermilab 
–  move the storage ring to Fermilab, improved shimming, 

new detectors, electronics, DAQ 
–  new beam structure that takes advantage of the multiple 

rings available at Fermilab, more muons per hour, less 
per fill of the ring 

 



•  The existence of many storage rings 
that are interlinked permits us to make 
the “ideal” beam structure. 
–  proton bunch structure:   

•  BNL 4 X 1012 p/fill: repetition rate 4.4 Hz 
•  FNAL 1012 p/fill: repetition rate 15 Hz  

–  using antiproton rings as an 900m pion 
decay line 

•  20 times less pion flash at injection 
than BNL   

–  0o muons  
•  ~5-10x increase µ/p over BNL 

–  Can run parasitic to main injector 
experiments (e.g. to NOVA) or take     all 
the booster cycles 

•  Expected data taking in 2016 

Why Fermilab? 



Beam delivery to g-2 



Fermilab Muon Campus 



- p. 43/57 

Upgrades at Fermilab 

•  New segmented detectors to reduce pileup 
–  PbF2 Crystals with SIPM 
–  X0 = 0.93 cm 
–  σ/E ~ 3.5% / √E  
–  4 ns pulse width 

•  Calorimeter stability tracked with laser 
pulsing system (Italian contribution) 

•  New electronics 
–  500 MHz 12-bit WFDs, with deep memories 

•  New tracking stations (in vacuum) 
•  Improvements in the magnetic field 

calibration, measurement and monitoring. 

MRI Consortium: g − 2 Instrumentation project description
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Figure 3: Left (a): Sample 3 × 3 × 14 cm3 PbF2 crystals together with a 16-channel Hamamatsu
SiPM mounted to our Mark VII, resistive summing, low-power board. Right (b): 700 MSPS
digitization of a SiPM struck by two laser pulses separated by 5 ns. A pole-zero circuit is applied
to the output of the board; the input pulses correspond to 1200 and 800 pe equivalent light levels,
respectively.

mate to the Frascati calibration interface. The housing has serviceable doors that will allow easy
access to the crystals and readout devices.

The selection of SiPMs over PMTs is pragmatic. They have high photo-detection efficiency,
magnetic field immunity and they are compact such that they can mount directly on the rear face
of the PbF2 crystals. In contrast, PMTs must be located at least 1.5 m away, which necessitates
a cumbersome lightguide installation and unwanted material. Further, the cost of large-area SiPM
arrays is rapidly falling and their performance characteristics continue to improve. We have spent
the last 2 years developing lab tests to evaluate these devices and our engineers at Washington
have designed and built a series of custom pre-amplifier and summing amplifier boards. The most
recent version features low-power consumption and an intrinsic short pulse when coupled to a pole-
zero correction circuit that eliminates the long RC time-constant tail of the device. Large-area
SiPM devices are packaged as arrays of smaller individual channels. While the market is constantly
evolving, we have a Hamamatsu surface-mount 16-channel MPPC having 57,600 50-µm pixels in
a 1.2 × 1.2 cm2 active area. It is reasonably well-matched to the surface 2.5 × 2.5 cm2 crystal
face. Figure 3a shows this array and readout board, together with 3 slightly larger prototype PbF2

crystals that were used in the test beam evaluations. The output of a SiPM from a photo-electron
event is a pulse of current, with a fast rising, sub-ns, edge and a longer tail on the order of tens
of ns, which is converted to a voltage by a load resistor. In our present design, this is followed by
two stages of voltage amplification provided by high speed op amps. We are constantly improving
our circuit and watching the field to learn about new devices and techniques. Our development
will likely cycle through 2 or more iterations prior to final purchase of components in order to
take advantage of the latest offerings. We have also begun a dialog with Washington EE and
Medical Physics colleagues who are developing an ASIC design with some overlapping features of
interest. Considering this dynamic environment, we are nevertheless confident that our proposed
instrumentation will work well for g − 2 and any new devices will only make it better.

The bias voltage control system will provide the operating voltage setpoint for the SiPMs. Key
design aims are that each of the 1296 installed boards must be adjustable in mV increments over
a range of ±2.5V around the nominal HV bias of ∼72 V, just above the Geiger mode breakdown

8

TPI 7348381



Improving ωa 

Systematic uncertainty on ωa expected to be reduced by 1/3 at E989 
(compared to E821)  thanks to reduced pion contamination,the segmented 
detectors, and an improved storage ring kick of the muons onto orbit. 



Improving ωp 

Systematic uncertainty on ωp expected to be reduced by a factor 2 thanks 
to better shimming (uniformity of B), relocations of critical NMR probes, 
and other incremental changes  

->0.07 



Time schedule of the Experiment 
•  Proposal submitted to FNAL, February 2009 (66 authors) 

Positive response from PAC, April 2009 

•  Stage-I approval January 2010 

•  CD0 obtained on Settembre 2012 

•  CD1 review on 17,18 Settembre 2013 (CDR ready (>100 
auhtors)) : 

•  CD2/CD3 in 2014/15 

•  Expected beam 2016/17 



Who gets beam when? 



- p. 48 

CD0 received in September! 



Ring 

Gen 2013 Gen 2014 Gen 2015 Gen 2016 Gen 2017 



Ring 

Gen 2013 Gen 2014 Gen 2015 Gen 2016 Gen 2017 



Ring 

Gen 2013 Gen 2014 Gen 2015 Gen 2016 Gen 2017 



Ring 

Gen 2013 Gen 2014 Gen 2015 Gen 2016 Gen 2017 



BNL ring arrived at FNAL for the new g-2 experiment 

July 26 2013 



Which improvements we 
expect from Theory? 

- p. 54/57 



aµ
exp - aµ

theo,SM = (27.7± 8.4)10-10      (3.3σ) 

8.4 = ~5HLO⊕~3HLbL⊕6BNL 

δaµ
HLO=5.3=3.3(√s<1GeV) ⊕3.9(1< √s<2GeV) ⊕1.2(√s>2GeV) 

A rough estimate for g-2: now 

E821 

3.3 σ	


G. Venanzoni – CSN1- 4/12/12 



aµ
exp - aµ

theo,SM = (27.7± 8.4)10-10      (3.3σ) 

8.4 = ~5HLO⊕~3HLbL⊕6BNL 

1.6 
NEW G-2 3  4 3 

δaµ
HLO →2.6=1.9 (√s<1GeV) ⊕ 1.3 (1<√s<2GeV) ⊕1.2(√s>2GeV)  

A rough estimate for g-2: …and (possible) future 

E989 

3.3 σ	


7-8 σ	


aµ
exp - aµ

theo,SM = (XXX± 3.8)10-10 

If central value is the same à 7-8σ	


This is possible if: 

(if no progress on theory à 5 σ) 

G. Venanzoni – CSN1- 4/12/12 



•  δσHAD ~ 0.4% √s<1GeV (instead of 0.7% as 
now) 

(Possible at KLOE2 with 1-2 fb-1 at 1 GeV) 

 	


•  δσHAD ~ 2% 1<√s<2GeV (instead of 6% as now) 

 

δaµ
HLO = 2.6 (instead of ~5 as now)   

(Possible with direct scan at VEP2000 
and with ISR at Flavour factories) 

Understanding of Radiative Corrections essential!!! 



What about HLbL ? 
•  As today δaµ

LbL =[2.5-4]10-10 

•  How to improve? γγ  physics can help? YES! 

 

γγ  physics is done at B-factories.  

 It will also be done at KEDR, KLOE-2 and BESIII with dedicated 
detectors, in a region where data are scarse   

Also e+e- → PSγ  can help (at KLOE2, BESIII, etc…) 

Eur.Phys.J. C72 (2012) 1917 



•  Constrain the on-shell amplitudes and remove a 
significant portion of the theoretical uncertainty 
on the HLBL 

•  A reasonable improvement on aµ
π0 

•    

- p. 59/57 

KLOE-2 to measure γγ* → π0,η  to constrain aµ
HLBL 

For details see: D. Babusci et al., Eur.Phys.J. C72 (2012) 1917 

 



Of course other approaches are possible  
•  A new 2-3% lattice result for the lowest-order hadronic (u,d  

quarks only) contribution: 

- p. 60/29 

Very promising results!  

Prospects for HLBL? 

Experimental value: 

 

Excellent agreement  

Feng, Jansen, Petschlies, Renner, arXiv:1103.4818v1 [hep-lat]  



In both cases experimental and 
theoretical activities are essential! 

Radio MonteCarLow WG 

H.Czyz and G.V. conveners  

60 participants, 13 countries 
See www.lnf.infn.it/wg/sighad   

for more information 



Conclusion 
•  During the last ten years the muon (g-2) provided one of the strongest 
tests of the SM, thanks to the impressive accuracy of BNL experiment  
(δaµ

EXP = 0.54 ppm). Important interplay with LHC! 

• The SM prediction has steadily improved thanks to precise e+e- data 
(worldwide effort): δaµ

SM = 0.43 ppm 

• At present a discrepancy of  more than 3 “standard deviations” between 
SM and Experiment; uncertainty dominated by BNL experiment. Possible 
sign of New Physics?  

•  New (g-2)µ experiment  at Fermilab  with a fourfold reduction δaµ
EXP = 

0.14 ppm .  First results could be available around 2017/18 
 
•   Theoretical uncertainty will improve thanks to current and planned 
experimental activities (as well as theoretical ones) 

Stay Tuned! 



SPARES 

- p. 63/57 



ISR: Initial State Radiation 

64 

Particle factories (DAFNE, PEP-II, KEK-B) can measure hadronic cross 
sections as a function of the hadronic c.m. energy using initial state 
radiation (radiative return to energies below the collider energy √s). 

hadrons 

 hard photon 
radiated in initial 
state 

incoming e+ and e- 

with M2
ee= s 

 virtual photon 
g*  

with M2
g*< s 

 The emission of a hard g in the bremsstrahlung process in the initial 
state reduces the energy available to produce the hadronic system in 
the e+e- collision. 



Thank  you for your attention! 

- p. 65/57 



QED Weak 

Precisely known 
Large uncertainty  
(significant work going on) 

Hadronic contribution 

HLbL HLO 

Ø  CERN (’70):  δaµ
exp ~8x10-9  [7ppm] -> sensitive to aµ

HAD 

Ø  E821 (’01):  δaµ
exp 6x10-10  [0.54 ppm] -> sensitive to aµ

WEAK   3σ with SM! 

Ø  FNAL E989 (‘1X)  -> δaµ exp 1.6x10-10  [0.14 ppm] ->  aµ
New Physics ? 

aµ
QED ~α/2π~ O(10-3)   aµ

Weak ~ O(10-9)[2ppm]     aµ
HAD ~ 7x10-8 [60ppm] 

δaµ
QED ~ 0.001ppm   δaµ

Weak ~ 0.02ppm    δaµ
HAD ~ 0.5ppm  (dominates) 

“Standard Model” contribution to (g-2) 



- p. 67/57 

Need of Electric field for Vertical Focusing       

0 

If pµ= 3.09 GeV (magic momentum) there is no effect of the 
electric field  on the precession frequency! 

!
!a = !

e
mµ

aµ
!
B

Measure (precisely) ωa and B and get aµ! 
But…how to measure ωa? 

Produce polarized muons and let them decay… 



The Muons 

highest energy e± carry µ spin  information                                                                                   

– produced polarized in “forward”  direction  

– decay with information on where their spin was 
at the time of  decay  



Arrival time of high energy electron: 



Cross section data: 
At low energies (< 2 GeV) only measurements of exclusive channels, two 
approaches: 
 Energy scan (CMD2, SND): 

 Radiative return (KLOE, BABAR, BELLE): 

•   energy of colliding beams is changed to the desired value   

•  “direct” measurement of cross sections 

•  needs dedicated accelerator/physics program 

•  needs to measure luminosity and beam energy for every data point 

•  runs at fixed-energy machines (meson factories)    

•  use initial state radiation process to access lower lying energies or  
resonances 

•  data come as by-product of standard physics program 

•  requires precise theoretical calculation of the radiator function 

•  luminosity and beam energy enter only once for all energy points 



The magnetic field is measured and controlled using 
pulsed NMR and the free-induction decay. 

•  ωp= Larmor frequency of the free p 
•   We measure ωa and ωp independently 
•  Use λ = µµ /µp as the  
      “fundamental constant” 

Blind 
analysis 

ωp 

So which was the result for aµ? 
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Hadronic contribution to g-2 :aµ
HLO failure of PQCD  

! 

aµ
had =

" mµ
3#

$ 

% 
& 

' 

( 
) 

2

ds R(s) ˆ K (s)
s2

4 m#
2

*

+

! 

R(s) =
" tot (e

+e# $ %*$ q q $ hadrons)
" tot (e

+e# $ %*$ µ+µ#)

1 / s2 makes important low 

energy contributions (<2.5 GeV) 

! 

e+e" #$ +$"

hadronic electron-positron cross 
section data  



! 

aµ =
(gµ " 2)
2

•  Long established discrepancy (>3σ) 
between SM prediction and BNL E821 
exp. 

• Theoretical error δaµ
SM (5÷6x10-10)  

dominated by hadronic contributions 
(HLO and LbL) 

• Experimental error  δaµ
EXP =6.3 x10-10 

(0.54 ppm), E821.  Plan to reduce it to 
1.6 10-10  (0.14 ppm) at  FNAL 

 
HLO VP H LbL 

T.Teubner, PHIPSI08 

aµ
HLO = (690.9±4.4)10-10  

 [S.Eidelman, TAU08] 
aµ

HLbL =(10.5±2.6)10-10 [P. dR&V. 08] 

(11 ±4)10-10  (J.N.) 

 δaµ
HLO ~0.6% 

aµ  SM vs experiment: 3.3σ	


δaµ
HLbL ~25-40% 

THEORY EXP 



QED Weak 

Precisely known 
Large uncertainty  
(significant work going on) 

Hadronic contribution 

HLbL HLO 

Ø  CERN (’70):  δaµ
exp ~8x10-9  [7ppm] -> sensitive to aµ

HAD 

Ø  E821 (’01):  δaµ
exp 6x10-10  [0.54 ppm] -> sensitive to aµ

WEAK   3σ with SM! 

Ø  FNAL E989 (‘1X)  -> δaµ exp 1.6x10-10  [0.14 ppm] ->  aµ
New Physics ? 

aµ
QED ~α/2π~ O(10-3)   aµ

Weak ~ O(10-9)[2ppm]     aµ
HAD ~ 7x10-8 [60ppm] 

δaµ
QED ~ 0.001ppm   δaµ

Weak ~ 0.02ppm    δaµ
HAD ~ 0.5ppm  (dominates) 

“Standard Model” contribution to (g-2) 


