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@ Ce sunt gaurile negre ?
@ Cum se formeaza ?

@ Unde credem ca exista ?
@ Cum cresc ?

@ Galaxii cu nucleu activ

@ Sisteme binare
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CE SUNT ?

CE SUNT GAURILE NEGRE ?
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@ “dark stars” Michelle 1784

SUMAR

CE SUNT ~

CUM SE
FORMEAZ

@ prezise side Einstein 1915

UNDE ? @ calculate de Schwarzschild

1916 (nerotative) si Kerr 1963
(rotative)

CUM CRE
GNA
BINARE

@ teorema “no hair’: o gaura
neagra se poate caracteriza
doar prinmasaspinsi sarcina

Event horizon

@ de dincolo deorizont = nicio
informatie

Ergosphere

@ ergosfera= acolo nimic nu
poate sta fix, cl se roteste In
acelasi sens cu gaura neagra




CUM SE
FORMEAZA ?

CUM SE FORMEAZA GAURILE NEGRE ?
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- # Cum se formeaza gaurile negre ?

SUMAR

CE SUNT ?

CUM SE
FORMEAZ

UNDE ?
CUM CRES
GNA
BINARE

@ prin colaps gravitational:
forta gravitationala> forta de
presiune din interior

4'H

@ masa dupa colaps pentru a
avea 0 gaura neagra:
M > 1.4Ms

@ razagauriinegrer = =2 =1

. =—> @
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Dwarf

Red Giant Planetary Mebula
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AUSES INW4
M= 2010,

<, ‘Massive star near the
'-end_ of its lifetime has
“onion-like”
s!:_ructure just prior to
exploding as a
supernova

Example of nuclear
reactions that build
neutron-rich isotopes

Different
sets of nuclei are
involved in the
reactions that
occur in each
zone




SUMAR

CE SUNT ?

CUM SE
FORMEAZA

UNDE ?
CUM CRESC
GNA
BINARE

| Cum se formeaza gaurile negre ?

@ prin colaps gravitational:
forta gravitationala> forta de
presiune din interior

@ masa dupa colaps pentru a
avea 0 gaura neagra:
M > 1.4Ms

@ razagauriinegrer = =2 =1
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UNDE CREDEM CA EXISTA ?
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@ in centrul galaxiilor cu nucleu activ gauri negre supermasive
M ~ 10’ — 10° M, undeM., = masa Soarelui

@ In sisteme binare gauri negre de masa stelara
M ~ catevaM

@ in universul timpuriu =gauri negre primordiale
la scara atomica, radiatia Hawking: “evaporarea” gaunkgre

... but if one photon passes
/’T over the event horizon it gets

Q trapped, and its partner is
. emitted as Hawking radiation

out of nowhere and then

Virtual photon pairs pop f\
annihilate each other.. [*]

@
—

"s'

1:"_ 3 EN.T H r:'nf:.:jﬂ',

HAWKING RADIATION
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CUM CRESC ?

CUM CRESC GAURILE NEGRE ?
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L. Cum creste o gaura neagra ?

@ prin acretie: gaz si praf din
mediul interstelar al galaxiei

SUMAR

CE SUNT ?

CUM SE

FORMEAZA @ prin inghitirea stelelor

UNDE ?

CUM CRESC @ prin ciocnire. GN-GN sau

G galaxie-galaxie
BINARE




GALAXII CU NUCLEU ACTIV
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SUMAR

CE SUNT ?

CUM SE
FORMEAZA

UNDE ?
CUM CRES

GNA
Cum ?
Cen A
Spectre

Spectrele
GNA-urilor

GNA
Sincrotron
Masa GN
“Umbra” GN

BINARE

8 Cum vedem galaxiile ?

@ spectrul radiatiel electromagnetice

102 meters 10° 10€ 103 100
1 nanometer 1000 nanometer 1 millimeter 1 meter

Cosmic
rays

X-rays Microwaves

Gamma Ultraviolet Infrared Radar
rays (UV) (IR)

YW\ VA

Short Wavelenghts

Visible Light

Ultraviolet
(UV)

400 nanometers 500 nanometers 600 nanometers

108
1 kilometer

Broadcast
band

\_/\

Long Wavelengths

Infrared
(IR)

700 nanometers




L. Centaurus A

SUMAR

CE SUNT ?

CUM SE
FORMEAZA

UNDE ?
CUM CRESC

GNA
Cum ?
Cen A
Spectre

Spectrele
GNA-urilor

GNA
Sincrotron
Masa GN
“Umbra” GN

BINARE

@ Centaurus A (Cen AM ~ 10"'M,, d ~ 10°° km, ljg ~ 107 km
@ format prin ciocnirea a doua galaxii acum10® ani (L0'°** ani)

@ energia jeturilor provine dienergia de rotatie a gaurii negre




|

BB Spectrul de emisie al hidrogenului

CE SUNT ?

CUM SE
FORMEAZA ?

UNDE ?
CUM CRESC ?

GNA
Cum ?
Cen A
Spectre

Spectrele
GNA-urilor

GNA

Continuum
Sincrotron sSource Cloud of

Masa GN

oty Hydrogen Gas  Absorption-line

Spectrum

(Eack element has its own indivicdual pattern of ines.)

BINARE

@ spectrul de emisie al hidrogenului consta din patru liniirtensi-
tati diferite



SUMAR

CESU

CUM S
FORME

UNDE ?
CuMC

GNA
Cum ?
CenA
Spectre

Spectrel
GNA-uri

GNA

Sincrotr
Masa G
“Umbra’

BINAR

Spectroscope

R
4R0 RO RRQ [a(8[0]

Emission Graph
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@ spectrul de emisie al hidrogenului consta din patru liniirttensi-



\“ #4 Spectrele galaxiilor cu nucleu activ

-

SUMAR )
e S S O Seyfert 1

| i NGC 4151
CE SUNT * BL Lac object

CUM SE 0814-+425 u.whw,ﬁ\
FORMEAZA ? 7

1

2 8 )
UNDE 7 ] .fm,,fl.,,\"h. NGC 4941

|
A A i
RV AN I,
A

- . iy,
Mean quasar T At

‘ Seviert 2

CUM CRESC ?

et “I]l b b A e M
I:-‘-..*""""’"“'"“' vy it ¥ e

GNA

Cum?
s LINER

Cen A , NGC 4579 IJ\ !

Spectre y "J_w_w.w‘__,.‘.,lw et O e L, Y

S pe ctrele 5 w L'\I"'.I.r‘r_r,._w._.,'r"r
GNA-urilor

GNA Arll.m"w,mll ﬂr-.-"q‘.qh,ll,-a
Sincrotron ._ r"“\'"““l i A
Masa GN i "'I"ll'l"',r"rli" 3

“Umbra” GN

5000 6000

Intensity

r‘( '[l'rf'u'c'if-"’""“"mﬂi ir"""'M"'ll‘\,xn"\i“'r“ltm"t-,ll’f ) NLRG

Cygnus A

8000 4000
Emitted wavelength {(A)

BINARE

@ Galaxil cu nucleu activ (GNA¥ galaxil ale caror nuclee nu pot fi
explicate prin fizica stelara standard: un cluster masivesisdde
stele sau 0 gaura neagra de masa stelara
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SUMAR

CE SUNT ?
CUM SE

FORMEAZA ?

UNDE ?

CUM CRESC ?

GNA
Cum ?
CenA
Spectre

Spectrele
GNA-urilor

GNA
Sincrotron
Masa GN
“Umbra” GN

BINARE

I Modelul de unificare al galaxiilor cu nucleu activ

— Ratio Loud Quasars @ gaura neagra supermasive
Y4
Broad Line - Narrow Line Reglon (M Y 10 — 1()9 M@) Fo-
Radio Galaxies h oud . . .
o tativa, inconjurata de un
et . .
Narrow Line T disc de accretie
Radio Galaxies !
< Obscuring torus
~ Accretion Disk
: Black Hole
Type 2
Seyfert Galaxies
Type 1
Radio Quiet Quasars
@ jeturile GNA: Cygnus A (FR-TD)

VjetSN 09_ 0995C
c=3x10® ms viteza lu-
minii in vid

Credit: NRAOJ/ALTL
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\“ 8 Modelul de unificare al galaxiilor cu nucleu activ

SUMAR strongeriot TR oo e @ Dihotomia radio: Anu-

CE SUNT 2 sosttine % B | rarowine Region mite galaxii cu nucleu ac-

CUM SE Radio Galaxies 3 . . . .

FORMEAZA ? IO tiv prezinta emisie puter-

S o . . . .

UNDE 2 N o nica in radio, iar altele

CUM CRESC ? Radio Galaxies | i o emisie slaba, iar intre cele

i I accretion sk doua tipuri de galaxii nu

um % ack Hole 1 1

Cen A B avem nimic.

Spectre s _

Spectrele _?;eg;e;t Galaxies

GNA-urilor

GNA /

Sincrotron ?fg;e{ t Galaxies

Masa GN Radio Quiet Quasars

“Umbra” GN

BINARE @ studiul dihotomiei este Im- @ Proiect desfasurat la Institutul c
portant pentru cunoasterea Stiinte Spatiale, Magurele,
mecanismelor care stau la In cadrul programului STAR

baza activitati In nuclee
acestor galaxii




i Modelul de unificare al galaxiilor cu nucleu activ

SUMAR

CE SUNT ?

CUM SE
FORMEAZA ?

UNDE ?
CUM CRESC ?

GNA
Cum ?
CenA
Spectre

Spectrele
GNA-urilor

GNA
Sincrotron
Masa GN
“Umbra” GN

BINARE

— Radio Loud Quasars @ (gaura neagra supermasive
. Y4
Broad Line E Narrow Line Region (M ™~ 10 1()9 M@) ro
Radio Galaxies h oud . . .
ot tativa, inconjurata de un
T
3 X - i e : :
N & Broad Line Region . _— __50° disc de accretie
arrow Line ; / w
Radio Galaxies :
< Obscuring torus
~ Accretion Disk
Black Hole
e -
— Seyfert Galaxies &
Type 2
Seyfert Galaxies
Type 1
Radio Quiet Quasars
@ in Blazari: Doppler effect

viteze supraluminale doar
aparent datorita efectului
Doppler
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\ ¥ Radiatia de sincrotron in jeturile GNA: M87

SUMAR

CE SUNT ?

CUM SE
FORMEAZA ?

UNDE ?

CUM CRESC ?

Chandra X-Ray
GNA

Cum ?
Cen A

Spectre

Spectrele
GNA-urilor

GNA

Sincrotron
Masa GN VLA Radio HST Optical

“Umbra” GN

BINARE
@ emisie de radiatie de Sin-  synchrotron Radiation: .

crotron pe tot spectrul de electron
continuum (de |aX-ray pana O

. . nulgnctlc 1e

In radio) opti

X=ray

radio
mid-1R




—1{ M87 -- From 200,000 Light-Years to 0.2 Light-Year

VLA-20cm

Very Large Array (VLA)

ALBI-1.3¢em

-t"!“

i
q
» oo - &
v " F /
& VLEl-18'cm

Credit: Frazer Owen (NRAD), John Biretia (STScl) and colleaguss,
"'l The Naiional Radic Aslionomy Obssvalory isa facility of the
Nelional Science Foundalion, opialed under cooperalive
qu b by imiad U nivarsiis, Inc.

Effelsberg, Germany

@ rezolutie mai buna cu VLBI(Very Long Base Interferometry);
lungimi de unda mai mici

@ corelator: interferenta undelor coerente de la statiill&VL
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SUMAR

CESU

CUM S
FORME

UNDE ?

CuMC

GNA ,
U S . : : :} ; O\ '? 7’?‘!’ q{ J Very Large Array (VLA)
Cen A 2 v \ ;

Spectre T S-SRI, e Ry

Spectrel - - «l’;.,...:. m :

GNA-uri g :

GNA

Sincrotron ¥ o :

Masa G Arecibo, Puerto Rico

“Umbra’

BINAR |

Effelsberg, Germany

@ rezolutie mai buna cu VLBI(Very Long Base Interferometry);
lungimi de unda mai mici

@ corelator: interferenta undelor coerente de la statiill&VL
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SUMAR

CE SUNT ?

CUM SE
FORMEAZA ?

Sagittarius A* 8

‘ Earth
®

UNDE ?
CUM CRESC

GNA
Cum ?
CenA
Spectre

Spectrele
GNA-urilor

GNA
Sincrotron
Masa GN

10,000 light years

“Umbra” GN @ Sgr A" = centrul galaxiei noas-

BINARE tl’e

@ masa gaurii negre din miscarea
Kepleriana a stelelor in jurul el

M ~ 10°P M,

8.8 Sagittarius A* (Sgr A*): determinarea masei gaurii negre

New SNR 0.3+0.0

e

Sgr

'
-
Snake

Mouse w

SNR I500.00.9

1992.23 1994.32 1995.53

1998.36

0.03"
: 1999.47

(2 light-days)




SUMA

CESU

CUM S
FORM

UNDE
CumMcC

GNA

Cum ?
Cen A
Spectr

Spectr
GNA-u

GNA
Sincrot
Masa
“Umbra” GN

BINAR

@ urmarirea radiatiei emise de catre un element din discutdstia;
cand acesta trece prin “spatele” gaurii negre, apare o szade-
tensitatii radiatiei emise, deci‘ombra”




SISTEME BINARE
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Sisteme binare emitatoare de radiatieX

SUMAR A -
CE SUNT 2 T et
CUM SE C R . T T e

FORMEAZA Accretion - . | -+ _Xray heating ..
UNDE ? ' . v g

CUM CRES N HOtSPOt /

BINARE

[ Aceretion

" Discwind  ~ - = stream .

' Companion
- star- -

R Agnes. 2007

@ emit copios in domeniul radiatiilox datoritaincalzirii gazului din
discul de acretial gaurii negre




B CygnusX-1

SUMAR @ cea mai apropiata gaura neagra de noi,1®° km
CE SUNT ?

CUM SE
S @ gaura neagra de masa steldvla;- 14.8 x M,

UNDE ?

@ orizontul executa 800 rotatii pe sec
CUM CRESC

g @ stea “albastra’™ ~ 8 —10x Mg
BINARE
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