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Outline 
•  Brief words on the experiments:  

–  E821 at BNL 
–  E989 at Fermilab 

•  Summary and Conclusions 
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Spin Motion in B field: difference frequency between              
ωS and ωC    with electrostatic focusing  

0 

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

average over muons 

P989: 
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Experimental Technique 
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•  Muon polarization 
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Target 

25ns bunch of       
≥ 1 X 1012 
protons 

• injection & kicking 
• Muon storage ring 

•  focus with  Electric Quadrupoles 

• 24 electron calorimeters  
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muon (g - 2) storage ring 
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•  E821 at Brookhaven 
–  superferric storage ring, magic γ, <B>θ  ± 1 ppm 

E821          Data 

µs 

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

γτ	



4 x 109   High-energy e-   	





Experimental History 
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Experimental History 
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Experimental History 
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First major result from E821 

•  Feb. 2001: first E821 1.3 ppm major result, 2.6 σ 
difference with SM 
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Final result:  April 2004; Final report  April 2006 
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Experimental History 
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When E821 group started in 1983, theory and 
experiment were known to about 10 ppm. 

Theory 
uncertainty was 
~ 9 ppm 

 

Experimental 
uncertainty was 
7.3 ppm 
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E821 achieved ± 0.54 ppm. The e+e- based theory is at the 
~0.4 ppm level. Difference is ~3.6 σ	



Theory: arXiv:1010.4180v1 [hep-ph] Davier, Hoecker, Malaescu, and Zhang, Tau2010 

e+
e-
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Experimental Future 
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E821 Citations vs. Year
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Carey, et al., PRL 82, 1632 (1999) 
Brown, et al. PRD 62, 091101 (2000) 
Brown, et al. PRL 86, 2227 (2001)    
Bennett, et al. PRL 89, 101804 (2002) 
Bennett, et al. PRL 92, 161802 (2004) 
Bennett, et al, PRD 73, 072003 (2006)      

>1850 total citations to our results 

The E821 (g-2) papers are highly cited.   

 “g-2 is the most important constraint (for SUSY), even more 
important than dark matter”   Fittino-collaboration, arXiv:0907.2589 
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E821 
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E989 
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The SM Value for aµ   from e+e- → hadrons (Updated 9/10) 

# A. Höcker Tau 2010, U. Manchester September 2010 

well known  significant work ongoing 
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Fermilab E989:  Approved January 2011 

•  Re-locate the (g   - 2) storage ring to Fermilab 
•  Use the many proton storage rings to form the 

ideal proton beam 
•  Use one of the antiproton rings as a 900 m 

decay line to produce a pure muon beam 
•  Accumulate 21 times the statistics 
•  Improve the systematic errors 
•  Final goal:  At least a factor of 4 more precise 

over E821 
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Sikorsky S64F  12.5 T hook weight (Outer coil/cryostat 8T) 



Timeline presented to DOE this week 
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On this timescale it’s essential that the theory 
improve 

•  Lowest-order hadronic 
–  BaBar and Belled have additional unanalyzed data 

•  especially important for multihadron channels 
–  VEPP2000 at Novosibirsk 

•  CMD3 
•  SND 

•  HLBL 
–  Agreement among theorists and additional work 
–  KLOE 2 photon physics 
–  BES, Mainz  



We look forward to working with the theory 
community to improve the confrontation 
between aµ and the Standard Model 

Thanks to each of you for coming to this workshop. 
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Extra Slides 
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Systematic errors on ωa  (ppm) 

σsystematic 1999  2000  2001 Future 
Pile-up 0.13 0.13 0.08 0.04 

AGS Background 0.10 0.10 0.015* 

Lost Muons 0.10 0.10 0.09 0.02 
Timing Shifts 0.10 0.02 0.02 
E-Field, Pitch 0.08 0.03 0.06* 0.03 
Fitting/Binning 0.07 0.06 0.06* 
CBO 0.05 0.21 0.07 0.04 

Beam Debunching 0.04 0.04 0.04* 

Gain Change 0.02 0.13 0.13 0.02 
total 0.3 0.31 0.21 ~0.07 

Σ* = 0.11 
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The Precision Field: Systematic errors 
•  Why is the error 0.11 ppm? 

–  That’s with existing knowledge and experience 
•  with R&D defined in proposal, it will get better 

Next  

(g-2) 


