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e Experimental setup

e Results from 1999 data run

BNL E&21



The E821 Collal

R.M. Carey, W. Earle, E. Efstathiadis, M. Hare, E.S. Hazen, F. Krienen, J.P. Miller,
J. Paley, O. Rind, B.L. Roberts, L.R. Sulak, A. Trofimov - Boston University

J. Benante, HN. Brown, G. Bunce, G.T, Danby, M. Grosse ckamp, R. Larsen,
Y.Y. Lee, W. Meng, J.L. Mi, W.M. Morse, C. Ozben, C. mmmnm
Y K. Semertzidis, M. Tanaka, L. Snydstrup, T. Tallerico, D. Von Lintig, D.
Warburton - National Laboratory

Y. Osloy - Cornell University

D. Winn - Fairfield University

A. Grossmann, K. Jungmann, L. Rheinhards, G. zu Putlitz - University of
Heidelberg —

P.T. Debevec, W. Deninger, F. Gray, D.W. Hertzog, C.J.G. Onderwater, C. Polly, S.
Sedykh, M. Sossong, D. Urner - University of Illinois

U. Haeberlen - Max Planck Institute fur Med, Forschung, Heidelberg

P. Cushman, L. M&S Giron, J. Kindem, I. Kronkvist, R. McNabb, D. Miller, C.
Timmermans, D. Zimmerman =Uﬂ¥ﬂ of Minnesota

V.P. Druzhinin, G.V. Fedotovich, B.1. Khazin, . Logashenko, N.M. R > 5.
%M,YQLS;&MMLM-MW&WM
2 2 -l - ] R T SN ——

A.-.'. Y.:w o %
M. Iwasaki, M. Kawamura - Tokyo Institute of Technology

H. Deng, S.K. Dhawan, F.J.M. Farley, V.W. Hughes, D. Kawall, J. Pretz, S.I. Redin,
E. Sichtermann, A. Steinmetz - Yale University

~ 3O puasens From 12 insti tulions

KEK = ZInflsctor , magnel designs
TOKYQ = Fiber beam wmenitors



(9 = 2);.4
e
Definition of (g-2)

e The magnetic moment [ of an elementary par-
ticle is related to its intrinsic spin S by

- € =
»=3 (2mc) 5

e Dirac’s theory predicts the value e

e However, quantum field fluctuations make g
slightly different from 2 and the difference is
called the anomalous magnetic moment

g—-2

a = ——

2

0.001 165 923(8) (7 ppm)
a,+ (E821'97) 0.001 165 925(15) (13 ppm)
a,+ (E821'98) 0.001 165 919(6) (5 ppm)

ay (SM)T = 0.001 165 916 0(7) (0.6 ppim)

Il

T A. Czarnecki and W.J. Marciano, Nuecl. Phys. (Proc.
Suppl.) B76, 245 (1999).
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STORAGE RING CROSS SECTION
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(g=2)u

Physics of Muon Precession

o In general (E, B) fields, the spin precesses (ws),

and the momentum vector rotates (w.). The
observed difference frequency w, in the lab is

@GTE J; T ]

s — Ule =

e The muons are at v = 29.3 so that the term
B x E vanishes to allow vertical focusing by a
weak electric field.
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T V. Bargmann, L Michel and V.L. Telegdi, Phys. Rev. Lett,
, Pg 435 (1959)
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(9 = 2).!5-
%

Counting high energy positrons from muon de-
cays shows the anomalous precesssion frequency
wa (We count for ~ 600—1500 1s, and the anoma-

lous precession period is 4.366 45)
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(g=2).

Determining ay

The principal equations are

B eB =2
wng(;) ; sz%(-———-) : @zg—-—————z

mce me
s .. & __ %
Wi (g) T 1+4+a
— Wa =L Wa Lk R
. T
and finally
R = e (measured by (g = 2) experiment) = r R
Wp = 360
A= 2 (from muonium hyper fine structure)
Hp
= 3.183 345 39 (10)'

i D.E. Groom et all., Review of Particle Physics, Eur. Phys.
J. €15, pg 1 (2000)
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" Blind Analysis” Determination of a,

Separate and independent w, and w, analyses
with offsets for the two groups unknown to
each other.

e wp: two analyses (Yale, BNL)

e we: two groups (four analyses)

1. g2off: FORTRAN/PAW based (BNL, Boston, MN)

2. G2Too: C4+4/ROOT based (lllinocis, MN)
—

After the two (wp, w.) analyses are final, then
remove offsets and combine to get a,.

L. Hor 1999 daia
e“dﬁ removed of

Tan =12 Colf. Mt&
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NHR probes e T
(g=2), P Ta.s N

The wp Measurement = caco pls in agisudd
Y 4 ~ e
e Trolley measurements using 17 NMR probes

about 2 = 3 times each week

e Between trolley measurements B is tracked us-
ing 366 NMR probes fixed to vacumn chamber

e The trolley probes are calibrated before/after
data taking periods using an absolute calibra-
tion probe (spherical water volumn)

Improvements Since 1997 Run

e Thermal insulation of the magnet (better az-
imuthal homogeneity)

e Fixed NMR probe readings used in feedback
loop to the main magnet power (better stabil-
ity between trolley measurements)

e Passive/active shimming using iron wedqges/surface
correction coils (reduction in multipoles)
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TROLLEY PROBE
POSITIONS
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The 2 wp analiyses ague within 0,08 ppm

TABLE [. Systematic errors for the w, analysis

Source of errors Size [ppm]
Absolute calibration of standard probe 0.05
Calibration of trelley probes 0.20
Trolley measurements of Bo 0.10
[nterpolation with fixed probes 0.15
Inflector fringe field E 0.20 %
Uncertainty from muon distribution 0.12
Others 7 0.15
Total systematic error on wp 0.4

T higher multipoles, trolley temperature and iﬁs;@war supply
voltage response, and eddy currents from the kicker.

reduced
in 2000

L( 0.1 ppm)

The magretic field mez-ured with the trolley center probe vs. azimuth for the mea-
susecssia takes on Bebuacy 5 1988 Thodip st 350 due o the lnacio Einge feld

3s1°= 3492 2 C.UOppay  (~359° mea-infetin)
3 - ©.202pm (t? infiacor)
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o Eit data to the function G(¢) which has the
gaL anomalous precession and muon decay

Bosten t; .
¥ G(t) = Noer ‘(1 — A(E) # cos(wat + 9(E))) 1
T@ines ad
plus additional effects c aGs trickle ({aﬁd)

a(t) = [G@#)+ PU®)+ B@)]*[1+ C’BO(t)]
[1 4+ MU(t)]

ulu t
T wuen tﬁ&s( ‘) m'w . ( )
o Fit data to the ratio function r(t) defined by

»(t) = njl(t +73) + no(t = 2) = ng(f) = na(t)
vy - .l(f_+%) +ﬂ2(t=%) +ﬂ§(t)=|=n4(t)

A(E) * cos(wat + ¢(E)) X
[1 4+ PU*(t) + B*(¥)] + A

r(t)

with |B¥| < 1 and A K1

M
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(g=2)p
Pileup (the term PU(1))

e Pileup has two components: "D-(S14S52)"
— Two positrons arriving at the detector at
the same time get reconstructed as one
event (" D" event)

= The two positrons which came together o
make one " pileup” event get lost from dis-
tribution (" S1" and "S2" events)

e Statistical nileu.b construction and subtraction
(-.: 0.% ppm error
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Distribution: Det 15
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Alex Trofimev 1558 aniysss (8. 14.)
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TABLE Il. Systematic errors for the w, analysis.

Source of errors

Size [ppm]
Pileup 0.13
AGS background 0.10
Lost muons 0.10
Timing shifts 0.10
E field and vertical betatron oscillation 0.08
Binning and fitting procedure 0.07
Coherent betatron oscillation 0.05
Beam debunching/randomization 0.04
Gain changes 0.02
Total sys-*ﬁema,_tie EFFOF ON Wg 0.3
itﬂ.‘tu stical wneerTel n‘t% -_=..) 1.3

4 independent « ﬂn‘e‘an.s : (~450 Hc")
We~w,)
ion |Produ | FirSiart | Para. | (/DOF | @z siatistical

ction | tme Fit
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e 1999 data run gives L_l
a,+ (E821 ‘99) = 0.001 165 920 2(16) (1.3 ppm)
a, (SM) = 0.001 165 916 0(7) (0.6 ppm)
diff = 42+17x 10710
(3.6 + 1.4 ppm or 2.60)
1 ~ 1%
I ‘ CERN .* P.-,h,b;&t%
' CERN | '
— E821 @7)
——e——  E821(¢8)
— E821 (99)
fh_%ﬂpqu e Ve g et S -1ﬂ'-1p

50 1m1@mz@maﬁamﬁﬂ
. =11 659000 x 107°

e 2000 data has about 4.5 times number of positrons
with projected measurement uncertainty 1/2
of 1999 value

e 2001 run with g~ in progress (Feb., Mar., April)




