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Intrinsic	  magne>c	  dipole	  moments	  leads	  to	  spin	  
precession.	  
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Classical	  Picture	  
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Quantum	  Picture	  
Charged	  leptons	  and	  quark	  have	  intrinsic	  spin.	   iγ µ ∂µ + ieAµ( )−m#$ %&ψ = 0

Dirac	  Equa>on	  for	  EM	  poten>al:	  

•  Spin-‐1/2	  point	  par>cles	  
•  Leads	  to	  Pauli	  Theory	  
•  Naturally	  predicts	  g	  =	  2	  
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Larmor	  Precession	  (par>cle	  rest	  frame):	  	  
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Muon	  g-‐2	  uses	  a	  low	  energy	  parameter	  to	  probe	  high	  
energy	  physics.	  

Test	  Muon	  

Dipole-‐Dipole	  Interac>on	  
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Dirac	  (electric)	  Form	  Factor:	  FE(q2) 
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Vacuum	  effects	  ma]er	  ….	  

µ µ 

γ 

4	  

Corresponds	  to	  Dirac	  Theory:	  
gµ = 2 or	  
aµ = 0  
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Schwinger	  Term:	  
gµ ~ 2.0023228 or	  
aµ = α / 2π ~ 0.0011614 	  

(Tree	  Level)	  
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Brookhaven	  Measurement	  
(updated	  λ)	  
gµ = 2.00233184182 or	  
aµ = 0.00116592091 	  
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Corresponds	  to	  Dirac	  Theory:	  
gµ = 2 or	  
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Largest	  
source	  of	  
SM	  error	  
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BNL	  has	  a	  long	  love	  affair	  with	  Muon	  g-‐2.	  
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Figure 2 Photograph from 1984 workshop at Brookhaven National Labo-
ratory. Standing, from left: G. Danby, J. Field, F. Farley, E. Picasso, and F.
Krienen; kneeling, from left: J. Bailey, V. Hughes, and F. Combley.

the workshop (Figure 2): J. Bailey, F. Combley, J. Field, E. Picasso, F. Farley, and
F. Krienen. The latter two went on to collaborate extensively on the Brookhaven
experiment, E821.

2. THE PRINCIPLE OF THE MEASUREMENT

The measurement of the anomalous magnetic moment of the muon requires a
polarized muon beam that interacts with an external magnetic field, after which the
mean muon spin direction is determined. High-energy proton-nucleus collisions
are used to create intense pion beams by the strong interaction. The pion weak
decay (π → µν) creates a source of secondary muons. Because the weak decay
violates parity, a muon beam with high polarization can be obtained. The first
CERN experiment (14) used a low-energy muon beam, which passed through a
long magnet and onto a stopping target where the spin direction was measured.
However, most of the muons were lost; this experiment collected less than one
muon decay per second. The second experiment (15) used a muon storage ring.
The protons were brought onto a target inside the ring, and a few muon decays
were collected per fill. The third experiment (16) improved by injecting a pion
beam into the storage ring. About 100 muons were stored per fill. The relative

Last	  data	  run	  period	  was	  2001.	  
BNL	  Experiment	  review	  ar>cle	  published	  2006.	   1 June 2017  
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[2]	  	  

Error [20] [21] Future
�a

SM
µ 49 50 35

�a

HLO
µ 42 43 26

�a

HLbL
µ 26 26 25

�(aEXP
µ � a

SM
µ ) 80 80 40

Figure 9: Estimated uncertainties �aµ in units of 10�11 according to Refs. [20, 21] and (last
column) prospects for improved precision in the e+e� hadronic cross-section measurements.
The final row projects the uncertainty on the di↵erence with the Standard Model, �aµ. The
figure give the comparison between a

SM
µ and a

EXP
µ . DHMZ is Ref. [20], HLMNT is Ref. [21];

“SMXX” is the same central value with a reduced error as expected by the improvement
on the hadronic cross section measurement (see text); “BNL-E821 04 ave.” is the current
experimental value of aµ; “New (g-2) exp.” is the same central value with a fourfold improved
precision as planned by the future (g-2) experiments at Fermilab and J-PARC.
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Temporal	  
Proton	  Bunch	  

p	  

•  Start	  with	  a	  proton	  bunch	  

120	  ns	  

Not	  to	  scale	  
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Target	  

p	   π+	  

•  Start	  with	  a	  proton	  bunch	  
•  Protons	  hit	  target	  to	  produce	  pions	  

Temporal	  
Proton	  Bunch	  

120	  ns	  

Not	  to	  scale	  
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Target	  
Delivery	  Ring	  

p	   π+	   μ+	  

•  Start	  with	  a	  proton	  bunch	  
•  Protons	  hit	  target	  to	  produce	  pions	  
•  Pions	  decay	  to	  muons	  in	  Delivery	  Ring	  

Temporal	  
Proton	  Bunch	  

120	  ns	  

Not	  to	  scale	  
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μ+	   μ+	  

•  M5	  magne>c	  quads	  do	  final	  
focusing	  before	  injec>on	  into	  ring	  

Not	  to	  scale	  
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μ+	  

B	  =	  1.4513	  T	  

R0	  =	  7.112	  m	  
~9	  cm	  Storage	  Region	  

Storage	  Ring	  

Not	  to	  scale	  

•  M5	  magne>c	  quads	  do	  final	  
focusing	  before	  injec>on	  into	  ring	  

•  Inflector	  injects	  muons	  into	  ring	  
while	  minimizing	  disturbance	  to	  
B-‐field	  

μ+	  

×

[1]	  J.	  Grange	  et	  al.	  [Muon	  g-‐2	  CollaboraRon],	  arXiv:1501.06858	  [physics.ins-‐det].	  

342 THE SUPERCONDUCTING INFLECTOR MAGNET

(a) Encased Coil End (b) Coil Removed

Figure 10.24: (a) View of the magnet end. The coil block was epoxy impregnated inside the
aluminum case. (b)Coil block removed from the aluminum case.

(a) Separating the Coils (b) The mandrels

Figure 10.25: (a)Separating the inner and outer coils (b)Inner (left) and outer (right) coils
aluminum mandrels after removing the superconductor from slots.

technology. For example to correct 100 ppm field distortion, requires a printed circuit board
with 10 A total current. These correctors could be mounted on the pole tips or on the
vacuum vessel walls.

[1]	  
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μ+	   μ+	  

•  M5	  magne>c	  quads	  do	  final	  
focusing	  before	  injec>on	  into	  ring	  

•  Inflector	  injects	  muons	  into	  ring	  
while	  minimizing	  disturbance	  to	  
B-‐field	  

•  3	  magne>c	  kickers	  “kick”	  the	  
muons	  onto	  the	  storage	  orbit	  

Storage	  Ring	  

Not	  to	  scale	  

[1]	  

[1]	  H.	  Nguyen,	  GM2-‐doc-‐5519	  
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μ+	   μ+	  

•  M5	  magne>c	  quads	  do	  final	  
focusing	  before	  injec>on	  into	  ring	  

•  Inflector	  injects	  muons	  into	  ring	  
while	  minimizing	  disturbance	  to	  
B-‐field	  

•  3	  magne>c	  kickers	  “kick”	  the	  
muons	  onto	  the	  storage	  orbit	  

•  Electric	  quads	  provide	  weak	  
ver>cal	  focusing	  

Storage	  Ring	  

Not	  to	  scale	  

[1]	  

[1]	  J.D.	  Crnkovic	  et.	  al.,	  GM2-‐doc-‐4400	  
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•  180°	  and	  270°	  fiber	  profile	  beam	  
monitors	  

Storage	  Ring	  

Not	  to	  scale	  

Fiber Harp Status – 3/7/2017

Feb. 11-12 ... fiber support problem mostly solved:
- Ferrules added to support far ends of fibers and hold tension
- Clear fibers routed within vacuum pipe diameter

Harps X1 and X2 have been glued in the same way; troubleshooting of last few
fibers in progress now.  (Fix one, break one, ...)

Harp X2: Harp Y2:

[1]	  

[1]	  R.	  Bjorkquist	  and	  F.	  Gray,	  GM2-‐doc-‐5218	  
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•  180°	  and	  270°	  fiber	  profile	  beam	  
monitors	  

•  Straw	  tracker	  sta>on	  provides	  
decay	  positron	  trajectory	  
reconstruc>on	  

Storage	  Ring	  

Not	  to	  scale	  
[1]	  B.	  L.	  Roberts,	  First	  Workshop	  of	  the	  Muon	  g-‐2	  Theory	  IniRaRve	  

[1]	  
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•  24	  calorimeters	  detect	  decay	  
positron	  arrival	  >me	  and	  energy	  

e+	  

Storage	  Ring	  

Not	  to	  scale	  



Fermilab	  beamline	  decays	  away	  most	  of	  the	  pions.	  
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8.89	  GeV	  p	  beam	  
impacts	  the	  
target	  

3.1	  GeV	  
secondaries	  (π,	  
μ,	  p)	  travel	  along	  
M2	  &	  M3	  

μ+	  are	  extracted	  from	  
the	  ring	  and	  
transferred	  into	  the	  
storage	  ring	  via	  M5	  

Afer	  a	  few	  turns	  all	  
π+	  convert	  to	  μ+	  

μ+	  enter	  the	  g-‐2	  
storage	  ring	  

Protons	  separate	  
and	  are	  removed	  

D.	  Stratakis,	  GM2-‐doc-‐5664	  



BNL	  muon	  storage	  ring	  was	  moved	  to	  Fermilab.	  
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[1]	  C.	  Polly,	  GM2-‐doc-‐4096	  
[2]	  C.	  Polly	  and	  E.	  Swanson,	  GM2-‐doc-‐4284	  
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BNL	  and	  Fermilab	  experiments	  use	  a	  weak	  focusing	  
muon	  storage	  ring.	  

The Fourier analysis of the CERN and BNL
lattices F ðs=RÞ ¼

P

AN cosðNs=RÞ up to N ¼ 12 is
shown in Table 1.

Note that the BNL lattice design with the four-
fold symmetry has no N ¼ 2 term which drives the
strong octupole resonance with two-fold symme-
try. The minimum and maximum beta functions
are shown in Table 2 for two, four, and eight-fold
symmetry.

The period pR=2 with this four-fold symmetry is
much less than the period of the radial oscilla-
tions (close to 2pR), and especially the period of
the vertical betatron oscillations (B6pR). For this

reason we can, with a very good accuracy, use in
most estimates the field index n averaged over the
orbit, n ¼ /nðsÞS: In our case, n ¼ 0:43n0; where
n0 is the n-value as defined in Eq. (1) inside
the quadrupole region. In this ‘‘smoothed’’
approximation, the betatron tunes (the number
of oscillations during one turn) are defined as
nx ¼

ffiffiffiffiffiffiffiffiffiffiffi

1$ n
p

; ny ¼
ffiffiffi

n
p

; and /DðsÞS ¼ aR0; a ¼
1=ð1$ nÞ; bx ¼ R=nx; by ¼ R=ny; the familiar
weak focusing formulas; both DðsÞ and bx;yðsÞ are
constant. In reality, they slightly change along s;
with DðsÞ; bxðsÞ maximal in the middle of
intervals between quads and minimal in the

Fig. 1. The cross section of the muon storage ring showing the magnet pole pieces, the three cryostats housing the corresponding
superconducting coils, and the vacuum chamber in between the pole pieces housing the electrostatic quadrupoles.

Y.K. Semertzidis et al. / Nuclear Instruments and Methods in Physics Research A 503 (2003) 458–484460

high voltage insulator. It was therefore very
important to make those electrodes (Q1 full and
Q1 half) as thin as possible and yet sturdy enough
so that they do not buckle.

4.1.5. Leads
The typical leads arrangement for each set of

four electrodes are shown in Fig. 8. The leads
are 3 mm O.D. aluminum tube with 0:5 mm

Fig. 5. The cross section of the quadrupole plates (‘‘electrodes’’) and NMR trolley rails (‘‘ground electrodes’’). The top-bottom as well
as the left-right high voltage support insulators are also shown.

Fig. 6. A photograph taken from the end of a vacuum chamber housing the quadrupole plates; the ring center is on the left. The
distance between quadrupole plates at equal potential is 10 cm. The bottom left and the top right rails are where the cable NMR trolley
rides when measuring the magnetic field. The other two rails were used to keep the symmetry in the quadrupole region. The ruler units
are in inches.

Y.K. Semertzidis et al. / Nuclear Instruments and Methods in Physics Research A 503 (2003) 458–484 465

Super	  conduc>ng	  coil	  

Super	  conduc>ng	  coil	  

Super	  conduc>ng	  coil	  

pole	  

pole	  

Bending	  Magne>c	  Dipole	  Field	  

+24.4	  kV	  

+24.4	  kV	  

-‐24.4	  kV	  -‐24.4	  kV	  

[1]	  Y.	  K.	  Semertzidis,	  G.	  Bennej,	  E.	  Efstathiadis,	  F.	  Krienen,	  R.	  Larsen,	  Y.	  Y.	  Lee,	  W.	  M.	  Morse	  and	  Y.	  Orlov	  et	  al.,	  Nucl.	  Instrum.	  Meth.	  A	  503,	  458	  (2003).	  

[1]	  	  

[1]	  	  

Focusing	  Electric	  
Quadrupole	  
Field	  

E821	  μ+	  plate	  voltages	  
Scraping	  sets	  bo]om,	  Q2	  inner,	  
and	  Q4	  outer	  plates	  to	  ±17	  kV.	  
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Horizontal And Vertical Tunes:
ν x ≈ 1− n

ν y ≈ n
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The	  muon	  anomalous	  magne>c	  moment	  is	  obtained	  
from	  5	  numbers.	  

aµ =

ge
2
mµ

me

ωa

ω p

µe

µp

~	   ~	  

[2]	  	  

CHAPTER 3 83

where N is the total number of electrons, and A is the asymmetry, in the given data sample.
For a fixed magnetic field and muon momentum, the statistical figure of merit is NA2, the
quantity to be maximized in order to minimize the statistical uncertainty.

The energy dependencies of the numbers and asymmetries used in Equations 3.17 and
3.18, along with the figures of merit NA2, are plotted in Figures 3.6 and 3.7 for the case of
E821. The statistical power is greatest for electrons at 2.6 GeV (Figure 3.6). When a fit is
made to all electrons above a single energy threshold, the optimal threshold energy is about
1.7-1.8 GeV (Figure 3.7).

The resulting arrival-time spectrum of electrons with energy greater than 1.8 GeV from
the final E821 data run is shown in Fig. 3.8. While this plot clearly exhibits the expected
features of the five-parameter function, a least-square fit to these 3.6 billion events gives
an unacceptably large chi-square. A number of small e↵ects must be taken into account to
obtain a reasonable fit, which will be discussed in Chapter 5.
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Figure 3.8: Histogram, modulo 100 µ s, of the number of detected electrons above 1.8 GeV
for the 2001 data set as a function of time, summed over detectors, with a least-squares fit
to the spectrum superimposed. Total number of electrons is 3.6⇥ 109. The data are in blue,
the fit in green.

21	  

[1]	  	  

[1]	  J.	  Grange	  et	  al.	  [Muon	  g-‐2	  CollaboraRon],	  arXiv:1501.06858	  [physics.ins-‐det].	  
[2]	  R.	  Prigl,	  U.	  Haeberlen,	  K.	  Jungmann,	  G.	  zu	  Putlitz	  and	  P.	  von	  Walter,	  Nucl.	  Instr.	  Methods	  A	  374	  (1996)	  118-‐126.	  
[3]	  P.	  J.	  Mohr,	  D.	  B.	  Newell	  and	  B.	  N.	  Taylor,	  Rev.	  Mod.	  Phys.	  88,	  no.	  3,	  035009	  (2016)	  doi:10.1103/RevModPhys.88.035009	  [arXiv:1507.07956	  [physics.atom-‐ph]].	  

Average	  magne>c	  
field	  seen	  by	  muons	  is	  
measured	  with	  NMR	  

Anomalous	  spin	  precession	  
frequency	  is	  extracted	  from	  
decay	  positron	  >me	  spectra	  

Data-‐blue	  points	  
Fit	  -‐	  green	  line	  

Wiggle	  Plot	  

N = N0e
−t/ γτµ( ) 1− Acos ωat +φ0( )"# $%

Get	  from	  CODATA[3]:	  
ge	  =	  -‐2.002	  319	  304	  361	  82(52)	  (0.00026	  ppb)	  
mμ/me	  =	  206.768	  2826(46)	  (22	  ppb)	  
μe/μp	  =	  -‐658.210	  6866(20)	  (3.0	  ppb)	  

Fermilab	  Experiment	  aμ	  total	  error	  goal	  is	  140	  ppb	  

!ω p = 2µp

!
B

NMR	  Plot	  

Fourier	  
Transform	  



Wiggle	  plots	  are	  created	  by	  applying	  a	  suitable	  
energy	  threshold	  cut	  to	  the	  decay	  positron	  data.	  
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7

a lighthouse riding a carousel

μe

11

lead fluoride crystals

laser light calibration 
system

SiPMs

24 calorimeter stations around ring

12

14

• based on a trans-impedance amplifier (no shunt resistor) 
PMT-like pulse shape 

• programmable gain amplifier to equalize 1400 boards 
• DC coupled differential signal to digitizers 
• temperature sensor on board for offline gain calibration

Calorimeters	  measure	  decay	  positron	  
energy	  and	  detector	  arrival	  >me.	  

[1]	  J.	  Kaspar,	  GM2-‐doc-‐4285	  

Lead	  Fluoride	  Crystals	   SiPMs	  

[1]	  	  

6	  ×	  9	  segmented	  array	  	  



Trolley	  is	  used	  to	  measure	  muon	  storage	  region	  
magne>c	  field	  during	  data	  collec>on.	  

23	  [1]	  D.	  Flay,	  GM2-‐doc-‐4410	  
[2]	  R.	  Hong,	  GM2-‐doc-‐4872	  

Rough Shimming Results 
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Storage	  ring	  field	  is	  
shimmed	  to	  be	  highly	  
uniform	  to	  reduce	  
systema>c	  errors	  

[1]	  

Measurement of Storage Ring Magnetic Field in terms of !̃p

) Need Larmor frequency of free protons in storage volume while muons are stored

(1) Fixed probes measure field at same time as muons stored, but outside storage volume

(2) Field inside storage volume measured by NMR trolley, but not when muons stored

• Fixed probes are cross-calibrated when trolley goes by; can infer field inside storage volume
when muons stored from fixed probes

Electronics, 
Microcontroller,  
Communication 

Position of NMR 
probes 

Fixed probes on vacuum chambers Trolley with matrix of 17 NMR probes 

(3) Trolley probes calibrated in terms of free proton frequency by an absolute calibration probe
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Trolley	  can	  be	  
pulled	  around	  
storage	  ring	  when	  
beam	  is	  not	  being	  
delivered.	  

[2]	  



Fermilab	  Muon	  g-‐2	  experiment	  is	  currently	  in	  the	  
commissioning	  phase.	  
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Beam	  profile	  on	  last	  PWC	  just	  
before	  the	  storage	  ring	  entrance	  

Splash	  of	  beam	  hizng	  
calorimeter	  24.	  



Fermilab	  Muon	  g-‐2	  experiment	  is	  currently	  in	  the	  
commissioning	  phase.	  
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Commissioning	  is	  currently	  not	  using	  
the	  delivery	  ring	  or	  a	  proton	  dump	  
=>	  rela>vely	  few	  muons.	  



Fermilab	  Muon	  g-‐2	  experiment	  is	  currently	  in	  the	  
commissioning	  phase.	  
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Example	  tracker	  straw	  hits	  
from	  commissioning	  data.	  
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Project Timeline
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C.	  Polly	  and	  E.	  Swanson,	  GM2-‐doc-‐4284	  
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µ 

Conclusions	  
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•  Fermilab	  Experiment	  is	  currently	  performing	  the	  commissioning	  run.	  
•  Fermilab	  Experiment’s	  goal	  is	  to	  measure	  aμ	  around	  4	  >mes	  more	  precisely	  than	  

the	  BNL	  Experiment	  .	  
•  Deeper	  understanding	  needed	  for	  Fermilab	  Experiment’s	  total	  systema>c	  error	  

goal	  (considering	  higher	  order-‐systema>c	  effects).	  

MC1	  Control	  Room	  on	  May	  
31st,	  2017	  during	  data	  taking	  

Image	  from	  live	  feed	  camera	  in	  MC1.	  



g-2 

µ 

Backup	  
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Standard	  Model	  zoo	  of	  par>cles:	  
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Standard	  Model	  (Quantum	  +	  Special	  Rela>vity)	   General	  Rela>vity	  
(Geometry)	  
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The	  Muon	  was	  discovered	  from	  cosmic	  rays.	  
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Discovered	  in	  1936	  by	  Carl	  D.	  Anderson	  and	  Seth	  Neddermeyer:	  
•  Cosmic	  radiaRon	  determined	  not	  to	  be	  an	  electron	  or	  proton.	  
•  Originally	  thought	  to	  be	  the	  Yukawa	  pion	  (called	  the	  mu-‐meson	  or	  

mesotron)	  

Carl	  D.	  Anderson	  	  

Seth	  Neddermeyer	  

[1]	  hjps://en.wikipedia.org/wiki/File:Seth_Neddermeyer_ID_badge.png	  
	  	  	  	  	  	  hjp://www.lanl.gov/history/warRme/staff.shtml	  
[2]	  hjps://en.wikipedia.org/wiki/File:Carl_Anderson.jpg	  
	  	  	  	  	  	  hjp://nobelprize.org/nobel_prizes/physics/laureates/1936/anderson-‐bio.html	  
[3]	  E.	  Williams,	  G.	  Roberts,	  Evidence	  for	  transformaRon	  of	  mesotrons	  into	  electrons,	  Nature	  145	  (1940)	  102–103.	  	  

[1]	  

[2]	  

©1940 Nature Publishing Group

[3]	  1940:	  First	  cloud	  chamber	  
photograph	  of	  muon	  decay.	  

mesotron	  

electron	  



What	  is	  the	  Muon	  thingy	  you	  speak	  of?	  
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Recent	  review	  on	  the	  arXIv:	  
T.	  P.	  Gorringe	  and	  D.	  W.	  Hertzog,	  “Precision	  Muon	  Physics,”	  arXiv:1506.01465	  [hep-‐ex]	  (2015).	  

mµ 105.6583715	  ±	  0.0000035	  MeV	  

     me 	  	  	  	  	  0.510998928	  ±	  0.000000011	  MeV	  

     mτ 	  	  	  	  	  1776.82	  ±	  0.16	  MeV	  

τµ 2.1969811	  ±	  0.0000022	  μs	  

     τe      ∞ 
     ττ 	  	  	  	  	  (2.903	  ±	  0.005)	  ×	  10-‐7	  μs	  

λ	  (µ/p	  magne>c	  moment	  ra>o)	   3.18334514	  ±	  0.00000009	  

aμ	   0.0011659209	  ±	  0.0000000006	  

	  	  	  	  	  ae	   	  	  	  	  	  0.00115965218076	  ±	  0.00000000000027	  

	  	  	  	  	  aτ	   	  	  	  	  	  >	  -‐0.052	  	  and	  <	  0.013	  

dµ (-‐1	  ±	  	  9)	  ×	  10-‐20	  ecm	  

Mode	   Frac>on	  (Γi	  /	  Γ)	  
µ- à e- νe νµ ≈	  1	  

µ- à e- νe νµ	  γ 0.014	  ±	  0.004	  

µ- à e- νe νµ e+e- (3.4	  ±	  0.4)	  ×	  10-‐5	  

[1]	  

[1]	  

[1]	  K.A.	  Olive	  et	  al.	  (ParRcle	  Data	  Group),	  Chin.	  Phys.	  C,	  38,	  090001	  (2014).	  	  
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The	  muon	  has	  useful	  proper>es	  for	  a	  g-‐2	  
measurement	  
•  mμ	  ≈	  207me	  

•  (mμ	  /	  me)2	  ≈	  42,800	  Rmes	  more	  sensiRve	  to	  new	  physics	  than	  electron	  

•  τμ	  ≈	  2.20	  μs	  
•  Time-‐dilated	  μ-‐lifeRme	  allows	  for	  μ-‐beams	  (BNL	  (g-‐2)	  μ	  γτμ	  ≈	  64.4	  μs)	  

•  Br(π	  è	  μνμ)	  ≈	  100%	  
•  High	  intensity	  μ-‐beams;	  polarized	  μ	  

•  Br(μè	  eνeνμ)	  ≈	  100%	  
•  Parity	  violaRng	  Weak	  decay	  

π	  	   μ	  νμ	  
pμ	  pν	  

c.m.	  
frame	  	  

sν	   sμ	  

[1]	  	  

[1]	  	  

[1]	  	  

[1]	  	  

μ	  

ν	  

e	  
pν	  

pe	  

c.m.	  
frame	  	  

se	  
sν	  

ν	  pν	  

sν	  

sμ	  

[1]	  K.A.	  Olive	  et	  al.	  (ParRcle	  Data	  Group),	  Chin.	  Phys.	  C38,	  090001	  (2014)	  (URL:	  hjp://pdg.lbl.gov)	  



There	  is	  a	  history	  of	  Muon	  g-‐2	  tes>ng	  the	  Standard	  
Model.	  

D.	  W.	  Hertzog,	  GM2-‐doc-‐3151	  

SM	  predicted	  
values	  and	  errors	  

Measured	  values	  
from	  experiments	  
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HLbL	  =	  Hadronic	  Light-‐by-‐Light	  
HVP	  =	  Hadronic	  Vacuum	  Polariza>on	  
Weak	  =	  Weak	  Interac>on	  
QED	  =	  Quantum	  Electrodynamics	  

Quantum	  
Chromodynamics	  (QCD)	  



Storage	  ring	  based	  muon	  g-‐2	  experiments	  are	  not	  
typical	  HEP	  experiments.	  
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H.	  Nguyen,	  GM2-‐doc-‐3356	  

Atomic	  Physics	  

Accelerator	  Physics	   Tradi>onal	  HEP	  	  

Large	  
Magnets	  

aμ	  

Precision	  
Calorimetry	  

Precision	  
Field	  

Precision	  NMR	  

Beam	  Manipula>on	   High	  Rate	  DAQ	  

Storage	  Ring	   Low	  Mass	  Tracking	  



Muon	  storage	  ring	  is	  now	  installed	  and	  opera>ng	  in	  
the	  Muon	  campus.	  
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[1]	  J.	  Mo],	  GM2-‐doc-‐4380	  

Image	  from	  live	  feed	  camera	  in	  MC1.	  

Photograph	  from	  Wilson	  Hall	   [1]	  

Mu2e	  

MC1	  

Delivery	  Ring	  



Commissioning	  beam	  will	  have	  a	  large	  proton	  and	  
pion	  background.	  
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Muon	  Campus	  

Muon	  Campus	  without	  DR	  (g-‐2	  commissioning)	  

D.	  Stratakis,	  GM2-‐doc-‐5664	  


