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~ ome galaxy of Farth, the Milky Way is a spiral-shaped

system of a few hundred billion stars. Bright regions

of recently formed stars highlight its arms, while older

stars explode or expel their outer layers as beautiful
plnsmy bl then S mand i A ek swamn of
orange and red stars marks the galactic bulge, encapsulating
the star-packed galactic center. At ts core may lie a black hole, a
region so dense that not even light can escape its gravitational
pull. All objects in the Milky Way orbit the galactic center, much
like planets in Earth's solar system revolve around the sun. But
the scale i staggering: Light from a star at one edge of the galaxy
takes about 100,000 years to reach the opposite side.
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Fermi Bubbles




Fermi Bubbles

Gamma-ray emissions
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Massive stars explode

X-ray pictures of supernova
remnants from NASA's
Chandra Observatory

http:




The progenitor of a Type la supernova

e W B
‘ \

...which spills gas onto the
Two normal stars The more massive secondary star, causing it to Supernoves

are in a binary pair. star becomes a giant... expand and become engulfed tipus |

o -

The secondary, lighter star | The common envelope is
and the core of the giant ' ejected, while the separation  The remaining core of
star spiral toward within between the core and the the giant collapses and
a common envelope. secondary star decreases. becomes a white dwarf.

The aging companion - The white d#ic ' _
star starts swelling, spilling | increases until it reaches a = ...causing the companion
gas onto the white dwarf. | critical mass and explodes.... star to be ejected away.







Gamma-Ray Bursts gamma-rays are produced when Observer
. (Imaginary Picture)

the jet (close to the light speed) breaks
out from the stellar envelope \

accretion
disk

black hole
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about 100km

A black hole, accretion disk and jet are
™ formed by the gravitational collapse of

» the stellar core X .
R . A very massive star (more than 20 solar mass),

. . . ', I whose outer envelope (hydrogen and helium) has
Kyoto University, T. TOTANI - been removed
. » »
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External Shock

The Flow decelerating into
Internal Shock the surrounding medium

Collisions betw. diff. 1

parts of the flow




GAMMA RAY BURST

Gamma Ray Visible and UV

12800 milions d’anys llum!!!




Gamma-Ray Bursts (GRBs):The Long and Short of It

Long gamma-ray burst Short gamma-ray burst
(>2 seconds’ duration) (<2 seconds’duration)
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The resulting torus
has at its center

Torus a powerful
o black hole

Gamma rays

*Possibly neutron stars




Si el nucli resultant d’'una explosié supernova té entre 1.5i1 3 M., el resultat

eés un estel de neutrons.

sol’

Si el nucli restant té una massa superior a 3 M, I'objecte col-lapsa sobre si
mateix i trenca I'espai-temps, formant un forat negre.

1.4 Million Kilometers

10,000 KM
o H White Dwart 6 KM

2J Event Horizon

60 KM of a stellar
 Neutron Star Black Hole

Qur Sun



A NEUTRON STAR: SURFACE and INTERIOR
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EsTrRELLA DE Nevrrones
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Estels
de

neutrons

Isolated Neutron Star RX J185635-3754 HST « WFPC2

PRC97-32 « ST Scl OPO « September 25, 1997
F. Walter (State University of New York at Stony Brook) and NASA
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Pulsars:

— Estels de
neutrons amb
alt nivell de
magnetitzacio.

— Descobriment:
1967.

-

Intensity

o

(&)}
—
o



Neutron stars and black holes in our Galaxy
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Relativitat General

Com detectem forats negres? De manera indirecta.

- Emissio d’alta energia.

- Altres metodes indirectes relacionats amb I'emissio en I'entorn de
I'objecte.

- Estimant el tamany de la regié emissora.

Relativistic jets

Compact object
of center

optical emission

b Microblazar
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Cygnus X-1 (8000 anys-llum).

NuSTAR (X-rays)

> @ Albire




Cygnus X-1: Forat negre de 15 M, + Supergegant blava
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~20 sources with detected jets

(microquasars) in the galaxy
(Massi ‘05, Ribo '05).

Wind-jet interaction in massive X-ray binaries 6 101 cm ~ 0.04 AU

wind from the star

2102 cm
~0.13 AU

~0.004 AU

Rop™ 2 102 cm



MARCH 18, 1994

MARCH 27, 1994

APRIL 3, 1994

APRIL 9, 1994

APRIL 16, 1994

10,000 AU

Estels binaris

Microquasars

GRS 1915+105

VLA

Forat negre de
10-18 M,




Blob at A

«~—— 4 light-years —

Blob at B,

<3 light-years—=) SIX years later

First pulse of Second pulse of light:

light reaches emitted six years later,

Earth in 2000 but has 4 fewer light-years
to travel — reaches Earth
two years after the first pulse,

‘ in 2002

To Earth




SS433: Objecte compacte + estel.




SS433: Objecte compacte + estel.

42 dies d’observacions (2003)




SS433: Objecte compacte + estel.




Degrees of Declination (J2000)
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Mecanismes de produccio de radiacio de molt alta energia

MICROQUASAR BINARY PULSAR

Cometary radio emmission

Relativistic jets

Compact object

of center

Disk outflow
q

Ultraviolet and

optical emission

‘,. Microblazar




Mecanismes de produccio de radiacio de molt alta energia

~—Electron/proton-proton interactions ~—Electron-photon interactions

Pulsar with Be star Microquasar Pulsar with massive star

Cometary radio emmission .

| Pulsar

Pulsar Relativistic jets

/
Disk outflow

Be star
»

Massive star

9
Ultraviolet emission
and massive
clumpy wind
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Accretion disk
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HDE 226868

Blue supergiants

Accretion disc, with matter stolen from HDE 226868.
HDE 226868 is now more massive due to supernova.

7

B

HDE 226868 goes supernova. g

Red Supergiant

Black hole

HDE 226868 in red supergiant stage.
X-ray emission is intense at this period.

?

Binary black hole system =




Binary pulsar — gravitational waves

Hulse-Taylor pulsar. Nobel prize 1993.

&

El periode dels pulsos es fa més llarg quan els objectes s’apropen: efecte relativista.



ones gravitatories




ones gravitatories

THE LARGER PICTURE

SPIRALLING COALESCENCE 'NORMAL' MODE
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ones gravitatories

LIGO (USA)

LISA
(delayed)

VIRGO (ltalia)



ones gravitatories

HUNTING GRAVITATIOINAL WAVES USING PULSARS

2 Telescopes on
Earth measure tiny
differences in the
arrival times of the
radio. bursts caused
by the jostling

1 Gravitational: wave
black-hole mergers.in-distant galax
shift the position of Earth:

NEW MILLISECOND PULSARS |

An all-skysmaprasiseenby.the Fermi 1
Gamma-ray. Space Telescope in its firstiyear i enhances the
: : chance of detecting the
gravitational waves
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El centre de la Galaxia

The Teapot - . -

-—Nova -

 Galactic Center = "0 ==

*

‘Scorpius - -

'Sﬂhgeh

Mirant al Sud, a la constel-lacio
de Sagitari.



El centre de la Galaxia

Image Couttesy of Christophet Pickeéring, New Zealand

Visible e
g, M2Z 7 :
{ VIS ,
S : Pipe‘b{ ebula
3 _ : The Teapot - . -

’ » . Antares )
€

i g : . -—Nova -
Qa:la.ctzc v ¢ . i Delta »
Center » = .

L

B : ) . ‘Scorpius - -

25 degrees

Mirant al Sud, a la constel-lacio
de Sagitari.



. ! Wide-Field Radio Image of the
Naval Rescarch Laboratory

Galactic Center

Ser DHII gw A =90 cm
- (Kassim, LaRosa, Lazio, & Hyman 1999)

El centre de la Galaxia en
radio frequencies.

New SNR 0.3+0.0

Threads
New Feature:
7 4____—- € : €c €
The Cane

L o — i ~ 4
¥ Background Galaxy

> Threads

-

New thread: The Pelican

Structure?

-
5
_ ( SgrC  Coherent \

Snake

Mouse »

SNR 359.0-00.9 % \

SNR 359.1-00.5

~0.5°
~75 pc

~240 light years Tornado (SNR?)
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Galactic Center Survey
Hubble Space Telescope NICMOS o Spitzer Space Telescope IRAC

NASA, ESA, Q.D. Wang (University of Massachusetts, Amherst), and S. Stolovy (Caltech) STScl-PRC09-02a
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Dust in the Center of the Milky Way Galaxy Spitzer Space Telescope * IRAC
NASA / JPL-Caltech / S. Stolovy (Spitzer Science Center/Caltech) ssc2006-02b




Young Stars Forming in the Galactic Center Spitzer Space Telescope ¢ IRAC * MIPS ¢ IRS

NASA / JPL-Caltech / S. V. Ramirez (NExScl/Caltech) ssc2009-13a




Arches cluster Radio Arc region

1E 1743.1-2843 : 1E 1740.7-2942
SAX J1747.0-2853 1 deg

Raigs X - XMM




Supernova Remnant G0.9+0.1

HESS J1745-290 (The Galactic Centre)

Raigs gamma

HESS

Emission along the Galactic Plane

Mystery Source HESS J1745-303
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Keck/UCLA
Galactic Center Group 1995-2008




Right Ascension difference from 17h 45m 40.045s
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Declination difference from -29
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S8 S13

Orbits of some bodies of the Solar System
(Sedna, Eris, Plufo and Neptune)
at the same scale for comparison
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Relativitat General

El centre de la galaxia




Fermi Bubbles




