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Outline:	
  A	
  review	
  of	
  recent	
  
experimental	
  results	
  in	
  Lepton	
  Flavour	
  
Viola0on,	
  and	
  a	
  look	
  to	
  the	
  future	
  

•  Introduc0on	
  to	
  LFV	
  and	
  (brief)	
  theory	
  
•  Some	
  history	
  
•  Recent	
  results	
  and	
  current	
  status	
  
•  Prospects	
  and	
  proposals	
  for	
  future	
  experiments	
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•  Lepton	
  flavour	
  viola0on	
  (LFV)	
  is	
  forbidden	
  in	
  the	
  Standard	
  
Model	
  (SM),	
  but	
  …	
  

•  Allowed	
  (indeed	
  observed)	
  in	
  SM	
  extended	
  to	
  include	
  
neutrino	
  oscilla0ons,	
  but	
  …	
  
–  Charged	
  lepton	
  flavour	
  viola0on	
  is	
  	
  

	
  suppressed	
  by	
  of	
  order	
  (Δmν
2/MW

2)2	
  
–  Charged	
  LFV	
  from	
  SM	
  unobservable	
  in	
  any	
  	
  

	
  current	
  or	
  foreseeable	
  experiment	
  

•  Charged	
  LFV	
  is	
  expected	
  in	
  many	
  New	
  Physics	
  (NP)	
  
extensions	
  to	
  the	
  SM,	
  with	
  parameter	
  spaces	
  allowing	
  rates	
  
up	
  to	
  current	
  limits	
  

•  Any	
  observa0on	
  of	
  charged	
  LFV	
  would	
  be	
  a	
  clear	
  sign	
  of	
  NP	
  
•  Any	
  observa0on	
  of	
  NP	
  at	
  LHC	
  must	
  be	
  compa0ble	
  with	
  

limits	
  on,	
  or	
  observa0ons	
  of,	
  LFV	
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Some	
  of	
  the	
  most	
  interes0ng	
  LFV	
  reac0ons	
  have	
  
	
  
•  clean	
  experimental	
  signatures	
  
•  good	
  prospects	
  for	
  experimental	
  sensi0vity	
  	
  
•  rela0vely	
  clean	
  theore0cal	
  predic0ons	
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Some	
  (of	
  many)	
  New	
  Physics	
  predic0ons	
  for	
  LFV	
  in	
  tau	
  decays	
  

	
  
Model	
  

	
  
References	
  

Limits	
  	
  	
  	
  	
  	
  	
  
τ	
  	
  è	
  μγ	
  
	
  

	
  
τ	
  	
  è	
  lll	
  
	
  

SM	
  +	
  ν	
  mixing	
  	
   Lee,	
  Shrock,	
  PRD	
  16,1444(1977)	
  
Cheng,	
  Li,	
  PRD	
  45,1908(1980)	
   	
  10-­‐40	
   10-­‐14	
  

SUSY	
  Higgs	
   Dedes,	
  Ellis,	
  Raidal,	
  PLB	
  549,159(2002)	
  
Brignole,	
  Rossi,	
  PLB	
  566,517(2003)	
   	
  10-­‐10	
   10-­‐7	
  

SM	
  +	
  heavy	
  Majorana	
  ν	
   Cve0c,	
  Dib,	
  Kim,	
  Kim,	
  PRD	
  66,034008(2002)	
   	
  10-­‐9	
   10-­‐10	
  
Non-­‐universal	
  Z’	
   Yue,	
  Zhang,Liu,	
  PLB	
  547,252(2002)	
   10-­‐9	
   10-­‐8	
  
SUSY	
  SO(10)	
   Masiero,	
  Vempa0,	
  Vives,	
  NPB	
  649,189(2003)	
  

Fukuyama,	
  Kikuchi,	
  Okada,	
  PRD	
  68,033012(2003)	
  
	
  

10-­‐8	
   10-­‐10	
  

MSUGRA	
  +	
  Seesaw	
   Ellis	
  et	
  al.,	
  EPJ	
  C14,	
  319(2002)	
  
Ellis,	
  Hisano,	
  Raidal,	
  Shimizu,	
  PRD	
  66,115013(2002)	
   10-­‐7	
   10-­‐9	
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Figure 1
Record of selected lepton flavor violation searches.

cascade down to 1S orbitals. There, they can undergo (a) ordinary decay with a rate of ∼5×105 s−1,
(b) weak capture, µ−p → νµn (which exceeds the ordinary decay rate for nuclei with Z > 6), or
(c) coherent flavor changing conversion, µ− N → e− N. The last of these reactions has already
been significantly constrained using various targets. Indeed, the ratio of conversions to capture,

Table 1 A sample of various charged lepton flavor violating reactions

Reaction Current bound Reference Expected Possible
B(µ+ → e+γ ) <1.2 × 10−11 28 2 × 10−13 2 × 10−14

B(µ± → e±e+e−) <1.0 × 10−12 37 – 10−14

B(µ± → e±γ γ ) <7.2 × 10−11 92 – –
R(µ−Au → e−Au) <7 × 10−13 15 – –
R(µ−Al → e−Al) – 10−16 10−18

B(τ± → µ±γ ) <5.9 × 10−8 Table 2 O(10−9)
B(τ± → e±γ ) <8.5 × 10−8 Table 2 O(10−9)
B(τ± → µ±µ+µ−) <2.0 × 10−8 Table 2 O(10−10)
B(τ± → e±e+e−) <2.6 × 10−8 Table 2 O(10−10)
Z0 → e±µ∓ <1.7 × 10−6 90
Z0 → e±τ∓ <9.8 × 10−6 90
Z0 → µ±τ∓ <1.2 × 10−5 91
K 0

L → e±µ∓ <4.7 × 10−12 74 10−13

D0 → e±µ∓ <8.1 × 10−7 78 10−8

B0 → e±µ∓ <9.2 × 10−8 79 10−9

Data from current experimental bounds, expected improvements from existing or funded
experiments, and possible long-term advances.

318 Marciano · Mori · Roney
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From	
  Marciano,	
  Mori	
  	
  and	
  Roney,	
  Ann.	
  Rev.	
  Nucl.	
  Part.	
  Sci.	
  2008.	
  58:315-­‐41	
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A	
  sample	
  of	
  various	
  charged	
  lepton	
  flavour	
  viola0ng	
  reac0ons	
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Trends	
  in	
  improvements	
  in	
  experimental	
  sensi0vity	
  to	
  LFV	
  

Based	
  on	
  slide	
  presented	
  by	
  Craig	
  Dukes	
  at	
  Tau	
  2010	
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Many	
  recent	
  new	
  LFV	
  results	
  come	
  from	
  BaBar	
  
and	
  Belle	
  using	
  all	
  (or	
  almost	
  all)	
  available	
  
integrated	
  luminosity	
  	
  (500	
  l-1	
  (BaBar)	
  and	
  
1000	
  l-1	
  (Belle))	
  ...	
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B	
  Factories	
  integrated	
  luminosity	
  

• 	
  BaBar	
  stopped	
  data-­‐taking	
  April	
  2008	
  
• 	
  Belle	
  stopped	
  June	
  2010	
  
• 	
  Final	
  analyses	
  ongoing	
  and	
  prepara0ons	
  for	
  Belle	
  II	
  and	
  SuperB	
  underway	
  
•  σ(e+	
  e- è  τ+τ-) 	
  =	
  0.9	
  nb	
  at	
  B	
  Factory	
  energies	
  	
  
• 	
  →	
  	
  	
  ~109	
  (BaBar)	
  +	
  ~2	
  x	
  109	
  (Belle)	
  produced	
  taus	
  
• 	
  With	
  ~	
  5	
  -­‐	
  10%	
  efficiencies	
  and	
  very	
  low	
  backgrounds,	
  search	
  limits	
  down	
  to	
  ~10-­‐8	
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General	
  analysis	
  procedures	
  to	
  search	
  for	
  LFV	
  tau	
  decays	
  at	
  B	
  Factories	
  

Presented	
  by	
  Kenji	
  Inami	
  at	
  Tau	
  2010	
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  Presented	
  by	
  Kenji	
  Inami	
  at	
  Tau	
  2010	
  

Illustra0ng	
  general	
  backgrounds	
  in	
  searches	
  for	
  LFV	
  tau	
  decays	
  at	
  B	
  Factories	
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Presented	
  by	
  Alberto	
  Cervelli	
  at	
  Tau	
  2010	
  

BaBar	
  limits	
  	
  on	
  τ - è  µ- γ	
  and	
  	
  τ - è  e- γ	
  using	
  515	
  l-1	



PRL	
  104,	
  021802	
  (2010)	
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BaBar	
  search	
  for	
  LFV	
  in Υ decays	
  
BaBar	
  recorded	
  122M	
  Υ(3S)	
  and	
  99M	
  Υ(2S)	
  decays	
  	
  

Search	
  channels	
  	
  

Limits	
  	
  

Presented	
  by	
  Elisa	
  Guido	
  at	
  DISCRETE2010	
  

PRL	
  104,	
  151802	
  (2010)	
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Presented	
  by	
  M.	
  Petric	
  at	
  Tau2010	
  
PRD	
  81,	
  091102(R)	
  (2010)	
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Compila0on	
  by	
  Heavy	
  Flavor	
  Averaging	
  Group	
  of	
  LFV	
  limits	
  for	
  tau	
  decays	
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• 	
  	
  Propose	
  to	
  reach	
  sensi0vity	
  of	
  	
  ~10-­‐13	
  with	
  data	
  taking	
  	
  during	
  2008	
  –	
  2012	
  	
  
• 	
  	
  Results	
  so	
  far	
  available	
  from	
  2009	
  and	
  2010	
  runs	
  

The	
  MEG	
  experiment	
  at	
  PSI:	
  search	
  for	
  µ+  è  e+ γ 	
  	
  

• 	
  	
  ~3	
  x	
  107	
  µ+	
  per	
  second	
  on	
  a	
  thin	
  stopping	
  target	
  
• 	
  	
  Decay	
  µ+  è  e+ γ in	
  would	
  produce	
  back-­‐to-­‐back,	
  mononerge0c	
  e+ and	
  γ 	
  
• 	
  	
  Positron	
  detec0on	
  by	
  B-­‐field,	
  drit-­‐chambers	
  and	
  scin0lla0on	
  counters	
  
• 	
  	
  Photon	
  energy,	
  posision	
  and	
  0me	
  measured	
  by	
  liquid	
  Xe	
  calorimeter	
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Presented	
  by	
  Ben	
  Golden	
  at	
  Tau2010	
  

Accidentals	
  make	
  up	
  the	
  dominant	
  
background	
  at	
  rates	
  high	
  enough	
  to	
  
reach	
  sensi0vity	
  of	
  10-­‐13	
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MEG	
  analysis	
  of	
  2009+2010	
  data	
  
	
  
Total	
  of	
  1.8	
  x	
  1014	
  µ+	
  decays	
  

Sensi0vity	
  for	
  combined	
  2010+2011:	
  1.6	
  x	
  10-­‐12	
  
	
  
Observed	
  limit:	
  <	
  2.4	
  x	
  10-­‐12	
  at	
  90%	
  CL	
  

Extended	
  maximum	
  likelihood	
  fit	
  
	
  	
  
Nsig	
  =	
  number	
  of	
  signal	
  events	
  
NRD	
  =	
  number	
  of	
  radia0ve	
  decays	
  
Nacc	
  =	
  number	
  of	
  accidental	
  events	
  
Observables	
  in	
  pdfs:	
  Ee,	
  Eγ,	
  Teγ,	
  φeγ,	
  θeγ	



2009	
  

2010	
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Presented	
  by	
  Ben	
  Golden	
  at	
  Tau2010	
  

Prospects	
  for	
  MEG	
  
	
  
Analysis	
  of	
  2009+2010	
  data	
  now	
  published	
  
Improvement	
  of	
  an	
  order	
  of	
  magnitude	
  on	
  limit	
  from	
  2009	
  data	
  alone	
  

A	
  few	
  x	
  10-­‐13	
  in	
  the	
  
next	
  few	
  years	
  2.4	
  x	
  10-­‐12	
  

Data-­‐taking	
  is	
  
con0nuing	
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“Given	
  that	
  in	
  recent	
  0mes	
  we	
  
have	
  been	
  able	
  to	
  do	
  things	
  	
  
that	
  we	
  did	
  not	
  think	
  would	
  be	
  
possible	
  in	
  the	
  design	
  and	
  	
  
construc0on	
  phases	
  of	
  CMS,	
  I	
  
cannot	
  say	
  any	
  longer	
  that	
  we	
  
cannot	
  build	
  a	
  trigger	
  for	
  tau	
  to	
  
3	
  mu,	
  for	
  the	
  2012	
  run.	
  
However,	
  detailed	
  studies	
  s0ll	
  
have	
  to	
  be	
  done.”	
  
	
  
Gigi	
  Rolandi	
  

LFV	
  at	
  LHC:	
   τ - è  µ+	
  µ- µ- at	
  CMS	
  

From	
  Kajari	
  Mazumdar	
  
NuGoa,	
  April	
  2009	
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LFV	
  at	
  LHC:	
   ATLAS	
  

ATLAS	
  plans	
  for	
  other	
  LFV	
  analyses	
  are	
  “quite	
  
murky”	
  at	
  the	
  moment	
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LFV	
  at	
  LHC:	
   τ - è  µ+	
  µ- µ- and	
  τ  è  p	
  µ	
  µ  at	
  LHCb	
  

Tau	
  produc0on	
  at	
  the	
  LHC	
  is	
  almost	
  exclusively	
  from	
  Ds	
  and	
  B	
  
decays	
  

Sources	
  of	
  tau	
  leptons	
  at	
  LHCb	
  	
  (from	
  Jon	
  Harrison)	
  

LHCb,	
  with	
  forward	
  geometry,	
  low-­‐pT	
  triggers,	
  vertex	
  locator	
  	
  
and	
  good	
  mass	
  resolu0on	
  is	
  well	
  suited	
  for	
  these	
  tau	
  
produciton	
  channels	
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  Prospects	
  for	
   τ - è  µ+	
  µ- µ- at	
  LHCb	
  look	
  good:	
  
	
  
•  Preliminary	
  analysis	
  of	
  2010	
  data	
  sample	
  indicates	
  a	
  

possibility	
  to	
  get	
  close	
  to	
  the	
  current	
  world	
  limit	
  (~10-­‐8)	
  with	
  
the	
  2011	
  data	
  sample	
  (~	
  1	
  l-­‐1)	
  	
  

	
  
•  But	
  dependent	
  on	
  how	
  backgrounds	
  behave	
  
	
  
	
  
LHCb	
  can	
  put	
  limits	
  on	
  τ è pµµ at	
  ~O(10-­‐7)	
  level	
  with	
  2011	
  data	
  

•  No	
  limit	
  currently	
  exists	
  on	
  this	
  mode,	
  which	
  violates	
  both	
  
lepton	
  and	
  baryon	
  number	
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Presented	
  by	
  Alberto	
  Lusiani	
  at	
  Tau2010	
  

Similar	
  sensi0vity	
  expected	
  from	
  Belle	
  II	
  
	
  

Results	
  expected	
  2018	
  –	
  2020	
  

Super	
  Flavour	
  Factories	
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Mu2e:	
  Mu	
  to	
  E	
  	
  conversion	
  in	
  presence	
  of	
  a	
  nucleus	
  

Presented	
  by	
  Craig	
  Dukes	
  at	
  Tau2010	
  

•  Graded	
  solenoidal	
  field	
  for	
  pion	
  capture	
  

•  Muon	
  transport	
  in	
  curved	
  solenoid	
  to	
  eliminate	
  
neutral	
  and	
  posi0ve	
  par0cles	
  

•  Pulsed	
  beam	
  to	
  eliminate	
  prompt	
  backgrounds	
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  Presented	
  by	
  Craig	
  Dukes	
  at	
  Tau2010	
  

•  Total	
  project	
  cost	
  es0mate	
  $180M	
  
•  Proposal	
  received	
  FNAL	
  stage-­‐1	
  approval	
  in	
  

autumn	
  2008	
  
•  CD-­‐0	
  status	
  granted	
  Nov	
  2009	
  
•  R&D	
  funding	
  granted	
  	
  

	
  ($4M	
  in	
  FY2010,	
  $10M	
  2011,	
  $20M	
  2012)	
  
•  Hope	
  to	
  start	
  construc0on	
  (CD-­‐3)	
  late	
  2012	
  
•  Could	
  later	
  combine	
  with	
  Project	
  X	
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COMET:	
  Mu	
  to	
  E	
  conversion	
  in	
  presence	
  of	
  a	
  nucleus	
  

Sensi0ve	
  to	
  µ- Ν è  e- Ν at	
  	
  
rate	
  of	
  	
  ~10-­‐16	
  
	
  
Similar	
  sensi0vity	
  as	
  Mu2e	
  
	
  
Has	
  Stage-­‐1	
  approval	
  at	
  	
  J-­‐PARC	
  
	
  
Prepara0on	
  of	
  TDR	
  in	
  progress	
  
	
  
Later	
  proposal	
  to	
  combine	
  with	
  
PRISM,	
  high	
  intensity	
  muon	
  
accelerator,	
  to	
  make	
  PRIME	
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PRISM/PRIME:	
  The	
  next	
  genera0on	
  for	
  Mu	
  to	
  E	
  conversion	
  
	
  
PRISM:	
  Phase	
  Rotated	
  IntenSe	
  Muon	
  source	
  
PRIME:	
  PRIsm	
  Mu	
  E	
  conversion	
  

Proposal	
  for	
  2	
  orders	
  of	
  magnitude	
  more	
  
sensi0vity	
  than	
  COMET	
  
Sensi0ve	
  to	
  µ- Ν è  e- Ν at	
  rate	
  of	
  	
  ~10-­‐18	
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Figure 1
Record of selected lepton flavor violation searches.

cascade down to 1S orbitals. There, they can undergo (a) ordinary decay with a rate of ∼5×105 s−1,
(b) weak capture, µ−p → νµn (which exceeds the ordinary decay rate for nuclei with Z > 6), or
(c) coherent flavor changing conversion, µ− N → e− N. The last of these reactions has already
been significantly constrained using various targets. Indeed, the ratio of conversions to capture,

Table 1 A sample of various charged lepton flavor violating reactions

Reaction Current bound Reference Expected Possible
B(µ+ → e+γ ) <1.2 × 10−11 28 2 × 10−13 2 × 10−14

B(µ± → e±e+e−) <1.0 × 10−12 37 – 10−14

B(µ± → e±γ γ ) <7.2 × 10−11 92 – –
R(µ−Au → e−Au) <7 × 10−13 15 – –
R(µ−Al → e−Al) – 10−16 10−18

B(τ± → µ±γ ) <5.9 × 10−8 Table 2 O(10−9)
B(τ± → e±γ ) <8.5 × 10−8 Table 2 O(10−9)
B(τ± → µ±µ+µ−) <2.0 × 10−8 Table 2 O(10−10)
B(τ± → e±e+e−) <2.6 × 10−8 Table 2 O(10−10)
Z0 → e±µ∓ <1.7 × 10−6 90
Z0 → e±τ∓ <9.8 × 10−6 90
Z0 → µ±τ∓ <1.2 × 10−5 91
K 0

L → e±µ∓ <4.7 × 10−12 74 10−13

D0 → e±µ∓ <8.1 × 10−7 78 10−8

B0 → e±µ∓ <9.2 × 10−8 79 10−9

Data from current experimental bounds, expected improvements from existing or funded
experiments, and possible long-term advances.
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(b) weak capture, µ−p → νµn (which exceeds the ordinary decay rate for nuclei with Z > 6), or
(c) coherent flavor changing conversion, µ− N → e− N. The last of these reactions has already
been significantly constrained using various targets. Indeed, the ratio of conversions to capture,

Table 1 A sample of various charged lepton flavor violating reactions

Reaction Current bound Reference Expected Possible
B(µ+ → e+γ ) <1.2 × 10−11 28 2 × 10−13 2 × 10−14

B(µ± → e±e+e−) <1.0 × 10−12 37 – 10−14

B(µ± → e±γ γ ) <7.2 × 10−11 92 – –
R(µ−Au → e−Au) <7 × 10−13 15 – –
R(µ−Al → e−Al) – 10−16 10−18

B(τ± → µ±γ ) <5.9 × 10−8 Table 2 O(10−9)
B(τ± → e±γ ) <8.5 × 10−8 Table 2 O(10−9)
B(τ± → µ±µ+µ−) <2.0 × 10−8 Table 2 O(10−10)
B(τ± → e±e+e−) <2.6 × 10−8 Table 2 O(10−10)
Z0 → e±µ∓ <1.7 × 10−6 90
Z0 → e±τ∓ <9.8 × 10−6 90
Z0 → µ±τ∓ <1.2 × 10−5 91
K 0

L → e±µ∓ <4.7 × 10−12 74 10−13

D0 → e±µ∓ <8.1 × 10−7 78 10−8

B0 → e±µ∓ <9.2 × 10−8 79 10−9

Data from current experimental bounds, expected improvements from existing or funded
experiments, and possible long-term advances.
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A	
  sample	
  of	
  various	
  charged	
  lepton	
  flavour	
  viola0ng	
  reac0ons	
  

COMET,	
  Mu2e	
  -­‐>	
  PRISM/PRIME,	
  Project	
  X	
  

Belle	
  II,	
  SuperB	
  

MEG	
  

LHCb	
  

ATLAS,	
  CMS	
  ?	
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Summary	
  of	
  principal	
  future	
  prospects	
  for	
  LFV	
  ...	
  
	
  	
  
•  MEG	
  2011-­‐2012	
  runs	
  
•  LHC	
  (e.g. τ - è  µ+	
  µ- µ- at	
  LHCb)	
  
•  Belle	
  II	
  and	
  SuperB	
  
•  A	
  Super	
  tau-­‐charm	
  factory	
  (?)	
  
•  Mu2e	
  	
  
•  COMET	
  
•  Mu2e/Project	
  X	
  
•  PRISM/PRIME	
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  From	
  slide	
  presented	
  by	
  	
  

Craig	
  Dukes	
  at	
  Tau2010	
  

PRISM/PRIME 
Mu2e/Project X 

Conclusions:	
  Where	
  are	
  we	
  and	
  where	
  are	
  we	
  going	
  with	
  charged	
  LFV?	
  

LHCb 


