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Outline	
  
•  Brief	
  EDM	
  descripFon	
  
•  How	
  to	
  measure	
  EDMs	
  in	
  a	
  storage	
  ring	
  
•  Experimental	
  prospects	
  
•  Running	
  with	
  ring	
  as	
  is,	
  add	
  detectors	
  
•  Modifying	
  rings	
  
•  Dedicated	
  experiment	
  

•  Tau	
  EDMs	
  
•  How	
  to	
  do	
  it	
  
•  Prospects?	
  	
  

2	
  



Brief	
  EDM	
  description	
  
•  What	
  is	
  an	
  EDM	
  
•  SeparaFon	
  of	
  charge	
  

•  Why	
  do	
  we	
  care	
  about	
  them	
  
•  Could	
  explain	
  the	
  g-­‐2	
  anomaly	
  	
  
•  Offers	
  explanaFon	
  for	
  CP	
  violaFon	
  

•  Current	
  status	
  of	
  	
  EDMs	
  
•  |de	
  |	
  ≤	
  0.14	
  x	
  10-­‐26	
  e	
  cm	
  (arXiv:1301.1681,	
  2013)	
  
•  |dμ|	
  <	
  1.9	
  x	
  10-­‐19	
  e	
  cm	
  (arXiv:0811.1207v2,	
  2009)	
  
•  |dτ|	
  ~	
  10-­‐17	
  e	
  cm	
  (arXiv:0210066,	
  2002)	
  

g	
  =	
  2	
  (+	
  correcFon	
  terms)	
  
η	
  =	
  0	
  (+	
  Fny	
  correcFons	
  
from	
  CP	
  violaFng	
  terms)	
  

3	
  



Muon	
  EDM	
  milestones	
  
10-19 

10-20 

10-21 

10-22 

10-23 

10-24 

10-25 

10-26 

10-27 

|dµ|~3 x 10-22 e-cm  

|dµ| < 10-23 e-cm:  (mµ / me)2  

|dµ| < 10-25 e-cm:  (mµ / me)  

|dµ|< 1.8 x 10-19 e-cm @ 95% 

*	
  Probes	
  imaginary	
  part	
  of	
  anomaly	
  

*	
  



EDMs	
  and	
  g-­‐2	
  	
  
•  Experimentally,	
  EDMs	
  and	
  the	
  g-­‐2	
  precession	
  frequency	
  are	
  
intertwined	
  

•  g-­‐2	
  causes	
  a	
  rotaFon	
  in	
  the	
  horizontal	
  plane	
  
•  EDMs	
  cause	
  a	
  verFcal	
  oscillaFon	
  
•  g-­‐2	
  precession	
  will	
  swamp	
  EDM	
  	
  
•  Can	
  miFgate	
  this	
  with	
  more	
  tracking	
  staFons	
  
•  New	
  method:	
  Radial	
  electric	
  field	
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Relationship	
  between	
  g-­‐2	
  and	
  
EDMs	
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|dµ|< 10-21 e-cm 

|dµ|< 1.8 x 10-19 e-cm @ 95% 



Parasitic	
  EDM	
  	
  
•  Will	
  see	
  an	
  asymmetry	
  in	
  the	
  up-­‐
down	
  positron	
  count	
  	
  

•  First	
  calculate	
  phase	
  and	
  frequency	
  
from	
  posiFon	
  sensiFve	
  detectors	
  	
  

•  Then	
  fit	
  average	
  verFcal	
  angle	
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as a function of the positron to muon momentum fraction is shown in Figure 6.  The distance from the 
calorimeter face to where the positron enters the scallop region is also shown.  This indicates that the 
optimal coverage region is approximately half a meter in front of the calorimeters.  It also indicates that 
the muon distribution can be mapped approximately 1 meter from the calorimeters removing the long 
lever arm required by the E821 geometry and allowing us to stay clear of upstream collimators. These 
calculations will be updated with simulation by my RA and I, including spreads in the initial muon 
distribution, positrons that hit any region of the calorimeter, and the non-uniform B field. 

 

Figure 6:  Left:  The distance between the calorimeter and the muon decay position for positrons that 
strike the midpoint of the calorimeter face as a function of the positron to muon momentum fraction.  
Right:  The distance between the calorimeter and the location that the positrons enter the scallop region 
of the vacuum chamber also as a function of the positron momentum fraction.  The calculations assume 
circular trajectories. 

It is highly desirable to build the system without modifying the existing vacuum chambers.  Fortunately 
there are two unused vacuum ports in the tracking volume.  One is large with an inner diameter slightly 
larger than 10 cm. This is indicated in Figure 7.  Once our baseline detector concept is chosen, we will 
use Fermilab mechanical engineering resources to design a system that can be installed, serviced, and 
maintained through these ports. 

 

Figure 7:  Top view of 1/12 of the vacuum chamber for the g-2 storage ring. The tracking volume inside 
the vacuum chamber and in front of the calorimeter stations for two tracking stations is indicated.  Also 
shown is the side view of the vacuum chamber showing the two unused vacuum ports that can be used to 
access the tracking volume. 
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Ring	
  with	
  the	
  original	
  2	
  
tracking	
  staFons	
  



Beyond	
  Parasitic	
  Measurement	
  
•  Instrument	
  all	
  24	
  scallop	
  regions	
  with	
  trackers	
  
•  Add	
  horizontal	
  straws	
  in	
  all	
  scallop	
  regions	
  
•  Increases	
  track	
  count	
  to	
  	
  

•  Could	
  run	
  opportunisFcally	
  with	
  mu2e	
  	
  
•  Change	
  the	
  magnets	
  using	
  automated	
  controls	
  
•  Disconnect/reconnect	
  devices	
  in	
  2	
  places	
  
•  Would	
  take	
  about	
  8	
  hours	
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AddiFonal	
  tracking	
  
staFons	
  inserted	
  in	
  the	
  
flanges	
  



What	
  will	
  we	
  see	
  with	
  longer	
  running?	
  	
  

11	
  1E-­‐22	
  

1E-­‐21	
  

1E-­‐20	
  

1E-­‐19	
  

1E-­‐18	
  

1E-­‐17	
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With	
  all	
  24	
  regions	
  instrumented	
  (in	
  front	
  of	
  flange)	
  

Months	
  Running	
  	
  

With	
  	
  2	
  full	
  staFons	
  +	
  
22	
  addiFonal	
  
trackers	
  

With	
  2	
  Full	
  staFons	
  

FNAL	
  goal:	
  8	
  X	
  10-­‐21	
  
Would	
  be	
  probing	
  the	
  
mass	
  cubed	
  region	
  

dμ	
  



Dedicated	
  EDM	
  experiment	
  	
  
•  Concept:	
  Remove	
  the	
  g-­‐2	
  precession	
  by	
  applying	
  a	
  radial	
  E	
  
field	
  
•  Cancel	
  the	
  first	
  2	
  terms	
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As	
  Fme	
  increases,	
  the	
  
precession	
  becomes	
  
more	
  pronounced	
  
	
  



J-­‐PARC	
  
•  J-­‐PARC	
  Parameters	
  	
  
•  R	
  ≈	
  6.5m	
  
•  γτ	
  	
  =	
  11	
  μs	
  
•  β	
  =	
  0.978	
  
•  PolarizaFon	
  is	
  50%	
  
•  B	
  =	
  0.25	
  T	
  

•  SensiFvity	
  

•  dμ	
  <	
  10-­‐24	
  e	
  cm	
  	
   	
   	
  	
  
	
  
*hsp://www.bnl.gov/edm/papers/jparc_loi_030109.ps	
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PSI	
  	
  
•  PSI	
  Parameters	
  	
  
•  R	
  ≈	
  0.5	
  m	
  
•  γτ	
  	
  =	
  3.5	
  μs	
  
•  β	
  =	
  0.76	
  
•  PolarizaFon	
  is	
  90%	
  
•  B	
  =	
  1.0	
  T	
  

•  PSI	
  SensiFvity	
  

14	
  

•  dμ	
  <	
  10-­‐23	
  e	
  cm	
  	
  

*arXiv:0606034v3	
  



Tau	
  EDM	
  
γ	



µ µ

γ	



τ	

 τ	



Look	
  for	
  spin	
  precession	
  in	
  E	
  field	
  

Long	
  life	
  =	
  good.	
  	
  
	
  Plenty	
  of	
  Fme	
  to	
  see	
  slow	
  

precession	
  

µ+	

 µ+	



Look	
  for	
  T-­‐odd	
  observables 
τ pair	
  producFon	
  

γ	


τ+	



τ-	

e-	



e+	



short	
  life	
  =	
  good.	
  	
  
	
  both	
  decay	
  and	
  can	
  

reconstruct	
  triple	
  product	
  
correlaFons	
  



Tau	
  EDM	
  
•  Best	
  result	
  from	
  Belle	
  (30	
  v-­‐1	
  )	
  
•  (-­‐2.2	
  <	
  Re(dτ)	
  <	
  4.5)	
  x	
  10-­‐17	
  e	
  cm	
  	
  

•  CP	
  odd,	
  T	
  odd	
  
•  (-­‐2.5	
  <	
  Im(dτ)	
  <	
  0.8)	
  x	
  10-­‐17	
  e	
  cm	
  	
  

•  CP	
  odd,	
  T	
  even	
  
•  ProjecFons	
  from	
  Belle	
  II:	
  
•  10-­‐19	
  w/	
  50	
  ab-­‐1	
  
•  Factor	
  of	
  3	
  gain	
  with	
  polarized	
  beam	
  
	
  



Conclusions	
  	
  
•  Prospects	
  for	
  muon	
  EDM:	
  
•  Longer	
  parasiFc	
  run	
  with	
  the	
  g-­‐2	
  experiment	
  
•  Add	
  more	
  trackers	
  
•  RelaFvely	
  easy	
  to	
  do	
  
•  Goal	
  is	
  to	
  get	
  to	
  10-­‐21	
  e	
  cm	
  

•  2	
  proposals	
  for	
  dedicated	
  storage	
  ring	
  experiments	
  
•  J-­‐PARC	
  and	
  PSI	
  
•  Bring	
  us	
  down	
  to	
  10-­‐24	
  e	
  cm	
  
•  Not	
  so	
  easy	
  to	
  do	
  

•  Tau	
  EDMs	
  
•  Definitely	
  worth	
  working	
  on!	
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Backups	
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Systematics	
  	
  

19	
  

•  EDM	
  asymmetry	
  is	
  90	
  degrees	
  out	
  of	
  phase	
  with	
  g-­‐2	
  asymmetry	
  
•  When	
  decay	
  points	
  into	
  the	
  ring	
  versus	
  out	
  of	
  the	
  ring	
  
•  Large	
  flight	
  length	
  difference	
  
•  Beam	
  spread	
  means	
  higher	
  acceptance	
  for	
  muons	
  that	
  point	
  in	
  
•  Need	
  to	
  define	
  specs	
  on	
  knowledge	
  of	
  alignment	
  and	
  acceptance	
  to	
  get	
  
to	
  the	
  second	
  order	
  of	
  magnitude	
  


