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Heinz, Tammy A

From: Bunce, Garry M
Sent: Thursday, June 06, 2002 2:40 PM
To: Heinz, Tammy A

Subject: FW: oops! This week's Physics Colloguium {5/30]
Importance: High
FPlease print. Thanks, Germry

——-Uriginal Message-----

Vrom: Colleen Letwinch [marho:letwinchi@ucracl uer edu]
Sent: Tucsday, May 28, 2002 12:07 T'M

Ta: uneeiabol.gov

Subject: cops! This week's Physics Colloguium (5/30)
Importance: High

COLLOQUIUM

"The Muon g-2 Experiment”

Dr. Gerry Bunce

Brookhaven National Laboratory

The muon g-2 experiment tests our understanding of the electromagnetic, strong and weak
forces. A series of experiments at CERN. completed in the early 1980s. developed the
method of storing polarized muons in a special storage ring, and reached a precision of 7
parts per million. This stood as a beautiful test of the

Standard Model of particle physics. Al Brookhaven National Laboratory we have built an
even higher precision experiment, and have in the past vear reached a factor 7 improvement,
and counting. I will describe the ideas, the experiment. and where we are now with the
Standard Model.

Date: Thursday May 30, 2002
Room Physics 3035
Time: 3:45 pm
Coffee served in Barkas Lounge @ 3:30 pm
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Colleen Letwinch, AATI

Travel Coordinator

Physics Dept.

University of California, Riverside
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Joint Nuckear/BER Seminar
Dr. Gerry Bunce

Broobtaven National LAE

o o & et Bt

Location: Knudsen 4-134
Date: Wednesday, May 29
Time: 4:30pm
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El’eétmn g-2
a,. =1 159 652 188 (4) x 10" (4ppb)

2. = 1159 652 188 (4) x 10" (4ppb)
Van Dyck et al., Phys. Rev. Lett. 59, 26( 198%).
Theory: a(th) = a/2nt

~0.328478965 (a/n)>

+1.181241456 (ov/m)
~1.5098 (384) (a/n)*

+2.721 10 (u, T loops)

+1.642(27) 10™ (hadronic)

+0.030 10*  (weak)
a(th) =1 159 652 153 (1) (28) 102

using oquantum hall).
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Standard Model Theory [1]

a,(QED) = 116584706 (3) x 10"

[T,
sy
a,(Had,) = 6924 (62) ;'\w../ H
et
a,(Had,) = -100 (6)
% B
3
a,(Had ;) 485 (25) 1> EER
2, (EW) = 151 (4)

Total—116591§2?(67)><10“ (26.6ppm)

1. A, Czarnecki, W. Marciano/Nuclear Physics B (Proc. Suppl.) 76

(1999) 245-252.

¥ M. Kneckt, A.Nyfeler, M. Pervoltet, 8.de Rafael
Phys. Kev. L.ﬂ‘ &k, on8&or (2en.)




Beyond the Standard
Model

large variety of possible contributions:
(sensitivity limits for o4, = 0.35 ppm)

2
e Muon substructure: gk—subsir. (’7”{1)

sensitivity: A~ 5 TeV, LHC domain

e W anomalous magnetic moment ayy
sensitivity: ~ 0.02
LEPIL: ~ 0.05, LHC: ~ 0.2
e W substructure: oW —subsir. (%@)2
sensitivity: A = 400 GeV
LEPIIL: ~ 100 - 200 GeV

(T.Kinoshita and W. Marciano, in "Quantum Electrodynamics”,
ed. T. Kinoshita (World Scientific, Singapore 1990))

A.Steinmetz DNP99/7
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Method

Store polarized muons in a homogenous mag-
netic field and measure difference frequency
between spin and momentum precession

= M}]

A.Steinmetz DNP99/9




Measuring g-2

(g-2))2 = /B x (m,c/e)

(® = measure precession of muon spin in magnetic
field

B = measure magnetic field

To measure g-2 to 3/10,000,000, need to know both
 and B to better than that !



Polarimeter

high energy positrons from muon

decay
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A.Steinmetz DNP99/10



Nuomber of Positrons

Decay e’ spectrum at the PEAK of g-2 oscillation
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Number of Positrons

Decay e” spectrum at the TROUGH of g-2 oscillation
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Fig. 5. A contow: line plot of the magnetic ficld strength in the muon storage aperture, This _
map Is obtained by averaging a three-dimensional map in azimuth. The interval between the
contours of equal ficld strength is 2 ppm or 3 uT.
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Positron Signal
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Detected Positron Energy Spectrum
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1999 o, Analvsis

1. Data are energies every 2.5 nsec over a 1 GeV threshold.
2. Fit pulses, obtain pedestal, energy, time from Injection.

--many detalls: pulse shapes, analyze pedestal vs. time,
self-consistency checks; 2 approaches used, ...

3. g-2 “wiggle” plot. Fit ;‘iﬂ'l 5 parameters:
B 7
Fey= N, & 2 [14A cos (2u gt +8)]

4. poor x* : plot residuals
—coherent betatron oscillation from kick
—~also seen In fiber monitor
—include CBO In fit
5. fast rotation—beam arrives bunched, 149 nsec period of ring
~-bin In 149 nsec bins
-also generates plle-up
—~used to study plle-up
6. plle-up—more at early times than late

—use “shadow” pulses to directly measure and remove
pile-up

7. average energy seen In detectors vs. time—flat!

8. chi’/DF fiat, 0.995, all fit parameters well behaved vs. start
time.
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1999 Run Analysis Systematic Error

o, ppm
Standard probe absolute calibration 0.05
Calibration of B, against standard probe 0.20
B,, from trolley probes due to position uncertainty | 0.10
Inflector fringe field 0.20
Tracking by fixed probes 0.15
Average over muon distribution 0.12
Others (kicker eddy current, higher multipoles,...) |0.15
Total o, 0.4
M, ppm
Timing shifts 0.10
E field and pitch 0.08
Flashlets 0.10
Coherent betatron oscillation 0.05

Lost muons 0.10
Pileup subtraction/pileup phase 10.13
Detector energy scale 0.02
Fitting method/binned data 0.07
Spin resonances 0.01
Fast rotation/randomization 0.04
Others (fit start time, clock, ...) 0.01
Total w, 0.3

Total 1999 run systematic error 0.5ppm.

Stat. evver | 2ppm
Tol * 13Ppm

152



Feb. 2001 Talk

Conclusions

99 run: a,=116 592 02 (16) x 10™'°
SM* a, =116 591596 (6.7) x 10°"°
7.8
| 2§
Difference: (427t 16) x 107

2.1 |
36+ 1.3)ppmorZ2.6c

Coming attractions: now analyzing
2000 run " data, with result probably

late 2001 or early 2002. (~¥X 4'>ev5)

Feb.-Apr. 2001 run with .
Rgsuq‘" odditional 4 run.

1. A. Czarnecki and W. Marciano
Nucl. Phys. B(Proc. Suppl.) 76 (1999) 245.
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MASSACHUSET TS IhallWic A L EASHEES=
DEFARTMENT QF PHYSICS
CAMBRIDGE, MASSACHUSET TS 02139

Center for Theoretical Physis, fRoom 6-308
{617) 253-0284 — Email wilczek@mit edu — FAX (617) 253-8674

November 15, 2001

Dr. Tom Kirk

Assoeclate Laboratory Director

for High Energy and Nuclear Physics
Building 510F

BNL
Upton, NY 11973

Dear Tom,

Lwrite in support of Proposal P962 to the Brookhaven PAC, for additional experimental
work to determine accurate values of the muon and anti-muon magnetic MOMCNLS,

The group has already done beautiful work oo this subject at Brookhaven. Their accom-
plished measurements give indications of & possible discrepancy with the Standard Model.
These results lie in the fuzzy area between tantalizing hints and definitive discoveries. The
proposal is a compelling extension. Given a relatively small additional investment, d the
value of the whole body of work would be substantially enhanced, and the central issue
standard model, or more — might well be settled one way or the other.

i i hysicist, there are few if any exper-
imental initiatives of ilicance on near norizon. A whole complex of ambitious

ideas mvolving unification and low-energy supersymmeLry make the possibility of a discrep-
ancy in magnetic moments with roughly the magnitude in question quite plausible. These
ideas successfully account for the relative values of the strong, weak, and electromagnetic
couplings, and thereby (if correct!) profoundly enhance our understanding of Nature, as well
as suggesting many promising new directions for theoretical and experimental work. Even a
negative result would be extremely significant, in constraining the realization of these and
other ideas. It would also, we should remember, be an extraordinary scientific triurnph. The
“standard model” calculations of etic moments, at the level of ace
theory, renormalization, efc., while the

experiments are tly ingenious.
The important Physical Review Letter from the group, in March, immediately inspired

dozens of papers, reflecting and elaborating the points of my preceding paragraph. It also
aroused considerable public interest. For your edification, I enclose 2 copy of a small piece I

wrote for Nature at the time.

With sincere best wishes,

-

Frank Wilezek -
Professor of Physics

/ib
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