Astronomia de rayos gamma:
fuentes extragalacticas
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Fuentes extragalacticas

1. Tipos de fuentes
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COS-B (1975 - 1982)
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Fi1c. 1.—Region of the sky searched for gamm

filled circles denote sources with measured fluxes| > 1.3 X 107% photons cm™* s™%.
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urces detected above 100 MeV by spatial analysis. The
Open circles denote sources below this threshold.
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Third EGRET Catalog

E > 100 MeV

Fumin(E>100 MeV) = 6.2x10-8 cm2 51

& Active Galactic Nuclei
o Unidentified EGRET Sources

4

m Pulsars
LA Hart tal. (1999
rtman |
e Solar Flare artman et al. ( )
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THE ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES, 218:23 (41pp), 2015 June

o No association 8 Possible association with SNR or PWN x AGN
¥ Pulsar A Globular cluster * Starburst Galaxy & PWN
2 Binary + Galaxy © SNR * Nova
* Star-forming region
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LAT 4FGL extragalactlc sources (4FGL-DR3)

Description Identlﬁed Ass0c1ated (hlgh/low confidence) Total

Blazar candidate of uncertain type BCU 1 bcu 1493 01493
~ BLLactype ofblazar BLL i 2 bl 1434 0 1456
""""""""""""""""""" Flat spectrum radio quasar ~ FSRQ 44  fsrg 750 0 794
""""""""""""""""""""" Non-blazaractive galaxy =~ AGN 1 agn 8 174 183
""""""""""""""""""""""""""""""""" Radiogalaxy =~ RDG 6  rdg 39 0 45
""""""""""""""""""""""""""""" Starburstgalaxy =~ SBG 0 sbg 8 4 12
 Seyfertgalaxy  SEY 0 sy 2 8 10
"""""""""""""""""""""""" Narrow-line Seyfert 1 NLSYl 4  nlsyl 4 0 8
""""""""""""""""""""""""""""""" Normalgalaxy =~ GAL 2 g 4 0 6
~ Compact steep spectrum radio source =~ €SS~ 0 cs 5 0 5
""""""""""""""""" Steep spectrum radioquasar ~ SSRQ 0  ss,q 2 0 2
~ Galaxycluster ~ CLUST 0  clust O 1 1
Total 4015
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Fermi-LAT AGN with redshift
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Del catalogo 3FHL de fuentes
Fermi-LAT detectadas

por encima de 10 GeV.

3FHL contiene 1556 objetos,
de los cuales 1231 son AGN:Ss,

principalmente BL Lacs (735),
BCU (290) y FSRQ (172).




Galaxias normales Galaxias starburst

Fuentes extragalacticas de rayos

Flat Spectrum
Seyterts Radio galaxias BL Lac Radio Quasars
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PMN
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2. Galaxias normales y starburst
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Gala?ﬂas normales en 4FGL-DR3
 Galaxia
J0519.9-6845¢ |

~Signif TeV
LMC
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(Galaxias normales

L.a Nube Mavor de Magallanes (LMC)

« (Galaxia cercana resuelta.

» Identificacion de 30 Doradus, PSR

J0540-6919, N 157B (PWN), N 132D
(SNR) y una fuente no asociada.

» Consistente con u(cr) = 1/3 MW.
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(Galaxias normales - SMC

—— P —
a8

e L

J0028 '3

=
@
2
@
O
3
=
et
o
2
et
Q
@
@
O

-
s
: -
-
-

-~
-
-

Galactic Igtitude (deg)
E” F(E) (MeV.crn 8 )

“-
-

ﬁ.“-
-
-~
B

® LAT data
- B EL LD Inverse-Compton
G5 = ' — -Pion decay
- » 3 — — -Bremsstrahlung
— Total

310 305 300 295
Galactic longitude (deg)

counts deg™ | 304 o 3;2
200 Galactic longitude (deg)

counts de'2 .
20 : 20 10 60 Small Magellanic Cloud

SFR ~ 1/40 MW ~ 0.1 SN / siglo
Abdo et al (2010)

////;i\\ g"g CONACYT AAE @ INAOE - 2025 }’ 12

... Consejo Nacional de Ciencia y Tecnologia

Energy (MeV)

=3

=3

g

o

5
a;>\
s

]

Q

=

Gamma-Ray Observatory
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M31 en CO

AWC

High Altitude Water Cherenkov
Gamma-Ray Observatory
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(Galaxias normales

+ LMC mapeada con alta S/N: emision extendida, dominada por 30 Doradus,
junto con tres fuentes puntales brillantes. Densidad RC ~ 30% de Via Lactea

» SMC: densidad RC ~ 15% de Via Lactea, con posible contribucion de
pulsares.

- M31: fuente extendida; emision dominada por la parte interna de la galaxia (no
el anillo de gas molecular).

- M33 por debajo del umbral de deteccion (506).

+ Tambien 4FGL-DR3: IC 678, NGC 5380, NGC 7059.

Ty
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Galaxias starburst en 4FGL-DR3

Nombre Tipo | Galaxia Signif TeV

4FGL J0955.7+6940  sbg M 82 3695 P
""""" AFGL J0047.52517  sbe ~ NGC253 2712 P
""""" AFGLJ1305.4-4928  sbg ~ NGC4945 2297 N
""""" AFGL J0242.6-0000 sbg ~ NGC1068 1837 N
 4FGL J0618.1+7819 sbg NGC 2146 719 N
""""" 4FGLJ1128.2+5831  sbg ~ Amp299 58 N
 4FGLJ1051.6+3253 sbg NGC 3424 528 N
. 4FGLI1534.7+2331 ¢ Amrp220 574 N
 4FGL J0737.4+6535  sbg-le WISEA J073707.214653623.0 6.66 N
""""" AFGL J1308.9-5730  sbg-lc ~ WISEA J130831.60-5726492 692 N
 4FGL J1438.040219  sbg-lc WISEA J143747.60+021733.5 586 N
""""" AFGL J1651.1-5848  sbg-lc  WISEAJ165121.14-590011.5 884 N
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M32 & NGC 253
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S. Ohm / C. R. Physique 17 (2016) 585-593 587
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Fig. 1. Sky maps of M82 (a, [20]) and NGC253 (b, [23]), and their combined GeV and TeV y-ray spectra (c, [22]; d, [23]). e) Arp220: y-ray flux upper
limits from 5.8 years of Fermi-LAT data along with the MAGIC data and model predictions (full line, [24]). Note the conversion of energy flux into SI units
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Fig. 20 Gamma-ray luminosity
(0.1-100 GeV) versus total IR
[luminosity (8—1000 pwm) for
normal and starburst galaxies
(Ackermann et al. 2012d). 10%
Galaxies significantly detected
by the LAT are indicated with
filled symbols, whereas galaxies
with y-ray flux upper limits

(95 % confidence level) are
marked with open symbols.
Galaxies hosting Swift-BAT
AGN are shown with square
markers. IR luminosity

uncertainties for the
non-detected galaxies are

omitted for clarity, but are

typically ~0.06 dex. The upper 1038
abscissa indicates SFR

estimated from the IR
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Galaxias Seyfert en 4FGL- DR3

Objeto

Galaxia

AFGL J0948.9+0022 |

Tipo
]| PMN J0948+0022
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19 Left test statistic (significance) map for the y-ray excess centered on the Circinus galaxy.
indicate the Fermi positional uncertainty at 68 and 95 % level of confidence, respectively. The m
marks the position of the Circinus galaxy core, while the cyan ellipse corresponds to the pos
tainty region of the nearby Fermi source 2FGL J1415.7-6520. The black square corresponds to t

right panel, which shows the Australia Telescope Compact Array (ATCA) 1.4 GHz radio c
outtie et al. 1998) superposed with the 2MASS H-band color image (Jarrett et al. 2003)

Circinus LAT
Hayashida et al. (2013)

Ninguna detectada en TeV.
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Fuentes extragalacticas

3. Nucleos activos de galaxias
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BOLETIN DE LOS OBSERVATORIOS DE TONANTZINTLA Y TACUBAYA, VOL. 2, N°14, 1956.

NOTA PRELIMINAR SOBRE GALAXIAS AZULES CON
Lo luN. B A8 o1 B BNl Sl aliliiNo=

Guillermo Havro

Mediante el uso de la técnica fotogrifica desarrollada en el Observatorio de Tonantzintla para
el estudio de estrellas de tipo T Tauri con fuerte radiacion ultravioleta,’ hcm'os. investigado algunas re-
giones lejanas al ecuador galictico —particularmente cerca de los polos galicticos— con el lll? de (.les-
cubrir nuevas estrellas enanas blancas u objetos muy azules o ultravioletas semejantes a los descubiertos
por Humason y Zwicky? en la region del polo norte galictico. Tres exposiciones, ligeramente dcspl;u;y
das la una de la otra, fueron sucesivamente hechas en cada placa (Eastman 103aD), bajo h.l‘tros que
aislan regiones espectrales en el amarillo, el azul y el ultravioleta, rfrspe('uv;nn'eme.‘l.a-d‘ur;u u)m d.e :.u
tres exposiciones se escogio de tal modo que una estrella no.enrojeuda y de tipo .?spcc'u:nl ,~\(‘. ‘l)l‘()( Eu-
jera imdgenes aproximadamente de la misma densidad a través de cada uno (Ic'lf)s ‘hl.tms.. c‘n.ll‘)le..n( os. En
la prictica, y tomando como relerencia las estrellas AO-A5 contenidas en las dreas (lll).lc.l‘ lld-s' se_encon-
tro. que en la mayoria de nuestras placas una estrella normal de tipo espectral A mostraba, sls'lt?ll.l‘ll.‘l-
camente, la imagen amarilla con una densidad aproximadamente igual a la imagen azul, siendo las mma-
genes azul v amarilla ligeramente mis brillantes que la imagen ultravioleta.

El mismo material [otogrilico obtenido para el descubrimiento de es’ll'?llzls azules, (los resulta-
dos preliminares a este respecto se publicarin por separado en un luturo proximo) sirvio para la |(.Icn-
tificacion de un buen numero de galaxias que muestran intensa radiacion ultravmlct.:!. En algunas de
estas galaxias la relacion de densidades en sus tres imidgenes s comparable a la relacion de densul.n.dc»
en las tres imigenes de estrellas de extremo color violeta, tales como ciertas enanas blancas o el nucleo

de nebulosas planetarias.
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High AMtitude Water Cherenkov
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Cambridge MRAO - 4C array \‘-;\:\

(wikipedia)
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Schmidt & Oke (1963)

HB 7 =0.158
388.9 nm 501.6 nm 603.0 nm

© Addison-Wasley Longman
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M7 por HST

Superluminal Motion in the M87 Jet
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Cuasares y galaxias activas

+ Cuasares: descubiertos como objetos de apariencia estelar con intensa emision
en radio.

+ QSOs (Quasi-Stellar Objects): objetos extragalacticos con propiedades
similares a los cuasares, con o sin emision en radio.

- Galaxias Seyfert: galaxias 1identificadas por Seytert (1943) por tener un
nucleo muy brillante y exceso de emision azul (Haro 1956, Markarian 1967).

- Radio galaxias: galaxias con intensa emision de radio; mayormente elipticas.

- Objetos BL Lac: fuentes de radio cuasi-estelares, sin lineas en el optico;
algunos 1dentificados como nucleos de galaxias elipticas. Muestran emision de
rayos X.

4\
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 Fuentes extragaldcticas
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2. Galaxias normailes
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| 4. Hoyos negros, acrecion y jé‘s |
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6. Blazares
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8. Destellos dé i‘ayos gamma
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Classes of AGN and Unification
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Figure 12. Average SEDs for the ‘total blazar sample’ binned according
to radio luminosity irrespective of the original classification. The overlaid
curves are analytic approximations obtained according to the one-
parameter-family definition described in the text.
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Hoyo negro Galactico

Right Ascension difference from 17h 45m 40.045s

1947 10 haht . +05” +0.4” +0.3” +0.2” +0.1” 0.0” —-0.1" —0.2"
) +0.5”

+0.4"

+0.3”

+0.2”

+0.1"

0.0”

~0.1"

-0.2"

Declination difference from -29° 0’ 27.9”

-0.3”

-0.4"

(Sedna, Eris, Pluto and Neptune)
at the same scale for comparison

-0.5"
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;La naturaleza de los AGNSs?

Pista: emision sincrotron en radio = electrones relativistas en campos

magneticos (Shlovsky 1952)
. Colisiones de nubes de gas durante colisiones entre galaxias?
.Supernovas en cadena (Burbidge 1970s)?
. Brotes de formacion estelar - Starbursts (Terlevich & Melnick 1985)?

;Aniquilacion de materia y antimateria?

. Explosiones en objetos “estelares™ supermasivos (Hoyle & Fowler 1962)?

;/Acrecion en objetos supermasivos (Hoyle & Fowler 1963, Salpeter 1964)?

Ty
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Annu. Rev. Astron. Astrophys. 1984 22:471-506. Downloaded from www annualreviews.org
Access provided by Ingtituto Nacional de Astrofisica, Optica y Electronica (INAOE) on 0529/19, For personal use only.
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1. Coésmicos 2. Gamma 3. Galaxia 4. Extragalactica 5. Neutrinos 6. GW

Acrecion en hoyos negros

» Para un hoyo negro (un review cldsico es Rees (1984)),

L =nMc2, n=1/2,

B 2
Fs = 2GM/C = { rs/C: 10%s (/\/]/1091\’1@) '

» Un limite tedrico a |a acrecion es |la luminosidad de Eddington; en simetria esférica,
4 GMmpc
oT

= ~ 1.3 x 10* erg/s M.

» Tasa de acrecidn critica, para un hoyo negro (R = QGM/C‘?),

Mc = 4.4 Mg /yr Mo,

» v el tiempo caracteristico,
oTC

te = Mc?/Lg = ~ 4 x 10° yr.

4 Gmy

La presencia de momento angular da lugar a discos de acrecion.
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1977MNRAS.179. .433B

Extraction of energy from Kerr black holes 445

Figure 1. Schematic cross-section of black hole and magnetosphere, using » and 6 coordinates in
normal way. (Due to axial and time symmetry the diagram is independent of the azimuthal and time
coordinates that are being held constant; these can be the Kerr coordinates v and @, or for r >ry the
Boyer—Lindquist coordinates ¢ and ¢.) The poloidal field has been chosen so that Qy+B>0. H is the
event horizon r = ;. The poloidal field surfaces (i.e. surfaces of constant Agp) are shown as solid lines, with
the polar and equatorial surfaces Ay =Ap and Ay = A, specifically labelled. A current / is flowing from

fha mnmrnatAanemliaca b~ sla L1 -——a L - 1

Blandford & Znajek (1977)
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Fuentes extragalacticas

5. Radiogalaxias
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Radiogalaxias en 4FGL-DR3

Objeto Tipo Galaxia Sign 3FHL TeV
4FGLJ1325.5-4300  RDG = CenA 7354 . Y | P
4FGLJ1324.0-4330c. RDG ~ CenALobes = 3511 A 7
4FGLJ0319.8+4130 RDG = NGC 1275 4549 Y P
AFGLJ1230.8+1223  rdg = M87 4341 Y P
4FGLJ0627.0-3529 rdg | PKS0625-35 & 3942 Y P
4FGLJ1144.9+1937 rdg =~ 3C264 1333 Y P
4FGLJ0316.8+4120 RDG = IC310 026 Yy P
4FGLJ1630.6+8234 rdg = NGC6251 4147 Y = N
AFGLJ0308.4+0407 rdg =~ NGCI1218 = 2477 Y = N
4FGLJ0433.040522 RDG 3120 2460 . N
AFGLJ13463-6026 rdg = CenB 2359 Y | N
4FGLJ0931.9+6737 rdg  NGC2892 2133 Y = N
4FGL10322.6-3712¢ RDG = FornaxA 1840 Y = N
4FGLJ1306.7-2148  rdg ~ PKS1304-215 1438 N
4FGLJ0418.2+3807 rdg = 1 1314 N
4FGLJ2329.7-2118  rdg ~ PKS2327-215 1242 N
4FGLJ1149.0+5924 rdg =~ NGC3894 108 N
4FGLJ0057.743023  rdg  NGC315 1070 = N
AFGLJ0519.6-4544  rdg = PictorA 1058 N
4FGLJ01534+7114  rdg  TXSO0149+710 1015 Y = N
4FGLJ1516.5+0015 rdg = PKS1514t00 = 991 =~ N
4FGLJ0334.3+3920 rdg = 4C+39.12 990 Y N

Objeto Tipo Galaxia Sign 3FHL TeV

4FGL J0009.7-3217  rdg | IC 1531 9.07 N
""""" 4FGLJ1443.1+5201  rdg  3C303 904 N
""""" AFGL12302.8-1841 | rdg = PKS2300-18 888 N
""""" 4FGL J2326.9-0201  rdg .  PKS2324-02 846 N
 4FGLII3063+1113 = dg | TXS 1303+114 773 N
""""" 4FGLJ2341.8-2917  rdg PKS2338-295 746 N
""""" AFGLJI219.6+0550 = rdg = NGC4261 740 N
""""" 4FGLJ0708.9+4839  rdg  NGC2329 739 N
""""" 4FGL J1449.5+2746 = rdg = B21447+27 693 Y N
""""" 4FGL J2156.0-6942 = rdg = PKS2153-69 689 | N
""""" 4FGL J0958.3-2656 = rdg = NGC3078 681 | N
""""" 4FGLJ17242-6501  rdg = NGC6328 653 N
""""" 4FGL J2227.9-3031 rdg = PKS2225-308 | 631 | N
""""" 4FGLJ0237.7+0206  rdg = PKS0235+017 58 N
""""" 4FGL J0758.7+3746  rdg = NGC248 555 N
""""" AFGLJ1843.4-4835 = rdg = PKS1839-48 542 Y | N
""""" 4FGLJ1236.9-7232 = rdg = PKS1234-723 596 | N
""""" AFGL J1518.6+0614 = rdg = TXS1516+064 565 | N
""""" 4FGLJ1530.342709 = rdg = LEDAS55267 481 | N
 4FGLJ0312.9+4119 g | B30309+411B | 460 N
""""" 4FGL J1521.140421  rdg = PKSBI5I8+045 441 N

..................................................................................................................................................................................................................................

4FGLJ1116.6+2915 rdg B21113+29  3.90 |

Z

4FGLJ0038.7-0204 rdg =~ 3C17  9.48

Z
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THE ASTROPHYSICAL JOURNAL, 934:158 (9pp). 2022 August | Alfaro et al.
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Figure 1. SED of M87 with the best fit SSC model. Blue pomts comrespond to measured fluxes taken from Morabito et al. (1986, 1988), Junor & Biretta (1995), Lee
et al. (2008), Lonsdale et al. (1998), Doeleman et al. (2012), Biretta et al. (1991), Perlman et al. (2001), Sparks et al. (1996), Marshall et al. (2002), Wong et al. (2017),
Abdo et al. (2009), and the 4FGL catalog (Abdollahi et al. 2020). The model of the synchrotron component is the orange dashed curve and the model of the mverse
Compton component is the green dashed curve. Swift/BAT upper limits obtained by Abdo et al. (2009) are shown by red triangles. The gray region corresponds to the
lo error of the best fit model parameters. For companson, TeV eror bands from 2004 HEE.S.S. (blue) (Aharoman et al. 2006), 2005 H.LES.S. (red) (Aharonian

et al. 2006), MAGIC (green) (Aleksi¢ et al. 2012). and HAWC (violet) (Albert et al. 2021) are shown. Residuals of the best fit model, whig
R = log(F, ops/F, moa) where F, . and F, 5.4 are the observed and predicted fluxes respectively, are shown in the bottom panel.
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Northern Galactic hemisphere
11 month sequence by Fermi-LAT
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Strongly Variable Class of BL Lac Objects

'_'— = A L .
. ‘" - i - -
N 4 Aharonian et al. 2007 PKS 2155-304 -
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Blazares

» Aceleracion de particulas en jets con I'=1-10 eteis gl
. 4 y . o sight to
- jet por extraccion de energia rotacional del BH g Earth
(Blandford - Znajek 1977). ey
- choques dentro del jet = aceleracion de particulas. Syncmg B
photon ,
y e Ambient Proton-induced
+ Modelos leptonicos: PhotBHor Shock Cascade
synchrotron ML gufFray
- sincrotron: radio a optico, o mas (LSP, ISP, HSP); . N
hock
- Compton 1nverso, version SSC o con radiacion externa; " Inverse-Compton
. . e scattering
por ejemplo disco de acrecion o CMB.

« Modelos hadronicos:

- sincrotron por € primarios y secundarios;

- emi1s10n gamma por ¥ => neutrinos.

,%\\\\\ g(:x
/A N Clencna yTecnologla AAE @ INAOE - 2025
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Solution: Bulk Relativistic Motion

Causality relation for R < cAf QO Suppose relativistic spherical shell briefly
stationary sources: var illuminated, e.g., by shell collisions

QO Due to strong beaming, only see emission

emitted within Doppler cone eDoppler ~1/T
/ I

8, ~1/T

\ cAt,, ~ R(1—-cosb,

= R< 2fchtm

&

4

Y~ RO> /2~R/2I"

oppler Doppler

Emission size ~ 1 # larger than values inferred for stationary region
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7. Absorcion de pares por luz extragalactica

3600 ° Mrk 421 0°

O,

.............................................................................................
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1. Césmicos 2. Gamma 3. Galaxia 4. Extragalactica 5. Neutrinos 6. GW

Absorcion EBL - produccion de pares

» La produccidon de pares por dos fotones,
Y4+ — et +e

sigue la conservacion de energia y momento (A =1, mc = 1),
( wo + w1 )_( Y0 + 7 )
wo Ko + wiky Y050 + Y151
» El invariante es

S = —pu P = 2wow1 (1 — ko - /?1) = 24+ 2% (1 — B - 51) — 4~? = 4/(1— ,82),

siendo 3 |la velocidad del par en el CM.
» La seccidon eficaz,

1+ 03
o=T2(1- ) {(3_34) " (1—.@) Y (2_52)},

con s = 4v° = 4/(1 — %), siendo 3 la velocidad del par en el CM.




1. Cosmico

-—

Gamma
Absorcion EBL

3. Galaxia

4. Extragal

» El maximo de o corresponde a 3 >~ 0.7 = v >~ 2

= E hv(1 — cos ) (mc®)” ~1eVTeV.
» Se calcula la opacidad sobre |la linea de visidon

0.4 0.6

B
d/

@ dZ,,
con VEh 11/2, it =1 — cosf > pimin = m?c*/E, hv(1 + Z')?, y un modelo
de distancias cosmolégicas, d//dz = c/H(z)(1 + z)

z proo 2 L
T(E,,z) = o og(w)n,(z') =dp dv
Fmin

ol
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CMB travel distance (tau=1)

Q0
|

~J
|

Gould & Schreder (1966)
calcularon la opacidad
Yy —>e¢€’
para el CMB (hv ~ 1073 eV)

o
|

logl0(Light travel distance (pc))
o)

4 -
3 | | | | | | |
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Figure 11. Left: our EBL predictions compared with several recent models from the literature. Solid and dotted black lines show the proper flux density from
our WMAPS and CACDM models in the local universe and at z = 1 and 2. Other lines are from Franceschini et al. (2008) (dashed—dotted blue), the best-fitting
model of (Kneiske et al. 2004) (long-dashed green), D11 (long-short dashed red) and model *C’ from Finke et al. (2010) (dashed orange). The baseline and fast
evolution models of Stecker et al. (2006) are the low and high dotted violet points in the z = 0 panel. Right: a comparison of the 7,,,, = 1 attenuation edges for
several models. Line types are as in the opposite panel. In this instance, the lower set of dotted points denotes the fast evolution model of Stecker et al. (2006),
while the upper are the baseline model.
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HAWC AGN survey (Albert et al. 2021)
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Fuentes extragalacticas

8. Destellos de rayos gamma
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Burst and Transient Source BATSE—GRO

NAYOE Experiment (BATSE) 3 Types of Gamma-Ray Bursts
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GRB 13042

Before and after Fermi LAT views of GRB 130427A, centered on the north galactic pole
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LLos crepusculos

EeppoSAi obasrvation of CRBSTOZ2E figh
' 997 Feb 28 Exposura: 14334 ¢
yvragY 501"y 8" ’

Gamma Ray Burst GRB990123 HST « STIS
PRC99-09 « STScl OPO « A. Fruchter (STScl) and NASA

Figure 1.7: Localzation of GRB 970228 observed by BeppoSAX. The left
image 1s the X-ray emission in the vy-ray mstrument error box taken ~ 8 hours
after trigger while the right 1image 1s taken ~ 3 days after trigger. A fainting
source was clearly detected at the GRB location which 1s the first detection of

an X-ray afterglow. Through the subsequent measurement of the host galaxy ¢ Afterglows”

redshift, this was the first conclusive evidence of the extragalactic nature of

long GRBs.
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GRB 080319B
Naked eye
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Age of the Universe (billions of years)
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Figure 1.10: Redshif distributions of GRBs detected up to the 23™ of April
2009, when the highest redshift GRBs was discovered at z = 8.2. Credit: Edo

Berger (Harvard/CfA)

/// \ W0, e @ @ mmmm B e
/A 1encna y ecno ogla AAE @ INAOE - 2025
i S oy : :
== ‘E/\;\}f// , Humanidades, Tecnologia e In PP PP T TUPPRTR :




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

Long gamma-ray burst
(>2 seconds’ duration)
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Crashing neutron stars can make gamma-ray burst jets

Magnetic fields

Neutron stars
Masses: 1.5 suns
Diameters: 17 miles (27 km)
Separation: 11 miles (18 km)

Simulation begins

7.4 milliseconds

13.8 milliseconds

Black hole forms S .
Mass: 2.9 suns NG YRR s
Horizon diameter: 5.6 miles (9 km)

f.[ =

N 0' Jet-like
l,, v;., magnetic ﬂeld

15.3 milliseconds

21.2 milliseconds

26.5 milliseconds

Credit: NASA/AEI/ZIB/M. Koppitz and L. Rezzolla
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