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Satellite	
  
(instrument)	
   Sensi/vity	
  

INTEGRAL	
  
(ISGRI)	
  

~0.5	
  mCrab	
  	
  
(20-­‐100	
  keV)	
  with	
  >Ms	
  

exposures	
  	
  

SwiU	
  	
  
(BAT)	
  

~0.8	
  mCrab	
  
(15-­‐150	
  keV)	
  with	
  >Ms	
  

exposures	
  

NuSTAR	
   1	
  μCrab	
  
(10-­‐40	
  keV)	
  in	
  1	
  Ms	
  

NuSTAR	
  two-­‐telescope	
  total	
  collecBng	
  
area	
  

SensiBvity	
  comparison	
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Sensi+vity	
  
X-­‐ray	
  spectra	
  of	
  a	
  bright	
  AGN	
  (MCG-­‐6-­‐30-­‐15)	
  taken	
  with	
  
NuSTAR	
  and	
  Suzaku	
  (~same	
  flux	
  level)	
  

Marinucci	
  et	
  al.	
  2014	
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NuSTAR	
  E>	
  10	
  keV	
  

Previous	
  high-­‐energy	
  X-­‐
ray	
  view	
  of	
  the	
  heart	
  of	
  
the	
  Milky	
  Way	
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ITALIAN	
  
CONTRIBUTIONS:	
  
	
  
-­‐  Malindi	
  sta+on	
  

-­‐  Calibra+on	
  
(ASDC)	
  

-­‐  Strong	
  presence	
  
in	
  science	
  
groups	
  

NuSTAR	
  is	
  a	
  NASA	
  small	
  mission,	
  approved	
  for	
  2	
  (2.5)	
  
years.	
  Hopefully	
  extended	
  for	
  2	
  more	
  years	
  à	
  GO	
  	
  	
  



A	
  New	
  Magnetar	
  –	
  SGR	
  J1745-­‐29	
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P=	
  (6.	
  5	
  ±	
  	
  1.	
  4)	
  X	
  	
  10−12	
  
E=5	
  X	
  1033	
  erg	
  s-­‐1	
  
B=1.6	
  x	
  1014	
  G	
  
	
  

	
  
Associated	
  with	
  disk	
  of	
  high-­‐
mass	
  stars	
  near	
  Sgr	
  A*?	
  
Progenitor	
  ~40	
  Msun	
  
Sadly	
  –	
  not	
  a	
  stable	
  pulsator	
  
(Kaspi	
  et	
  al	
  ApJ	
  2013)	
  
	
  
	
  
	
  
	
  

Mori	
  et	
  al	
  2013	
  

Mori	
  et	
  al	
  ApJL	
  2013	
  



Observational Tracers of the G.M.F.

Faraday Rotation of Pulsars (and Extragalactic Sources)
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a source in or behind the northern arm are RM < 2 3 107 rad m22 (for
an ordered magnetic field) and DM < 104 pc cm23. The measured DM
and RM values therefore place the pulsar and the screen in front of the
northern arm26.

Consequently, the Faraday screen must be associated with the hot gas
component, for which no magnetic field estimates yet exist. The density
in the hot gas shows a radial fall-off as a function of r. At 0.4 pc (100) we
find that n < 26 cm23, whereas at 0.06 pc (1.50) it can be inferred that
n=160 cm{3, using the optically thin thermal plasma model3. Farther
away, on the 40-pc scale28 (179), the density has decreased to 0.1–
0.5 cm23 and we can roughly describe the density within the central
parsecs with a profile of the form n rð Þ<26 cm{3 r=0:4 pcð Þ{1. The
contribution of this hot gas component to DM is of order 102 cm23 pc.
This is consistent with the modest increase in DM with respect to the
hitherto closest known pulsars to the Galactic Centre.

For a simple one-zone Faraday screen, where RM / B(r)n(r)r, we
have RM 5 8.1 3 105B(r)n(r)r rad m22, where B(r) is in units of Gauss,
n(r) is expressed in units of cm23 and r is expressed in parsecs. Using
the density prescription above with an r21 scaling, we find that
B> 8 RM= 66,960 m{2ð Þ½ $ n0= 26 cm{3ð Þ½ ${1mG. This is a lower limit,
because possible turbulent field components or field reversals reduce
RM. We note again that this RM value is indeed dominated by the
smallest distance scale, that is, by the gas on scales of the de-projected
distance, r . 0.12 pc, of the pulsar from Sgr A*.

This B value is higher than the magnetic field in the northern arm
and is also higher than the equipartition field in the hot phase at this
scale. To bring thermal and magnetic energy into equipartition, the gas
density at r < 0.12 pc would need to increase by a factor of three, to
260 cm23, yielding B < 2.6 mG. If there were many field reversals
within the Faraday screen, the magnetic field would be driven to values
much greater than the equipartition field, suggesting that a relatively
ordered magnetic field is pervading the hot gas close to the super-
massive black hole.

Because Sgr A* accretes from this magnetized hot phase, density
and magnetic field will further increase at smaller radii. Emission
models of Sgr A* require magnetic fields of about 30–100 G to explain
the synchrotron radiation from near the event horizon6–8. Hence, if
the gas falls from 3 3 105 Schwarzschild radii (0.12 pc) down to a few
Schwarzschild radii, a simple B / r21 scaling would be enough to
provide a magnetic field of several hundred gauss. This is well within
the range of most accretion models, where equipartition between mag-
netic, kinetic and gravitational energy in the accreting gas is assumed14,29.

The field at large radius in the accretion flow onto Sgr A* is therefore
sufficient to provide the necessary field at small radius, via simple
accretion. Moreover, the availability of ordered magnetic fields would
make the proposed formation of a jet-like outflow in Sgr A*30 viable.
Super-equipartition magnetic fields could also suppress accretion and
help to explain the low accretion rate of Sgr A*.

At its projected distance, PSR J1745–2900 could move (owing to
orbital motion) through the hot gas surrounding Sgr A* at several
milliarcseconds per year and reveal RM variations as well as proper
motion. Continued pulsar polarimetry and very-long-baseline inter-
ferometry astrometry can readily measure these effects. Also, given that
magnetars constitute only a small fraction of the pulsar population and
the excess DM towards the Galactic Centre is not too large, we expect
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Figure 2 | Pulse profile of PSR J1745–2900 at 8.35 GHz. After correcting for
the Faraday rotation of (26.696 6 0.005) 3 104 rad m22, we can measure the
intrinsic polarization across the pulse profile, together with the polarization
position angle (PA). The degree of linear polarization (red dashed line) is nearly
100%, and a significant amount (,15%) of circular polarization (blue dotted line)
is also detected. A consistent ‘S’-shaped PA swing is measured at each frequency.
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Figure 1 | Average pulse profiles of PSR J1745–2900 at each of the radio
frequencies where detections have been made. All observations have been
centred on the X-ray position measured with NASA’s Chandra X-ray
Observatory19. The telescope used, the total observation time required to generate
the profile and the average flux density are indicated in brackets after the
frequency label. In each case, the profile has been down-sampled from the original
sampling interval to 256 phase bins (64 for the Jodrell Bank data), and the peak
flux density has been normalized to unity. The profiles have been aligned on the
peak of the main pulse detected. By measuring accurate pulse arrival times, we
have constructed a coherent timing solution, that is, a model that tracks every
single rotation of the pulsar. Between modified Julian dates 56414 and 56426, this
model has given a value for the spin period of P 5 3.76354676(2) s and a value
for the time derivative of the period (spin-down) of _P~6:82 3ð Þ|10{12;
uncertainties in the last digit, given in brackets, are derived from the 1s error of
the timing model fit. Absolute timing from 1.5 to 8.35 GHz has established that
the main pulse in each profile is indeed aligned at each frequency.
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Near	
  event	
  horizon	
  B~30	
  –	
  100	
  G	
  
At	
  D~0.12	
  pc	
  (~105Rs	
  in	
  hot	
  gas	
  component),	
  ordered	
  B-­‐field	
  >	
  8	
  mG	
  

	
  makes	
  (proposed)	
  jet	
  forma+on	
  viable	
  
could	
  lead	
  to	
  super	
  equipar+on	
  fields	
  closer	
  in	
  -­‐>	
  radia+vely	
  
inefficient	
  flow	
  	
  



Cassiopeia	
  A	
  

10	
  

Iron	
   Silicon/Magnesium	
  



Radioac+ve	
  44Ti	
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Cas	
  A	
  in	
  Radioac+vity	
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GrefensteTe,	
  FH	
  et	
  al	
  Nature	
  in	
  press	
  

Green	
  –	
  Si/Mg	
  
Red	
  –	
  Fe	
  
Blue	
  –	
  44Ti	
  



AGN	
  Physics:	
  	
  
Measuring	
  BH	
  
spins,	
  high-­‐E	
  
cutoffs,	
  ouplows	
  

Obscured	
  &	
  weak	
  
AGN:	
  	
  
Intrinsic	
  emission	
  of	
  
BALs,	
  structure	
  of	
  the	
  
circumnuclear	
  absorber	
  
of	
  C-­‐thick	
  AGN	
  

Ac+ve	
  Galac+c	
  Nuclei	
  	
  



Measuring	
  Black	
  Hole	
  spins	
  



Measuring	
  Black	
  Hole	
  spins	
  



The	
  case	
  of	
  NGC	
  1365:	
  Fit	
  to	
  XMM	
  data	
  alone	
  



Fit	
  adding	
  NuSTAR	
  data	
  

Risali+	
  et	
  al.	
  2013	
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Walton,	
  et	
  al.	
  2014,	
  MNRAS,	
  accepted	
  (arXiv	
  1404.5620)	
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Measuring	
  the	
  Coronal	
  Proper/es	
  of	
  IC	
  4329A	
  

Brenneman	
  et	
  al.	
  2014	
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Obscured	
  AGN	
  and	
  intrinsically	
  	
  X-­‐ray	
  weak	
  AGN	
  

Intrinsic	
  X-­‐ray	
  
weak	
  emission	
  
in	
  the	
  ULIRG-­‐
Quasar-­‐BAL	
  
Mrk	
  231	
  
	
  
Teng	
  et	
  al.	
  2013	
  	
  



22	
  

Obscured	
  AGN	
  and	
  intrinsically	
  	
  X-­‐ray	
  weak	
  AGN	
  

A	
  low	
  covering	
  
factor	
  “ring”	
  around	
  
the	
  C-­‐thick	
  AGN	
  in	
  
NGC	
  4945	
  
	
  
PucceR	
  et	
  al.	
  2014,	
  subm.	
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  &	
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-­‐  NuSTAR	
  is	
  performing	
  perfectly	
  
	
  	
  	
  	
  	
  Stable,	
  well	
  calibrated,	
  easy	
  to	
  manage	
  (TOOs,	
  	
  
	
  	
  	
  	
  	
  coordinated	
  observa+ons,	
  etc…	
  
	
  
-­‐  Exci/ng	
  Scien/fic	
  results	
  &	
  new	
  discoveries	
  
	
  	
  	
  	
  	
  ~50	
  scien+fic	
  papers,	
  big	
  impact	
  
	
  
-­‐  NASA	
  approval	
  for	
  two-­‐year	
  extension	
  expected	
  

any	
  moment	
  (cross	
  fingers…)	
  
	
  
-­‐  	
  If	
  extended,	
  GO	
  program	
  for	
  2015-­‐2016	
  


