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•  Highlights	
  rather	
  than	
  overview	
   	
  	
  
–  Subject	
  not	
  well	
  defined:	
  the	
  boundary	
  between	
  astropar6cle	
  (narrow)	
  

and	
  astrophysics	
  (wide)	
  is	
  subjec6ve	
  
•  By	
  energy	
  of	
  par6cles	
  →	
  by	
  detec6on	
  methods	
  →	
  by	
  science	
  goals	
  

–  Not	
  easy	
  to	
  cover:	
  space	
  astrophysics	
  experiments	
  done	
  some6mes	
  in	
  
the	
  physics	
  departments,	
  some6mes	
  in	
  astronomy	
  departments	
  	
  

•  The	
  overlapping	
  area	
  is	
  growing	
  thanks	
  to	
  the	
  mul6-­‐wavelength/
mul6-­‐messenger	
  approach	
  and	
  more	
  and	
  more	
  interac6ons	
  
between	
  different	
  communi6es	
  	
  	
  

–  Impossible	
  to	
  cover	
  all	
  ac6vi6es	
  in	
  details	
  in	
  30	
  minutes	
  
•  Choice	
  of	
  topics	
  is	
  biased	
  by	
  personal	
  background	
  (par6cle	
  physics)	
  
•  Try	
  to	
  avoid	
  overlaps	
  with	
  other	
  talks	
  in	
  this	
  workshop	
  

•  My	
  thanks	
  to	
  many	
  colleagues	
  for	
  providing	
  input	
  	
  
–  And	
  my	
  apology	
  for	
  omissions	
  (inten6onal/uninten6onal)	
  	
  

Disclaimer	
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•  The	
  space	
  is	
  filled	
  with	
  high	
  energy	
  (≳MeV)	
  par6cles	
  	
  	
  
–  Mainly	
  protons	
  (~90%)	
  and	
  heavier	
  ions	
  

•  But	
  also	
  electrons,	
  positrons	
  :	
  ≲	
  1%	
  	
  	
  
–  And	
  also	
  photons,	
  neutrinos	
  

•  Source	
  poin6ng	
  →	
  gamma-­‐ray	
  astronomy,	
  neutrino	
  astronomy	
  	
  	
  

Introduc6on	
  	
  

•  They	
  are	
  messengers	
  of	
  high	
  energy	
  processes	
  at	
  astronomical	
  scale	
  
–  Wide	
  range	
  of	
  sciences:	
  astronomy,	
  cosmology,	
  par6cle	
  physics,	
  …	
  
–  Current	
  focus	
  

•  Cosmic	
  ray	
  physics:	
  source,	
  accelera6on,	
  propaga6on	
  
•  Dark	
  Ma`er	
  search	
  
•  Gamma	
  ray	
  astronomy	
  	
  

•  Astropar6cle	
  physics	
  space	
  experiments	
  employ	
  similar	
  detec6on	
  
techniques	
  as	
  on-­‐ground	
  par6cle	
  physics	
  experiments	
  
–  With	
  specific	
  challenges	
  related	
  to	
  launch	
  and	
  opera6on	
  condi6ons	
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A	
  Vibrant	
  Research	
  Field	
  	
  

•  High	
  energy	
  astropar6cle	
  space	
  missions	
  are	
  becoming	
  “general	
  purpose”	
  
–  Cosmic	
  ray	
  physics,	
  DM	
  search,	
  gamma-­‐ray	
  astronomy	
  

•  All	
  at	
  the	
  same	
  6me	
  
–  Photon,	
  electron,	
  proton	
  and	
  heavy	
  ions	
  	
  

•  all	
  measured	
  with	
  the	
  same	
  payload	
  
–  Several	
  missions	
  are	
  approved	
  or	
  in	
  planning	
  	
  	
  

•  Approved:	
  ISS-­‐CREAM(2014),	
  CALET(2014),	
  DAMPE	
  (2015)	
  
•  In	
  planning:	
  GAMMA-­‐400(~2019),	
  HERD	
  (~2020)	
  

•  Specialized	
  missions/long	
  dura6on	
  balloon	
  flights	
  are	
  very	
  compe66ve	
  
–  JEM-­‐EUSO,	
  PANGU,	
  SuperTIGER,	
  BESS-­‐ISO,	
  GRAINE,	
  …	
  

•  AMS-­‐02	
  and	
  Fermi/LAT	
  leading	
  the	
  way	
  of	
  precision	
  measurements	
  in	
  space	
  
–  AMS-­‐02:	
  focused	
  on	
  charged	
  par6cles;	
  Fermi:	
  focused	
  on	
  photons	
  

•  Cross	
  pollina6on	
  with	
  keV-­‐MeV	
  range	
  missions	
  
–  INTEGRAL,	
  POLAR,	
  ASTRO-­‐H,	
  LOFT/XTP,	
  ATHENA,	
  …	
  

Very	
  ac6ve	
  par6cipa6on	
  
from	
  Switzerland!	
  (in	
  red)	
  

•  Close	
  interac6on	
  with	
  cosmology	
  and	
  fundamental	
  physics	
  missions	
  
–  PLANK,	
  LISA	
  Pathfinder,	
  EUCLIDE,	
  eLISA,	
  …	
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•  Flux	
  (>10	
  GeV)	
  follows	
  a	
  power	
  law	
  F(E)	
  ∝E−γ,	
  γ	
  ~	
  2.7	
  up	
  to	
  1016	
  eV	
  (“knee”)	
  

Complementarity	
  with	
  ground	
  experiments	
  

“Space”	
  meets	
  “Ground”	
  

•  Up	
  to	
  the	
  “knee	
  region”:	
  	
  mainly	
  balloon	
  and	
  satellite	
  experiments	
  	
  
–  Measure	
  total	
  flux	
  and	
  chemical	
  composi6on	
  

•  Above	
  ~1014	
  eV:	
  Extended	
  Air	
  Shower	
  (ESA)	
  experiments	
  on	
  ground	
  
–  Mainly	
  measure	
  total	
  flux	
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High	
  Precision	
  H	
  and	
  He	
  Flux	
  from	
  AMS-­‐02	
  

Index	
  change	
  in	
  H	
  and	
  He	
  flux	
  gone?	
  

Interest	
  region	
  for	
  
future	
  experiments	
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High	
  Precision	
  B/C	
  from	
  AMS-­‐02	
  

Interest	
  region	
  for	
  
future	
  experiments	
  

Secondary-­‐to-­‐primary	
  ra6os	
  eg.	
  B/C,	
  are	
  
useful	
  to	
  determine	
  propaga6on	
  parameters!	
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•  Electron	
  and	
  positron	
  can	
  be	
  both	
  primary	
  and	
  secondary	
  
–  Primary:	
  EM	
  cascade	
  in	
  pulsar	
  magne6c	
  field	
  and	
  through	
  pion	
  

produc6on	
  in	
  shock	
  accelera6on	
  (pulsar,	
  SNR),	
  or	
  DM	
  	
  
–  Secondary:	
  CR	
  interac6on	
  with	
  Interstellar	
  medium	
  

Total	
  Electron	
  Spectrum	
  and	
  Positron	
  Ra6o	
  

Something	
  is	
  happening	
  in	
  the	
  TeV	
  region	
  
Be`er	
  energy	
  resolu6on	
  will	
  help!	
  

•  Electron/positron	
  closely	
  related	
  to	
  gamma	
  rays	
  through	
  synchrotron	
  
radia6on	
  and	
  inverse	
  Compton	
  effects	
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•  Search	
  for	
  monochroma6c	
  lines	
  or	
  diffused	
  excess	
  over	
  background	
  	
  
–  χχ→γγ,	
  γZ,	
  γH	
  or	
  χχ→	
  SM	
  par6cles	
  →	
  γ	
  +	
  …	
  

Dark	
  Ma`er	
  Search	
  with	
  Gamma	
  Rays	
  

Fermi,	
  4.4-­‐yrs	
  data	
  

Need:	
  be`er	
  energy	
  resolu6on	
  ≳100GeV	
  and	
  be`er	
  
angular	
  resolu6on	
  at	
  ~GeV	
  ⟹	
  DAMPE,	
  HERD,	
  PANGU	
  

•  A	
  few	
  (2-­‐3σ)	
  claims	
  in	
  Fermi	
  data	
  in	
  the	
  past	
  few	
  years	
  
–  133	
  GeV	
  line	
  at	
  the	
  Galac6c	
  Center	
  
–  Small	
  excess	
  with	
  25	
  dwarf	
  spheroidal	
  satellite	
  galaxies	
  
–  GeV	
  excess	
  from	
  Inner	
  Galaxy	
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•  3	
  majors	
  high	
  energy	
  missions	
  to	
  be	
  launched	
  in	
  next	
  2	
  years	
  
–  Detect	
  high	
  energy	
  photon,	
  electron	
  and	
  cosmic	
  rays	
  

CALET,	
  ISS-­‐CREAM	
  and	
  DAMPE	
  	
  

•  Charge	
  measurement	
  
–  CALET	
   	
   	
  2	
  layers	
  1cm	
  thick	
  plas6c	
  scin6llator	
  
–  ISS-­‐CREAM	
   	
  4	
  layers	
  380µm	
  thick	
  Silicon	
  Pin	
  diode	
  	
  	
  	
  
–  DAMPE	
   	
   	
  2	
  layers	
  1cm	
  thick	
  plas6c	
  scin6llator	
  +	
  	
   	
   	
   	
   	
  

	
  	
   	
  	
   	
   	
  2	
  layers	
  320	
  µm	
  silicon	
  strip	
  detector	
  (SSD)	
  	
   	
   	
   	
  	
  	
  	
  
	
   	
   	
   	
  10	
  layers	
  320	
  µm	
  SSD	
  (awer	
  converters)	
  

•  Calorimetry	
  
–  CALET	
   	
   	
  Total	
  absorp6on:	
  PWO,	
  	
  	
  	
  	
   	
  	
  	
  	
  	
  	
  32x32	
  cm2,	
  	
  27	
  X0,	
  1.2	
  λ 

	

 	

 	

 	

IMG:	
  	
  3	
  X0	
  +	
  Scint.	
  fiber	
  	
  	
  	
  	
  
–  ISS-­‐CREAM	
  	
  	
  	
   	
  Sampling:	
  Tungsten+Scint.	
  Fiber,	
  50x50	
  cm2,	
  20	
  X0,	
  0.7	
  λ	
  

	
  	
  	
  	
   	
   	
   	
  Carbon	
  target:	
  0.5	
  λ/1	
  X0	
  
–  DAMPE	
   	
   	
  Total	
  absorp6on:	
  BGO,	
   	
   	
  	
  	
  	
  	
  	
  60x60	
  cm2,	
  31	
  X0,	
  1.6	
  λ 	



	

 	

 	

       STK:	
  	
  0.86	
  X0	
  +	
  SSD	
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CALET,	
  ISS-­‐CREAM	
  and	
  DAMPE	
  	
  

DAMPE	
  

ISS-­‐CREAM	
  

CALET	
  



DAMPE: DArk Matter 
Particle Explorer 



The	
  DAMPE	
  Collabora6on	
  	
  

•  China	
  
–  Purple	
  Mountain	
  Observatory,	
  CAS,	
  Nanjing	
  
–  Ins6tute	
  of	
  High	
  Energy	
  Physics,	
  CAS,	
  Beijing	
  
–  Na6onal	
  Space	
  Science	
  Center,	
  CAS,	
  Beijing	
  
–  University	
  of	
  Science	
  and	
  Technology	
  of	
  China,	
  Hefei	
  
–  Ins6tute	
  of	
  Modern	
  Physics,	
  CAS,	
  Lanzhou	
  

•  Switzerland	
  
–  University	
  of	
  Geneva	
  

•  Italy	
  
–  INFN	
  Perugia	
  
–  INFN	
  Bari	
  

14	
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Also	
  a	
  CERN	
  Recognized	
  Experiment!	
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EXPERIMENTS AT
CERN

Grey book experiment data are
maintained by the larger

experiments and the Users' Office:
 Grey.Book@cern.ch

Requests for updates to the
institute data should be sent to: 
info-greybook-institutes@cern.ch

The Grey Book lists experiments,
institutes and people participating
in experiments. Appearance in the
Grey Book gives no a priori rights

to resources.

These pages have been produced
by GS-AIS

RE29
DAMPE

SPOKESPERSON: Jin CHANG
CONTACTPERSON: Xin WU
Experiment secretariat e-mail: grey.book@cern.ch

Beam:  
Approved:  12-03-2014
Status: Preparation

 Complete list of members per institute 

Names indicated in BLUE are external participants.
Names indicated in PURPLE are CERN retired participating in experiments.

Last Updated: 13:40 23-MAY-2014
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Plas6c	
  Scin6llator	
  Detector	
  	
  

Silicon-­‐Tungsten	
  Tracker	
  	
  

BGO	
  Calorimeter	
  	
  

Neutron	
  Detector	
  	
  

W converter + thick calorimeter (total 32 X0)        + 
precise tracking + charge measurement ➠  

high energy γ-ray, electron and CR telescope 

•  Al6tude:	
  LEO	
  500	
  km	
  
•  Inclina6on:	
  87.4065°	
  	
  
•  Sun-­‐synchronous	
  orbit	
  
•  Period:	
  95	
  minutes	
  
•  Launch	
  October	
  2015	
  

The	
  DAMPE	
  Detector	
  	
  



Comparison	
  with	
  AMS-­‐02	
  and	
  Fermi	
  

17	
  

DAMPE	
   AMS-­‐02	
   Fermi	
  LAT	
  
e/γ Energy	
  res.@100	
  GeV	
  (%)	
   1.5	
  	
   3	
   10	
  
e/γ Angular	
  res.@100	
  GeV	
  (°)	
   0.1	
   0.3	
   0.1	
  
e/p	
  discriminaFon	
   105	
   105	
  -­‐	
  106	
   103	
  

Calorimeter	
  thickness	
  (X0)	
   31	
   17	
   8.6	
  
Geometrical	
  accep.	
  (m2sr)	
   0.29	
   0.09	
   1	
  

Xin	
  Wu	
  



Silicon-­‐Tungsten	
  Tracker	
  (STK)	
  	
  	
  

•  12	
  layers	
  of	
  silicon	
  micro-­‐strip	
  detector	
  mounted	
  on	
  7	
  support	
  trays	
  	
  
–  Tray:	
  carbon	
  fiber	
  face	
  sheet	
  with	
  Al	
  honeycomb	
  core	
  

•  Tungsten	
  plates	
  integrated	
  in	
  trays	
  2,	
  3,	
  4	
  (from	
  the	
  top)	
  
–  Total	
  ~1	
  X0	
  for	
  photon	
  conversion	
  

•  8	
  readout	
  boards	
  on	
  4	
  sides	
  
18	
  Xin	
  Wu	
  

DPNC,	
  Perugia,	
  Bari,	
  IHEP	
  

•  Weight:	
  ~	
  160	
  Kg	
  
•  Power	
  consump6on:	
  ~85W	
  

Detection area 76 x 76 cm2 



STK	
  Support	
  Trays	
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Ladder Assembly 

•  Precise	
  jigs	
  to	
  assemble	
  (align,	
  glue	
  and	
  bond)	
  4	
  sensors	
  to	
  a	
  ladder	
  	
  
–  20	
  µm	
  alignment	
  precision	
  and	
  planarity	
  

Xin	
  Wu	
   20	
  



Plane Assembly at UniGE 

Xin	
  Wu	
   21	
  



Space Qualification Tests 

Xin	
  Wu	
   22	
  

•  Mechanical	
  and	
  thermal	
  vacuum	
  tests	
  done	
  at	
  SERMS	
  at	
  Terni	
  (Italy)	
  



Cosmic Ray Tests with Ladders 

Xin	
  Wu	
   23	
  

Pedestal  

Noise  

η of 2-strip clusters  



BGO Calorimeter (BGO)  
•  14-­‐layer	
  BGO	
  hodoscope,	
  7	
  x-­‐layers	
  +	
  7	
  y-­‐layers	
  

–  BGO	
  bar	
  2.5cm×2.5cm,	
  60cm	
  long,	
  readout	
  both	
  ends	
  with	
  PMT	
  
•  Use	
  3	
  dynode	
  (2,	
  5,	
  8)	
  signals	
  to	
  extend	
  the	
  dynamic	
  range	
  

–  Charge	
  readout:	
  VA160	
  with	
  dynamic	
  range	
  up	
  to	
  12	
  pC	
  
–  Trigger	
  readout:	
  VATA160	
  to	
  generate	
  hit	
  signal	
  above	
  threshold	
  

•  Detec6on	
  area	
  60cm×60cm	
  

24	
  Total	
  thickness	
  31X0	
  

PMO,	
  USTC	
  

Xin	
  Wu	
  

BGO	
  EQM	
  constructed	
  and	
  tested!	
  



Satellite Integration in Shanghai 

Xin	
  Wu	
   25	
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•  July	
  2014	
  
–  18	
  July:	
  STK	
  EQM	
  delivery	
  to	
  China	
  
–  21-­‐24	
  July:	
  STK	
  test	
  beam	
  at	
  CERN	
  PS	
  T9	
  

•  September	
  2014	
  
–  Start	
  STK	
  ladder	
  produc6on	
  for	
  FM	
  

•  October	
  –November	
  2014	
  
–  20	
  October:	
  Full	
  DAMPE	
  EQM	
  arrives	
  at	
  CERN	
  
–  29	
  October	
  –	
  11	
  November:	
  	
  Full	
  DAMPE	
  EQM	
  test	
  beam	
  at	
  CERN	
  PS	
  
–  12	
  –	
  19	
  November:	
  	
  Full	
  DAMPE	
  EQM	
  test	
  beam	
  at	
  CERN	
  SPS	
  H4	
  

•  Spring	
  2015	
  
–  STK	
  EQM	
  delivery	
  to	
  China	
  

•  October	
  2015	
  
–  DAMPE	
  launch	
  

STK	
  and	
  DAMPE	
  Planning	
  



DAMPE	
  search	
  for	
  DM	
  with	
  electrons	
  

27	
  
Xin	
  Wu	
  

P-­‐F	
  Yin,	
  et	
  al.,	
  PRD	
  88,	
  023001	
  (2013)	
  	
  	
  

Need	
  a	
  detector	
  in	
  space	
  that	
  
can	
  detect	
  electron	
  around	
  1	
  TeV	
  
with	
  very	
  good	
  energy	
  resolu6on	
  

DAMPE	
  5yr	
  



DAMPE	
  Gamma-­‐ray	
  Line	
  Observa6on	
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Fermi,	
  3.8	
  years 

~ 8σ DAMPE,	
  3	
  years Simulated	
  1.4	
  TeV	
  gamma-­‐ray	
  line	
  
from	
  DM	
  toward	
  the	
  Galac6c	
  center	
  
(300°	
  <	
  l	
  <	
  60°	
  ,	
  |b|	
  <10°)	
  including	
  
the	
  Galac6c	
  diffuse	
  background,	
  for	
  
DAMPE	
  6	
  months	
  observa6ons	
  

DAMPE,	
  with	
  an	
  excellent	
  energy	
  resolu6on	
  of	
  1%	
  above	
  100	
  GeV,	
  
is	
  a	
  suitable	
  instrument	
  to	
  detect	
  monochroma6c	
  gamma-­‐ray	
  

signals	
  from	
  WIMP	
  DM	
  annihila6on	
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HERD 

Dark matter particle 

proton 
He 

Gamma-ray 

electron 

background 
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High 
Energy 
cosmic 
Radiation 
Detection 
facility 



China’s	
  Space	
  Sta6on	
  Program	
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•  Three	
  phases	
  
–  1st	
  phase	
  (Spaceflight):	
  10	
  astronauts	
  have	
  carried	
  out	
  5	
  space	
  flights	
  

with	
  the	
  Shenzhou	
  spacecraw;	
  Completed	
  successfully	
  
–  2nd	
  phase	
  (Spacelab):	
  docking	
  of	
  3	
  spacecraws	
  with	
  astronauts	
  

delivering	
  and	
  installing	
  scien6fic	
  instruments	
  
•  1st	
  launch	
  (Tiangong	
  1)	
  on	
  Sept.	
  29,	
  2011;	
  Completed	
  successfully	
  
•  2nd	
  launch	
  (Tiangong	
  2)	
  in	
  2015	
  (with	
  POLAR)	
  
•  3rd	
  launch	
  (Tiangong	
  3)	
  may	
  get	
  skipped	
  if	
  Tiangong	
  2	
  is	
  seccessful	
  

–  3rd	
  phase	
  (Space	
  sta6on):	
  2	
  large	
  experimental	
  
modules	
  with	
  astronauts	
  working	
  onboard	
  

•  1st	
  launch	
  ~2018	
  

Module	
  Wen6an	
  (WT:	
  Inquire	
  the	
  Heaven)	
  

Module	
  Xun6an	
  (ST:	
  Scan	
  the	
  Heaven)	
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•  High	
  Energy	
  Cosmic	
  Radia6on	
  Detec6on	
  facility	
  
-­‐  High	
  energy	
  par6cle	
  detector	
  on	
  board	
  the	
  Chinese	
  Space	
  Sta6on	
  
-­‐  Requirement:	
  accurate	
  e/γ	
  measurement,	
  large	
  GF	
  for	
  CR	
  
-­‐  Limita6on:	
  2	
  tons	
  and	
  2kW	
  

Science	
  goals	
   Mission	
  requirements	
  

DM	
  search	
   Measurements	
  of	
  e/γ	
  from	
  100	
  GeV	
  to	
  10	
  TeV 

Origin	
  of	
  Galac6c	
  CRs	
   Spectral	
  and	
  composi6on	
  measurements	
  of	
  
CRs	
  from	
  300	
  GeV	
  to	
  PeV	
  with	
  a	
  large	
  GF 

•  “Secondary”	
  science	
  goals	
  
-­‐  Gamma-­‐ray	
  astronomy:	
  monitoring	
  of	
  GRBs,	
  microquasars,	
  Blazars	
  

and	
  other	
  transients,	
  …	
  
-­‐  May	
  include	
  a	
  high	
  precision	
  sub-­‐GeV	
  gamma-­‐ray	
  detector	
  (PANGU)	
  	
  

•  UniGe	
  is	
  ac6vely	
  par6cipa6ng	
  in	
  HERD	
  and	
  is	
  leading	
  the	
  tracker	
  project	
  



HERD	
  Conceptual	
  Design	
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   Silicon-­‐Tungsten	
  Tracker	
  +	
  LYSO	
  Calorimeter	
  



Detector	
  Characteris6cs	
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   type size X0,λ unit main	
  funcFons 
tracker 
(top) 

Si	
  strips 70	
  cm	
  × 
70	
  cm 

2	
  X0 7	
  x-­‐y 
(W	
  foils) 

Charge	
  
Photon	
  conversion 

tracker 
4	
  sides 

Si	
  strips 65	
  cm	
  × 
50	
  cm 

-­‐-­‐ 3	
  x-­‐y Nucleon	
  Track	
  
Charge 

CALO  ~10K	
  
LYSO	
  
cubes 

63	
  cm	
  × 
63	
  cm	
  × 
63	
  cm 

55	
  X0 
3	
  λ 

3	
  cm	
  × 
3	
  cm	
  × 
3	
  cm 

	
  e/γ	
  energy 
nucleon	
  energy	
  
e/p	
  separaFon 

Crystal	
   ρ (g/cm3)	

 X0	
  (cm)	
   λI	
  (cm)	
   RM	
  (cm)	
   LY	
  (%NaI)	
   t	
  (ns)	
   λ	
  (nm)	
   dL/dT(%°C)	
  

PbWO	
   8.30 0.89 20.3	
   2.00 0.3	
   30	
   425	
   -­‐2.5	
  

LYSO	
   7.40 1.14	
   20.9	
   2.07	
   85	
   40	
   402	
   -­‐0.2	
  

BGO	
   7.13 1.12	
   22.8	
   2.23	
   21	
   300	
   480	
   -­‐0.9	
  

CsI(Tl)	
   4.51 1.86 39.3 3.57 165 1220 550 0.4 

NaI(Tl)	
   3.67 2.59 42.9 4.13 100 245 410 -­‐0.2 



Big	
  GF	
  and	
  Good	
  Energy	
  Resolu6on	
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GF>2	
  m2sr	
  for	
  proton	
  
(ISS-­‐CREAM:	
  ~0.3	
  m2sr	
  )	
  

GF>3	
  m2sr	
  for	
  e/γ	



(DAMPE:	
  0.36	
  m2sr	
  )	
  

σE/E≲20%	
  for	
  proton	
  
(ISS-­‐CREAM:	
  ~40%	
  )	
  

σE/E≲1%	
  for	
  e/γ	
  
DAMPE:	
  ~1%	
  @800GeV	
  



DM	
  annihila6on	
  γ	
  line	
  with	
  HERD	
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Expected	
  HERD	
  H,	
  He,	
  Fe	
  Spectra	
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  CAP	
  meeFng,	
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  Wu	
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Astrophysics	
  with	
  keV-­‐GeV	
  γ-­‐rays	
  
•  A	
  wide	
  range	
  of	
  topics	
  of	
  galac6c	
  and	
  extragalac6c	
  astronomy	
  and	
  

fundamental	
  physics,	
  large	
  interest	
  from	
  the	
  community	
  
–  Extreme	
  physics	
  of	
  extended/compact	
  objects	
  (black	
  holes,	
  neutron	
  

stars,	
  …)	
  
•  Excellent	
  resolu6on	
  power	
  

–  Galac6c	
  and	
  extragalac6c	
  cosmic	
  rays	
  (origin,	
  accelera6on	
  mechanism)	
  
•  Polariza6on	
  measurement	
  crucial	
  

–  Search	
  for	
  Dark	
  Ma`er	
  in	
  unique	
  corner	
  
•  Diffused;	
  Excess	
  of	
  gamma-­‐ray	
  emission	
  in	
  the	
  galac6c	
  center	
  

–  Detect	
  and	
  determine	
  the	
  high-­‐energy	
  behavior	
  of	
  gamma-­‐ray	
  
transients	
  

•  GRB,	
  Pulsa6on	
  search	
  in	
  millisecond	
  pulsar	
  
–  Fundamental	
  Physics,	
  e.g.	
  Baryon	
  asymmetry	
  in	
  early	
  universe	
  	
  
–  Solar	
  and	
  terrestrial	
  high	
  energy	
  phenomena	
  

•  Mul6-­‐wavelength	
  correla6on	
  studies	
  across	
  the	
  electromagne6c	
  spectrum	
  
with	
  other	
  space	
  and	
  on-­‐ground	
  telescopes	
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0.1	
  –	
  1	
  GeV	
  

100	
  MeV	
  10	
  keV	
  

LOFT	
  
! 

POLAR	
  
! 

PANGU	
  
! 

Sketch'of'a'Possible'PANGU'Layout''

•  3'sub8systems:'target8tracker,'magnet'+'lower'tracker,'AnAcoincidence'

–  Target8tracker':'~'50'x'50'x'40'cm3'

–  Magnet:'r2'='26'cm,'r1'='25'cm,'height'10'cm,'field'in'+y'direcAon'

–  Lower'tracker:'one'X8layer'above,'one'X8layer,'and'two'X8Y'layers'below,'
~10'cm'between'layers,'can'also'consider'using'Silicon'

–  AnAcoincidence'detector'(ACD)'on'5'sides''''

Target-
Tracker 

Magnet 

Lower Tracker 

ACD 

Target'and'magnet'sizes'
can'be'easily'scaled'to'fit'
with'resource'constraints!''''

DPNC	
  
ISDC	
  
PSI	
  

DPNC	
  
ISDC	
  

DPNC
ISDC	
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FIG. 5.— The Ep,obs F diagram calculated in our Monte Carlo simu-
lation. The simulated events that can be detected by WXM on HETE-2 are
represented by dots. They are compared with the HETE-2 data (points with
errorbars) (Sakamoto et al. 2005).

empirical relations (Yonetoku et al. 2005). There are several
suggestions of events with very small θj (e.g., Schady et al.
2007; Racusin et al. 2008), although the value of q1 is highly
uncertain. The spectral parameters r20A0, γν0, α , and β are as-
sumed as follows. The �rst two parameters are given so that
the rest-frame spectral peak energies and isotropic γ -ray en-
ergies calculated for a jet viewed with θv = 0 are consistent
with those of typical GRBs. Such an on-axis emission has ap-
proximately Ep = 2γν0 and Eiso = 16π2r20A0γν0. The param-
eters r20A0 and γν0 are given through the empirical relations
Eisoθ2j / 2 = 1051ξ1 erg and Ep = 80ξ2(Eiso/ 1052 erg)1/ 2 keV
(e.g., Frail et al. 2001; Amati et al. 2002). We assume that
the coef�cients ξ1 and ξ2 obey the log-normal distribution
(Ioka & Nakamura 2002) with averages of 1 and logarithmic
variances of 0.3 and 0.15, respectively. The last two parame-
ters are �xed by α = 0.2 and β = 1.2, which are typical values
for GRB prompt emission (Preece et al. 2000; Sakamoto et al.
2005). The distribution of the source redshift, z, is assumed to
be in proportional to the cosmic star formation rate. We adopt
the model SF2 in Porciani & Madau (2001), i.e., the comov-
ing GRB rate density is assumed to be proportional to

R(z) = exp(3.4z)
exp(3.4z)� 22

ΩM(1� z)3�ΩΛ

(1� z)3/ 2
. (18)

We take the standard cosmological parameters of H0 =
70 km s 1 Mpc 1,ΩM = 0.3, and ΩΛ = 0.7.
Figure 5 shows the results of Ep,obs and time-averaged �ux,

F . The time-averaged �ux is calculated by F = I/T , where
T is the duration of a burst. We �� T = 20 s, which is a typ-
ical value for long GRBs (e.g., Sakamoto et al. 2005). We
show only the simulated bursts that have �uxes above the de-
tectable limit of the HETE-2 satellite. They are consistent
with the data obtained by HETE-2 (Sakamoto et al. 2005).
The scatter of the simulated bursts is due both to the scat-
ter of the assumed jet parameters and the viewing angle effect
(Yamazaki et al. 2004; Donaghy 2006). 13

4.2. Properties of polarization distribution

13 Yamazaki et al. (2004) showed a deviation from the Amati relation
(Ep E1/ 2iso ) for Ep < 10 keV in the uniform jet model, but the Ep,obs F
diagram we derive is still consistent with the observed dataset.
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FIG. 6.— Ep,obs Π diagrams for the simulated events that can be detected
by GRAPE in the SO (red open circles), SR (green �lled circles), and CD
(blue plus signs) models. The adopted parameters are as follows. The �xed
parameters are γ = 100, q1 = 0.5, q2 = 2.0, α = 0.2, β = 1.2, and T = 20 s.
The distribution of the source redshift z is assumed to be in proportional to the
cosmic star formation rate. The parameters r20A0 and γν 0 are distributed so
that the simulated Ep,obs F diagram is consistent with the observed data (see
Figure 5). See text for the cases of the spectral indices distributed realistically,
for 0.5 < α < 0.4 and 0.9 < β < 1.8.
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FIG. 7.— Same as Figure 7, but for LEP.

We calculated the linear polarization,Π , by using equations
(11), (15), and (16) to obtain the polarization distribution of
the simulated bursts that can be detected by GRAPE and LEP.
The detection limits of GRAPE and LEP are set to be the
MDP contours of 1.0. (see Figure 1) 14. Figures 6 and 7
show the Ep,obs Π diagrams of all the simulated bursts that
can be detected by GRAPE and LEP, respectively, in the SO
(red open circles), SR (green �lled circles), and CD (blue plus
signs) models. In the SO model, most of the detectable bursts
have 0.3 < Π < 0.5 in the GRAPE band (60-500 keV), while
they have 0.2 < Π < 0.3 in the LEP band (2-15 keV). In the
SR and CDmodels, most of the detectable bursts haveΠ < 0.1
in both GRAPE and LEP bands. The events with Π ≥ 0.1 are
distributed uniformly with Π < 0.4 and Π < 0.9 for the SR
and CD models, respectively.
This result can be roughly explained by the polarizations
14 The detection limits of GRAPE and LEP for signal-to-noise ratio > 5

are similar but not identical to the MDP contours of 1.0. Thus our setting for
the detection limits is just for simplicity.
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Compton drag 

K. Toma et al., ApJ 2009 

•  Gamma	
  Ray	
  polarimiter	
  on	
  board	
  of	
  the	
  Tiangong-­‐2	
  space	
  lab,	
  life6me	
  3ys	
  
–  Measure	
  polariza6on	
  to	
  10%	
  to	
  dis6nguish	
  models	
  of	
  GRB	
  
–  Sensi6ve	
  to	
  hard	
  X-­‐rays	
  of	
  50–500	
  keV	
  
–  Compact:	
  30kg	
  
–  Wide	
  field	
  of	
  view:	
  ~1/3	
  full	
  sky	
  
–  During	
  transients,	
  flux	
  up	
  to	
  tens	
  of	
  photons	
  cm-­‐2	
  s-­‐1:	
  rate	
  >10kHz	
  

	
  



POLAR	
  Detector	
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  Detector	
  Workshop,	
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  Xin	
  Wu	
  

•  5x5	
  modules	
  in	
  carbon	
  fibre	
  box	
  
•  Each	
  module	
  has	
  8x8	
  schin6llator	
  bars	
  of	
  size	
  6x6x176cm3	
  	
  

–  Coupled	
  to	
  a	
  flat	
  panel	
  mul6-­‐anode	
  PMT	
  (H8500D,	
  Hamamatsu)	
  
–  Read	
  out	
  by	
  mul6-­‐channel	
  ASIC	
  electronics	
  (with	
  PSI)	
  

	
  

Hamamatsu	
  	
  
H8500	
  MAPMT	
  	
  



POLAR	
  Detec6on	
  Principle	
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  Detector	
  Workshop,	
  13/09/13	
  Xin	
  Wu	
  

•  Compton	
  sca`ering	
  of	
  polarized	
  photons	
  
–  Measure	
  rate	
  as	
  func6on	
  of	
  the	
  azimuthal	
  angle	
  

of	
  the	
  sca`er	
  plane	
  	
  
–  Plas6c	
  scin6llators	
  for	
  op6mal	
  efficiency	
  

	
  

Plas6c	
  scin6llators	
  
(low	
  Z	
  material)	
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•  Qualifica6on	
  campaign	
  close	
  to	
  end	
  with	
  Qualifica6on	
  Model	
  (QM)	
  

POLAR	
  Status	
  

•  Flight	
  Model	
  (FM)	
  
–  Currently	
  under	
  construc6on	
  in	
  UniGe	
  
–  August:	
  start	
  tests	
  on	
  the	
  FM	
  in	
  China	
  	
  

•  Late	
  2015	
  
–  Launch	
  with	
  the	
  Tiangong-­‐2	
  spacelab	
  

Feb,	
  Pyroshock	
  	
  	
  

May,	
  TVT	
  	
  	
  

Mar,	
  ESRF	
  	
  	
  



A	
  High	
  Resolu6on	
  Gamma-­‐Ray	
  Space	
  Telescope	
  
A.	
  Bravar1,	
  M.	
  Pohl1,	
  M.	
  Su2,	
  R.	
  Walter3,	
  X.	
  Wu1	
  

1DPNC,	
  University	
  of	
  Geneva	
  
2Kavli	
  InsCtute	
  for	
  Astrophysics	
  and	
  Space	
  Research,	
  MIT	
  

3ISDC,	
  University	
  of	
  Geneva	
  
	
  

Proposal	
  Presented	
  to	
  the	
  First	
  Workshop	
  on	
  a	
  CAS-­‐ESA	
  
Joint	
  Scien6fic	
  Space	
  Mission,	
  25-­‐26	
  Feb.	
  2014,	
  Chengdu	
  	
  

PANGU	
  	
  
盤古	
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•  Sub-­‐GeV	
  γ-­‐ray	
  telescope	
  with	
  unprecedented	
  angular	
  resolu6on	
  
–  ≲	
  1°	
  angular	
  resolu6on	
  in	
  the	
  ~100	
  MeV	
  to	
  ~1	
  GeV	
  region	
  
–  With	
  polariza6on	
  measurement	
  capability	
  

•  Wide	
  range	
  of	
  topics	
  of	
  galac6c	
  and	
  extragalac6c	
  astronomy	
  
and	
  fundamental	
  physics	
  
–  Complementary	
  to	
  the	
  world-­‐wide	
  drive	
  for	
  a	
  next	
  genera6on	
  Compton	
  

telescope	
  (1-­‐100	
  MeV)	
  

•  Innova6ve	
  payload	
  concept	
  for	
  a	
  small	
  mission	
  
–  Thin	
  target	
  material	
  (SciFi	
  or	
  Si)	
  with	
  magne6c	
  spectrometer	
  	
  

PANGU:	
  PAir-­‐produc6oN	
  Gamma-­‐ray	
  Unit	
  

An	
  unique	
  instrument	
  to	
  open	
  up	
  a	
  frequency	
  window	
  
that	
  has	
  never	
  been	
  explored	
  with	
  great	
  precision	
  	
  	
  	
  



•  To	
  achieve	
  ≲1°	
  angular	
  resolu6on	
  passive	
  material	
  should	
  be	
  minimized	
  
and	
  ac6ve	
  detector	
  should	
  be	
  thin	
  or	
  low	
  density	
  
–  To	
  increase	
  effec6ve	
  area	
  (mass!)	
  needs	
  many	
  layers	
  or	
  large	
  volume	
  	
  

•  Concepts	
  for	
  high	
  resolu6on	
  gamma	
  pair	
  telescope	
  studied	
  before	
  
–  Low	
  density	
  gas	
  TPC:	
  HARPO,	
  AdEPT	
  (5-­‐200	
  MeV),	
  …	
  	
  

•  Poten6ally	
  very	
  good	
  resolu6on	
  
•  Need	
  large	
  pressure	
  vessels	
  (AdEPT:	
  6×1m3	
  vessels	
  for	
  20	
  kg	
  gas)	
  

–  All	
  silicon,	
  many	
  op6mized	
  as	
  Compton	
  telescope	
  (with	
  calorimeter)	
  
•  MEGA/GRM:	
  Double-­‐sided	
  SSD,	
  distance	
  5	
  mm,	
  500	
  µm	
  thick	
  
•  CAPSiTT:	
  Double-­‐sided	
  SSD,	
  distance	
  1	
  cm,	
  2	
  mm	
  thick	
  
•  TIGRE:	
  Double-­‐sided	
  SSD,	
  distance	
  1.52	
  cm,	
  300	
  µm	
  thick	
  
•  Gamma-­‐Light:	
  single-­‐sided,	
  distance	
  1	
  cm,	
  400	
  µm	
  thick	
  

–  Scin6lla6ng	
  fiber	
  
•  Previous	
  concepts	
  with	
  converter:	
  SIFTER,	
  FiberGLAST	
  
•  PANGU:	
  a	
  new	
  all-­‐fiber	
  tracker	
  concept	
  

Possible	
  Detector	
  Concepts	
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  Xin	
  Wu	
  



Sketch	
  of	
  a	
  Possible	
  PANGU	
  Layout	
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•  3	
  sub-­‐systems:	
  target-­‐tracker,	
  magnet	
  +	
  lower	
  tracker,	
  An6coincidence	
  
–  Target-­‐tracker	
  :	
  ~	
  50	
  x	
  50	
  x	
  40	
  cm3	
  

–  Magnet:	
  r2	
  =	
  26	
  cm,	
  r1	
  =	
  25	
  cm,	
  height	
  10	
  cm,	
  field	
  in	
  +y	
  direc6on	
  
–  Lower	
  tracker:	
  one	
  X-­‐layer	
  above,	
  one	
  X-­‐layer,	
  and	
  two	
  X-­‐Y	
  layers	
  

below,	
  ~10	
  cm	
  between	
  layers,	
  can	
  also	
  consider	
  using	
  Silicon	
  
–  An6coincidence	
  detector	
  (ACD)	
  on	
  5	
  sides	
  	
  	
  	
  

Target-
Tracker 

Magnet 
Lower Tracker 

ACD 

Target	
  and	
  magnet	
  sizes	
  
can	
  be	
  easily	
  scaled	
  to	
  fit	
  
with	
  resource	
  constraints!	
  	
  	
  	
  



Angular	
  resolu6on	
  of	
  pair	
  telescopes	
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arXiv:1311.2059	
  
[astro-­‐ph.IM]	
  	
  	
  

PANGU	
  
1°	
  	
  

Limit	
  due	
  to	
  
nuclear	
  recoil	
  

Compton	
  
domain	
  



Gravita6onal	
  Wave	
  Detec6on:	
  LISA	
  Pathfinder	
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•  Technology	
  verifica6on	
  mission	
  for	
  LISA	
  
(now	
  eLISA)	
  	
  

Theory group of Phys. Institute of UniZH 
+ Institute of Geophysics of ETHZ  

sub-­‐nm	
  sensing	
  and	
  posi6oning	
  of	
  the	
  test	
  
mass	
  in	
  the	
  ultra-­‐low	
  frequency	
  band	
  (mHz)	
  

1	
  mio	
  km	
  	
  	
  

LISA	
  Pathfinder	
  
launch	
  in	
  2015	
  	
  

eLISA,	
  ESA	
  L3	
  mission,	
  launch	
  2034	
  	
  



Conclusion	
  	
  	
  
•  Switzerland	
  is	
  par6cipa6ng	
  in	
  a	
  healthy	
  mixture	
  of	
  space	
  astrophysics	
  

experiments	
  that	
  are	
  in	
  opera6on,	
  in	
  construc6on	
  and	
  in	
  planning	
  	
  
•  Astropar6cle	
  physics	
  in	
  space	
  has	
  entered	
  a	
  new	
  era	
  of	
  precision	
  

measurements	
  with	
  AMS-­‐02	
  and	
  Fermi	
  
–  Approaching	
  TeV	
  for	
  electron/photon	
  and	
  mul6-­‐TeV	
  for	
  ions	
  

49	
  Xin	
  Wu	
  

•  3	
  major	
  missions	
  will	
  go	
  into	
  opera6on	
  in	
  next	
  2	
  years	
  	
  
–  ISS-­‐CREAM,	
  CALET,	
  DAMPE	
  
–  Aim	
  to	
  improve	
  energy	
  resolu6on	
  and	
  acceptance	
  in	
  the	
  TeV	
  regime	
  

•  HERD	
  may	
  well	
  be	
  the	
  next	
  big	
  step	
  forward	
  
–  Large	
  acceptance	
  and	
  good	
  energy	
  resolu6on	
  up	
  to	
  the	
  PeV	
  regime	
  
–  High	
  precision	
  measurements	
  of	
  e/γ/ions	
  all	
  at	
  the	
  same	
  6me	
  

•  Growing	
  synergy	
  with	
  keV-­‐GeV	
  missions	
  both	
  in	
  science	
  and	
  detec6on	
  

Exciting program of multi-messenger muilti-wavelength 
astroparticle physics research in the next 10-15 years! 


