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• ‘A Particle Physics Detector in Space’ 



Launch of Fermi 
Gamma-ray Space 

Telescope (June 2008)! 

Credit:NASA
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Motivation: Sensitivity of current and previous instruments
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Sub-­‐GeV	
  Gamma	
  Ray	
  Detection	
  	
  
• The	
  science	
  case	
  for	
  high	
  resolution	
  (≲	
  1°)	
  gamma-­‐ray	
  space	
  telescope	
  around	
  100	
  MeV	
  
is	
  very	
  compelling	
  

– But	
  it	
  has	
  yet	
  to	
  be	
  realized,	
  best	
  instrument	
  up	
  to	
  now	
  is	
  FERMI	
  	
  

PSF	
  3°-­‐8°	
  @100	
  MeV	
  after	
  latest	
  software	
  (Pass	
  8)	
  improvement	
  

How	
  to	
  improve?	
  	
  



Gamma-­‐ray	
  detection	
  principle
• At	
  ~100	
  MeV,	
  pair	
  production	
  dominates	
  

– Very	
  small	
  cross	
  section	
  ⟹	
  need	
  more	
  
material	
  for	
  good	
  acceptance	
  

– Material	
  is	
  the	
  limiting	
  factor	
  of	
  angular	
  
resolution	
  because	
  of	
  important	
  multiple	
  
scattering	
  at	
  ~MeV

10	
  MeV	
  –	
  1	
  GeV

100	
  MeV



What	
  can	
  we	
  learn?

	
   1.	
  Galactic	
  and	
  extragalactic	
  cosmic	
  rays 

	
   2.	
  Particle	
  acceleration	
  in	
  compact	
  objects	
    

	
   3	
  Cosmology	
  and	
  fundamental	
  physics	
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The	
  sub-­‐GeV	
  sky	
  is	
  rich!
Galactic / extragalactic 

Diffuse emission

Still missing on the list: 
      • Dwarf spheroidals (?) 

          • Clusters of galaxies (?)))

Microquasars
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PANGU	
  	
  
盤古

The first living being and the creator of the Universe 
from chaos in Chinese mythology.

Formless chaos

 Cosmic egg

Yin and Yang

Pangu

coalesced

balanced

woke up

http://en.wikipedia.org/wiki/Chinese_mythology
http://en.wikipedia.org/wiki/World_egg
http://en.wikipedia.org/wiki/Yin_and_Yang


13
X.	
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  Chang

What	
  does	
  PANGU	
  mean	
  to	
  me?	
  

PAir	
  productioN	
  Gamma-­‐ray	
  Unit 

PANoramic	
  Gamma-­‐ray	
  Unit 

Polarized	
  ANd	
  Gamma-­‐ray	
  Universe 

Wu	
  et.	
  al,	
  arXiv:1407.0710

Big	
  
Bang?	
  



Response to the joint call for a space mission from ESA and CAS

It’s the first time ESA works with another space agency on a joint mission



• Sub-­‐GeV	
  γ-­‐ray	
  telescope	
  with	
  unprecedented	
  angular	
  resolution	
  
– Energy	
  range	
  of	
  10	
  MeV	
  –	
  1	
  GeV	
  with	
  ≲	
  1°	
  point	
  spread	
  function	
  at	
  100	
  MeV	
  	
  
– With	
  polarization	
  measurement	
  capability	
  

• Wide	
  range	
  of	
  topics	
  of	
  galactic	
  and	
  extragalactic	
  astronomy	
  and	
  
fundamental	
  physics	
  

– Complementary	
  to	
  the	
  world-­‐wide	
  drive	
  for	
  a	
  next	
  generation	
  Compton	
  
telescope	
  (0.1-­‐100	
  MeV)	
  

• Innovative	
  payload	
  concept	
  for	
  a	
  small	
  mission

Overview
PANGU:	
  PAir-­‐productioN	
  Gamma-­‐ray	
  Unit

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



PANGU	
  Collaboration
– 	
  More	
  than	
  45	
  colleagues	
  from	
  19	
  different	
  institutes/
universities	
  

–	
  More	
  than	
  30	
  colleagues	
  from	
  Switzerland,	
  Italy,	
  Sweden,	
  
Germany,	
  France,	
  Ireland,	
  Netherlands,	
  Poland,	
  Spain)	
  

Strong support from both sides

SPIE	
  proceeding	
  of	
  PANGU:	
  
Xin	
  Wu	
  	
  et.	
  al,	
  	
  

arXiv:1407.0710	
  [astro-­‐ph.IM]	
  	
  



X-Y silicon strip 
detectors

Tungsten layers 

Converted electron/positron pair 
carries information about the 
direction, energy and polarization 
of the gamma-ray photon

Incident gamma photon

Converted electron  
and positron pair

Detection principle: 
How Fermi-LAT detects gamma-ray photons

reconstructed direction



X-Y silicon strip 
detectors

No Tungsten layers 
reconstructed direction

Detection principle: 
How PANGU detects gamma-ray photons

Converted electron  
and positron pair

Incident gamma photon



Detection principle: 
How PANGU detects gamma-ray photons

Thin X-Y silicon 
strip detectors

Incident gamma photon

Converted electron  
and positron pair

reconstructed direction

50
 la

ye
rs



50
 la

ye
rs

Detection principle: 
How PANGU detects gamma-ray photons

Thin X-Y silicon 
strip detectors



4,300 kg

30 MeV 300 MeV 3 GeV 30 GeV 300 GeV

<300 kg (60 kg payload)

30 MeV 300 MeV 3 GeV 30 GeV 300 GeV

PANGU v.s. Fermi



5 degrees

Fermi’s resolution at 100 MeV



  <1 degree

PANGU’s resolution at 100 MeV



Comparing PANGU with Fermi

100 － 400 MeV 800 － 2000 MeV

？

X

PANGU:

Fermi:

10 － 100 MeV



Ranked after a space science mission

)



Supernovae	
  Remnants	
  and	
  Particle	
  Acceleration	
  

Science 2013, 339, 807

Science's	
  Top	
  10	
  Breakthroughs	
  of	
  2013!
• PANGU	
  will	
  distinguish	
  
two	
  scenarios	
  without	
  
ambiguity	
  

• PANGU	
  will	
  detect	
  
more	
  supernova	
  
remnants	
  with	
  ~5	
  
times	
  better	
  PSF!

W44 
Fermi

SNR 

	
  	
  PANGU

Hadronic	
  v.s.	
  leptonic	
  	
  

Big	
  systema-cs!



The	
  “GeV”	
  excess

Daylan et al. (2014)

Zhou et al. (2014)



Best fit spectrum

A ~35 GeV dark matter particle annihilating to bbar
Daylan et al. (2014)



Sub-GeV is the key!

Daylan et al. (2014)



LAT	
  1	
  day	
  all	
  sky	
  data	
  >100	
  MeV

Gamma-­‐ray	
  Emission	
  from	
  Solar	
  Flares

Bad	
  PSF,	
  cannot	
  resolve	
  the	
  Sun	
  ➠	
  no	
  
informa-on	
  on	
  par-cle	
  accelera-on	
  cite

• 1000	
  -me	
  the	
  flux	
  of	
  the	
  steady	
  Sun	
  

• 100	
  -mes	
  the	
  flux	
  of	
  Vela	
  

• 50	
  -mes	
  the	
  Crab	
  flare	
  

• High	
  energy	
  emission	
  (>100	
  MeV,	
  up	
  to	
  4	
  GeV)	
  
lasts	
  for	
  ~20	
  hours	
  

• Sooening	
  of	
  the	
  spectrum	
  with	
  -me

Bright	
  solar	
  flares	
  have	
  been	
  detected	
  by	
  Fermi

PANGU	
  can	
  
resolve	
  the	
  
flare	
  in	
  γ-­‐ray!



Polarizaation	
  Measurement

• Azimuthal	
  angle	
  distribution	
  in	
  the	
  plane	
  perpendicular	
  to	
  the	
  γ	
  direction	
  

– Pγ:	
  degree	
  of	
  polarization;	
  φpol:	
  polarization	
  direction	
  

– A:	
  Analyzing	
  power,	
  ~0.2	
  for	
  pair	
  production	
  but	
  kinematic	
  dependent

dσ dϕ = 2πσ 0 1+Pγ ⋅A⋅ cos(2ϕ − 2ϕ pol )( )

• Keys	
  to	
  the	
  measurement	
  
– Azimuthal	
  angular	
  resolution	
  

• transverse	
  track	
  length	
  and	
  multiple	
  scattering	
  
– Intrinsic	
  modulation	
  of	
  the	
  detector!



Blazars	
  and	
  Origin	
  of	
  the	
  UHECRs

Standard	
  hypothesis:	
  shocks	
  in	
  hadronic	
  
jets	
  of	
  Active	
  Galactic	
  Nuclei

Assume	
  fully	
  ordered	
  magnetic	
  field,	
  measurable	
  in	
  the	
  near	
  IR

• Jet	
  spectra	
  can	
  be	
  reproduced	
  by	
  leptonic	
  or	
  
hadronic	
  models	
  

– Only	
  hadronic	
  models	
  predict	
  neutrinos	
  and	
  
high	
  polarization	
  in	
  sub	
  GeV	
  range.

➠ PANGU	
  observations	
  of	
  blazars	
  flares	
  

32

Zhang & Böttcher, 2013





Point	
  Spread	
  Func-on

CAS-­‐ESA	
  workshop,	
  25-­‐26/02/14



Effective	
  area	
  and	
  acceptance



Energy	
  resolution



SensiGvity	
  comparison	
  of	
  PANGU	
  and	
  Fermi
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ObservaGon	
  mode	
  of	
  PANGU

38



Comparison	
  with	
  DAMPE	
  and	
  Fermi
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PANGU DAMPE Fermi-LAT 
γ����(GeV) 0.01-10 5 – 104 0.1 - 1000 
γ �	�� (%) 40@0.1GeV 1.5 @100 GeV 10@100GeV 
γ ��� (deg) 1.0@0.1GeV 0.2 @10 GeV 3.0@0.1GeV  

�	 300 kg 1900 kg 
300 kg 
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Conclusions	
  

• PANGU	
  is	
  an	
  unique	
  and	
  timely	
  opportunity	
  for	
  high	
  energy	
  
astrophysics.	
  It	
  will	
  resolve	
  and	
  monitoring	
  the	
  sub-­‐GeV	
  sky	
  
with	
  unprecedented	
  spatial	
  resolution,	
  separating	
  diffuse	
  
gamma-­‐ray	
  emission	
  from	
  point	
  sources	
  	
  	
  	
  
– PANGU	
  science	
  is	
  not	
  “incremental	
  science”,	
  it	
  will	
  lead	
  to	
  
fundamental	
  discoveries	
  and	
  understanding.	
  	
  

• PANGU	
  is	
  synergic	
  with	
  DAMPE,	
  HERD,	
  CTA,	
  Gamma-­‐400,	
  
LHAASO	
  and	
  other	
  ground-­‐based	
  and	
  space	
  detectors	
  (e.g.,	
  
radio,	
  optical,	
  X-­‐ray,	
  TeV,	
  gravitational	
  wave	
  experiments)	
  

• Payload	
  concept	
  is	
  innovative	
  but	
  the	
  technology	
  is	
  ready	
  	
  
– TRL6-­‐7	
  for	
  silicon	
  tracker



Thank	
  You!	
  

X.	
  Wu/J.	
  Chang

Welcome	
  to	
  join!	
  	
  
Xin	
  Wu


