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Muon: (2
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generation lepton)
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Parity Violating Decay Polarized Muons
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The long lifetime facilitates precision measure-

ment.
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Magnetic Moments, -Factors,
etc. 2� 3 � � 3 � #� 
 � 254(6)

2� - magnetic moment; � - gyromagnetic ratio254 is the spin.

� Dirac Equation Predicts � 6 �

� In nature radiative corrections make � � �
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MagneticMoments:Definitions
andValues
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Theoretical Valuefor �

� Electron: To the level of the experimental
error,

�

ppb
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Contribution of virtual� , �, etc. is

�

ppb.

Muon: The Relative Contribution of heavier
things:

Which is easy to understand from the
uncertainty principle.
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Theoryfor Muon �
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Theoryfor Muon � , ctd.
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New Physics Contribution?

� substructure?

∆ aµ 2=
2
µm

Λ
Λ > 5 Gev_

µ

γ

anomalous gauge boson coupling?

g   =  2  ?
W

WW

γ
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νµ

µ

Triple Gauge Vertex

W  boson substructure?
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Supersymmetry

µ∼ µ∼

χ
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µ µ
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µ µ
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χ−χ − +

�* � is sensitive to SUSY with large

G - B

toy model with equal and large :

(11)
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BeamRequirementsatAGS

� For

��� � � �

: AGS runs at 12th harmonic with
12 proton bunches.� Fast Extraction: “one bunch at a time”
Bunch spacing

� � � ��
ns.� Extraction kicker fires at 33 ms intervals.� AGS Flat-top while 12 bunches are being

extracted.

At JHF we would need

� � � �

or

� � � �

with “one

bunch at a time” extraction for

��� � � �

or EDM

experiments.
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SpinandMomentumPrecession

ω eB

(exaggerated ~20x)

µa

In a uniform
2

field all muons precess at the same

rate.
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TheStorageRing Magnet
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StorageRing Parameters

Parameter Value Comments

(g-2) Frequency

£¥¤ ¦ §©¨ ª«­¬ ® § ¯
Hz °¤ ± ²¨ « ³µ´ s

Muon kinematics ¶¸· ± « ¨ §¹ ²
GeV/c º· ± ª ¹ ¨ «º ° ± » ²¨ ² ´ s

Cyclotron Period °½¼¾ ¼ ± ® ²¹
ns

Central Radius ¿ ± ³ ® ® ª
mm

À ªÁ § Â ÂÃ

ÄÆÅ ± ® ¨ ²Ç ®

T Storage Aperture

¹ ¨ §

cm circle

In one lifetime: 432 revolutions around ring

14.7 (g-2) periods
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NMR Trolley with 17Probes
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366 fixed NMR probes monitor field stability.
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And is:

1ppm field contours
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The � Detector Geometry

Ï ÏÏ ÏÏ ÏÏ ÏÏ ÏÐ ÐÐ ÐÐ ÐÐ ÐÐ Ðmuon momentum

muon spin
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spin backward, less
high energy e
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Measures Energy
and time

digitizer
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B. Lee Roberts, NP02, Kyoto, September 2002 – p.20/34



BOSTON
UNIVERSITY

CoherentBetatronFrequency
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Þ ß àá â

Remove offsets and divide to determine

ã ä�å ä�æ
From Þ�ç ãè é è ã â ç â æ

Add corrections for radial

ê

-field and

vertical “pitching motion”. (

ëì íî ëì ë í

ppm)Þ ç ï ã î î ðñò ó ë ô õö ÷ õ ñ ÷ ø î ëúù ûü

( 0.7 ppm)
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Measurements of â
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Measurements of â
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Muon ý is sensitiveto large
massphysics!

þ If we take the DEHZ à ÿ àù hadronic
contribution, and subtract the electroweak
contribution from the theory prediction,

Þ�ç õ � � � ÷ é Þ ç õ ��� � ÷ ã õ ôò ì î ëì ð ÷ø î ëù ûü ôì ð��

We see the and contributions at a high
level of confidence.

If we take the full standard model using DEHZ

For SUSY there is the amplification by
which increases the mass scale sensitivity.
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Whatif SUSYweretrueandwe
knew theMasses?

þ Then the SUSY contribution to

õ
� é ó ÷
would

become part of the “new standard model”.

The measurement of would provide
one of the cleanest measurements of .
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If the difference with theory
meansnon-SM physics:
There should be an electric dipole moment
produced by this same non-standard model
physics. ( a new -violation)

Particle Present EDM Limit Standard Model

(e-cm) Value (e-cm)
n

ðì 
 ø î ëù �� î ëù � û

àù � î ø î ëù � � î ëù ��

â � î ëù û �
(CERN) � î ëù ��

� î ë ù û�
(E821) Estimated� î ëù � �

New Dedicated Experiment
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ExperimentalObservation of an
EDM

þ The spin would rise out of the orbit plane with
time.

This can be seen from the spin precession
formulae with a magnetic and an electric
dipole moment.
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SpinPrecessionwith EDM
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Vectorrelationship for �, �

ωa

ωη

ω
B

Bx β

(not to scale)

The EDM causes the spin to precess out of the

plane!
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If wecould turn off �

e.g. with a radial

ê

field, the spin would rise
monotonically with time.

BB

µ+µ+ µ+

E E
v

Time [arb.]
210

θ 2θ

(a)
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In SUSY

Feng and Matchev estimate that with a deviation
of the order seen in

õ
� é ó ÷

, the maximum edm
expected would be

� $ %&ç � î ëù �ü � " #
The goal of a dedicated experiment would beî ë ù � � � "# which gives a substanial range for

discovery!
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ConclusionsandOutlook, ý

þ The Brookhaven based Muon

õ
� é ó ÷
experiment is nearing completion.

It is not clear that the current experiment will
be permitted to finish data collection.

The final answer will provide an important
constraint on new theories, and a future
measurement would improve things further.

The theory will also improve further.

Technically one could improve things almost
an order of magnitude beyond E821.
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ConclusionsandOutlook, ctd.

þ If there is non-SM physics at work, it should
also produce an EDM, which has a negligible
SM value ( � î ë ù � � � " # ).

A dedicated experiment at JHF could reach

There is important and EDM
muon physics which can be done at JHF.

Come join us to do it!
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