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. XMM-Newton: the most powertul
X-ray satellite to date
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Its high quality focusing mirrors (HEW™~13”) and battery of
instruments enable it to achieve the following:

* Broad band imaging spectroscopy from 0.15 to 15 keV
(0.8-80A)

* Investigate spectra of cosmic X-ray sources with a
limiting flux of 10> erg cm™s

* | Perform sensitive medium-resolution spectroscopy with
resolving powers between 150 and 800 over the
wavelength band 5 - 35 A (0.35 - 2.5 keV)

* Simultaneous sensitive coverage of the wavelength
band 1700 to 6500 A through a dedicated co-aligned
optical monitor
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~ @ Chandra: the best X-ray imaging ..
Rl satellite to date )

Chandra is sensitive essentially in the same energy
band (0.2-10 keV) than XMM-Newton, with similar

energy resolution (using CCD and grating), but:

* Much better imaging capabilities (0.5 arcsec
resolution)

* Less effective area

Lo Nebuia (Chardra)



Nustar: the first hard-X- reg o
imaging satellite (3-80 keV) ’

Nustar is sensitive in the energy band 3-80 keV
with medium spectral resolution capabilities and
an imaging capability with a spatial resolution of
~1 arcmin and energy resolution AE/E=0.5

Sensitivity (6-10 keV)2x10-%> ergcm=2 57!
Sensitivity (10-30 keVy1x10'*erg cm=2 s}

Walton et al. 2014
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3 instruments, each with:
lightcurve, images, spectra

Rapid slewing spacecraft

Instruments energy band pos. accuracy effective area
BAT (2 sr): 15-300 keV, 2 arcmin,
XRT: 0.3-10 keV, 2 arcsec,
UVOT: 170-600 nm, <1 arcsec,

BAT Position - 2 arcmin

T7<10 sec

5000 cm?
120 cm?
30 cm mirror
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U_VOT Position - < 1 arcsec

XRT 5 arcsec




46%

Gamma Ray Bursts
>1000 GRB (10% short), most with arcsec positions
Hard X-ray prompt detection

Multiwavelength rapid (100 s) follow-up

Non-GRBs

— >3350 transients detected by BAT

— >6000 Target of Opportunities

— Multiwavelength rapid (1 hr) response

— Joint observations with NuSTAR, Fermi, PTF,

— ASASSN, Kepler, WISE, LCOGT, Pan-STARRS

— Surveys with all instrument
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XMM-Newton, Chandra,
Swift-XRT, Nustar

Effective area comparison
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ASTROSAT

e UVIT 2 UV telescopes (38 cm, 130-550 nm)

* SXT Soft X Telescope (0.3-10 keV, ~100 cm? at 1.5 keV)
e LAXPC Large prop. Counter (3-80 keV, ~6000 cm?)

* CZTI detector (10-100 keV, ~ 1000 cm?)

* SSM All-sky monitor (2-10 keV, 10deg X 90deg, 24 mCrab 10 min)
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The main scientific objectives of HXMT are: scan the
Galactic Plane to monitor transient sources, to
study the dynamics and emission mechanism in
strong gravitational or magnetic fields, to find and
study GRBs

Three payloads:
high energy X-ray telescope (20-250 keV, 5100 cm?)

medium energy X-ray telescope (5-30 keV, 952 cm?)
low energy X-ray telescope (1-15 keV, 384 cm?)

MAXI: monitoring X-ray transient in the 2-20 keV band from the space station

NICER: Neutron star Interior Composition Explorer, will provide high-precision
measurements of neutron stars in the 0.2-12 keV band
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Spectrum-X-Gamma - eROSITA -

To be launched in 2018 -
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* 4 years all sky survey =>~3 million objects

e ~3.5years of pointing observation
eROSITA
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i Energy range: 0.3-10 keV
B . . .
. Field of view:  1° diameter
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» Anti-Sun pointing and lower trigger
energy range than Swift/BAT

»>ECLAIRS (4-300keV)

» GRM (50keV-5MeV)

> VT (400-650nm + 650-950nm)
» MXT (0.3-7keV)

» Find nearby X-ray bright, low L. GRBs
(SN and GW connection) and high-z
GRBs

SVOM Satellite

To be launched in 20217 ey gy ©

VT
ECLAIRS MXT

GRM

Gamma Ray Monitor



Polarisation
sensitivity

Spurious polarization

Number of
Telescopes

Angular resolution
Field of View

Focal Length

Total Shell length
Range Shell Diameter
Range of thickness

Effective area at 3
keV

Spectral resolution

Timing

Operational phase
Energy range
Background (req)
Sky coverage, Orbit
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To be launched in 20217

1.8 % MDP for 2x101° erg/s
cm? (10 mCrab)
in 300 ks (CBE)

<0.3 %
3

28" (CBE)

12.9x12.9 arcmin?

4 meters

600 mm

24 shells, 272-162 mm
0.16-0.26 mm

854 cm? (three telescopes)

16% @ 5.9 keV (point
source)

Resolution <8 us

Accuracy 150 ps

2 yr + extension (max 1 yr)
2-8 keV

5x1073 c¢/s/cm2/keV/det
50 %, 540 (0°)

Tip Tilt Rotate (TTR) Mechanism
(used once to correct boom —— 5
deployment offset)

]
Y ANVAVAY
NI NS
B/ VNN Deployable Payload Boom
(covere d by Thermal Sock)

Mirror Module
Assembly
(MMA) (3x)

IXPE will open for the first time the
X-ray polarimetry window: emission
mechanism, geometry, orientation
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Primordial stellar

via GRB afterglo
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[Low Fre%uéncy Radio |

tical/IR Large Facilities

):

[ MWA [ MWA (upgrade) ) :

( VLITE on JVLA --> (~2018? LOBO) )

[ Mid-Hi Frequency Radio | ( Lt )
JVLA, VLBA, eMerlin, ATCA, EVN JVN, KVN, VERA LBA GBT.. (many other smaller facllltlos) );

E ASKAP ) ] ;
Kat7 --> MeerKAT --> SKA Phase 1 ) ]

: : : ( SKA1&2 (Lo/Mid) }

I_(_sub)Mllllmeter Radio - - ; ;
(_ JCMT, LLAMA, LMT, IRAM, NOEMA SMA, SMT SPT, Nantenz Mopra, Nobeyama . (many other smaller facilities) }

( ALMA B)

'1 EHT (prototype —> full ops) )

|_Otha| Transnent Factones/'l' ransient Fmders | : : : :
iPalomar Transient Factory —> (~2017) Zwicky TF ) (LSST (buildup to full survey mode) ):

( PanSTARRSl —> PanSTARRS2 ] : . :

o ( BlackGEM (Meerllcht single dlsh prototype in 2016) ) :

...(man; other smaller facilities)

Y

WFIRST .
X =

(eELT (full operation 2024) & TMT (timeline less clear)? )

):

)

XD

Gamma-ra : : 7 : gamma-ray + optical ground elements)

—upgrade to include LIGO India—)

- TceCube (SINCE 2011)

Iceéube-GenZ? ?ﬂ

ANTARES _EM3NET-1 ‘ YXM3NET-2 (ARCA)
[UHE Cosmic Rays [ : : : :

Telescope Array = upgrade to TAx4

Pierre Auger Observatory = upgrade to Auger Prime

A ----

14
CTA consortium
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~180 sources
E>100 GeV

+180

TeVCat Source Types (179 total)

Superbubble: 1.1 %

4
.m Blazar: 0.6 % /_\‘

Composite SNR: 0.6 % HBL: 26.3 %
e Binary: 3.4 % /
7 Globular Cluster: 0.6 %
Massive Star Cluster: 2.2 % |
IBL: 4.5 %

\\ DARK: 0.6 %
FRI: 2.2 %
LBL: 1.1 %

PSR: 1.1 %

FSRQ: 3.4 %
UNID: 19.6 %

Shell: 6.7 %
PWN: 19.6 %

SNR/Molec. Cloud: 5.6 %




\, Young SNR: most probable candidates
¢ for being Cosmic Rays accelerators

Deep Chandra 4-6 keV image of Tycho’s SNR (Eriksen et al. 2011)

X-ray observation of SNR provide key parameters on the emitting plasma

In young SNR both thermal and non-thermal X-ray emission can be
observed. The latter due to synchrotron radiation by VHE electrons
accelerated at strong shock front. Synchrotron-emitting X-ray filaments
provide key information about particle acceleration and magnetic field

amplification processes



Young SNR: most probable candidates
for being Cosmic Rays accelerators
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Chandra image of RX J1713-39 in the
band 1-2.5 keV (panel a and b) or
3.5-6 KeV (panel c). In panel a the
HESS contour >0.7 TeV are overlaid.
Panel b and ¢ show time variability of
X-ray emission (Uchiyama et al. 2007)

10 arcsec

X-ray observation of SNR provide key parameters on
the emitting plasma

Rapid X-ray variability indicates that:

* the X-rays are produced by ultrarelativistic electrons through a
synchrotron process

* electron acceleration does indeed take place in a strongly magnetized

environment, indicating amplification of B by more than 100

* The X-ray variability also implies that we have witnessed the ongoing
shock-acceleration of electrons in real time



Young SNR: most probable candidates
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VHE gamma rays trace the non-thermal X-ray emission Acero et al. 2017

Disentangle the emission mechanism of gamma-rays through information
provided by their spatial distribution, spectra and time variations:
* Leptonic: low-energy photons up-scatetred by high-energy electrons

* Hadronic: n® -decay photons generated by accelerated protons colliding with
surrounding gas



Young SNR: most probable candidates
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VHE gamma rays trace the non-thermal X-ray emission Acero et al. 2017

Disentangle the emission mechanism of gamma-rays through information
provided by their spatial distribution, spectra and time variations:
* Leptonic: low-energy photons up-scatetred by high-energy electrons

* Hadronic: n® -decay photons generated by accelerated protons colliding with
surrounding gas



Gamma-ray Loud X-ray Binaries -
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Gamma-ray Loud X-ray Binaries -
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Abdo et al. 2009,
Takahashi et al. 2009,

Aharonian et al. 2006 * X-ray emission likely due to synchrotron emission

* TeV emission can be due to IC of the intense stellar
photons by the same electrons population (TeV
emission affected by yy absorption, not the GeV one)

* To simultaneous explain X-ray/TeV data one need an
extremely efficient and rapid acceleration process
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#2p). TeV extragalactic
° sources

Blazars in a nutshell

-

. Aécreting BH

©
© Urry & Padovani 1995
‘e
v

Jet
- r~10-30 E>
SED dominated by the relativistically boosted

non-thermal continuum emission of the jet.
Blazar _,

2 /54 1
= d=
P ,;{/ Lobs = L' I'(1 — Bcosby)

thckrofzron and IC in LEPTONIC models.

Radi.ogaLaxv

Also HADRONIC scenarios
(svnckrof:ron or Pkofzo—mesou) NEUTRINOS! 22



—
I
)
Q0
—
O
—
)
—
~
Q0
@)
—

lllllll]l[llll]llllllllllllll

&\h

>
b,
NojzyN

\ AST,
O R,
*
NS
<, 3
°<u3lad



(o]
5%

Log vf(v) (erg cmA-2 sA-1)

-14 -

-15 7L

’ P
o] ]
P10 Astronom©

-10 -

-11 -

| Bl iabili
R Z . varlablllty S
i i} Y ° & o %
T;\)> * 57
>b"\/o:zvNoy
3@45403 <ro
—
S
G
1%-,
!lfi.
L 1
s 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 2% 27

Log frequency v (Hz)



-9 1

'
—
—

Log vf(v) (erg cmA-2 sA-1)

=15 1

Epp

Blazars: variability

1
—
=

|
—
ro

1
—
-

15 16 17 18 19 20 21 22 23 24
Log frequency v (Hz)

2014 Giommi presentation

25

2% 27

25



ofw,q,o»}
T RS r AR R RRARI L
o
>~ oo = p
w2 R Veul R
+ 5 - =
— =8 o
0 & o X §
8 > [l R BB -
= 0 m
. =3 1 . .
() o2 o i %
S | C o s b0 _ - M
v x m|%:::uﬁﬂﬂww ||||||| -:hﬂ-: |||||
) =) -
.h..% L)
VL F o L1 i
= w -
- S .| Lo e el S S
(o) 2 L = % m
- O -5~ G o 4 € 1§ -
o) Rl el &
c Y | .
ol o =8 = i
s m“ 00— . .un.
a Wa ug..ot.Ol - * o
.. 9 = fiae=—= T IO Tl P
— M” = .
~ &
N O -MM 00107 50 we ™ =
g O g ey .
N [ . . ﬁ. ||||||| _|_|_||_#|1|_||_||
(@] o] — 0 (@) OO0 O aAn M W
N — e S PO Ny~ o
M [qexD] [NDd/s/s]  [Sew A]
Ke1-b AeI-Y reondo

4x10° 6x10°

2x10°
Time [s from T, = 11987.0 (TJD)]

2008

Fossati et al.



%%sso
O

- MKN421: iabili
é . sSTron ev variapliii §
; ‘ < o
Fom— =0 <
o lated with X S
correiarea wi -ray E
A 2-4 keV
T > e AR T T I
3 Ed Ed
: 3 ; i i
S5 5+ - S -1
] o fs
— i® — ® — i®
2 x 2 x = x
; g5 L B /&
) ) o
8 2 |4
& S &
R . 5 r . ER r
= J (2% J e 4
> ] > ] > ]
& | & - &
0.5 -1 05 -1 0.5 -1
(@ | ' () | (©) |
. [P . A PP B PGS e
10 50 100 5 10 50 5 10 50
RXTE/PCA rate [cts/s/PCU] RXTE/PCA rate [cts/s/PCU] RXTE/PCA rate [cls/s/PCU]
t]
A 6-8 keV
u L A S A | d — T T — T >
b3 > b
L a 5 5
g 1 3
— 2 — e — &
2 x 2 g x = x
E 18 5 18 5 S
o o o
o ] a
L T T
L=A S L=
% ® B ®
3 5 3
i i i [
% ] ]
= = [
(e)
5 10 50 5 10 50
RXTE/PCA rate [cts/s/PCU]| RXTE/PCA rate [cts/s/PCU] RXTE/HEXTE rate [cts/s]

Fossati et al. 2008



MKN421: more recent o
MW campaigns R
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MKN421: more recent
MW campaigns
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MKN421: more recent

XRT counts

V-band flux mJy
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MN421: both clockwise and
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Blazars: variability,
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Blazars: the general framework

FSRQ: “dressed” jets
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Dissipation/acceleration mechanism?

Maghetic
reconnection
(XY . .3 ”
(“minijets”)

Giannios 2011, 2013

Blazars: current debate ‘@

Blazars: current debates

s

Turbulence

Marscher 2014
Narayan & Piran 2011

Location?

Marscher et al. 2008, 2010

1/2
Rpir = 10" L35 em.

Sikora et al. 2008

18 y1/2
Rr =2.5x 10" Ly/4s cm
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More refined schemes

More refined schemes

Ghisellini, FT & Chiaberge 2005
Chen et al. 201 |

Electron Densit .
Electron Speclrt}xlm N(r.z)

Magnetic Field B(r,z)

A
zZ Shoax ™
View down jet axis .. E
A0 .:
0:9905:0 v

oS

<<
=
(3
eas
X
‘?}
(A
e

A

bulk motion

s

o9,

Sos
i:
o
2

B!
()
o2

urbulent cells

Marscher 2014

B> Polarization

T T T A A T DA T T T T
T A e e e T
T T A A o O T A TP

Mach”disk  Rarefaction

Shock

35



&
Pepa

Tidal disruption events S o
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When a star orbits close to a massive black hole and its periastron distance reaches
R~ R M,/ m )73, it will be disrupted and cause what is commonly referred to as a tidal

disruption flare.

MASS FALLS BACK AT A RATE: M o t75/3

Rees 88
Phinney 89
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Swift 1644+57: XRT 4-months light curve
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Swift J1644+57: Onset of a relativistic jet

3

1 « Asun-like star on an eccentric 2 « Strong tidal forces near the 3. The part of the star facing the 4. Near the black hole, magnetic
orbit plunges toward the black hole increasingly distort black hole streams toward it fields power a narrowjet of
supermassive black hole in the the star. If the star passes too and forms an accretion disk. particles moving near the speed
heart of a distant galaxy. close, it is ripped apart. The remainder of the star just of light. Viewed head-on, the jet is

expands into space. a brilliant X-ray and radio source.

Credit: NASA/Goddard Space Flight Center/Swift




A blazar model dominated by S

synchrotron emission
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106-107 M,

Optical/NIR => particle starved,
magnetically dominated jet

y-TeV => y-y pair production
=>[<20
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Conclusions

X-ray observation provide information on the parameters
characterising the emitting plasma that are directly
related to the emission mechanisms at the base of the
TeV emission

Simultaneous X-ray observations can be carried out
with various satellites to date and more in the near
future, both to properly studies the sources of
interest, but also providing information on new
transients and on sources while they are flaring
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