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What is g?
✤ The magnetic moment of any elementary particle is related to its 

intrinsic spin by the “g-factor”:

✤ In the 1920s, the electron was found to have ge=2:
✤ Experimentally measured in spectroscopy experiments
✤ Mathematically explained by Dirac in 1928. 
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Current ae results. End of Story?
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Current ae results. End of Story?

✤ Agreement to the SM to ppt levels
✤ What else can we look at?
✤ Muons

✤ Loop sensitivity depends on the mass

✤ Long (2.2μs) lifetime, so able to use to make a measurement. 
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✤ Have we found new physics? 
✤ More investigation is required. 

✤ From both theory and 
experiment!

Current (g-2)μ status

7

aSM
µ = 116 591 802 (49)⇥ 10�11

aexp
µ

= 116 592 089 (63)⇥ 10�11

aexp
µ

� aSM

µ

= 287 (80)⇥ 10�11

This difference is 
larger than 3σ!

It is also larger 
than the EW 
contribution 

S−
M

 T
he

or
y

X 
10
−1

1

µ+
+µ
µ<

11
6 

59
1 

00
0

11
6 

59
2 

00
0

11
6 

59
3 

00
0

11
6 

59
4 

00
0

11
6 

59
5 

00
0

11
6 

59
0 

00
0

(13 ppm) E821 (97)

(9.4 ppm)
(10 ppm)

+

CERN

E821 (98)(5 ppm)

(0.7 ppm)
E821 (01)(0.7 ppm)
E821 (00)
E821 (99)(1.3 ppm)

World Average

CERN µ

µ+
µ<

µ+

a   µ

From the 
Brookhaven E821 
Experiment in 2001



Why do we care about (g-2)μ?

8

year

NUMBER OF E821 CITATIONS



Why do we care about (g-2)μ?
✤ If new physics discovered (g-2)μ 

has important role in interpreting 
results

8

year

NUMBER OF E821 CITATIONS



Why do we care about (g-2)μ?
✤ If new physics discovered (g-2)μ 

has important role in interpreting 
results

✤ If the discrepancy between the 
theory and the experimental result 
can be believed it can point to new 
physics

8

year

NUMBER OF E821 CITATIONS



Why do we care about (g-2)μ?
✤ If new physics discovered (g-2)μ 

has important role in interpreting 
results

✤ If the discrepancy between the 
theory and the experimental result 
can be believed it can point to new 
physics
✤ Supersymmetry?

8

year

NUMBER OF E821 CITATIONS

�

�̃

⌫̃

�̃

µ µ

�

µ̃

�̃0

µ̃

µ µ



Why do we care about (g-2)μ?
✤ If new physics discovered (g-2)μ 

has important role in interpreting 
results

✤ If the discrepancy between the 
theory and the experimental result 
can be believed it can point to new 
physics
✤ Supersymmetry?
✤ Dark Photons?
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Current Theory (g-2)μ Status
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Contribution Result in 10-11 units

QED (leptons) 116 584 718.09 ± 0.15

HVP(lo)[e+e-] 6 923 ± 42

HVP(ho) -98.4 ± 0.7

HLbyL 105 ± 26

EW 153 ± 1

Total 116 591 801 ± 49
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Current Theory (g-2)μ Status

✤ One of the most important 
improvements to the error on the 
SM value is to improve the hadronic 
component (Leading Order and 
Light By Light)
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✤ The hadronic vacuum polarization can be related 
to the cross section for hadron production

✤ Requires a precise measurement of  e+e-→hadrons
✤ Determined by multiple experiments

✤ CMD2, SND, KLOE, BaBar
✤ Error is about 0.5%
✤ 15 year effort ending with an error reduction 

of a factor of 4
✤ Prospects for even more improvements are good

✤ VEPP-2000, CMD3 and SND2000 detectors
✤ LatticeQCD is getting involved as an 

independent check of this method. 
✤ Few-percent error in next 5 years

aμ Hadronic Leading Order
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ππ cross section at ρ resonance 



✤ Current uncertainty is about 25%
✤ KLOE2 is planning a two-photon physics 

program which will provide experimental 
input. 
✤ A coincidence between the scattered 

electrons and a π0 would provide 
information on γ*γ*→π0

✤ Near q2 = 0 for the first time
✤ See previous talk from S. Miscetti for 

more details
✤ The Lattice is also starting to become 

involved in the HLBL component
✤ 10-15% uncertainty possible but not 

guaranteed
✤ More computing power will be 

necessary

aμ Hadronic Light By Light 
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(g-2)μ Experimentally



✤ Parity violation!
✤ High momentum muons from pion decays

✤  Longitudinally polarized
✤ Muon decays are “self-analyzing”

✤ The electrons emitted along the direction of the μ+ spin

✤ Long lifetime of the muon (2.2μs) allows precision measurements
✤ Mass of the muon (~200 times the mass of the electron) gives 

sensitivity at the TeV scale

A Few Lucky Breaks from Nature
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Fig. 1. In the P violating weak pion decays leptons of definite handedness are produced depending on the given charge. µ! [µ+]
is produced with positive [negative] helicity h = !S · !p/|!p|. The physical µ! and µ+ decays are related by a CP transformation.
The decays obtained by C or P alone are inexistent.

The pion decay rate is given by
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with "QED the electromagnetic correction.

2) Muon decay:
The muon is unstable and decays via the weak three body decay µ" ) e"#̄e#µ
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·

The µ–decay matrix element follows from the relevant part of the e"ective Lagrangian which reads

Le!,int = 'Gµ*
2
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This proves that the µ" and the e" have both the same left–handed helicity [the corresponding anti–particles
are right–handed] in the massless approximation. This implies the decay scheme of Fig. 2 for the muon. Again
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Fig. 2. In µ! [µ+] decay the produced e! [e+] has negative [positive] helicity, respectively.

it is the P violation which prefers electrons emitted in the direction of the muon spin. Therefore, measuring
the direction of the electron momentum provides the direction of the muon spin. After integrating out the
two unobservable neutrinos, the di"erential decay probability to find an e± with reduced energy between xe

and xe + dxe, emitted at an angle between % and % + d%, reads
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µm5

µ

192!3
x2

e (3 ' 2xe ± Pµ cos % (2xe ' 1)) (12)
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Fig. 4. The schematics of muon injection and storage in the g ! 2 ring.

magnetic field !B where they travel in a circle. The ring 5 is a toroid–shaped structure with a diameter of 14
meters, the aperture of the beam pipe is 90 mm, the field is 1.45 Tesla and the momentum of the muon is
pµ = 3.094 GeV. In the horizontal plane of the orbit the muons execute a relativistic cyclotron motion with
angular frequency "c. By the motion of the muon magnetic moment in the homogeneous magnetic field the
spin axis is changed in a particular way as described by the Larmor precession. After each circle the muon’s
spin axis changes by 12’ (arc seconds), while the muon is traveling at the same momentum (see Fig. 3). The
muon spin is precessing with angular frequency "s, which is slightly bigger than "c by the di!erence angular
frequency "a = "s $ "c.

"c =
eB

mµ #
, "s =

eB

mµ #
+ aµ

eB

mµ
, "a = aµ

eB

mµ
, (23)

where # = 1/
%

1 $ v2 is the relativistic Lorentz factor and v the muon velocity. In the experiment "a and
B are measured. The muon mass mµ is obtained from an independent experiment on muonium, which is a
(µ+e!) bound system. Note that if the muon would just have its Dirac magnetic moment g = 2 (tree level)
the direction of the spin of the muon would not change at all.

In order to retain the muons in the ring an electrostatic focusing system is needed. Thus in addition to the
magnetic field !B an electric quadrupole field !E in the plane normal to the particle orbit must be applied.
This transversal electric field changes the angular frequency according to

!"a =
e

mµ

!

aµ
!B $

"

aµ $ 1

#2 $ 1

#

!v & !E

$

. (24)

This key formula for measuring aµ was found by Bargmann, Michel and Telegdi in 1959 [70,96]. Interestingly,
one has the possibility to choose # such that aµ $ 1/(#2 $ 1) = 0, in which case "a becomes independent of
!E. This is the so–called magic #. When running at the corresponding magic energy, the muons are highly
relativistic, the magic #-factor being # =

%

1 + 1/aµ = 29.3. The muons thus travel almost at the speed
of light with energies of about Emagic = #mµ ' 3.098 GeV. This rather high energy, which is dictated by
the requirement to minimize the precession frequency shift caused by the electric quadrupole superimposed
upon the uniform magnetic field, also leads to a large time dilatation. The lifetime of a muon at rest is
2.19711 µs, while in the ring it is 64.435 µs (theory) [64.378 µs (experiment)]). Thus, with their lifetime
being much larger than at rest, muons are circling in the ring many times before they decay into a positron

5 A picture of the BNL muon storage ring may be found on the Muon g!2 Collaboration Web Page http://www.g-2.bnl.gov/
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✤ Put polarized muons into a storage ring
✤ The Key! Take the difference of the cyclotron and Larmor frequencies :

Spin Precession in a Cyclotron
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Figure 1.6: Illustration of the muon spin and momentum vectors for a muon orbiting in a magnetic field
when (a) g 2 and (b) g 2.

National Lab (BNL) experiment described in this thesis.
In the CERN I experiment, polarized muons were injected into a 6 m long magnet. Once in the 1.5 T

magnet, muons traveled horizontally in a spiraling orbit from one end of the magnet to the other, as shown
in Figure 1.7(a). This type of motion was created by carefully shimming the magnetic field to be parabolic
in the vertical direction

B y B0 1 ay by2 (1.29)

where B0 determined the average radius of the orbit, the strength of the gradient a caused each orbit to
advance along the magnet, and a non-zero coefficient b produced a quadratic field, which provided vertical
focusing. The step size of the orbital ’walking’ was gradually increased by increasing the a coefficient along
the length of the magnet. At the magnet exit, the gradient was large enough to allow the muons to escape
from the field. As the muons exited, they were stopped in a methylene-iodide target and the polarization was
determined by measuring the asymmetry of the decay electrons. The amount the muon spin had precessed
relative to the momentum was determined by the amount of time spent in the magnetic field, or in other
words the number of orbits. The number of orbits had a natural variance depending on the exact y-position
at which the muon entered the apparatus. Rather than relying on a forward and backward detector, each with
its own efficiency and characteristics, a pulsed magnetic field was used to alternately rotate the muon spin
by 90o prior to injection. The average asymmetry versus time is plotted in Figure 1.7(b). The data from
CERN I does not visually appear to be much more precise than the Garwin data shown in Figure 1.5(a),
however the CERN I experiment measures the anomaly directly. Therefore, the precision of 3 10 3 on aµ
achieved by the CERN I experiment

aexpµ 1965 0 001 162 5 4300 ppm (1.30)
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Magic Gamma
✤ If we don’t have vertical focusing the muons will spiral out of the 

plane of the detector
✤ Add in a focusing Electric Field and add another term to the spin 

precession:

✤ We don’t want to have to include this influence. 
✤ Set that term to zero by finding the “magic” gamma

✤ !magic = 29.3
✤ pmagic = 3.09 GeV
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Magic Gamma
✤ If we don’t have vertical focusing the muons will spiral out of the 

plane of the detector
✤ Add in a focusing Electric Field and add another term to the spin 

precession:

✤ We don’t want to have to include this influence. 
✤ Set that term to zero by finding the “magic” gamma

✤ !magic = 29.3
✤ pmagic = 3.09 GeV

✤ Nature again is kind!
✤ If aμ had been 100 times smaller would need p" ≈ 30 GeV!
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Measuring the B Field in E821
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FIG. 7: Cross sectional view of the “C” magnet.

largest of the resulting multipoles, a 2 percent 20-pole component (at the circular edge of

the storage region), would not cause problems with muon losses or beam instabilities at the

chosen values of the field indices. The scalloped vacuum chamber introduces small 6- and

10-pole multipoles into the field shape.

The quadrupoles are charged for ! 1.4 ms of data taking during each fill of the ring.

Cycling the quadrupoles prevents the excessive buildup of electrons around the electrodes,

electrons which are produced by field emission and gas ionization and subsequently trapped

in the electric and magnetic fields near the quadrupoles. Trapping was particularly severe

during the R01 running period when negative muons were injected into the ring. The con-

tinuous motion of the electrons—cyclotron motion in the dipole magnetic field, magnetron

motion along !E " !B, and axial oscillations along the vertical axis—ionizes the residual gas

and eventually produces a spark, which discharges the plates.

Slight modifications of the magnetron motion were used to quench the electron trapping.

In the original design, electrons undergoing magnetron motion were trapped in horizontal
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Measuring the B Field in E821

✤ Trolley and NMR probes for the 
measurement
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chosen values of the field indices. The scalloped vacuum chamber introduces small 6- and

10-pole multipoles into the field shape.

The quadrupoles are charged for ! 1.4 ms of data taking during each fill of the ring.

Cycling the quadrupoles prevents the excessive buildup of electrons around the electrodes,

electrons which are produced by field emission and gas ionization and subsequently trapped

in the electric and magnetic fields near the quadrupoles. Trapping was particularly severe

during the R01 running period when negative muons were injected into the ring. The con-

tinuous motion of the electrons—cyclotron motion in the dipole magnetic field, magnetron

motion along !E " !B, and axial oscillations along the vertical axis—ionizes the residual gas

and eventually produces a spark, which discharges the plates.

Slight modifications of the magnetron motion were used to quench the electron trapping.

In the original design, electrons undergoing magnetron motion were trapped in horizontal
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✤ Trolley and NMR probes for the 
measurement

18

!"#$%&'()*+,)-./0%!),+-/*1%23%45.%6722 6=

-#$10&".5(0,&:")/&,4.&!AC&.?=."#/.$,

@,1,&."")"&;)/#$1,.5N "F

3)/2#$.;&,),10&."")"&)$&1!K<^Z&==/

"G

17 NMR probes on 
trolley. Map Field at 6000 

azimuthal positions

360 fixed 
NMR probes 

!a = aµ
eB

mc

Shim plateThrough bolt

Iron yoke

slot
Outer coil

Spacer Plates

1570 mm

544 mm

Inner upper coil

Poles

Inner lower coil

To ring center

Muon beam

Upper push−rod

1394 mm

360 mm

FIG. 7: Cross sectional view of the “C” magnet.

largest of the resulting multipoles, a 2 percent 20-pole component (at the circular edge of

the storage region), would not cause problems with muon losses or beam instabilities at the

chosen values of the field indices. The scalloped vacuum chamber introduces small 6- and

10-pole multipoles into the field shape.

The quadrupoles are charged for ! 1.4 ms of data taking during each fill of the ring.

Cycling the quadrupoles prevents the excessive buildup of electrons around the electrodes,

electrons which are produced by field emission and gas ionization and subsequently trapped

in the electric and magnetic fields near the quadrupoles. Trapping was particularly severe

during the R01 running period when negative muons were injected into the ring. The con-

tinuous motion of the electrons—cyclotron motion in the dipole magnetic field, magnetron

motion along !E " !B, and axial oscillations along the vertical axis—ionizes the residual gas

and eventually produces a spark, which discharges the plates.

Slight modifications of the magnetron motion were used to quench the electron trapping.

In the original design, electrons undergoing magnetron motion were trapped in horizontal
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ωa from E821 

✤ Highest energy decay electrons 
emitted in the direction of the muon 
spin.

✤ Decay electron will measure a time 
distribution

19
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Fermilab Improvements
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The statistical error alone will 
drop from ~0.4 ppm to 

~0.1ppm



Fermilab Improvements

20

!p improvements!p improvements!p improvements
Source of errors E821 2001 (ppm) E989 FNAL (ppm)

Absolute calibration of standard probe 0.05 0.05

Calibration of trolley probe 0.09 0.06

Trolley measurements of B0 0.05 0.02

Interpolation with fixed probes 0.07 0.06

Inflector fringe field - -

Uncertainty from muon distribution 0.03 0.02

Others 0.10 0.05

Total systematic error 0.17 0.11

We want to drop this to 
0.07 ppm. 

  Need more probes, 
better absolute and 
relative calibration, 

shimming and 
temperature control.

The statistical error alone will 
drop from ~0.4 ppm to 

~0.1ppm



Fermilab Improvements
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!a improvements!a improvements!a improvements!a improvements
E821 Error Size (ppm) Plan for new (g-2) Goal (ppm)

Lost muons 0.09 Long beamline eliminates non-standard muons 0.02
CBO 0.07 New scraping scheme; damping scheme implemented 0.04
Gain changes 0.12 Better laser calibration and low-energy threshold 0.02
Pileup 0.08 Low-energy samples recorded; calorimeter segmentation 0.04
E field and pitch 0.05 Improved measurement with traceback 0.03

Total 0.18 0.07
!p improvements!p improvements!p improvements

Source of errors E821 2001 (ppm) E989 FNAL (ppm)

Absolute calibration of standard probe 0.05 0.05

Calibration of trolley probe 0.09 0.06

Trolley measurements of B0 0.05 0.02

Interpolation with fixed probes 0.07 0.06

Inflector fringe field - -

Uncertainty from muon distribution 0.03 0.02

Others 0.10 0.05

Total systematic error 0.17 0.11

We want to drop this to 
0.07 ppm. 

  Need more probes, 
better absolute and 
relative calibration, 

shimming and 
temperature control.

The statistical error alone will 
drop from ~0.4 ppm to 

~0.1ppm



Fermilab Improvements
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!a improvements!a improvements!a improvements!a improvements
E821 Error Size (ppm) Plan for new (g-2) Goal (ppm)

Lost muons 0.09 Long beamline eliminates non-standard muons 0.02
CBO 0.07 New scraping scheme; damping scheme implemented 0.04
Gain changes 0.12 Better laser calibration and low-energy threshold 0.02
Pileup 0.08 Low-energy samples recorded; calorimeter segmentation 0.04
E field and pitch 0.05 Improved measurement with traceback 0.03

Total 0.18 0.07
!p improvements!p improvements!p improvements

Source of errors E821 2001 (ppm) E989 FNAL (ppm)

Absolute calibration of standard probe 0.05 0.05

Calibration of trolley probe 0.09 0.06

Trolley measurements of B0 0.05 0.02

Interpolation with fixed probes 0.07 0.06

Inflector fringe field - -

Uncertainty from muon distribution 0.03 0.02

Others 0.10 0.05

Total systematic error 0.17 0.11

We want to drop this to 
0.07 ppm. 

  Need more probes, 
better absolute and 
relative calibration, 

shimming and 
temperature control.

Beam Improvements

The statistical error alone will 
drop from ~0.4 ppm to 

~0.1ppm



Fermilab Improvements
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!a improvements!a improvements!a improvements!a improvements
E821 Error Size (ppm) Plan for new (g-2) Goal (ppm)

Lost muons 0.09 Long beamline eliminates non-standard muons 0.02
CBO 0.07 New scraping scheme; damping scheme implemented 0.04
Gain changes 0.12 Better laser calibration and low-energy threshold 0.02
Pileup 0.08 Low-energy samples recorded; calorimeter segmentation 0.04
E field and pitch 0.05 Improved measurement with traceback 0.03

Total 0.18 0.07
!p improvements!p improvements!p improvements

Source of errors E821 2001 (ppm) E989 FNAL (ppm)

Absolute calibration of standard probe 0.05 0.05

Calibration of trolley probe 0.09 0.06

Trolley measurements of B0 0.05 0.02

Interpolation with fixed probes 0.07 0.06

Inflector fringe field - -

Uncertainty from muon distribution 0.03 0.02

Others 0.10 0.05

Total systematic error 0.17 0.11

We want to drop this to 
0.07 ppm. 

  Need more probes, 
better absolute and 
relative calibration, 

shimming and 
temperature control.

Calorimeter Upgrades

The statistical error alone will 
drop from ~0.4 ppm to 

~0.1ppm



Fermilab Improvements

20

!a improvements!a improvements!a improvements!a improvements
E821 Error Size (ppm) Plan for new (g-2) Goal (ppm)

Lost muons 0.09 Long beamline eliminates non-standard muons 0.02
CBO 0.07 New scraping scheme; damping scheme implemented 0.04
Gain changes 0.12 Better laser calibration and low-energy threshold 0.02
Pileup 0.08 Low-energy samples recorded; calorimeter segmentation 0.04
E field and pitch 0.05 Improved measurement with traceback 0.03

Total 0.18 0.07
!p improvements!p improvements!p improvements

Source of errors E821 2001 (ppm) E989 FNAL (ppm)

Absolute calibration of standard probe 0.05 0.05

Calibration of trolley probe 0.09 0.06

Trolley measurements of B0 0.05 0.02

Interpolation with fixed probes 0.07 0.06

Inflector fringe field - -

Uncertainty from muon distribution 0.03 0.02

Others 0.10 0.05

Total systematic error 0.17 0.11

We want to drop this to 
0.07 ppm. 

  Need more probes, 
better absolute and 
relative calibration, 

shimming and 
temperature control.

New Tracking Detectors

The statistical error alone will 
drop from ~0.4 ppm to 

~0.1ppm



Why Fermilab? What do you Get?
✤ New muon program at Fermilab is established

✤ g-2 is a part of this
✤ Existing infrastructure in the form of beam lines and antiproton 

source 
✤ More beam. Which means more statistics. 

✤ 21 times more statistics than at E821
✤ Longer beam line

✤ 1900m decay line 
✤ 20x longer than BNL
✤ No pion background, hadronic flash
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Calorimeter Upgrades
✤ Segmented crystal calorimeters

✤ Helps with pileup systematics
✤ Change from E821

✤ Using Silicon PhotoMultipliers for 
detection on the back of each crystal

22

Two pulses from 
laser directed 

directly at SiPM 
separated by 5ns



Why Have a Tracker?

✤ Calibrate beam dynamics 
✤ Determine the momentum of the muons

✤ Because they can’t all be at exactly the magic momentum
✤ Betatron motion of the beam leads to ppm corrections to ωa

✤ Want mm resolution of the beam profile
✤ Better measurement of the pileup

✤ Information on multiple positrons hitting the calorimeter
23



Tracking detectors
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Tracking detectors
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Tracking detectors
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Total length is 1.3m



Tracking detectors

24

Total length is 1.3m
Each station is a doublet 
of UV straw chambers.



Tracking detectors

24

Total length is 1.3m
Each station is a doublet 
of UV straw chambers.



Tracking detectors

24

Total length is 1.3m

“Ship in the bottle” testsEach station is a doublet 
of UV straw chambers.



Geant4 Traceback Detectors

25

Geant4 Sensitive tracking 
detectors in place and easy 

to move for testing 
purposes.

Track!



Updates at Fermilab

Current Funding = CD0!



Move. That. Ring. 
✤ The plan for the g-2 

experiment at Fermilab is to 
reuse much of the ring from 
the AGS E821 experiment. 
✤ The storage ring. 
✤ The magnets

✤ That means disassembly. And 
moving. 

✤ Why keep the old ring?
✤ Money! 
✤ 50’ ring is continuous 

superconducting coils and 
pole pieces

27



End of E821
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Summer 2011
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Summer & Fall 2012

30

First yoke piece
taken apart on 

September 28, 2012



September 30, 2012
✤ All yokes removed. The ring is completely bare. 

31
Can see this 14.5m continuous ring. 

This is what is moving. 



✤ The 50’ cryostat needs to be moved as is
✤ How do we get from there to here?

New York to Chicago
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Transporting to Illinois
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Transporting to Illinois
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Transporting to Illinois

33

*Note there is a possibility 
that we will take the 

southern route around 
Florida and up the 

Mississippi. Either way it 
involves transit on a barge.



✤ We have to fit through the tolls booths! 
✤ It’s tight with only 30cm to spare. 

Transporting to Illinois
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✤ Arrival at the new Muon campus on the Fermilab site.

35

Transporting to Illinois

g-2 here!

mu2e here



✤ Arrival at the new Muon campus on the Fermilab site.

35

Transporting to Illinois

g-2 here!

mu2e here



Time Table

36

The future 
plan for 
Fermilab

Detailed breakdown of 
specific g-2 work 

happening now and in 
the next 3 years.
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Fermilab (g-2)μ Collaboration (E989)

37

28 institutions 
106 collaborators 



Conclusions
✤ Where can we be in 5 years?

✤ Lower error on both experimental and theoretical measurements

✤ If the central value stays the same, this will indicate a larger than 
5σ difference. 

✤ Work being done in the theoretical community on lowering the errors 
on the hadronic component of aμ

✤ Fermilab project underway with Mission Need approval granted
✤ Work being done upgrading every facet of the experiment from 

simulations to hardware. 
✤ Exciting time for this measurement!
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Backup Slides



✤ In order to removed the dependence on the mass of the muon, we 
rename variables

Remove Mass Dependence

40

aµ =
R

��R
; R =

!a

!p

!p: the magnetic field in terms 
of the Larmor  frequency of a 
free proton

!a = aµ
eB

mc

!a: rate at which the muon spin 
turns relative to the momentum 

": Ratio of magnetic moments 
for the muon to the proton. 

This is what we 
measure in the g-2 

experiment



Updating Tracking Detectors
✤ In E821 traceback chambers 

were placed in a truncated 
scallop
✤ This rendered the 

calorimeter data at position 
20 unusable in the final 
analysis

✤ This scallop will be rebuilt 
for the new experiment. 

✤ In the Fermilab (g-2) 
experiment we plan on putting 
these *within* the vacuum
✤ Cut open the vacuum to 

insert straw chambers. 
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Why Have a Tracker?

✤ Calibrate beam dynamics 
✤ Determine the momentum of the muons

✤ Because they can’t all be at exactly the magic momentum
✤ Betatron motion of the beam 
✤ Want mm resolution of the beam profile

✤ Better measurement of the pileup
✤ Information on multiple positrons hitting the calorimeter
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Fermilab Objects for Reuse
✤ g-2 ring 
✤ g-2 beamline 
✤ Debuncher Ring 
✤ Magnets, pumps, stands and 

other Accumulator Ring 
components 

✤ AP transfer lines 
✤ AP-0 Target Station 
✤ AP-2 beamline magnets 
✤ Main Injector RF ferrites 
✤ Tevatron satellite refrigerators 
✤ Tevatron N2 and He storage 

tanks 

✤ Tevatron cryo line 
✤ Tevatron High Temperature 

Superconducting leads 
✤ Tevatron vacuum equipment 
✤ Tevatron loss monitors
✤ Tevatron BPM electronics
✤ Tevatron electronics crates
✤ Tevatron control cards
✤ Tevatron damper system
✤ Misc. Tevatron Instrumentation
✤ Shielding steel
✤ Transformers
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Do it again? Do it better!

44

The goal of a new 
experiment at 

Fermilab!



Error Improvements
✤ Experimental uncertainty from 63x10-11 to 16x10-11

✤ Theoretical uncertainty from 51x10-11 to 30x10-11
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Fermilab Beam Lines
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65

Recycler Ring 

Beam Transfer and 
Delivery Ring 

Muon Campus 

Overview of beam plan 
• Recycler 

‒ 8 GeV protons from Booster 
‒ Re-bunched in Recycler  
‒ New connection from Recycler 

to P1 line (existing connection 
is from Main Injector) 

• Target station 
– Target 
– Focusing (lens) 
– Selection of magic momentum 

• Beamlines / Delivery Ring 
‒ P1 to P2 to M1 line to target 
‒ Target to M2 to M3 to 

Delivery Ring 
‒ Proton removal 
‒ Extraction line (M4) to g-2 

stub to ring in MC1 building 

Target Station 

3 1/12/12 Mary Convery 

Booster



JParc g-2 Experiment
✤ Stop trying to do magic momentum experiment. Use an ultra cold 

muon source.
✤ Higher rate in a smaller device
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