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IXPE:	  NEW	  SCIENCE,	  NEW	  CAPABILITIES

§ Opens	  a	  new	  window	  on	  the	  universe	  —	  imaging	  (30“)	  X-‐ray	  polarimetry	  
• Is	  the	  science	  driver	  that	  advances	  and	  impacts	  high-‐energy	  astrophysics	  
• Increases	  informa8on	  space	  and	  liDs	  modeling	  degeneracies	  

§ Addresses	  key	  quesLons,	  providing	  new	  scienLfic	  results	  and	  constraints	  
• What	  is	  the	  spin	  of	  a	  black	  hole?	  
• What	  are	  the	  geometry	  and	  magne8c-‐field	  strength	  in	  magnetars?	  
• Was	  our	  Galac8c	  Center	  an	  Ac8ve	  Galac8c	  Nucleus	  in	  the	  recent	  past?	  
• What	  is	  the	  magne8c	  field	  structure	  in	  synchrotron	  X-‐ray	  sources?	  
• What	  are	  the	  geometries	  and	  origins	  of	  X-‐rays	  from	  pulsars	  (isolated	  and	  accre8ng)?	  

§ Provides	  powerful	  and	  unique	  capabiliLes	  
• Reduces	  integra8on	  8me	  by	  a	  factor	  of	  100	  compared	  to	  the	  OSO-‐8	  experiment	  	  
• Simultaneously	  provides	  imaging,	  spectral,	  8ming,	  and	  polariza8on	  data	  
• Is	  free	  of	  false-‐polariza8on	  systema8c	  effects	  at	  less	  than	  a	  frac8on	  of	  a	  percent	  
• Enables	  meaningful	  polariza8on	  measurements	  for	  many	  sources	  of	  different	  classes
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THREE	  SETS	  OF	  IDENTICAL	  X-‐RAY	  MIRROR	  MODULES	  
AND	  IMAGING	  POLARIZATION	  SENSITIVE	  DETECTORS	  
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THE	  X-‐RAY	  MIRROR	  MODULES
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Parameter Value

Number	  of	  mirror	  modules 3

Number	  of	  shells	  per	  mirror	  module 24

Focal	  length 4000	  mm

Total	  shell	  length 600	  mm

Range	  of	  shell	  diameters 162–272	  mm

Range	  of	  shell	  thicknesses 0.16–0.26	  mm

Shell	  material Electroformed	  nickel–cobalt	  alloy

Effective	  area	  per	  mirror	  module 230	  cm2	  (@	  2.3	  keV);	  >240	  cm2	  (3–6	  keV)

Angular	  resolution	  (HPD) ≤	  25	  arcsec

Field	  of	  view	  (detector	  limited) 12.9	  arcmin	  square
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IMAGING	  POLARIMETRY	  DETECTOR
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POLARIZATION	  SENSITIVITY
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For	  	  IXPE,



OBSERVING	  CEN	  A	  WITH	  IXPE:	  OVERVIEW

§Closest	  radio	  galaxy,	  at	  3.8	  Mpc,	  z=0.0018	  
§ Galaxy:	  giant	  E	  with	  warped	  dust	  lane	  obscuring	  core	  
§ Scale:	  1	  mas	  =	  20	  l-‐d,	  1”	  =	  18	  pc,	  1’	  =	  1	  kpc	  

§BH	  mass	  esLmate:	  3-‐8	  107	  Msun	  
§Radio	  (Fanaroff	  Riley	  type	  I)	  

§ core	  with	  lobes	  >5°	  across	  
§ total	  flux	  of	  700	  Jy	  at	  5	  GHz	  

§VLBI	  (Tingay,	  et	  al.	  1998)	  
§ unresolved	  core,	  2	  Jy	  (8.6	  GHz),	  νLν	  =	  2e38	  erg/s	  
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CORE	  SED	  OVERVIEW

§Simultaneous	  data	  
§2	  zones	  needed	  

§Γ	  =	  7	  is	  OK	  (green)	  
§TeV	  is	  separate	  

§Spine-‐sheath	  
model	  may	  be	  
needed
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CEN	  A	  IMAGING
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6’ = 6 kpc



CEN	  A	  IMAGING
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CEN	  A	  IMAGING
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6’ = 6 kpc

40 mas



CEN	  A	  IMAGING
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CEN	  A	  X-‐RAY	  RESULTS

§L(2-‐8	  keV):	  1041.5	  erg/s	  
§ core	  is	  90%	  of	  total	  flux	  
§ varies	  by	  >	  50%	  on	  8mescale	  of	  ~20	  d	  (~rcore)	  

§Inner	  jet	  (5’	  long)	  is	  10%	  of	  2-‐10	  keV	  power	  
§ Consists	  of	  small	  scale	  knots	  moving	  at	  ~	  0.5	  c	  
§ Knots	  embedded	  in	  nonthermal	  plasma	  
§ Posi8on	  angle	  is	  51°,	  widening	  to	  51-‐63°	  

§PolarizaLon	  will	  probe	  scales	  smaller	  than	  space	  
VLBI:	  r	  ~	  3000	  RS
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CENA	  A	  CORE	  POLARIMETRY	  WITH	  IXPE	  
(1	  MS	  EXPOSURE)
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IXPE	  WILL	  IMAGE	  JET	  KNOTS	  AND	  
FIND	  SERENDIPITOUS	  SOURCES
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• Active	  galaxies	  are	  powered	  by	  supermassive	  BHs	  with	  jets	  	  
• Radio	  polarization	  implies	  the	  magnetic	  field	  is	  aligned	  with	  jet	  
• X-‐rays	  from	  core:	  self	  Compton,	  external	  Compton	  
• Knot	  X-‐rays:	  jet	  spine	  or	  shocked	  regions?	  

• Imaging	  Cen	  A	  will	  isolate	  other	  sources	  in	  the	  field	  
• Two	  Ultra	  Luminous	  X-‐ray	  sources	  (one	  to	  SW	  of	  core)

Region MDP99

Core <7.0%

Jet 10.9%

Knot	  A+B 17.6%

Knot	  C 16.5%

Knot	  F 23.5%

Knot	  G 30.9%

ULX 14.8%
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The Rocket Exper. Demonst. of a Soft X-ray Polarimeter
REDSoX Polarimeter

0.2-‐0.6	  keV,	  MDP	  <	  10%	  for	  Mk	  421
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The Rocket Exper. Demonst. of a Soft X-ray Polarimeter
REDSoX Polarimeter

0.2-‐0.6	  keV,	  MDP	  <	  10%	  for	  Mk	  421



SUMMARY

§ Bandpass:	  2-‐8	  keV,	  Imaging:	  25”	  
§Minimum	  Detectable	  Polariza8on	  
• Cen	  A	  core:	  1.3%	  in	  200	  ks	  
• Cen	  A	  knot	  A&B:	  11%	  in	  1.5	  Ms	  
• 3C	  273:	  4%	  in	  200	  ks	  

§ Launch	  in	  November,	  2020	  
§ Low	  Earth	  Orbit,	  2+	  yr	  mission	  
§No	  proprietary	  data	  
§Users	  involved	  via	  Working	  Groups
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