G-2 experiment

A proposal to measure the muon
anomalous magnetic moment
to 0.14 ppm precision

Experiment at Fermilab

Built on the foundation of E821,
with important new strength added



The New (G - 2) Experiment:

A Proposal to Measure the Muon
Anomalous Magnetic Moment
to * 0.14 ppm Precision
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Ouvpak : gna S=1/2 g =2

LO QCD (Schwinger): @, = (a/27) = 0.00116 - -




a, = (g —2)/2 is non-zero because of virtual loops,
which can be calculated very precisely

Had LbL
Known well Theoretical work ongoing

CONTRIBUTION RESULT (x 10~ "") UNITS

QED (leptons) 116 584 718.09 £ 0.14 £+ 0.04,,
HVP(lo) 6 908 + 390y, £ 1910d £ Toqen
HVP (ho) —97.9 4 0.90xs, & 0.3,aa
HLxL 105 & 26
EW 152+2+1

Total SM 116 591 785 = 51

5a, = 51 x 101"



Experiment

A consistent set of measurements
with a steady improvement in

precision.
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Where we are and where we are going

Present Status:
Experimental uncertainty = 63 x 10-'" (0.54 ppm)

0.46 ppm statistical (limit was counts) 0.28 ppm systematic

Theory uncertainty = 51 x 10-11 (0.44 ppm)

Leads to Aa (Expt - Thy) =295+ 81x 10" 3.6 ©

Expected situation after experiment:
Experimental uncertainty: 63 - 16 x 10"

0.1 ppm statistical 2 21x the E821 events

0.1 ppm systematic overall
Theory uncertainty: 51 2> 30 x 1011

Future: Aa (Expt—Thy) = xx + 34 x 10-"

(If xx remains 295, the deviation from zero would be close to 90)



Precise knowledge of a, will aid in discrimination between a
wide variety of standard model extensions

 UED models (1D) typically predict “tiny” effects
— Incompatible with a Aa, of ~ 300 x 10-"

* SUSY models — there are many — predict a
contributions of about the observed magnitude for Aa

 The “Uninvented” — perhaps most importantly, sets a
stringent experimental constraint for any new models



Muon g-2 is a powerful discriminator
no matter where the final value lands
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MSSM
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g-2 is complementary to the LHC

*SPS1ais a " Typical " mSUGRA point with intermediate tanf =10



Another goal of the G-2 experiment
is to improve the muon EDM limit
by up to a factor of 100

and make a higher-precision test of
Lorentz and CPT violation



The measurement principle
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Aw = w, =W, — W, =a, (qB/m)
g=2— a,=0 - w;=w, Aw=0.

072 — ws# W, Aw/w, =Yy(Ag/g) =va,

In our case, y = 30, a, = 0.001, Aw/w, = 0.03
y=30!
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The existing storage muon ring that will be relocated to FNAL



8GeV protons from the Booster

Antiproton target

3.1 GeV/c positive pions

900 m pion decay line (Agecay = 173 m)

Polarized muons are injected in the storage ring

Positrons from the muon decay are registered (p* — e* + v +v,))

The frequency of the oscillations in the intensity of the registered
positrons is used to determine wj,



LIFE OF A MUON:

THE g-2 EXPERIMENT

Muons are
tiny magnets
spinning on
axis like tops.
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Protons Pions, weighing Pions decay
from AGS. 1/6 proton, to muons.
are created.

One of 24 detectors
see an electron, giving
the muon spin direction;
g-2 is this angle, divided
by the magnetic field the
muon is traveling through
in the ring.
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Muons are fed

into a uniform,
doughnut-shaped
magnetic field

and travel in a circle.

After each circle,
muon's spin axis
changes by 127,

yet it keeps on traveling

After circling the ring

many times, muons
spontaneously decay to
electron, (plus neutrinos,)

in the direction of the muon spin.



B cucteMme LeHTpa Macc MKOOHA MO3UTPOHbI C OoNnbLUEen 3Heprmeu
MCMYyCKalTCA NpeMMmyLLecTBeHHO B HanpaBrfieHMM CNuHa.
T.K. CNMUH NnpeLeccupyeT No OTHOLUEHUIO K HanpaBJieHUIO

ABUXeHUnsa MIOHa, BO3HUKAIOT OMeHnss NHTEHCUBHOCTH NO3UTPOHOB,
ncnyckaemMmbix Bnepea.
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The measurement involves determining 3
quantities to high precision

(1) Precession frequency ®,
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cryostat

storage area
vacuum chamber

superconducting
coil

(2) Magnetic field map
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Ocunnnauyun MHTEHCUBHOCTU UCMYCKaeMbIX MO3UTPOHOB
B BEPTUKaNbHOMN NSIOCKOCTU NO3BONAKT namepnt EDM mrooHa
(AaTb orpaHnyeHna Ha Benn4inHy EDM)
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Superconducting coil >I

Wedge shim
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Edge shim '., .'] Storage region

N
DCC/SCC

Yoke I



The Storage Ring exists and will be moved to FNAL
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Electrostatic quadrupoles




Segmenting detectors will reduce pileup.
New W-SciFi calorimeter

« 20-fold segmentation for
PMTs

* 0.7 cm X,
 10% resolution at 2 GeV

+ R&D option, §5-fold
segmentation ysiNG
onboard SiPM

24 calorimeter stations



Straw tube detectors ?

DIP FEEDTHRU
SIDE_VIEW



‘EDM’ station
18 cm
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Micro-cathode strip chambers
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Anode wires
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Technically driven schedule

Year 2010 2011 2012 2013 2014 2015 2016
Calendar Ql Oz Q304|101 02 O3)|04|Ql 02 O3 |Q4]|Q1 2 Q3 |0Q4(01 2 O3 |O4§0Ql Q2 03 |04)0Ql Q2 O3 | a4
Fiscal F2 F2 F4|FL|FZ2 F3 Fa|FL|F2 F2 Fa|FL|F2 F3 Fa[F1|F2 F3 F4]lF1]F2 F2 F4|F1|F2 F2 F4|F1

Shutdowns

Accelerator Prajects Legend
15 Hz Upgrade 15 Hz upgrade for NOvA+MicroBooNE AFL Accessible
Procure Rec->F1 Kicker R Shutdown
Imstall Rec-» Kicker 15 Hz Upgrade
Connect Reg->FL Bl AP projects
P1/F2 Madification B GPF building
Install M RF in Rec B gZD0E
Spen Debuncher B -2 NSHIMt

DOE g-2 Schedule
Building Engineering
Building Construction
Flng Assarmbly
Field Shimming
Detactor Installation
Data Accurnulation
Early Englneering fRED
Ring Disassemixle/Move
Crya Eng. fnstallatian
Irstall Inflector
Modify Target Area
Modify 4F 1/2/3 & Stub
g-Z Kickers/Straw Prod
Irest. Rad & Mon Devices
Bearm tuning

Critical
Path

Mon-DOE g-2 Schedule
Cpen End Inflector
MME R&D/Production
Detector /DA
Mtest Det Tests/Calil

Window for R&D and Production of MSEInt contributions

data t
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