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•  Introduc:on	  
• The	  DarkLight	  experiment	  
• The	  Path	  to	  realiza:on	  
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LHCb	  	  

Constraints from LHCb Observables 
(2011 data only)

Parameter space of various extensions to the SM are ruled 
out just by limits on                         and the CP-violating 
phase in                 . 

B(Bd,s ! µ+µ�)

Bs ! J/ �
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Beyond	  the	  Standard	  Model	  
•  Physicists	  aim	  to	  understand	  the	  universe	  around	  us	  in	  terms	  
of	  the	  simplest	  explana:on.	  

•  The	  Standard	  Model	  describes	  the	  basic	  structure	  of	  maSer	  
and	  forces,	  to	  the	  extent	  we	  have	  been	  able	  to	  probe	  thus	  
far.	  

•  Currently,	  some	  big	  ques:ons	  remain	  unanswered	  
	  -‐	  why	  so	  many	  fundamental	  par:cles?	  
	  -‐	  how	  are	  their	  masses	  explained?	  
	  -‐	  observed	  maSer-‐an:maSer	  asymmetry?	  
	  -‐	  existence	  of	  dark	  maSer	  and	  energy	  
	  -‐	  reconcilia:on	  of	  gravity	  with	  quantum	  mechanics	  
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In	  this	  model,	  all	  new	  physics	  appears	  	  
below	  the	  electroweak	  scale	  

Richard	  Milner	  



What	  are	  the	  Dark	  forces?	  

•  The	  universe	  appears	  to	  be	  filled	  with	  cold,	  dark	  maSer,	  which	  
could	  be	  a	  relic	  par:cle	  that	  interacts	  through	  known	  forces	  or	  
possibly	  via	  new	  forces	  beyond	  the	  Standard	  Model.	  

•  There	  are	  several	  hints	  from	  astrophysical	  measurements	  of	  
dark	  maSer	  annihila:on	  products,	  e.g.	  
	  -‐	  WMAP	  haze:	  excess	  microwave	  emission	  around	  the	  	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  galac:c	  center	  
	  -‐	  Cosmic	  positron	  energy	  distribu:on:	  may	  be	  sensi:ve	  to	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  dark	  maSer	  annihila:on	  in	  the	  e+	  energy	  range	  of	  10	  to	  	  	  	  	  	  	  	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  1000	  GeV	  (Turner	  and	  Wilczek	  1990)	  
•  Experiments	  are	  producing	  new	  data.	  
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The Alpha Magnetic Spectrometer Experiment 
on the International Space StationStation  

AMS	  is	  an	  MIT	  	  led	  InternaRonal	  CollaboraRon	  
16	  Countries,	  60	  InsRtutes	  and	  600	  Physicists	  
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Detection of High Mass Dark Matter from ISS 

AMS-02 

e+ Energy (GeV) 
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Collision	  of	  Cosmic	  Rays	  

AMS data on ISS  
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Anomalous	  magneRc	  moment	  of	  the	  muon	  
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208±6.3	  
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Elastic electron-proton scattering 

	  	  	  	  e+	  p	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  e’	  +	  p’	  
	  	  
•  Fundamental	  process	  in	  hadronic	  physics	  
•  Described	  in	  QED	  (α=	  1/137)	  by	  a	  perturba:ve	  expansion	  
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In	  the	  one-‐photon	  exchange	  approxima:on,	  the	  cross	  sec:on	  is	  a	  product	  of	  the	  
MoS	  cross	  sec:on	  and	  the	  form	  factor	  func:ons	  

    Elastic scattering cross section 
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ε	  =rela:ve	  flux	  of	  longitudinally	  polarized	  virtual	  photons	  
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σred = εGE
2	  + τGM

2	  

    Form Factors from Cross section 
(Rosenbluth Method) 

τGM
2	  

GE
2	  

θ=180o θ=0o 
è Determine |GE|, |GM|,|GE/GM| 
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One	  can	  define	  the	  reduced	  cross	  secRon	  σred	  



Proton	  charge	  radius	  
determined	  from	  elasRc	  electron	  

scaGering	  data	  
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Determined	  from	  elas:c	  electron	  scaSering	  data	  on	  proton	  at	  low	  Q2	  



Richard	  Milner	   Cornell	  University	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
April	  25,	  2014	   18	  



Discrepancy!	  
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Possible	  resoluRons	  

•  Elas:c	  electron-‐proton	  scaSering	  data	  are	  not	  
correct	  :	  new	  experiments	  being	  planned	  
inc.	  lower	  Q2,	  comparison	  of	  muon	  and	  electron	  
scaSering	  

•  Lamb	  shij	  determina:on	  of	  the	  charge	  radius	  
is	  not	  correct	  

•  They	  are	  not	  measuring	  the	  same	  quan:ty	  
•  There	  is	  new	  physics	  beyond	  the	  Standard	  
Model	  
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§  All Rosenbluth data from SLAC and JLab 
in agreement  

§  Dramatic discrepancy between Rosenbluth 
and recoil polarization technique 

§  Contribution of multi-photon exchange 
widely accepted explanation of discrepancy 

Jefferson Lab 2000 

Proton Form Factor Ratio 

Dramatic discrepancy! 

>800 citations 
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DefiniRve	  determinaRon	  of	  contribuRons	  
beyond	  single	  photon	  exchange	  	  	  

	  

Richard Milner Cornell University                                                         
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DORIS 



• Electrons/positrons	  (100mA)	  in	  mul:-‐GeV	  storage	  ring	  DORIS	  at	  
DESY,	  Hamburg,	  Germany	  

• Unpolarized	  internal	  hydrogen	  target	  (buffer	  system)	  3x1015	  at/cm2	  
@	  50	  mA	  →	  L	  =	  1033	  /	  (cm2s)	  

• Large	  acceptance	  detector	  for	  e-‐p	  in	  coincidence:	  u:lized	  exis:ng	  
BLAST	  detector	  from	  MIT-‐Bates	  	  

• Redundant	  monitoring	  of	  luminosity:	  
Pressure,	  temperature,	  flow,	  current	  measurements	  
Small-‐angle	  elas:c	  scaSering	  at	  high	  epsilon	  /	  low	  Q2	  

Symmetric	  Moller/Bhabha	  scaSering	  

•  	  	  Measured	  raRo	  of	  positron-‐proton	  to	  electron-‐proton	  
	  	  unpolarized	  elasRc	  scaGering	  with	  goal	  of	  ≈1%	  stat.+sys.	  	  

The	  	  	  	  	  	  	  	  	  	  	  	  	  Experiment	  
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Projected	  	  
	  

	  uncertainRes	  
	  

Richard Milner Cornell University                                                         
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• 	  2	  GeV	  incident	  beam	  energy	  	  
• 	  Luminosity	  =	  2	  x	  1033	  cm-‐2	  s-‐1	  
• 	  500	  hours	  each	  for	  e+	  and	  e-‐	  
• 	  3.6	  r-‐1	  integrated	  luminosity	  



	  	  	  	  	  	  	  	  	  	  	  	  Schedule	  
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•  OLYMPUS	  proposed	   	   	   	   	   	   	   	  09/2008	  
•  OLYMPUS	  approved	  and	  funded	   	   	   	   	  01/2010	  
•  Experiment	  roll-‐in	  	  	  	   	   	   	   	   	   	   	  07/2011	  
•  First	  data	  taking	  run 	   	   	   	  	  	  	  	  	  	  	  	   	  	  	  	  	  	  	  	  02/2012	  
•  Second	  data	  taking	  run	  	   	   	   	   	   	   	  10-‐12/2012	  
•  Post-‐experiment	  survey	  and	  field	  mapping	   	  02-‐04/2013	  
•  Data	  analysis 	   	   	   	   	   	   	   	   	  in	  progress	  



	  New	  Dark	  Gauge	  Forces	  

•  New	  dark	  Abelian	  forces	  can	  couple	  to	  the	  SM	  hypercharge	  
through	  the	  kine:c	  mixing	  operator	  	  

•  ≈	  MeV	  to	  GeV	  scale	  	  mass	  for	  the	  	  	  	  	  	  	  	  gauge	  boson	  
•  	  	  	  	  can	  be	  produced	  in	  collisions	  with	  charged	  par:cles	  and	  can	  

decay	  to	  electrons	  or	  muons	  
•  Produc:on	  cross-‐sec:on	  	  
•  Decay	  length	  
•  	  	  
•  Look	  for	  evidence	  of	  A’	  in	  the	  	  
	  	  	  	  	  presence	  of	  QED	  radia:on	  	  
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A’	  ProducRon	  
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•  Search	  below	  pion	  threshold:	  no	  inelas:c	  contribu:ons	  
•  Detect	  complete	  final–state:	  	  	  	  	  	  	  	  	  e+p	  è	  e’+p+e+e-‐	  
•  Dark	  photon	  decaying	  to	  e+e-‐	  pair	  would	  show	  up	  as	  a	  peak	  on	  
the	  radia:ve	  tail	  from	  QED	  processes	  

•  Invariant	  mass	  of	  the	  peak	  gives	  the	  mass	  of	  the	  dark	  photon	  

Richard	  Milner	  
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Experimental	  constraints:	  
•  Beam	  dump	  axion	  experiments	  
	  	  	  	  	  at	  SLAC	  and	  Fermilab	  in	  1980s	  
•  Any	  muon	  (g-‐2)	  discrepancy	  
	  	  	  	  	  with	  SM	  can	  be	  explained	  by	  a	  
	  	  	  	  	  dark	  photon	  
•  Low	  mass,	  high	  coupling	  region	  	  
	  	  	  	  	  	  par:cularly	  interes:ng	  	  

Richard	  Milner	  



Detec:ng	  A	  Resonance	  Kinema:cally	  
with	  eLectrons	  Incident	  on	  a	  Gaseous	  
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Experimental	  consideraRons	  
•  Elas:c	  electron-‐proton	  scaSering	  at	  about	  100	  MeV	  
•  Stay	  below	  pion	  threshold	  to	  keep	  final	  state	  simplest	  
•  Demand	  detec:on	  of	  complete	  final	  state:	  scaSered	  electron,	  recoil	  

proton,	  and	  e+e-‐	  pair	  from	  A’	  decay	  =>	  gas	  target	  so	  that	  the	  1-‐5	  MeV	  
recoil	  proton	  can	  escape	  and	  be	  detected	  

•  Require	  high	  luminosity:	  gas	  target	  of	  1019	  cm-‐2	  and	  10	  mA	  of	  	  
	  	  	  	  	  	  	  electrons	  so	  that	  one	  can	  make	  a	  defini:ve	  measurement	  in	  1	  month	  
•  JLab	  FEL	  is	  world’s	  only	  such	  accelerator:	  1	  MWaS	  of	  power	  	  
•  Energy	  recovering	  linac	  
•  Final	  state	  leptons	  have	  energy	  from	  10	  to	  100	  MeV	  =>	  mul:ple	  

scaSering	  dominates	  resolu:on	  =>	  thin	  material	  thicknesses	  
•  Gas	  target	  of	  1019	  cm-‐2	  is	  challenging;	  actually	  pushing	  to	  4	  x	  1019	  cm-‐2	  
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JLab	  Free	  Electron	  Laser	  
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•  Pioneering	  energy-‐recovering	  linac	  
•  MegawaS	  electron	  beams	  at	  100	  MeV	  
•  July	  2012	  tests	  carried	  out	  in	  IR	  region	  
•  UV	  wiggler	  pit	  likely	  loca:on	  of	  

DarkLight	  experiment	  

Richard	  Milner	  



	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Detector	  
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DarkLight	  Target	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Target	  

•  Hydrogen	  target	  realized	  by	  flowing	  gas	  through	  narrow	  apertures	  
•  Aperture	  diameter:	  2	  mm	  
•  Aperture	  length:	  50	  mm	  
•  Thickness:	  1019	  hydrogen	  atoms	  cm-‐2	  

•  Flow	  rate:	  24	  Torr-‐liter	  s-‐1	  
•  Viscous	  subsonic	  flow	  regime	  
•  Mul:ple	  stages	  of	  differen:al	  pumping	  required	  
•  Plasma	  windows	  under	  considera:on	  
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	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Target	  
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Ferrara,	  Italy	  
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	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  SensiRvity	  
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•  Precision	  test	  of	  QED	  radia:ve	  
	  	  	  	  	  processes	  in	  electron-‐proton	  elas:c	  	  
	  	  	  	  	  scaSering	  as	  Q2è0	  
•  Completely	  calculable	  
•  Complete	  reconstruc:on	  of	  final-‐state	  
•  5σ	  discovery	  limit	  
•  1	  ab-‐1	  aSained	  in	  several	  months	  of	  data	  	  
	  	  	  	  	  	  taking	  with	  10	  mA	  at	  100	  MeV	  on	  	  
	  	  	  	  	  	  1019	  cm-‐2	  target	  
•  Green	  region	  is	  present	  muon	  (g-‐2)	  	  
	  	  	  	  	  	  result	  explained	  by	  a	  dark	  force	  	  

Freytsis,	  Ovanesyan,	  and	  Thaler	  
JHEP	  1001,	  (2011)	  111	  
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Successful	  beam	  test	  in	  July	  2012	  
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•  A	  test	  beam	  of	  4.3	  mA,	  100	  MeV	  (430	  kWaS	  of	  e-‐beam	  power)	  
	  	  	  	  was	  successfully	  transmiSed	  through	  a	  2	  mm	  hole,	  127	  mm	  long,	  	  	  
	  	  	  	  with	  a	  maximum	  loss	  of	  about	  3	  ppm	  for	  seven	  hours.	  
•  Halo	  can	  be	  minimized	  and	  radia:on	  in	  vault	  is	  manageable.	  
•  The	  FEL	  has	  the	  stability	  required	  for	  DarkLight.	  
•  Three	  papers	  wriSen	  on	  test:	  Phys.	  Rev.	  Le-.	  111,	  164801	  (2013)	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Nucl.	  Instr.	  Meth.	  A729,	  233	  (2013)	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Nucl.	  Instr.	  Meth.	  A729,	  	  	  69	  (2013)	  

Target	  system	  	  
designed	  and	  
constructed	  at	  Bates	  
R&E	  Center	  

Richard	  Milner	  
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FEL	  vault	  
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Test	  target	  
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designed	  and	  constructed	  at	  the	  MIT-‐Bates	  R&E	  Center	  



Test	  layout	  
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Beam	  opRcs	  
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Bright,	  clean	  MegawaG	  100	  MeV	  
electron	  beam	  
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Power	  deposiRon	  inferred	  from	  
thermal	  and	  neutron	  producRon	  

measurements	  
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Test	  results	  
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•  A	  test	  beam	  of	  4.5	  mA,	  100	  MeV	  (450	  kWaS	  of	  e-‐beam	  power)	  
	  	  	  	  was	  successfully	  transmiSed	  through	  a	  2	  mm	  hole,	  10	  cm	  long,	  	  	  
	  	  	  	  with	  a	  maximum	  loss	  of	  about	  7	  ppm	  for	  seven	  hours.	  
•  Halo	  can	  be	  minimized.	  
•  The	  FEL	  has	  the	  stability	  required	  for	  a	  successful	  DarkLight	  
experiment.	  

•  Radia:on	  in	  the	  vault	  is	  manageable.	  



ExisRng	  solenoidal	  
magnet	  from	  E906	  

at	  BNL	  
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•  Constructed	  in	  Japan:	  see	  thesis	  
by	  J.P.	  Nakano,	  U.	  of	  Tokyo	  
(2000)	  

•  E906	  carried	  out	  at	  AGS	  D6	  line	  
•  0.5	  Tesla	  maximum	  field	  
•  Inner	  diameter	  712	  mm	  
•  Magnet	  with	  power	  supply	  now	  
located	  at	  Stony	  Brook	  
University	  



OpRmized	  design	  in	  progress	  
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Design	  process	  
•  Full	  Geant4	  computer	  simula:on	  	  
	  	  	  	  	  coordinated	  by	  Jan	  Balewski	  (MIT)	  
•  Physics	  processes:	  

	   	  -‐	  elas:c	  electron-‐proton	  scaSering	  
	   	  -‐	  Moller	  scaSering	  
	   	  -‐	  their	  associated	  radia:ve	  processes	  

•  Detailed	  experimental	  geometry:	  
	   	  -‐	  windowless	  gas	  target	  
	   	  -‐	  exis:ng	  solenoidal	  magnet	  
	   	  -‐	  realis:c	  3	  D	  magne:c	  field	  map	  from	  OPERA	  
	   	  -‐	  Moller	  dump	  
	   	  -‐	  lepton	  tracker	  
	   	  -‐	  recoil	  proton	  detector	  
	   	  -‐	  photon	  veto	  detector	  

•  Simula:ons	  are	  used	  to	  op:mize	  the	  design	  of	  the	  experiment.	  
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•  Under	  development	  by	  Charles	  Epstein	  (MIT)	  :	  	  
	  	  	  	  a	  Monte	  Carlo	  event	  generator	  for	  the	  radia:ve	  	  	  
	  	  	  	  correc:ons	  to	  Møller	  scaSering	  
•  Improves	  understanding	  of	  background	  processes	  

– Møller	  rate	  is	  excep:onally	  high	  and	  must	  be	  understood	  

•  Produces	  two	  types	  of	  events:	  
–  Elas:c	  e-‐e	  events	  with	  cross-‐sec:on	  corrected	  for	  the	  
emission	  of	  soj	  photons	  (Tsai,	  1960)	  

–  Hard	  single-‐photon	  bremsstrahlung	  events	  (exact	  first-‐
order	  calcula:on)	  

Development	  of	  a	  RadiaRve	  	  
Møller	  Generator	  
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RadiaRve	  Møller	  Event	  DistribuRon	  

•  Thorough	  ve~ng	  underway	  –	  comparison	  with	  data?	  
•  Code	  will	  be	  made	  available	  ajer	  sufficient	  verifica:on	  

Rate	  [Hz]	  per	  0.5	  x	  0.1	  M
eV/c	  bin	  

	  at	  nom
inal	  6x10

35cm
-‐2s -‐1	  lum

inosity	  
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e	  p	  →	  e-‐	  p	  	  A’(30	  MeV)	  →e+	  e-‐	  

p	  
e	  
e	  

e+	  

reconstructed	  A’	  signal	  
assumed	  mass	  of	  A’=50	  MeV	  	  

A’	  
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Chris	  Vidal,	  2014-‐02-‐06	  
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Lepton	  tracker	  and	  proton	  detector	  

proton	  detector	  
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Current	  specificaRons	  
•  Lepton	  tracker	  

	   	  -‐	  4	  cylindrical	  layers	  
	   	  -‐	  0.3%	  rad.	  l.	  per	  layer	  
	   	  -‐	  Micro-‐Mesh	  Gaseous	  Structure	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  leading	  candidate	  
	   	  -‐	  approx.	  30,000	  channels	  

•  Proton	  detector	  
	   	  -‐	  300	  micron	  silicon	  
	   	  -‐	  0.3%	  rad.	  l.	  inc.	  sensor	  and	  cables	  
	   	  -‐	  1	  mm	  thick	  Be	  beampipe	  (0.3%	  rad.	  l.)	  
	   	  -‐	  approx.	  1,000	  channels	  

•  Photon	  detector	  
	   	  -‐	  lead-‐scin:llator	  sandwich	  
	   	  -‐	  1000	  channels	  

•  Luminosity	  
	   	  -‐	  2.5	  x	  1036	  cm-‐2	  s-‐1	  (4	  :mes	  design)	  	  

Richard	  Milner	   Cornell	  University	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
April	  25,	  2014	   56	  



!
\!

geom	  Feb-‐12	  (aka	  11.1)	  

epElastic  totXsect(cm2)=6.5e-24 for theta=[0.002 0.9] rad "
[totXsect]*2.5e36  →  1.6 e13 Neve/sec @ DL-2 nominal lumi"
"
Moller  totXsect(cm2)=6.9e-25 for theta=[0.002 0.9] rad "
[totXsect]*2.5e36  →  8.7e13  Neve/sec @ DL-2 nominal lumi"
"
beam halo  3ppm * 6.24e16 →  1.9e1 Neve/sec @ DL-2 nominal lumi"

proton	  	  
detector	  
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Rate	  vs.	  z	  at	  proton	  detector	  

sum	  

beam-halo"
epElastic"

Moller" Beam current:  10 mA = 6.24 ∙ 1016 electrons/s"
Target density:       5.4 ∙ 1017 atoms/cm3 "
Luminosity:        2.5 ∙ 1036 /(cm2s)  "

ra
te
	  (M

Hz
)	  

ra
te
	  (M

Hz
)	  

ra
te
	  (M

Hz
)	  

x-‐sec:on	  correct	  

elastic protons "

elastic electrons"
secondary gammas"
converted"

proton detector  C-strips:!
delZ=3mm"
delPhi=60 deg"
nStrip=6*170=1000/plane"
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∑ 1% rad len!
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Photons	  and	  electrons	  entering	  lepton	  tracker	  



60	  
!
\!

Lepton	  Tracker	  
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Rates	  vs.	  z	  at	  lepton	  detector	  	  
	  

sum	  

beam-halo"
epElastic"

Moller"

ra
te
	  (M

Hz
)	  

ra
te
	  (M

Hz
)	  

ra
te
	  (M

Hz
)	  

x-‐sec:on	  correct	  

Beam current:  10 mA = 6.24 ∙ 1016 electrons/s"
Target density:       5.4 ∙ 1017 atoms/cm3 "
Luminosity:        2.5 ∙ 1036 /(cm2s)  "

lepton detector  C-strips:!
delZ=1mm"
delPhi=120 deg"
nStrip=3*600=1.8k/plane"
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	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  streaming	  DAQ	  

DarkLight experiment @ JLAB , assume:"
•  streaming of 50k x 1Byte channels at 40 MHz"
•  input raw data rate 2TByte/sec"

Step A:  noise reduction"
Step B:  frame assembly"
Step C:  image recognition"
 "
 "

1. make movie at 40 MHz"
2. read every pixel in parallel "
sparse DATA [pixel ID][ time bin]"
1. recombine complete frames,"
transpose: DATA [time bin] [pixel ID]"
1. distribute frames over CPUs"
2. analyze images in parallel"
3. keep only interesting frames w/ dark-
matter events"
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parallel streaming"
 of every pixel"
"
40 MHz frame rate"
50 k pixels"
50 kB/frame"

DarkLight	  streamed	  data	  acquisiRon	  (sDAQ)	  

RAM	  

RAM	  

RAM	  

RAM	  

RAM	  

RAM	  

RAM	  

VM	  n-‐core	  
frame	  
buf	  

VM	  n-‐core	  
frame	  
buf	  

VM	  n-‐core	  
frame	  
buf	  

VM	  n-‐core	  
frame	  
buf	  

VM	  n-‐core	  
frame	  
buf	  

2 TByte/sec" 20 GByte/sec" 100 MByte/sec"

RAM I/O "
intensive" CPU intensive"

needs 2k cores"CCD sensor"
multiple FPGAs"
write to PCI bus"

1 : noise reduction " 3 : image "
analysis"

input:"
700 x 3 GB/sec"

100:1 data"
concentration"

200:1 "
frame reduction"

100 k frame/sec"
1 kByte/frame"

0 : movie 
digitalization"

2 : frame"
assemble"

many switches"

20 GByte/sec"

sub-‐	  	  
frame	  
buf	  

sub-‐	  	  
frame	  
buf	  

sub-‐	  	  
frame	  
buf	  

sub-‐	  	  
frame	  
buf	  
sub-‐	  	  
frame	  
buf	  

sub-‐	  	  
frame	  
buf	  

each VM"
must receive"

full frame"

40 M frame/sec"
500 Byte /frame"
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New	  experimental	  program	  
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•  MAMI	  at	  Mainz,	  Germany	  
•  JLab:	  APEX,	  HPS,	  DarkLight	  

(g-‐2)μ	  preferred!	  
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•  DarkLight	  proposal	  approved	  at	  JLab	  PAC	  39	  in	  June	  2012	  with	  “A”	  scien:fic	  
ra:ng,	  condi:onal	  upon	  successful	  test	  being	  completed	  

•  Test	  successfully	  completed	  in	  July	  2012	  	  	  
•  Full	  scien:fic	  approval	  granted	  in	  May	  2013	  
•  Detailed	  simula:ons	  in	  progress	  to	  finalize	  design:	  lepton	  tracker,	  trigger	  and	  

readout	  
•  OLYMPUS	  target	  was	  shipped	  back	  to	  MIT	  in	  summer	  2013	  to	  allow	  start	  on	  

development	  of	  DarkLight	  target	  
•  Exis:ng	  0.5	  T	  solenoid	  at	  Stony	  Brook	  University	  (A.	  Deshpande)	  
•  An:cipate	  it	  will	  take	  about	  3	  years	  to	  realize	  the	  experiment	  
•  Envisage	  further	  beam	  tests	  at	  the	  FEL	  with	  prototype	  target	  and	  detectors	  
•  Interna:onal	  interest	  in	  using	  technology	  to	  address	  other	  important	  scien:fic	  

problems:	  workshop	  to	  explore	  physics	  opportuni:es	  took	  place	  at	  MIT	  on	  March	  
14-‐16,	  2013	  
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Summary	  
	  

•  The	  search	  for	  new	  physics	  beyond	  the	  Standard	  Model	  must	  
take	  place	  at	  all	  energy	  scales.	  

•  There	  are	  some	  indica:ons	  for	  a	  dark	  photon	  in	  the	  mass	  range	  
below	  1	  GeV.	  	  

•  DarkLight	  is	  designed	  to	  search	  for	  such	  a	  dark	  photon	  in	  the	  
mass	  range	  10	  to	  100	  MeV/c2	  by	  carrying	  out	  a	  precision	  test	  of	  
QED	  where	  the	  complete	  final-‐state	  is	  detected.	  	  

•  MRI	  proposal	  submiSed	  to	  NSF	  to	  mount	  phase-‐I	  DarkLight	  
experiment.	  	  If	  funded,	  this	  can	  begin	  in	  2015.	  

•  Full	  experiment	  design	  with	  cost	  to	  be	  completed	  summer	  
2014.	  

•  Could	  begin	  data	  taking	  as	  early	  as	  2017.	  	  
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