
Space	  Experiments	  
at	  the	  DPNC:	  

 AMS02	  
 POLAR	  
 DAMPE	  

Mercedes	  Paniccia	  	  (AMS	  and	  POLAR	  Coll.)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  DPNC,	  UniGe	  	  18th	  December	  2012	  



Steadily	  taking	  data	  on	  the	  ISS	  since	  May	  19	  2011	  
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ParNcles	  and	  nuclei	  are	  defined	  by	  their	  	  
charge	  (Z)	  and	  energy	  (E	  ~	  P)	  

	  Z,	  P	  are	  measured	  independently	  by	  
the	  Tracker,	  RICH,	  TOF	  and	  ECAL	  

AMS:	  A	  TeV	  precision,	  mulNpurpose	  parNcle	  physics	  
spectrometer	  in	  space.	  
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Chemical	  composiNon	  and	  
energy	  spectra	  of	  cosmic	  
rays	  

AMS	  Physics	  highlights:	  
High-‐precision	  and	  simultaneous	  measurement	  of	  cosmic-‐ray	  fluxes	  in	  

the	  GV	  to	  TV	  rigidity	  region	  

e/hadrons	  rejecNon	  	  

Trigger,	  
	  ParNcle	  direcNon,	  β,	  Z2	  

Charge	  sign,	  P,	  Z2,	  E	  

β,	  Z2	  	  

Trigger,	  
E,	  	  e/hadrons	  rejecNon,	  	  
photon	  detecNon	  

Indirect	  search	  for	  
Dark	  Ma_er	  

Primordial	  
anNma_er	  	  
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~15	  hours	  data	  sample	  

0.0	  <	  |θM|<0.2	  
0.3	  <	  |θM|<0.2	  
0.4	  <	  |θM|<0.3	  
0.5	  <	  |θM|<0.4	  
0.6	  <	  |θM|<0.5	  
0.7	  <	  |θM|<0.6	  
0.8	  <	  |θM|<0.7	  
0.9	  <	  |θM|<0.8	  
1.0	  <	  |θM|<0.9	  
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Tracker	  calibra5on	  for	  the	  measurement	  of	  the	  charge	  





•  novel	  and	  compact	  Compton	  polarimeter	  devoted	  to	  study	  the	  
prompt	  emission	  of	  GRBs	  

•  Measure	  X-‐rays	  in	  the	  energy	  range	  50–500	  keV	  
•  Launch	  on	  the	  Chinese	  Spacelab	  Tian	  Gong-‐2	  in	  2014	  
•  LifeNme:	  3	  years	  

POLAR:	  a	  Gamma	  Ray	  Bursts	  Polarimeter	  	  in	  space	  

Univ.	  Geneva	   ISDC	  Geneva	   PSI	  Zurich	   IHEP	  Beijing	   NCBJ	  Warsaw	  



"  Gamma Ray bursts (GRB) are flashes of gamma rays randomly distributed in 
the sky and in time. 

"  Brightest events in the universe since Big Bang; some release more energy in 
10 seconds than what the Sun will emit in its entire 10 billion year lifetime! 

"  Traditionally divided in two categories: 
"   long: associated to the collapse of massive stars 
"   short: originate from NeutronStar- NeutronStar or  BlackHole-NeutronStar  
mergers 

"  491 GRBs in 2-year Fermi GRB catalog 

What	  are	  Gamma	  Ray	  Bursts	  ?	  

	  GRB080319B	  IllustraNon	  by	  NASA	  



GRB	  CharacterisNcs	  

Akerglow:	  

•  	  OpNcal	  /	  NIR	  	  

•  highly	  variable	  	  
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GRB afterglow observations Thomas Krühler
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Figure 1: Optical/NIR light-curve of the afterglow of GRB 070802. Five different filters from the GROND
instrument (r�z�JHKs) are shown, illustrating the achromatic nature of rise and decay. Adapted from [14].

Collapsar models. Here, the gravitational energy of a rotating black hole - accretion disk system is
converted into jets via e.g., the Blandford-Znajek mechanism, or neutrino annihilation.

2.2 The onset of the afterglow

The optical/NIR afterglow light curve is in many cases dominated by an early increase in
brightness [19]. This early rise is achromatic (see Fig. 1). Thus a movement of the characteristic
synchrotron frequency through the observed optical bands, as well as dust destruction are readily
ruled out as the origin of the initial rise [16, 21]. The observational characteristics of this afterglow
onset are a temporal rise of ∝ t

0.5−3 and a very smooth turnover to the subsequent decay (see Fig. 1).
The early rise in the optical afterglow light-curve is generally attributed to the onset of the

forward shock emission. This happens when the swept up medium efficiently decelerates the ejecta.
From the time of the light curve peak (typically at few tens to hundreds of seconds), physical
parameters of the outflow, such the deceleration radius rdec and the Lorentz-factor Γdec at rdec can
be constrained. Γdec is a very good proxy of the initial bulk Lorentz-factor Γ0 as Γ0 ∼ 2×Γdec.
The early optical afterglow hence provides a robust measurement and confirmation of the ultra-
relativistic nature of the GRB phenomenon, yielding values of 100 � Γ0 � 500, and deceleration
radii of 1016 to 1017 cm with only a weak dependence on the uncertain micro-physical parameters.

Even higher Lorentz-factors approaching or possibly exceeding Γ0 ∼ 1000 arguably exist.
Optical follow-up observations are in those cases however not rapid enough to catch the peak of
the afterglow emission at a few seconds after the initial γ-ray trigger.

2.3 Variability in optical light-curves

Among the diversities in the very early evolution of GRB afterglows are bright optical/near-
infrared flares before or superimposed onto an otherwise smoothly decaying afterglow light curve.

In some cases, early optical observations reveal a light-curve morphology that is remarkably
similar to the X-ray flares, which are detected in approximately 50% of all X-ray afterglows. The
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Presence	  of	  jets	  

Prompt	  emission:	  	  

•  duraNon	  of	  seconds/minutes	  
•  	  Energy	  spectrum	  broken	  power	  law	  from	  

keV	  to	  O(100)	  MeV,	  evolving	  in	  Nme,	  
asymmetric	  

•  High	  Efficiency	  in	  converNng	  energy	  to	  
radiaNon	  

•  PolarizaNon?	  
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Gamma-Ray polarization with IKAROS-GAP Daisuke Yonetoku

Interval-1

Interval-2

Figure 2: Left: The lightcurve of GRB 100826A.We performed time resolved polarization analyses for two
time intervals. Right: The modulation curve of each interval shown in the right panel. The gray solid lines
are the best fit model for each interval.

Interval-2 has several spikes, we combined all of them to keep photon statistics. We investigated
the polarization degrees, Π, and the polarization angle (φp) separately for Interval-1 and -2.

The observed modulation curve is shown in Fig. 2 (right). The response of GAP for irradiation
from 20.0 degree off-axis is modeled by the Monte-Carlo method with Geant 4 simulator. The
gray solid lines in Fig. 2 (right) are the best-fit functions for Interval-1 and -2. The best values
are Π1 = 25± 15 % with φp1 = 159± 18 degrees for Interval-1 and Π2 = 31± 21 % with φp2 =
75± 20 degrees for Interval-2, respectively. Hereafter the quoted errors are 1 σ confidence for
two parameters of interest. The significance of polarization detection is rather low of 95.4 % and
89.0 % for Interval-1 and -2, while the difference of polarization angles is significant with 99.9 %
(3.5 σ ) level.

In the next step, we performed a combined fit for the two intervals, assuming that the po-
larization degree for Interval-2 is the same as that for Interval-1. This means that we treat Π as
one free parameter to improve the statistics with the reduction of model parameters. Here the two
polarization angles were still free parameters for both intervals, because the change of angle is ap-
parent. The best-fit polarization degree isΠ = 27±11 % with χ2 = 21.8 for 19 degrees of freedom.
The significance of detection of polarization is 99.4 % (2.9 σ) confidence level. These results are
summarized in [16].

We also detected the significant polarization from GRB 110301A and GRB 110721A, whose
time durations are much shorter than the one of GRB 100826A. We analyzed these two data, and
detected the polarization degree of Π = 70+ /− 22 % for GRB110301A, and Π = 84+16−28 % for
GRB110721A. The confidence level is 3.7 σ and 3.3 σ , respectively. We performed time resolved
polarization analyses for each data. However the polarization angle did not change during the
prompt emission within the error of 11 degrees.

4

To	  discriminate	  among	  models	  	  describing	  	  GRB	  prompt	  emission	  	  
need	  to	  measure	  the	  polarizaNon	  be_er	  than	  10%	  



The	  POLAR	  detector	  

•  Compton	  polarimeter	  
•  Measure	  X-‐rays	  in	  the	  energy	  range	  50–500	  keV	  
•  Space-‐based	  (atmosphere	  opaque	  for	  X-‐rays)	  
•  Compact:	  30kg	  
•  Wide	  field	  of	  view:	  ~1/3	  full	  sky	  
•  During	  transients,	  flux	  is	  up	  to	  tens	  of	  photons	  cm-‐2	  s-‐1:	  rate	  >10kHz	  

64	  bars	  in	  a	  8x8	  
configuraNon	  consNtute	  
one	  modular	  unit	  

5x5	  modular	  
units	  

Hamamatsu	  	  
H8500	  MAPMT	  	  

8x8	  BC400,	  Saint-‐Gobain	  bars	  

FEE	  
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Photon	  polarizaNon	  measurement	  in	  POLAR	  

Peak	  amplitude	  

Mean	  value	  

Mod.	  angle	  

Photons	  tend	  to	  Compton	  sca_er	  at	  right	  angles	  to	  the	  incident	  polarizaNon	  direcNon	  

Hard	  X-‐ray	  photons	  arriving	  from	  a	  GRB	  have	  a	  80%	  probability	  of	  
experiencing	  Compton	  sca_ering	  in	  the	  target,	  generaNng	  a	  signal	  in	  
more	  than	  one	  channel	  

The	  posiNon	  of	  the	  two	  bars	  with	  the	  highest	  energy	  deposiNons	  is	  related	  to	  
the	  azimuthal	  Compton-‐sca_ering	  angle	  of	  the	  incoming	  photon.	  

If	  the	  γ-‐ray	  emission	  from	  the	  GRB	  was	  not	  polarized,	  the	  modulaNon	  
curve,	  i.e.	  the	  azimuthal	  distribuNon	  of	  the	  ensemble	  of	  events,	  is	  flat.	  
Otherwise	  it	  follows	  a	  sinusoidal	  curve	  whose	  amplitude	  is	  the	  so-‐called	  
modulaNon	  factor,	  and	  whose	  phase-‐shik	  indicates	  the	  angle	  of	  linear	  
polarizaNon	  of	  the	  GRB	  photons	  



Status	  of	  POLAR	  
•  Two	  copies	  of	  flight	  model	  already	  built:	  

–  QM1	  fully	  assembled,	  now	  under	  test	  in	  China	  
–  QM2	  fully	  assembled,	  tested	  in	  ESRF	  (France)	  3-‐11	  Dec	  2012	  :	  

assess	  the	  polarimetric	  capabiliNes	  of	  POLAR	  and	  validate	  MC	  simulaNons	  

•  Space	  qualificaNon	  tests	  of	  QM2	  in	  early	  2013	  



DAMPE:	  DArk	  Ma`er	  Par5cle	  Explorer	  

•  High	  energy	  par5cle	  detec5on	  in	  space	  

–  Search	  for	  Dark	  Ma_er	  signatures	  

–  Study	  cosmic	  ray	  spectrum	  and	  composiNon	  
–  High	  energy	  gamma	  astronomy	  

•  Combined	  features	  of	  Fermi/LAT	  and	  AMS-‐02	  

–  Extend	  the	  energy	  reach	  and	  be_er	  resoluNon	  

DPNC:	  X.	  Wu,	  M.	  Pohl,	  F.	  Cadoux,	  D.	  La	  Marra	  



Dark	  Ma`er	  Par5cle	  Explorer	  Satellite	  
•  One	  of	  the	  5	  satellite	  missions	  of	  the	  “Strategic	  Priority	  Research	  Program	  in	  

Space	  Science”	  of	  Chinese	  Academy	  of	  Sciences	  

–  Approved	  for	  construcNon	  in	  Dec.	  2011,	  launch	  date	  “late	  2015”	  

•  AlNtude	  500	  km	  

•  InclinaNon	  97.4065°	  	  

•  Period	  90	  minutes	  

•  Dawn/dusk	  (6:30	  AM)	  
sun-‐synchronous	  orbit	  

•  Satellite	  <	  1900	  kg	  

•  Power	  consumpNon	  840W	  

•  LifeNme	  >	  3	  years	  

•  Launched	  by	  CZ-‐2D	  rockets	  	  

–  Purple	  Mountain	  Observatory,	  University	  of	  Science	  and	  Technology	  of	  China,	  
InsNtute	  of	  Modern	  Physics,	  InsNtute	  of	  High	  Energy	  Physics,	  Chinese	  NaNonal	  
Space	  Science	  Center,	  DPNC,	  (Perugia)	  	  



Sketch	  of	  DAMPE	  Payload	  

•  ScinNllator	  strips,	  Silicon	  tracker,	  BGO	  calorimeter,	  neutron	  detector	  

•  Combine	  a	  γ-‐ray	  space	  telescope	  with	  a	  deep	  imaging	  calorimeter	  

–  Silicon	  tracker/converter	  +	  BGO	  imaging	  calorimeter	  

–  Total	  ~35	  X0	  →	  deepest	  calorimeter	  in	  space	  
•  DPNC	  in	  charge	  of	  the	  Silicon	  Tracker	  and	  the	  test	  beam	  coordina5on	  



DAMPE	  Tracker	  Layout	  

•  4	  tungsten	  layers,	  total	  67	  kg	  of	  W,	  total	  weight	  ~85kg	  

–  thickness	  	  2x1	  mm	  +	  2x2	  mm	  =	  1.71	  X0	  

•  A	  tracking	  plane	  is	  made	  of	  2x8	  ladders	  head	  to	  head	  

–  7	  m2	  of	  total	  silicon	  surface,	  74k	  analog	  readout	  channels	  
•  Achieve	  40	  μm	  posi5on	  resolu5on	  	  

s	  =	  2	  

h	  =	  207.5	  

W	  

Tray	  

Si	  X-‐view	  

Si	  Y-‐view	  t3	  =	  32.5	  

t2	  =	  31.5	  

t1	  =	  16	  

t4	  =	  33.5	  

L	  =	  760	  



The	  DAMPE	  Si	  Tracker	  	  	  

~40-‐100	  μm	  posiNon	  resoluNon	  

~80x80	  cm2	  	  

•  Great	  improvement	  of	  science	  capability	  of	  the	  payload	  	  

–  Superior	  γ-ray	  idenNficaNon	  and	  efficiency,	  be_er	  poinNng	  precision	  	  

–  Excellent	  ion	  charge	  measurement	  (Analog	  readout)	  

–  Integrate	  Tungsten	  plates	  into	  a	  tracker	  with	  Si	  strip	  detectors	  
–  Successfully	  used	  in	  AGILE	  and	  Fermi/LAT	  

•  Fits	  well	  with	  experience	  and	  technical	  exper5se	  of	  DPNC	  

•  A	  prototype	  tray	  (from	  AGILE,	  4	  
Nmes	  smaller)	  	  



DAMPE	  Tracker	  Components	  and	  Assembly	  	  	  
•  Silicon	  sensor	  (Hamamatsu)	  	  

–  use	  AGILE	  specificaNon,	  available	  	  
•  FE	  ASIC	  (Gamma	  Medica-‐Ideas)	  

–  use	  updated	  version	  of	  the	  AMS	  ASICs,	  available	  
•  Readout	  electronics	  	  

–  Updated	  of	  the	  AMS	  readout	  electronics	  

•  designed	  by	  DPNC	  

•  Mechanics:	  silicon	  ladder,	  support	  tray	  and	  tracker	  assembly	  (DPNC,	  Perugia)	  	  	  



DAMPE	  Silicon	  Tracker	  Status	  	  	  
•  Chinese	  Academy	  of	  Science	  	  has	  agreed	  to	  fully	  finance	  the	  project	  

–  In	  final	  stage	  of	  discussion	  of	  funding	  agreement	  	  	  

•  Planning:	  two	  stages	  of	  about	  1	  year	  each	  

–  CalibraNon	  Module	  (CM)	  stage:	   	  2013	  
–  Flight	  Module	  (FM)	  stage: 	   	  2014	  

•  Development	  and	  construcNon	  will	  be	  mainly	  done	  at	  DPNC	  and	  Perugia	  with	  
manpower	  financed	  by	  CAS	  	  

–  Suitable	  tasks	  will	  be	  subcontracted	  to	  industry	  	  	  
•  Preparing	  for	  science	  to	  reflect	  important	  construcNon	  responsibiliNes	  of	  

DPNC	  and	  close	  proximiNes	  with	  AMS-‐02,	  POLAR	  and	  ISDC	  	  

–  SimulaNon	  of	  the	  response	  of	  DAMPE	  to	  electron,	  photon	  and	  nuclei	  
–  CollaboraNon	  with	  the	  AMS-‐02	  team	  at	  DPNC	  to	  study	  chemical	  

composiNon	  of	  cosmic	  rays	  

–  Analysis	  of	  FERMI	  public	  data	  to	  prepare	  for	  the	  analysis	  of	  high	  energy	  γ	  



Future	  project:	  HERD	  

•  HERD:	  High	  Energy	  cosmic	  RadiaNon	  DetecNon	  facility	  	  	  	  

–  On	  board	  of	  the	  Chinese	  Space	  StaNon	  (~2020)	  

–  Bigger	  geometrical	  acceptance,	  be_er	  energy	  resoluNons	  to	  very	  high	  
energy	  cosmic	  rays	  (“knee	  region”	  ~1	  PeV)	  

–  Pushing	  the	  boundary	  on	  DM	  search,	  γ-‐ray	  astronomy	  and	  cosmic	  rays	  

•  Mission	  concept	  selected	  as	  one	  of	  very	  few	  at	  facility	  scale	  	  	  

•  DPNC	  proposed	  a	  Si	  shower	  tracker	  

•  1st	  InternaNonal	  Workshop	  (Pohl	  in	  Program	  Commi_ee)	  in	  Oct.,	  2012,	  Beijing	  

–  DPNC	  (Pohl)	  assigned	  as	  convener	  for	  charge	  measurement	  and	  tracking	  

•  With	  POLAR,	  DAMPE	  and	  HERD,	  DPNC	  is	  becoming	  a	  very	  acNve	  partner	  of	  the	  
fast	  growing	  Chinese	  Space	  Science	  program	  


