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Mo%va%on	
  

F	
   	
   	
   	
   	
   	
  

	
   	
   “V-­‐A”	
  structure	
  of	
  the	
  weak	
  interac%on.	
  

	
   	
   Parity	
  viola%ng,	
  only	
  le?-­‐handed	
  W	
  coupling	
  

	
   	
   	
  

Many	
  models	
  of	
  new	
  physics.	
  	
  	
  

-­‐  Direct	
  detec%on	
  of	
  new	
  par%cles	
  at	
  high	
  energy.	
  	
  

-­‐  Via	
  high-­‐precision	
  low-­‐energy	
  experiments.	
  

Role	
  of	
  beta	
  decay	
  in	
  the	
  LHC	
  era?	
  

Role	
  of	
  beta	
  decay	
  in	
  searches	
  for	
  Lorentz	
  viola%on?	
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 Model	
  independent.	
  	
  

 Only	
  SM	
  fields	
  with	
  gauge	
  symmetry	
  

 New	
  interac%ons	
  included	
  as	
  higher	
  dimensional	
  terms.	
  

	
  Parametriza%on	
  of	
  new	
  physics:	
  EFT	
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SEARCHES	
  FOR	
  EXOTIC	
  COUPLINGS	
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Current	
  status	
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   T-­‐viola%on:	
  EDM	
  versus	
  β	
  decay	
  	
  

Neutron	
  EDM	
   D-­‐coefficient	
  

Ng	
  and	
  Tulin,	
  2012	
  
KKV,	
  et	
  al.	
  Rev.	
  Mod.	
  Phys.	
  2015	
  

Symmetry	
  viola%on	
  in	
  β	
  decay	
  –	
  K.K.	
  Vos,	
  University	
  of	
  Groningen	
   4 

Bounds	
  from	
  EDM	
  limits	
  are	
  two	
  orders	
  of	
  magnitude	
  be_er	
  than	
  those	
  from	
  
beta	
  decay.	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

Spin	
  

E	
   B	
  

P-­‐odd	
  and	
  T-­‐odd	
  

J 

pe 

pν 

Generated	
  by	
  same	
  
dimension-­‐6	
  operator.	
  

EDMs	
  limit	
  the	
  same	
  
imaginary	
  couplings	
  as	
  
β	
  decay.	
  



Outlook	
  

Discussed	
  the	
  role	
  of	
  β	
  decay	
  in	
  the	
  LHC	
  era.	
  	
  
	
  -­‐	
  Only	
  possible	
  to	
  evade	
  bounds	
  in	
  finetuned	
  or	
  specific	
  models	
  (no	
  dim-­‐6)	
  

•  LHC	
  experiments	
  will	
  give	
  stronger	
  constraints.	
  

•  EDMs	
  will	
  be	
  improved	
  with	
  factor	
  10-­‐100	
  in	
  the	
  near	
  future.	
  
•  β-­‐decay	
  	
  experiments	
  best	
  for	
  le?-­‐handed	
  scalar/tensor:	
  

-­‐ β	
  	
  shape	
  spectrum	
  measurements.	
  

-­‐ Superallowed	
  Fermi	
  decays	
  (also	
  Vud)/mirror	
  nuclei.	
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SEARCHES	
  FOR	
  LORENTZ	
  VIOLATION	
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Viable	
  scenarios	
  for	
  Lorentz	
  symmetry	
  breaking	
  in	
  	
  

some	
  quantum	
  gravity	
  theories.	
  
	
  -­‐	
  	
  Mechanism	
  for	
  CPT	
  viola%on.	
  

Can	
  be	
  probed	
  in	
  low-­‐energy	
  precision	
  experiments.	
  
	
  	
  -­‐	
  	
  Use	
  effec%ve	
  field	
  theory.	
  

  Observer	
  invariance	
  maintained.	
  

	
   -­‐	
  Coordinate	
  independence.	
  	
  

×  Breaking	
  of	
  par%cle	
  Lorentz	
  transforma%on.	
  	
  
-­‐ Boost	
  or	
  rota%ons.	
  

Par%cle	
  Lorentz	
  	
  
transforma%ons	
  	
  

Lorentz	
  viola%on	
  in	
  the	
  weak	
  interac%on	
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Lorentz	
  viola%on	
  in	
  the	
  weak	
  interac%on	
  

Theore%cal	
  framework	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  modified	
  W-­‐boson	
  propagator.	
  

Broad	
  class	
  of	
  Lorentz	
  viola%on,	
  also	
  vertex	
  correc%ons.	
  

-­‐ 	
  Originally	
  to	
  study	
  β	
  decay,	
  since	
  then	
  also	
  electron	
  capture,	
  pion	
  decay,	
  
nonleptonic	
  decays,	
  muon	
  decay.	
  

-­‐ 	
  χ	
  momentum-­‐independent	
  and	
  CPT-­‐even.	
  

-­‐ First	
  experiment	
  in	
  allowed	
  β	
  decay	
  discussed	
  in	
  next	
  talk.	
  	
  

W	
  

General	
  Lorentz-­‐viola%ng	
  tensor	
  

J.P.	
  Noordmans	
  et	
  al.,	
  Phys.	
  Rev.	
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  87,	
  055502	
  (2013)	
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Lorentz	
  viola%on	
  in	
  the	
  weak	
  interac%on	
  

Best	
  currents	
  bounds	
  from	
  forbidden	
  β	
  decays:	
  

What	
  can	
  s%ll	
  be	
  done?	
  	
  

• 	
  High	
  sta%s%cs	
  necessary	
  to	
  improve	
  exis%ng	
  constraints.	
  

• 	
  Unconstrained	
  coefficients.	
  	
  

J.P.	
  Noordmans	
  et	
  al.,	
  PRL	
  111,	
  171601	
  (2013).	
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Lorentz	
  viola%on	
  in	
  β	
  decay	
  

Anisotropic	
  emission.	
  

Possible	
  to	
  probe	
  different	
  coefficients	
  directly!	
   	
  
-­‐ In	
  contrast	
  to	
  forbidden	
  decays	
  

Can	
  be	
  done	
  in	
  parallel	
  to	
  	
  

BSM	
  searches.	
  

	
  	
  	
  	
  Unique	
  experimental	
  signature:	
  

	
   -­‐	
  sidereal	
  varia%ons	
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Lorentz	
  viola%on	
  in	
  β	
  decay	
  

Anisotropic	
  emission.	
  
-­‐	
  Preferred	
  fermion	
  direc%on.	
  

Study	
  in	
  parallel	
  with	
  βν-­‐correla%on	
  a..	
  

Gamow-­‐Teller	
  decays	
  sensi%ve	
  to	
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Lorentz	
  viola%on	
  in	
  β	
  decay	
  

Anisotropic	
  emission.	
  
-­‐ 	
  Preferred	
  reac%on	
  plane.	
  	
  

Unconstrained	
  coefficients,	
  most	
  difficult	
  to	
  probe.	
  

For	
  polarized	
  decays	
  also	
  possible	
  to	
  consider	
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  Fermi	
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Established	
  a	
  program	
  to	
  test	
  LV	
  in	
  weak	
  decays.	
  	
  

Lorentz	
  viola%on	
  could	
  be	
  studied	
  parallel	
  to	
  BSM	
  physics	
  in	
  β	
  decay.	
  	
  

High	
  sta%s%cs	
  necessary	
  to	
  improve	
  exis%ng	
  constraints	
  

Use	
  	
  γ2	
  enhancement.	
  

-­‐	
  Future	
  beta	
  beam	
  facili%es	
  or	
  LHC!	
  

Electron	
  capture.	
  
-­‐	
  Spin	
  polarized	
  or	
  recoil	
  detec%on.	
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Most	
  general	
  EFT	
  and	
  gauge	
  invariant	
  (also	
  dim-­‐3	
  and	
  dim-­‐4)	
  

	
   	
   	
   	
   	
   	
   	
   CPT-­‐odd	
  Lorentz	
  viola%ng	
  

Keep	
  “nice”	
  features	
  of	
  the	
  SM.	
  

	
   	
  

	
   	
   	
   	
   	
   	
   	
   	
  	
  	
  

	
   	
   CPT-­‐even	
  Lorentz	
  viola%ng	
  

D.	
  Colladay	
  and	
  V.A.	
  Kostelecky,	
  Phys.	
  Rev.	
  D	
  58,	
  116002	
  (1998)	
  

+	
  W	
  boson	
  coefficients	
  +	
  gauge	
  sector	
  +	
  	
  …. 

EFT	
  approach:	
  the	
  Standard	
  Model	
  Extension	
  
	
   	
   	
   	
   	
   	
   	
   (SME)	
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Searches	
  for	
  exo%c	
  couplings	
  

T	
  (CP)-­‐viola%on	
  probed	
  by	
  imaginary	
  couplings	
  
	
   	
   	
   	
   	
  

Scalar	
  

Tensor	
  

“V+A”	
  or	
  right-­‐handed	
  W-­‐coupling	
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