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g-factors and Magnetic Moments

2y = g5l — |3
Hs = Js om |

Dirac theory of pointlike, spin 1/2
particles — gs = 2

The anomalous magnetic moment a
is defined

gs — 2

R

2
Long history of fundamental physics

e QED calculations, precision measure-
ments of a,

e Baryon g-factors very different from
2

e Tests of very short distance scales:

Au

CERN III: 7 ppm
BNL E821: 0.35 ppm
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Theoretical Understanding of g-factors
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A, (HAD)  Scorecard

.,-..gm. L?/P m....ﬁﬁGnlN .v

ev,(ee tau decay |
CMD2, SND | | BES

1 2 3

Witk T =2 (0.5)* (G2 (e

-

T = 31"

Energy
GeV

Eccor fvw:.bur




Tau decay data

Tﬂ

hadrons hadrons
vV

1) CVC: relate e+ e- => 2n pion cross
sections with tau decay rate to 2n pions
=> major part of total low energy
contribution (isovector piece)

2) Status: results more or less consistent but
tau decay data is systematically higher
than that from e+ e-.

=> deviation largest in latest 4 pion
data sets. More modest in 2 pion

=> Preliminary indication: 2 pion
discrepancy has not grown

=> Coming soon : new analysis of full
LEP tau decay data set (M. Davier)
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Hadronic Vacuum Polarization

Experimental measurements of R
te~ — Had
R(s) = Otot(€ e+ _—> a+rtins)
Otot(€Te™ = utp~)
are used as input
(Had; 1) =  —~ 2/00 % K(s)R(s)
a':u' il R 371_ 4 2 S S

mz S

Recent Developments

e Energy sweep at BES, includes 9
points from 2.0 to 3.1 GeV with 5
to 10 percent errors

— impact on ay(Had) TBA

e Using data from e'e™ only, new
data from CMD2 and SND (E<1.4
GeV) have reduced overall error
from 14 to 9x10~'Y (0.8 ppm) (8.
Eidelman).

e Energy, luminosity and detector
upgrades are planned (VEPP2000)
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May 12

¥

2000

Hecent results from VEPPF-2ZM

Pion formfactor study at VEPP-2M
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Expected systematic errors = 0.6%

VEPP-2M, CMD-2, Novosibirsk




15,

ﬂﬁ“d(tomi) = 70.2

1077 (60.21 ppm)

x

a"(VEPP—2M) = 60.18 x

10~ (51.61 ppm)

Channel Contr, | Cross section | Error in

ppm error, % Ay, ppm
1 wtn” 43.19 0.6 0.26
2 atn~nx® 3.88 1.5 0.06
3 KK~ 1.81 5.2 0.09
4 KLKs 1.12 1.9 0.02
5| 7t n%%° 0.77 7 0.05
6 | #*x~ntn™ | 0.53 0.04
7 7%y, 7y 0.31 6 0.02
Total 51.61 0.29

VEPP-2M, Novosibirsk

Paga 36



Supersymmetry
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ayu is a particularly sensitive test for
SUSY models with large tan /. In
such models

2
Y TH,'“

au(SUSY) ~ tan 3

87 sin? Oy M2

~ 140 x IO‘“(

100 GeV)‘2 |
— tan 5
m

. nominal electroweak effect scaled by
tan /4 and relative mass squared
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Muon Spin Precession

in a Circular Orbit
(exaggerated 30x)

polarized muons
from pion decay

spin
.._—_..*

momentum

Cyclotron Period
150 ns

Precession Period

4.4us B(1.45T)
into page
Detector Storage
Decay Ring

Electron

0, is the time rate of change, in the lab, of
the angle between the spin and momentum

vectors.

Cyclotron motion
{ Larmor precession —® | 'a ~ " -
Thomas precession




Desired
| orbit
<« Apply 10 mrad
kick here If you

\ don't kick

Inflector - (where muons enter)

1) More stored muons than pion injection
2) Much less injection-related background

The Magic Gamma

With a focusing electric field, the equation
for spin rotation becomes

€ — -
mc e

— =

For the magic 4

/

) o e
ﬂ}.h = 1 v 1/(}’“ e Goe\

the second term does not affect Waq.-
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Microseconds

N(t) — .-“\;[]e_t/r [l + .4 (‘OS(\,&;”f + GJ)]

where

e 7 dilated muon lifetime ~ 64.4 usec

e .,: g-2 precession frequency =~ 1.44 MHz
e /. asymmetry parameter

The statistical significance of the measurement

)
p— L |

goes as (NpA=)2



Magnetic Field
Ercec geal : O} PPM

=> Map field periodically with NMR probes
on trolley

=> Track B with 366 fixed NMR probes

=> Calibrate measurement probes to
standard probe

=> Weight B-field by muon distribution

eB
wa_ = a#;

geometric averaged over
average muons

Year AB (ppm) A < B > (ppm) |
1199725 0.9

1998 4 0.5

1999 4 0.4 (est.)

2000 <2 |
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g-2 Magnet in Cross Section
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Magnetic Field Uniformity
(Azimuthal Average, 1 ppm contours, except '97)
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Brookhaven E®21 Muon Storage Ring
. ._-\\,‘

(g-2) Frequency fa ~ 0.23 x 10°/s wg = 2%Ja
Ta = 4.3Tus
Muon Lifetime v1 = 64.4 us
Muon kinematics pu = 3.094 GeV/c
Yu = 29.3
Cyclotron Period Teye = 149 18
Central Radius p=T112 mm (280")
Magnetic Field B=1451"T
Storage Aperture 9.0 cm circle

In one lifetime: 432 revolutions around ring
14.7 (g-2) periods



The Anomalous Precession

Number of Pulses

. muon momentum

| Pulse Energy Distribution

Pulse finding
threshold
250 MeV

Asymmetry increases
with energy

hardware softwar
threshold threshol

0.9 Gev 1.8 GeV
S i B

| ‘ 3  E(GeV)
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A Sample of 1999 data
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Detector Systematics
120 'l: |

100 -
5 L eB

g0

m::.“_

20 |

A

0 20 30 D
Normal Pulse nanoseconds

0 1

@ average time pickoff stable to 20 ps
@ average gain stable to 0.2%

over the first 200 useconds of data taking
cycle

120 £
g4 h
CI S
80

40

20 b

0 0 20 3G 40 50
nanoseconds
Pileup

@ small pulses disappear behind large ones
® two smaller pulses combine to form a
larger one
=> correction required, dominant
systematic error in 1998 (0.6 ppm)
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Beam Dynamics

bunched beam,
g-2 modulation

/

Pul;e I;i;ﬁe; .in. I:I.lls
Bunching of beam at early times and debunching

1) are used to determine momentum
distribution of stored muons

2) must be accounted for in fitting the
anomalous precession frequency
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Coherent Betatron Oscillations
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o Average radial beam position oscillates with
an amplitude of ~ 0.4 mam <M

e Oscillation frequency ~ 2 o),

o Variation in detector acceptance vs.
radius => small modulation in count rate
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Result From 1998 Running

a,+ (Hinj) = 116 591 91 (59) x 1071 (+5ppm)
__CrooCs statishieal lfﬁdnm'ma‘\'eé

Experiment au X 1010
CERN'! 116 591 00 (110) (9.4 ppm)
CERN' ™ 116 593 65 (120) (10 ppm)
E821% pt my; 116 592 51 (152) (13 ppm)
E821 pT pig; 116 591 91 (59) (5 ppm)
NewAverage x?/v = 2.7/3 116 592 05 (45) (3.9 ppm)
Theory? 116 591 62 (8) (0.66 ppm) |

LJ. Bailey et al..Nucl. Phys. B150. 1 (1979) and the PDG
“R.M. Carey, ot al., Phys. Rev. Lett, 82, 1632 (1999)
3V . W. Hughes and T. Kinoshita, Rev. Mod. Phys. 71, S133 (1999).

EXD(-,‘I‘illl{-xllt — Theor}r _— (43 i45) % ].U-]“

16 595 (00 :E E E' @

: 5§

| H SO [0 4 - 'a; s -
-~ g G E = E En
= c. i E S il
i = , <[ S
.=_ LY ﬂ e I I
16 592 000 + o o

Theory pedzcccgsagecsiciassisscogns

: 2. o =

116501 004= @ 2 o E’ i . |-

Sa 1l El
§ £ 3

F 16 SO0 (0 - 7 - § = g

v
projected errors with current vislue



Millions of High Energy Positrans
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Conclusions

1) Our newly submitted, 5ppm measurement
of the muon anomalous magnetic moment
is consistent with previous results and with
the standard model.

2) The analysis of our 1999 data will be
complete early this fall. A 1.5 ppm error
(statistical) is expected. Production of the
2000 data has already begun. Together,
the 1999 and 2000 data sets will provide
a statistical precision of about 0.6 ppm.

3) Our next run, with negative muons,
is scheduled to start in February, 2001.

4) Steady progress on the hadronic
correction continues thanks to the
efforts at BES, CMD2, SND, ALEPH
and CLEO. More work is needed to
resolve the differences between tau
decay and e+e- data at low energy.



