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Outlineof theTalk
� Introduction to the experiment
� Where we've come from
� The technique
� What we must do better to go further
� Summary and Outlook
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MagneticMoments;g-Factors
~� s = gs(

e
2m

)~s(1)

The Dirac equation predicts g � 2

� = (1 + a)
e~
2m

a =
g � 2

2
(2)

~� - magnetic moment; g - gyromagnetic ratio
~s - spin; a - the anomaly.

� � = 1:001165923 e~
2m�

� p = 2:79284739 e~
2mp
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Electric and Magnetic Dipole
Momentsfor theMuon

H = � ~� � ~B � ~d � ~E(3)

~� � ~B is even, and ~d � ~E is odd under both P and T
An EDM implies that both P and T are violated.

L dm =
1
2

�
D ��� � � 1 + 
 5

2
+ D � �� � � � 1 � 
 5

2

�
�F � �(4)

with

Re D = a�
e

2m�
and Im D = d�(5)
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New PhysicsBeyondtheSM?
� If the experimental value of a� =d� does not

equal the SM value,

a� [d� ](NP) = a� [d� ](Measured)� a� [d� ](SM)

� 451 citations on SPIRES to our 2001 paper
and 155 citations to our 2002 paper, most
speculating on potential new physics.

� HOWEVER ... in order to reach any
conclusions about new physics, the issues
with the hadronic contribution must be
resolved.
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Connection Between MDM,
EDM and� ! e in SUSY
In SUSY the MDM, EDM and muon conversion
are all inter-related:
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Wherewecamefrom:
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Wherewearetoday:
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TheTechniquefor Muon (g � 2)
� � � �
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SpinandMomentumPrecession

+-e  are along
the muon spin
decay
The highest energy

direction
 =  emw  a amB

Momentum 
Spin

In a uniform ~B �eld all muons precess at the same

rate.
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TheDetectorGeometry
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TimeSpectrum,E > 2:0GeV
� stat = 0:6 ppm f (t) = N0e� � t [1+A cos(! at+ � )]

4 Billion Positrons with EG 2  GeV
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Wemeasure! a and! p

! a = a
eB
m

(5)

where the magnetic �eld is measured with proton
NMR. ! p is the proton precession frequency.

a =
! a=! p

� � ! a=! p
(5)

and
� =

� �

� p
(5)

is a fundamental constant.
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¡The E821 Analysis is done
blind!

� We have arbitrary offsets in both ! a and ! p in
our analysis making it impossible to know the
answer until the analysis is �nished.

� Thus we cannot chase (or run away from)
theory, or even our previous measurements,
when we do our data analysis.

� We need that same independence in the
� (hadronic) measurements, if the world is to
believe any discrepancy between a� (exp) and
the SM value.
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¡We urge a blind analysis for
� (had)!

� Many of us on (g � 2)� urge the collaborations
measuring R(s) to �gure out how to do a blind
analysis, so your answers are not biased by
other experiments.

� Then these R(s) measurements will be truly
independent, and can be used to improve on
the value of a� (had)
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PresentStatisticalErrors

Data Set # of Events Statistical Error
(ppm)

Total � + 5 � 109 0:56 y
Total � � � 3:7 � 109 � 0:7 �
Total � + & � � � 8:7 � 109 � � 0:44 �

yPublished
� Projected

Our estimated �nal error (� + and � � ) will be about

� 0:5 ppm
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An Improved Experimentat the
AGSor J-PARC?
Statistical Error:

� ! a

! a
=

p
2

! a� A
p

N
(5)

for
� ! a

! a
= 0:07ppm; N = 4 � 1011(5)

100� the E821 data set from Y2k or Y2001, which

took � 3 � 4 months to collect at the AGS.
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Improvementsto theRate
� Proton Bunches: 90 at JPARC

(24 at the AGS?) vrs. 12 for E821. � � 8 (2)
� Lithium Lens/improved beamline � � 4
� Improved In�ector � 3
� This represents an increase of � 100 (25)
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In�ector Geometry

m Orbit

InflectorBeam
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In�ector Exit Geometry

lower magnet pole

heat shield

upper pole

77 mm

m

Outer cryostat
r = 7112 mm

B. Lee Roberts, SIGHAD03, Pisa, 9 October 2003 – p.20/31



BOSTON
UNIVERSITY

SystematicErrors
To understand how to improve them we need to

discuss the hardware and systematic errors.
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TheStorageRing
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Schematicof theMagnet
thermal  

An array of 17 NMR probes
on the trolley maps the B field

in the storage region

pole piece

pole
bump

wedge

current sheet

g-2 Magnet in Cross Section

dipole correction coil

beam
region

fixed

probes
NMR

YOKE

inner coil

inner coil

programmable 

366 fixed probes track B with time

   = 7112 mmr

insulation

outer
coils
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B and< B > � from Y2000are:
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SystematicErrors(ppm): ! p
Source 1999 2000

(ppm) (ppm)
In�ector Fringe Field 0.20 -
Calibration of trolley probes 0.20 0.15
Interpolation with �x ed probes 0.15 0.10
Trolley measurements of B0 0.10 0.10
Uncertainty from � -distribution 0.12 0.03
Absolute calibration 0.05 0.05
Othersy 0.15 0.10
Total systematic error on ! p 0.4 0.24

yHigher multipoles, trolley temperature stability, kicker eddy currents.
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Improvementsfor ! p

� The absolute calibration needs to be
improved. 3H e calibration probe?

� Relocate �x ed probes, so that they are not
near pole piece boundaries.

� Tracking the �eld with time must be improved.
� The pole pieces need to be re-machined to

get them �atter .
� A new program of shimming.
� Monitor and correct for kicker �eld.
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SystematicErrors(ppm): ! a
Source 1999 2000
Pile-Up 0.13 0.13
AGS Background 0.10 0.01
Lost Muons 0.10 0.10
Timing Shifts 0.10 0.02
E-�eld and vertical � -motion 0.08 0.03
Fitting Method / Binning 0.07 0.06
Coherent Betatron Oscillation 0.05 0.21
Beam debunching 0.04 0.04
Detector Gain Changes 0.02 0.13
Total Systematic on ! a 0.3 0.31
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Improvementsfor ! a

� Upgrade the detector system with respect to
pile-up, gain stability, and monitoring of both.

� Eliminate or greatly reduce the coherent
betatron motion.

� Measure the Muon losses from the ring.
� Improve the kicker.
� Design and build a new in�ector .
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PresentMeasurements
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SummaryandOutlook
� Whatever the �nal answer for a� from E821, it

will provide an important constraint on new
theories. The opportunity to improve on a�

will constrain them further, or point to a
window for new physics.

� The interpretation of our �nal result very
much depends on the ability to improve on
the knowledge of the hadronic contribution.
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� An improved experiment could be done at
Brookhaven or J-PARC.

� At Brookhaven we could reach ' 0:1 ppm,
and at J-PARC we might be able to reach
' 0:06 ppm.

� Without the important work being done to
improve our knowledge of the hadronic
contribution by many of you here, the
interpretation of E821, or a better experiment,
is dif�cult.

� We will all have to stay tuned for further
developments.
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