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Compare ae =
ge¡2
2 and a„ =

g„¡2
2

Electron (Penning trap):

ae¡ = (1159652:1884§ :0043)£ 10¡9 (4 ppb)

ae+ = (1159652:1879§ :0043)£ 10¡9 (4 ppb)

athe = (1159652:1535§ :0240)£ 10¡9 (21 ppb)

(Up to 4th order in fi
…, fi from QHE)

QED dominates: (EW= 0:030£ 10¡12, HAD= 1:63(3)£
10¡12)

Muon (CERN-1979+BNL-1997, 1998=prev. world avg.):

a„ = (1165920:5§ 4:6)£ 10¡9 (§4ppm)
ath„ = (1165915:96§ :67)£ 10¡9 (§0:6ppm)
a„(Expt:)¡a„(Theory) = (4:5§4:7)£10¡9 (3:9§4:0ppm)
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New result, based on 1999 data sample:

a„ = (1165920:2§ 1:4§ 0:6)£ 10¡9 (§1:3ppm)

New world avg:

a„ = (1165920:3§ 1:5)£ 10¡9 (§1:3ppm)

a„(Expt:)¡a„(Theory) = (4:3§1:6)£10¡9 (3:7§1:4ppm)
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a„: relative contribution of heavier particles:

Scales … (
m„
me
)2 … 4£ 104

! Virtual hadrons, gauge bosons contribute to a„ at mea-
sureable level.

aSMe = a
QED
e (§21ppb)+ aHAD

e (1:4§ :03ppb)+ aEW
e (:03ppb)

aSM„ = a
QED
„ (§25ppb)+aHAD

„ (57:8§:57ppm)+aEW
„ (1:30§

:03ppm)

¡! Sensitive to new physics

Goal of E821:
–a„
a„

< 0:35ppm
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atheory„ = aQED
„ + aWeak

„ + aHadronic
„

µµ

QED

µ µ µ µ µ
µ

µ
e, e,

γ γ γ

γ

+ + + ...α
2π

259.77ppm 3.46 ppm

† calculated through (fi=…)5

† aQED
„ = 166 584 705.7(2.9) £10¡11 (25 ppb)
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Electroweak Contribution

γ

Zµ µ

γ

ν µµ

W W

 10
-11

X

γ

µ µH

+389  -194 < 1

† » (
ml
mW

)2: a„ is more sensitive than ae

† calculated through 2-loops

† aWeak
„ = 151(4) £10¡11 (1.30 § 0.03 ppm)
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Lowest order hadronic

contributions,

a„(HAD; 1)

� �� �� �� �
� �� �� �� �µ

hγ

γ

Determined experimentally

a„(had; 1) = (
fim„
3… )2

R1
2m2

…

ds
s2
K(s)R(s)

-τ
τ

W-

ν

h
(b)

+e

-e

γ
h

(a)
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Contributions to a„(HAD; 1) from difierent energy
ranges ( e+e- data only, as of 1996) (from Brown and

Worstell, Phys. Rev. D54, 3237(1996))
p
s % a„(Had;1) Error (ppm)

< 1.4 GeV 87. 1.29

1.4 ! 2.0 4.6 0.21

2.0 ! 3.1 4.0 0.30

2.0 ! 2.6 2.9 0.27

2.6 ! 3.1 1.1 0.12

J=ˆ(6 states) 1.3 0.08

QCD 3.1<
p
s <1 3.0 0.03

Total 1.37
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Lowest order

hadronic

calculations

compared with

Expt-(EW-QED-

HAD(HO))

+ −e    ,(e τ)

+ � τ(e  e  ,     , QCD)

+ −(e e   )

a µ * 10
11

(had;1)

800075007000  

E821

}

MD90

EJ95

BW96
AY95
ADH98

ADH98
DH98a
DH98b

Bar85
KNO85

CLY85
MD90

TY01
N01
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KLOE-

e+e¡ !
…+…¡°
at ` peak.

Plot:

d¾(…+…¡°)
vs

M2
……

KLOE (16.4pb-1)

MC (EVA)

M2(ππ) (GeV2)

dσ
ππ

γ/d
M

2 (π
π)
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Higher Order Hadronic Contributions, a„(HAD;> 1)

-e

X
-11

-101 (6)     10
� �� �� �

� �� �� �

� �� �� �
� �� �� �

� �� �� �
� �� �� �

� �� �� �� �� �
� �� �� �� �

+e

µ

γ

h

µ

h h

γ

µ

h

γ

B.Krause, Phys. Lett. B390 (1997) 392

Hadronic Light-on-light

¡85(25)£ 10¡11 � � � � � � � � � �� � � � � � � � � �� � � � � � � � � �� � � � � � � � � �� � � � � � � � � �� � � � � � � � � �� � � � � � � � � �� � � � � � � � � �� � � � � � � � � �� � � � � � � � � �� � � � � � � � � �

	 	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	 	

γ γ γ

µ µ

h

γ

Avg of: Hayakawa, Kinoshita Phys. Rev. D57(1998)465; Bijnens,

Pallante, Prades, Nucl. Phys. B474(1996)379.
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Standard Model Value for a„ [1]

a„(QED) = 116584706(3) £ 10¡11

a„(HAD; 1) = 6924(62)£ 10¡11 (DH98)

a„(HAD;> 1) = ¡100(6) £ 10¡11 (Except LL)

a„(HAD;LL) = ¡85(25)£ 10¡11

a„(EW ) = 151(4) £ 10¡11

TOTAL = 116591596(67)£ 10¡11

[1] Czarnecki, Marciano, Nucl. Phys. B(Proc. Suppl.)76(1999)245
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Search for \NEW" Physics

¢aNEW
„ = a

exp
„ ¡ atheory„

† Supersymmetry ν

µµ

γ

χ χ− −

∼

µ∼µ∼
µµ

χ 0

γ

+

¢aSUSY
„ … 140£ 10¡11 ¢ (100GeV

~m )2 tan (fl)

† Muon Substructure:

¢a⁄„ … (
m„
⁄ )2

† Sensitivity to New Particles:

¢a⁄„ … (
m„
mnp

)2
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Storage
Ring

ωa= eB

(exaggerated ~20x)

mcµa

spin

momentum

With homogeneous ~B, all muons precess at same rate
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With homogeneous ~B, use quadrupole ~E to focus and
store beam

Spin Precession with ~B and ~E

~!a =
e

mc
[a„ ~B ¡ (a„ ¡

1

°2 ¡ 1
)~fl £ ~E]

Choose \Magic" ° =
r

1+a
a
»= 29:3 ! Minimizes the ~fl £ ~E

term

† ° »= 29:3! p„
»= 3:094

† B »= 1:4T ! Storage ring radius »= 7:112m

† Tc »= 149:2ns Ta
»= 4:365„s

† °¿ »= 64:38„s

(Range of stored momenta: »= §0:5%)

LP01 James Miller - (g-2)„ Status: Experiment and Theory 23



!a Measurement

† „+! e+„”„”e, 0 < Ee < 3:1GeV

† Parity Violation ! for given Ee, directions of ~pe+ and

~s„ are correlated

For high values of Ee, ~pe+ is preferentially parallel to ~s„

† number of positrons with E > Ethreshold

N(t) = N0(1 +A(E) cos(!at+ `))
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YOKE
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Determination of Average B-fleld (!p ) of Muon

Ensemble

Mapping of B-fleld

† Complete B-Field map of storage region every 3-4 days

Beam trolley with 17 NMR probes

† Continuous monitor of B-fleld with over 100 flxed probes

Determination of muon distribution

† Fit to bunch structure of stored beam vs. time
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