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Subatomic Physics Research at UBC 



•  We	  address	  the	  most	  fundamental	  quesBons	  in	  science	  

•  What	  is	  maCer	  made	  of?	  (and	  dark	  maCer,	  and	  dark	  energy....)	  
–  What	  gives	  parBcles	  mass?	  
–  Why	  is	  universe	  made	  of	  maCer?	  	  Where	  is	  the	  anBmaCer?	  
–  How	  many	  dimensions	  do	  we	  live	  in?	  

•  What	  are	  the	  forces	  of	  nature	  and	  rules	  of	  transformaBon?	  
–  Are	  there	  new	  forces	  waiBng	  to	  be	  discovered?	  

•  We	  use	  sophisBcated	  tools	  
•  ParBcle	  detectors,	  with	  scales	  from	  micron	  resoluBons	  up	  to	  the	  size	  of	  

office	  buildings	  
•  ParBcle	  accelerators	  up	  to	  27	  km	  around	  and	  8	  trillion	  volts	  
•  Laboratories	  deep	  underground	  for	  ultrasensiBve	  detectors	  
•  Computer	  resources	  in	  a	  “grid”	  around	  the	  world	  
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Why Study Particle / Subatomic Physics? 
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Why Study Particle / Subatomic Physics? 
“Play” with really neat toys"
   •Giant particle accelerators"
    •Complex & precise detectors – hardware/software, detector R&D"
    • Large-scale computer facilities"
    • Accelerator technology and R&D"
    •Students typically spend ~>1 yr at host laboratory"
    •work in small group within large international team, or smaller expts"

Spinoff applications!
   •Large-scale  superconducting magnet technology"
   •Medical imaging (X-ray, MRI, PET)"
   •Medical treatment (isotopes, particle beams)"
   •Research (synchrotron radiation, neutrons, muons)"
   •The WWW was invented at CERN"
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Belle	  II	  —	  a	  next-‐generaBon	  flavor	  factory	  

•  Belle	  II:	  e+e-	  collider	  
experiment	  operaBng	  at	  the	  
same	  energy	  as	  BaBar	  and	  
Belle,	  but	  with	  50×	  the	  
luminosity.	  	  

•  Data	  taking	  starts	  2016,	  at	  
the	  KEK	  laboratory	  in	  Japan.	  

Christopher	  Hearty	  	  	  hearty@physics.ubc.ca	  	  	  	  Hennings	  268	  Friday	  1:30	  –	  4:30	  pm	  
Janis	  McKenna 	   	  	  	  janis@physics.ubc.ca	   	  	  
Tom	  Mahson	   	  	  	  	  	  	  	  	  	  	  	  mahson@physics.ubc.ca	  	  

BaBar	  and	  Belle	  were	  cited	  in	  the	  
announcement	  of	  the	  2008	  Nobel	  Prize	  

•  Broad	  set	  of	  measurements	  sensiBve	  
to	  physics	  beyond	  the	  Standard	  	  
Model.	  SensiBvity	  can	  exceed	  direct	  search	  capabiliBes	  of	  
the	  LHC.	  	  

•  Detector	  development,	  plus	  analysis	  of	  first	  data.	  
–  advanced	  photosensors;	  electronics;	  analysis;	  FPGA	  programming…	  
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TREK	  is	  preparing	  two	  experiments	  at	  J-‐PARC	  	  

  Ke2/Kμ2	  measurement	  to	  test	  lepton	  universality	  &	  a	  search	  for	  
heavy	  sterile	  neutrinos	  	  (2014-‐15)	  
	  	  -‐	  Use	  E-‐246	  apparatus	  with	  parQal	  upgrades	  

  Measurement	  of	  the	  T-‐violaQng	  transverse	  muon	  	  
	  	  polarizaQon	  in	  Kμ3	  decay	  (~2016)	  

  “K1.1BR”	  secondary	  beamline	  has	  been	  commissioned	  

  	  Large	  potenQal	  for	  discovery	  of	  	  
	  	  	  	  	  New	  Physics	  beyond	  the	  SM	  

  UBC/TRIUMF	  is	  	  

	  	  	  	  construcQng	  a	  new	  

	  	  	  	  256	  element	  sci-‐fibre	  

	  	  	  	  target	  

TREK	  @	  J-‐PARC	  
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Prof	  Hasinoff	  



	  	  	  Measurement	  of	  RK	  =	  G(K+	  →e+n)	  /	  G(K+	  →m+n)	  	  
	  	  	  	  and	  a	  search	  for	  heavy	  sterile	  neutrinos	  

	  	  Stopped	  K+	  Experiments	  @	  J-‐PARC	  (	  Japan	  )	  

• 	  	  Possible	  New	  Physics	  
 	  	  MSSM	  with	  LFV	  
 	  	  MSSM	  with	  R-‐parity	  violaBon	  
 	  	  Pseudoscalar	  interacBon	  
 	  	  Scalar	  with	  loop	  correcBon	  

• 	  SUSY	  with	  LFV	  for	  Ke2	
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  Charged	  Higgs	  H+	  mediated	  LFV	  SUSY	  
  Large	  enhancement	  from	  mt

2/me
2	  

  A	  sizable	  effect	  -‐-‐	  DRK/RK	  ≤	  1.3%	  is	  possible	  
	  	  	  	  	  	  	  	  	  	  	  [Masiero,	  Paradisi	  and	  Petronzio,	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  Phys.	  Rev.	  D74	  (2006)	  011701]	
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Spallation 
target 

Cold 
moderator 
cryostat 

Superfluid 
helium cryostat 

Possible	  grad	  student	  projects:	  

CONTACT:	  David	  Jones,	  Kirk	  Madison,	  and	  Taka	  Momose	  (momose@chem.ubc.ca)	  

Development 
   neutron storage/HV cell 
   UCN beam line 
   UCN detector 
   magnetic shields 
   optical comagnetometer 
Analysis/Simulation 
   systematic effects 
   field simulation   
Measurements 
   UCN beam characterisation 
   Cold neutron flux 
                etc….. 
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Lia	  Merminga,	  Director	  Accelerator	  OperaBons,	  TRIUMF	  
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TRIUMF  
Canada’s National Lab for Subatomic Physics 
500 MeV high-current cyclotron"

"Experiments and test beam facility"
ISAC-I, ISAC-II radioactive beam facility"
ARIEL electron linear accelerator"
Infrastructure, engineering and technical center of Canadian particle physics"

"Large Hadron Collider kicker magnets, installed at CERN "
"ATLAS forawrd calorimeter at LHC "
"BaBar drift chamber "
"Rare-decay detectors "
"Electronics, computing, engineering"

       T2K detector"
       Belle-II calorimeter upgrade"

"Test beams"
Isotopes for medicine, research"
Tour  Saturday"


