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Motivation of BNL g-2
Experiment

e Precision Test of the Standard Model

ElectroWeak Contributions

Muon Substructure,

W Compositeness and Anomalous
Couplings, etc...

e Probe Physics Beyond the Standard
Model

Supersymmetry, etc..



g-factor

A particle with spin has a magnetic moment :

- eh Q
po= ngc S
1930’'s : For Point particles with spin % g=2 (Dirac)

Hadrons:

gp ~ 5.586 gn = -3.826

Leptons: g=2 7

1940's : g, ~2.002 (Lamb shift), later on g, ~2.002

Anomalous magnetic moment : a = %

g #2 (QED) a=5-+..



Forces

Dirac Particles

g=2

Electromagnetic (QED)

Ag = 0.00233169411(6)

Strong Force (Hadronic)

Ag = 0.00000013818(70)

Weak Force

Ag = 0.00000000302(8)

wp



Hadronic Vacuum Polarization




Hadronic Contribution

Dispersion Relation :

2 o)
had _— a<(0) K(s)
ay™® = 3 f2 ds= 5*R(s)
Amz
S . square of center of mass energy
K(s) . smooth weight function (0.63-1)

strong weight to low energy
Vs < 1.8 GeV, 92% of the a,)

o(ete~—hadrons)
o(eTe —=pTp™)

R(s) =



Method

In the presence of the vertical field, B
for g=2
. eB __ 2,MBB _
We = mycy  hy We = Ws
Due to anomaly on the magnetic moment,

Spin precess faster than the momentum

wy = £ (14 auy)

s —
mycy

Spin precession relative to momentum vector
— o — _¢€
We = Ws — We _m,,caMB

Plus weak focusing electric field E :

—

_’_da__e
Wa = "3t — myc

Ap b — (a’/i - 721_1)B X b

Choose v = 29.3, so the contribution of Ex E is removed.
= P, =3.1GeV

= Measure |5| and w, and calculate a, !



Why This Experiment was
Possible

e AGS, the Highest Intensity Proton
Source,

e Store Directly Polarized Muons,

e [ he Largest Single-Coiled
Superconducting Magnet (r=7.11m),
Provides 1.45T Uniform Magnetic Field.



The Beam
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The g-2 Ring




Magnet

1.45 Tesla uniform field
7.112m radius
700 Ton

l Cryostat

I Superconducting coils

@ Storage Region




Detectors

24 Pb/Scintillating fiber electromagnetic calorimeters

Energy resolution of o & 10%\/E(G6V)




Inflector and Muon Kicker
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Electrostatic Quadrupoles

The Weak Focusing Provided by

ELECTROSTATIC

QUADRUPOLES

43% of circuference of the Ring
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Measurement of wy

Parity violating 3 body decay : ut —eT v, 7,

/ I Detector

/' [Muon RestFrame L
HIGH ENERGY POSITRONS / / LOW ENERGY POSITRONS

S, is precessing in the field — et counting rate is
modulated with the p spin precession

Decay Positron Spectrum :

N(t) = Npoe t/7(1 + Acos[wat + ¢)])

* Su I Pu

Number of Positrons

L L L L L L L L L L L ) I L L BN

ACUQ, —_— \/5

Wa  Aweyt/N(E)




Counts

Energy Spectrum
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Fast Rotation
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Analysis of the 2000 Data

Production Data
RAW WFD DATA e NTUPLES B —
Analysis

B\

BU
R.W.D\ ™,
UIUC
OFFSET
OFFSET
CALIBRATION RUNS BNL

FIXED PROBE DATA

N/

TROLLEY DATA vale
—_ Z_Z — HMp o __ *
= 3 m A = I = 3.183 345 39(10)

* W. Liu et al. Phys. Rev. Lett. 82, 711 (1999);
D. E. Groom et al. Eur. Phys. J. C15, 1 (2000).
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Fitting Function

Ideal Fitting Function :
dN/dt = Ny e~ t/T (1 + A cos[wat + oa])

10M e"‘/bin requires to include small effects!!
CBO Related Effects :

e Ng — No(t)
o A — A(t)
* da — (1)

No(t) = No{l+Ane /7o cos(2mfpot+odn)}
A(t) = A{1+4 Age V7o cos(2mfupot + da)}
da(t) = ¢+ Age /b0 cOS(2m fupot + )

An,Ap and A, amplitudes are consistent with

MC results. (Ay = 1%,44 = 0.1%,44 =~
1MmR)



Fourier Analysis

Residuals after 5 parameter Function
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Beam Tune
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CBO(Coherent Betatron Oscillations)

u ........................

__________________
\\\\\\\\\
‘‘‘‘‘
<3

Equilibrium Orbit

~
~~~~~
~~~~~
...............

Look at the residuals (DATA - 5 Parameter Fit)
Fourier Analysis of this residual - CBO

o) Norr@lized Residual
o o
R (4]
| |

0

o)

o
\

e}
\

-0.005 -

-0.01 -

-0.015 -

"40 = "o 8o 160
Detector 8

N
O

"120° = 140
e (us)

m|
3



Coherent Betatron Oscillations
(CBO)







Pileup

Pileup et carry wrong energy and phase information
for g-2

2GeV

An early to late effect caused by the change on muon
intensity (due to decay) and enhanced by the Fast
Rotation Factor

It can be accounted for by adding the related terms to
the fitting function

No e /(1 + A cos(we + ¢)) X
[ e V/7(1 + Ap cos(wq + ¢ + dpu))l

Factor two loss in the statistical error of w, !

Therefore a different solution to the problem is
neccessary



Pileup

Each positron pulse above 1GeV is digitized with a
400MHz WFED

If the pulse height is above the threshold, start
digitizing ("WFD Island” =~ 80ns)

If there are pulses after the main triggering pulse on
the same island (shadow pulses).

=




Counts

Pileup

Pileup Candidates
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R(ppm) (Biased)

Pileup Systematic

152-
151%
150%
149%
148;
147%
146-
145%

144-

143

P1 147.5
P2 0.2615

T

B

PU  Multipication Factor

Data x (1 + X x PU)

No pileup subtraction —0.26ppm



Gain Variations
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Muon Losses

After Pileup Subtraction and including the CBO
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2000 Data

N, Modulations with fCbo Included
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2000 Data

N, and A Modulations with fCbo Included
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4 Independent Analysis of wg

e Function Modulating Ng, A, ¢q With f.p,.
e Function Modulating Ng, A with f.,.

e Strobing the data © f,, SO w, becomes
independent of f.,.

e Ratio Method; w, becomes independent of
slow effects, e.g. muon losses.

Systematic Uncertainities on w,

Source of Errors Size (ppm)
CBO 0.21
Pileup 0.13
Gain Changes 0.13
Lost Muons 0.10
Binning and Fitting Procedure 0.06
Others 0.06

Total 0.31




B Field Measurements

Two complementary methods for the field
measurement

o Fixed NMR probes
366 Fixed NMR probes
Distrubuted around the ring
Continuous measurement

e Beam Tube Trolley
17 NMR probes
Field measurements in the vacuum
2-3 times a week




B Field Measurements

Multipoles (ppm)

normal skew

Quad 024  0.29

vertical distance [cm]

Sext -0.53 -1.06

Octu -0.10 -0.15

4 3 2 1 0 1 2 3 4 Decu 0.82 0.54

radial dictance [eml

‘€920
o
=900
m
880
860
840
820
800
780
760
740
720
1 I 1 I 1 I 1 I 1 I 1 I 1 I
700 50 100 150 200 250 300 350
azimuth [degree]

Total 0.24 ppm systematic uncertainity for
the wp.
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Computation of a, :

Independent/blind analysis
Of wq and wy provides a,,




Results

a,(SM) = 11659178(7) x 10-1°(0.6ppm)*
More a,(SM) available !

BNL Data of 2000 :

a,(exp) = 11659204(7)(5) x 10710 (0.7 ppm)
Exp. World Average :

a,(exp) = 11659203(8) x 10712 (0.7 ppm)
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2001 at a Glance

Excellent Run

~ 3.5B e~ collected (FE > 2 GeV, t > 30us)
Production, parallel with the data taking

Purpose : To monitor as many parameters as possSi-
ble during the data taking

Beam quality,

Muon losses,

Detector thresholds,

Gate-on times continuously monitored

Energy thresholds ; All detectors 1GeV < Ey,

Gate on Times ; All detectors t < 20us

Two different focusing index ; n=0.122 n=0.142 will
provide a better understanding of the CBO



