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Outline of the Talk A

e Brief Introduction to (g — 2)
« Overview of the Experimental Technigque
. e Results from E821
» The muon EDM
 Implications for future experiments at JHF
« Summary and Conclusions



m,c’ 105.658 389(34) MeV
2.197 03(4) us

N
]

Source : T = W D, Weak Decay
Parity Violating Decay = Polarized Muons

Weak Decay : U — e Ul

The long lifetime facilitates precision measure-



Magnetic Moments, g-Factas,

etc. R
ﬂs:gs(%)s

(i - magnetic moment; g - gyromagnetic ratio
s IS the spin.

e Dirac Equation Predicts g = 2
 In nature radiative correctlons make g # 2.

2 +
7 y

Dir Kusch and Foley,
rac Schwinger, 1947
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MagneticMoments: Definitions A
andValues

n=(1+ a)% where a=(—)

E 0
L e = 1.001 159 652 193 — .
2M,

For comparison :

h h
1, = 1.001 165 923 ——; by = 2.792 847 39 —
Qmu 2my, -

Gp = 5.5857 -+ £ 2



Theordical Valuefor (g — 2) A

e Electron: To the level of the experimental
error, +£4 ppb

a.(Standard Model) = a.(QED with v, e)

Contribution of virtual x, 7, etc. is < 4 ppb.



Theordical Valuefor (g — 2) A

e Electron: To the level of the experimental
error, +£4 ppb

a.(Standard Model) = a.(QED with v, e)

Contribution of virtual x, 7, etc. is < 4 ppb.

e Muon: The Relative Contribution of heavier
things:

Which is easy to understand from the
uncertainty principle.



Theoryfor Muon (g

/i % + higher order terms

116 584 795. 7(2) 6.2) x 10 710

; A/,&?é

692.4 (6.2) XlO —101(6))( 10 85(40)X10
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1st + 2nd Order Weak = -15.1 (@)X 10
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Theoryfor Muon (g — 2), ctd. A

a,(SM) = a,(QED) + a,(hadronic) + a,(weak)

a,(New Physics) = a,(Measured) — a,(SM)



New Physics Contritution? A

0 substructure’?

Y AalJ: mu'



New Physics Contritution? A

o subsgructure?
Y AalJ — mli
/\2
N> 5 Gev

L

e anomalous gauge boson coupling?
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* a, IS sensitive to SUSY with large tan



* a, IS sensitive to SUSY with large tan
 toy model with equal m and large tan 3:

1
a,(SUSY) ~ 150 x 107 H tan B ( U0 GeV)

1OOGV
~ 1.31 ppm tang ( k )?




The ExpermentalTeahnique A:
Pions M= Y Inflector
Protons p = 3.1 GeV/c
from AGS  Target Injection Orbi
Xe =77 mm Ideal Orbit
B= 10 mrac Storage Kicker
B-dl=0.1Tm Ring || Modules
B
R R
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BeamRequirenentsat AGS A

e For (g — 2) : AGS runs at 12th harmonic with
12 proton bunches.

e Fast Extraction: “one bunch at a time”
Bunch spacing At = 220 ns.

o Extraction kicker fires at 33 ms intervals.

 AGS Flat-top while 12 bunches are being
extracted.

At JHF we would need h = 18 or h = 27 with “one
bunch at a time” extraction for (¢ — 2) or EDM



SpmandMomentumPrecessm A

gels eB
wWo = —— Wg = | (1 — 7)—
mcry 2mc Ymc
. — 2. eb
w (S relative to p) Wg = W — Wo = (g )
2 “mc

Spin Motion in E and B Fields.
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The StorageRing Magnet
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StorageRing Parameters A

Parameter Value Comments
(g-2) Frequency f, ~0.23 x 10° Hz To = 4.37uS
Muon kinematics pu = 3.094 GeV/c Yo = 29.3
VT = 64.4 us
Cyclotron Period Teye = 149 NS
Central Radius p="T7T112 mm (280")
By =1.451T Storage Aperture 9.0 cm circle
In one lifetime: | 432 revolutions around ring
14.7 (g-2) periods
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NMR Trolley with 17 Probes A

< B>=< [ M(r,0)B(r,0)rdrdd >,

366 fixed NMR probes monitor field stability.



1ppm field contours
1998 (1999)
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1ppm field contours
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In 1999 Quadrupole

2.0 ppm of B,
- In2000 0.2 ppmof B .

Perfect for NuMass!
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|

muon spin Sci-Fi Calorimeter
module

Measures Energy
~ and time

~ ’

- -

spin forward, more
high energy e
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CoherenBetatronFrequeng A
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foo=fe—f =0~ T-n)fc
( ~ 14 turns)
f amplitude modulates the e signal.




- Time Spectrum,
Ostat ppm :
f(t)= e 14 Acos wt+ ¢) -
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Remove offsets and divide to determine

: From

Add corrections for radial E-field and
vertical “pitching motion”. (+ + ppm)
(£0.7 ppm)
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Measuremeirstof a

Brookhaven Muon g-2 Data Standard Model-
__________________________________________________________________________________________________ Prediction... _|

a, x 10% - 11659000
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. Muon( ) Is senstiveto large A
massphysics! 5

If we take the DEHZ hadronic
contribution, and subtract the electroweak

contribution from the theory prediction,

D+ H T

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



Muon( ) issensiivetolarge A\:
massphysics! E

If we take the DEHZ hadronic
contribution, and subtract the electroweak
contribution from the theory prediction,

D+ H T

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

If we take the full standard model using DEHZ

D H +




Whatif SUSY weretrueandwe
knew the Masses?

Then the SUSY contribution to would
become part of the “new standard model”.



Whatif SUSY weretrueandwe
knew the Masses?

Then the SUSY contribution to would
become part of the “new standard model”.

The measurement of would provide
one of the cleanest measurements of B.



If the differerce with theay
meansion-SM physics:

There should be an electric dipole moment
oroduced by this same non-standard model
ohysics. (= a new C P-violation)

A

Particle | Present EDM Limit Standard Model
(e-cm) Value (e-cm)
n
(CERN)
(E821) Estimated




ExperimnentalObsenation of an A
EDM

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



ExperimnentalObsenation of an A
EDM

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.



and



Vectorrelationshp for A

(not to scale)

B
{ Oh P X

==

The EDM causes the spin to precess out of the
plane!



If we coul turn off A

e.g. with a radial £ field, the spin would rise
monotonically with time.
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Feng and Matchev estimate that with a deviation
of the order seen in , the maximum edm

expected would be

The goal of a dedicated experiment would be
which gives a substanial range for

discovery!
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ConclusonsandOutlook,( ) A\

The Brookhaven based Muon
experiment is nearing completion.
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It Is not clear that the current experiment will
be permitted to finish data collection.



ConclusonsandOutlook,( ) A\

The Brookhaven based Muon
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.
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ConclusonsandOutlook,( ) A\

The Brookhaven based Muon
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.
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ConclusonsandOutlook,( ) A\

The Brookhaven based Muon
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.



ConclusonsandOutlodk, ctd. A

If there i1s non-SM physics at work, it should
also produce an EDM, which has a negligible
SM value ( ).
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SM value ( ).
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There Is important and EDM
muon physics which can be done at JHF



ConclusonsandOutlod, ctd. A

If there i1s non-SM physics at work, it should
also produce an EDM, which has a negligible

SM value ( ).
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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