guardare lontano, lontano...

I'oggetto piu’ distante dell’'Universo

Ruben Salvaterra
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Il sole: la stella piu vicina

spettro del sole
E

D

Coaoler
atrnosphere

Spectrum of
star's hot interior

distanza: 150 milioni di km
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misurare la distanza delle stelle

Ew eyl By v Ly A 3 e B#l  La stella si vede qui La stella si vede qui
s T . 4 ) in glugno in dicembre
~_"Spostamento apparente 3 : .,
7 . « della stella ey
o, . .—=—— stellelontane ——=— .. 2t \

« Stella vicina

Stella Spoéfamento v
apparente
- della stella*

Tetra

giugno

=un

Earth

Earth

SuUn

Earth



le cefeidi

Cepheid Variable Star in Galaxy M100 HST-WFPC2

ApEil 23

Henrietta Swan Leavitt
1868-1921

flusso=L/4pi D?

52 milioni di anni luce

dalla variabilita si puo risalire alla distanza



serataBZ/Cefeidi-DivxQ60.avi

Hubble I: le altre galassie

Mount Wilson Observatory

ottobre 1923:
Erwin Hubble osserva le
nebulose con il 100" (2.5 m)
di Mount Wilson
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Hubble Il: le galassie si allontanano

piu’ le galassie sono distanti e piu’ si allontanano

(piu’ e’ grande il redshift) | SESPE—

A RELATION BETWEEN DISTANCE AND RADIAL VELOCITY — il
AMONG EXTRA-GALACTIC NEBULAE

By Epwin HUBBLE

MounT WiLgoN OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON

Communicated January 17, 1929 15,000 km/s
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I'universo si espande

Albert Einstein

Expanding distance between galaxies

Il Big Bang e’ avvenuto circa 13,6 miliardi di anni fa



osservare le galassie oggi

Keck alle Hawal
(10 metri)

4




osservare le galassie oggl

galassia di Andromeda (M31)

L% Hubble Space Telescope

i




le galassie lontane

Hubble Ultr
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NASA, ESA, S. Beckwith (STScl) and The HUDF Team

STScl-PRC04-07a



lo spettro di una galassia lontana

Observed Wavelength ( )
8000 8500 8000 Osservata
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=55 —— 12,6 miliardi di anni luce

la luce di questa galassia ci ha messo 12,6 miliardi di anni a raggiungerci
e’ partita quando I’'Universo aveva solo 1 miliardo di anni !
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Quale €’ 'oggetto piu’ distante dell’'Universo?

< A laLuna . Y , ' un pianéta
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| Gamma-ray Burst (GRB)

sono forti lampi visti nei
raggi gamma della durata di
pochi secondi

avvengono con una
frequenza di ~1/2 al giorno

Tme in Seconds

In pochi secondi emettono luce come
il Sole per 3000 miliardi di anni

tutta la nostra Galassia per 100 anni



come sono statl scoperti?

Negli anni '60 vengono lanciati i satelliti Vela per verificare
Il trattato di non prolificazione nucleare

1

Pwh Tyt

TeEE ASTROFHYSICAL Jourwar, 182:L85-L&8, 1973 June 1
© 1973, The American Astronomical Society. All rights reserved. Printed in T.5.A.

OBSERVATIONS OF GAMMA-RAY BURSTS OF COSMIC ORIGIN
Ray W. Kresesaper, lan B. Strowg, anp Rovy A. Ovrson

University of California, Los Alamos Scientific Laboratory, Los Alamos, New Mexico
Reccived 1973 March 16 revised 1973 April 2

Vela 4a Event — July 2, 1967
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cosa sono?

A due anni dalla pubblicazione della scoperta erano gia’
state elaborate decine di teorie differenti per spiegare |
GRB tanto che...

“For theorists who may wish to enter this broad and growing field, I should point
out that there are a considerable number of combinations, for example, comets of
antimatter falling onto white holes, not yet claimed.”

—M. Ruderman’



cosa sono?

Year Reference Main 2nd Place Description

SPPNFURYNEVSI 5!

-
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Pub Body Body
1968 GCJPhys, 46, 5478  S71 . COS SN shocks steliar surlace In agisiant gaiaxy
1974 ApJ, 187, 333 ST COS Type ¥ SN shock brem, inv Comp scat at stellar surtace
1973 Nawwe, 248 PS70 ST DISK Stelkar superfiare from nearby star
1973 Natwe, 245 PS7T0 WD DISK  Supertiare ¥om noa:r WD
Harwit o1 al. 1973  ApJ, 186, L37 NS COM DISK Relic comet pertubed o collice with old galactic NS
i 1975 ivalwe, 246, F552 WO 357 UISK  Auvcreson ume WO irom faee n compesion

1973  Nature, 246, PS52 NS ST DISK  Accredon oo NS from fare in companion
1973  Nature, 246, PS52 BH ST DISK  Accresion oo BH from fare in companion

1974 ApASS, 28 M1 NS HALO NS chunk comtained by external pressure S,
1974 A&’.?. 187, L9 0G SOL  Relativistic iron dust :fy.n mp'-n mmmw
1974 ApJ, 187, |97 ST DISK  Dwrected steliar flares on stars

1974 SovAstron, 18,290 WD COM DISK Comet from system's cloud stiikes WD
1974 SovAstron, 18,290 NS COM DISK Comet from system's cloud strikes NS

L1876 ApASS, 35, 23 ST COS Absorption of neu¥ino emission rom SN in stellar envelope
L1876 ApAaSS, 35 23 ST SN COS Themal emission when small star heated by SN shock wave
L1875 ApASS, 35 23 NS COS Ejected maner from NS explodes

1874 Natwre, 251, 399 NS DISK crustal starquake glitch; should tme coincide with GRB

1974 Nature, 251, 590 WH COS  White hole mlu’gnctrm that softens with time

1975 ALA 24 .2 NS HALO NS corequake excites vibrations, changing E & B fields

1974 ApJ, 193 L7S WD DISK Corwecson inside WD with high 8 produces flare

1876 ApAaSS, 34, 306 AGN ST COS Collapss ol supermassive in nucleus of acive

1875 ApdSS, 35, 321 WH COS WH excites synchrotron emission, inverse Compton sca

1875 Nature, 256, 112 B8H DISK Inv scal geep n moaphon of last rotating, accreting

1976 ApASS, 42, 77 NS DISK NS cr ake shocks NS surace

1978 ApASS, 42, 83 WD DISK Magnaetic WD suffers MHD instabdites, flares

1976 #J. 200, 190 WD DISK Thormal radiation from !lare near tic WO

1976 Nawre, 263, 101 NS DISK Carbon getonation om accreted of oMo NS

1977 ApJ, 217,167 NS DISK Mag gating of accret disk around NS causes sudden accretion

1877  ApJ, 214, 268 BH DISK lmmt? N accreton onto ragidly rotating BM

1979  ApASS, 63, 517 ] S0L  Charged intergal rel dust grasn anters sol sys, breaks up

1980 ARA, H7, 224 wo DISK WD surface nuclear burst causes chromospharic flares



cosa sono?

Year Relerence Main 2nd Place Description
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Pub Body Body
1968 CJPhys, 46, 5478  S1 . COS SN shocks stellar surlace In aisiant galaxy
1974 ApJ, 187, 333 ST COS Type ¥ SN shock brem, inv Comp scat at stellar suriace
1973 Nawwre, 248 PST0 ST DISK Stelar superflare fom nearby star
1973 Natwe, 245, PS70 WD DISK  Superfiare ¥om M.:J WD
Hawitetal. 1973 ApJ. 186, L37 NS Relic comet perturbed [ collice with old gatactic NS
(=

e

1973 aiwe, 246, F352 WO 57 UISK  Autreson umo WO irom jure n compemion
1973 Nature, 246, PS52 NS ST DISK  Accredon omo NS fom fare in companion
1973 Nature, 246, PS52 BH ST DISK  Accreson onto BH fom fare in companion

1974 ApASS, 28 1M1 NS HALO NS chunk comtained by external pressure 5, axplodes
1974 AgJ‘ 187, 193 0G SOL  Relativistic iron dust :ry.n wmpl'-n solar rﬁaﬁm
1974 ApJ, 187, |97 ST DISK Dwrected stellar flares on stars

1974 SovAston, 18,390 WD COM DISK Comet from system's cloud stikes WD
1974 SovAstron, 18,390 NS COM DISK 2omoc from system's cloud strikes NS

L1876 ApASS, 35 23 ST Cos of neuino emission from SN in stellar envelope
L1876 ApAaSS, 35 23 ST SN COS Themal emission when small star heated by SN shock wave
L1875 ApASS, 35 23 NS COS Ejected mamer from NS explodes

1874 Nawre, 251, 399 NS DISK crustal starquake glitch; should tme coincde with GRB

1974 Nature, 251, 590 WH COS  White hole emits that softens with time

1875  ALA 44, 2¢ NS HALO NS corequake excites vibrations, ng E & B fields

1974  ApJ, 193, L7S WD DISK Corwecson inside WD with 8 produces flace

18976 ApaSS, 34, 306 AGN ST COS Collapss ol supermassive in nucleus of acive

1875 ApAaSS, 35, 321 WH COS WH excites synchrotron emission, inverse Complon sca

1875 Natre, 256, 112 BH DISK Inv scal desp n o'goaphm of last rolating, accreting

1976 ApASS, 42, 77 NS DISK NS cr ake shocks NS surace

1978 ApASS, 42, 83 WD DISK Magnaetic WD suffars MHD instabilities, flares

18976 J, 200, 190 WD DISK Thermal radiation from !lare near tic WO

1976 Naswre, 263, 101 NS DISK Carbon getonation ¥om accreted of oMo NS

1977 ApJ, 217,187 NS DISK Mag gating of accret disk around NS causes sudoen accretion

18977  AplJ, 214, 268 BH DISK Imt&l.h? N accreton onto rapidly rotating BH

1979 ApASS, 63, 517 DG S0L  Charged intergal rel dust grasn anters sol sys, breaks up

1980 ARA H7, 224 wo DISK WD surtace nuclear burst causes chromospheric flares
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cosa sono?
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ASA 136, B3
AplJ, 290, T
#J. 203, L21
sure, 310, 121
Ap&SS, 105, 245

291, 822
%’m. 212, 545

NS surface nudear burst causes chromospheric fares

NS vibralions heat amn to par produce, anniilate, synch cod
Asteroid from imerstedlar medium hits NS

NS core quaks caused by phase transition, vibratons

Asteroid hits NS, B-4eld confines mass, crealss high 1emp
Helium flash cooled by MHD waves in NS outer layers

Asteroid hils NS, tidaly disrupts, heated, expelled along B lines
Astercid enters NS B dragged % suriace collision
Ma%\:ﬁc reconnecton at h

NS flares from pair plasma con in NS magnetosphers

Maﬁmlc raconnecton aftar NS surface Ha llash

He fusion runaway on NS B-pole helum kake

& copiure ers H fash riggers He flash on NS surtace

8 Induced cyclo res in rad absorp rel o-5, inv C scat
B8 X-rays inv Comp scat by honer overlying plasma

ISM matter acoum at NS se then s accreles

HALO Nonexplosive coll of into rotating, cooling N

NS accretion from mass bnary companion

Neuwron rich elements ta NS surface with quake, undergo fission
Thermonuclear axplosion beneath NS surlace

NS corequake + unaven heating yisld SGH pulsations

B lleld contains matter on NS cap allowing fusion

NS surface nuc explosion causes small scale B reconmection
Ramnant dneat fgmimt%n .nmbnw cgu;s sudden h;m
Resonant sorp dwring magnatic flare gives synch &%
NS magnetic fields get twisied, recombine, gm fare

NS magnetosphere axcted by starquake

Accretion ingtability batween NS and disk

Old NS In Galactc halo undergoes starquake

Weak 8 field NS spherically accrates, Complonizes X-rays

NS tares result of magnesc canvective-ascllation instability
High Landau &-5 beamed aiong B lines in cold aim. of NS

NS + low mass stelar an gives GRB + opucal fiash
NS tdes disrupt comat, debris hils NS next pass

Radialy oscifating NS

Flare in the magnetosphere ol NS accalerates &3 B Sad
Cosmo GRBs: rel e« opt i plasma outhow indicat

Chain fission of superheavy nuclel below NS surface during SN
SN sjecis strange mat lump craters rotating SS companion
Magnetically active steliar system gwves stellar flare



cosa sono?

L7 RRIBsAe B |\ NoUTHIETETIT W )

Reference Main 2nd Place  Description
Body Body
at 4 ApJ, 318, Lag cS COS GRB result of energy released from cusp of cosmic siring
. Nature, 327, 358 NS COM DISK Oortcloud around NS can explain solt gamma-rapeaters
McBreen ot al Nature, 332, 234 GAL AGN COS GdemmBLucmlemsMc
ApJ, 327, LB WD COS WD collapses, bums to form new ciass of paricies
s G ApJ, gg:. gg :g 8:2# BzX-ny bi sy:iovdvu to NS :crduon with recurrence
B man A ApJ, 338, fe/- casSCades igned puisar ouser-mag-sphere raignition
Pac; ApJ, 338, 528 Ccs COS  Energy vdunJ from cusp of cosmic s¥ing (revised)
LI MNalure, 335, 23< NS DISK  ADzorpton lealures sl separase coldar region near NS
80. Msia Nalwe, 336, 658 NS DISK NS « accretion disk r ion explains GRB specya
a, ApJ, 343, 839 NS DISK NS seismic waves coug 10 magnelosphanc Alfen waves
82. Trodmenko et al. Ap&SS, 152, 105 WH COS  Kerr-Newmnan while ho 3
83, Swrrock st al, ApJ, 348, 850 NS DISK NS E- fisld accederates electrons which then cascade
B84. Fenimore ot al. ApJ, 335, L71 NS DISK Narrow absorption feabures indicate small area on NS
85. Rodrigues AJ, 98, 2280 wD WO DISK Bhnnsmnb-r lases part of crust, through L1, hits primsary
86. Pneault et al. ApJ, 347, 1141 NS COM DISK Fast h Oort clouds, fast WD bursts only optical
87. Melia ot a ApJ, 348, 378 NS DISK Episodic sl static accel and Comp scat from rot high-B NSs
88, Ap&SS, 169, 301 WH COS  DiMerent types of whits, “grey” holes can emd GRB
88, Eichler ot al, Naiwe, 340, 126 NS NS COS NS -NS members colide, coalesce )
80. Wang PRL, €3, 1550 NS DISK ngomlﬁunmwuauzo.donvd'm.mmdns
91, Alexander ot al ApJ, 344, L1 NS DISK QED mag resonant opacity n NS atmosphere
92. Melia ApJ, 351, 6Ot NS DISK NS magnetospheric plasma oscilations
5. ApJ, 348.81.525 e g cOM g:gz R of radiation noc:: from etized neutron stars
. Ap&SS, 165, 1 torsiellar comets pass daead magnexsphers
9% ApJ, 360, 187 NS DISK Comgton mnuinop:am magnetic fisld
9¢. ApJ, 363, 612 NS ISM  DISK Oid NS accretes from ISM, surface goes nuclear
97, Paczynski ApJ, 363, 218 NS NS COS NS-NS colksion causes v colisions 1o drive super-Ed wind
88. Zdrarski et al, ApJ, 368, 343 RE MBR COS s::m.i':g of microwave backpround photons by rel o5
89. Pineaul Nature, 345, 233 NS COM DISK Young NS drifts through its own Oon cloud
100. Trofimenko ot al. 18991 Ap&SS, 178, 217 WH HALO White hale supernava gave simul burst of g-waves kom 1987A
101, ApJ, 373, 198 NS DISK NS B- field undergoes resistve tearing, accelerates plasma
102. Holcomb et al, ApJ, 378, 682 NS DISK Alten waves in non-uniform NS atmosphere accelerate paricles
102, Haensel ot 3. ApJ, 375, 208 S8 SS COS Strange stars emit binging enuny in grav. rad. and colide
104, ApJ, 381, 210 NS ISM  DISK Slow ntersiellar accretion onio NS, e- capiure starquakes result



Frank wt al,
Wmllﬂll ml,
Dar at a

Hamami
idesrarcs et al.
iCarmar

Usow

Marayan ot al.
Narayan ef al.
Hrainsnd
Maszarcs & al,
Magzaras at al,
Cine at al.
Faeas at al,

385, L4s NS
ﬂ 191, 228 NS
ApJ, 388, 164 WD
Apd, 389, LM HS
ApJ, 297, 570 NS
ﬁp..l. a4, L&Y HH

akira, 357, 472 NS
#p., 395 LE] NS
#p., 395, LAY BH
ii.il. 394, L33 AN
RAS, 257, 9@ BH
MRAAS, 257, 20P NS
Apd, 401, L57 BH
MhRAS, 258, 41P b B

Weray bi wvalvet inks GHE shes

mass X-ray binary
Aczrating WD collapses 1o NS

pias 1o form naksd NS, GRBe, coamic rays
= HEU magrieias c imeraction unsiable

andso firabal
rmal stars Goally chken i"h nucleus BH
WD collapses 1o form NS, B-f aes NS rolRion nsEnty
NS - NS manger gives optically thick fireball
BH-NS megar givas optically thick firebal
ghrogron amession om AGN je1s
BH-NS hawa vs colide 1o ye in firaball
M5-MNS have ve collide 0 78 in claan Srebal
Primardial BHs evaporating could account far short hard GRBs
Aedativistic freball reconveried io rediabion whan hits I5M

... piu’ teorie che eventi!



Conteggi/ secondo

cosa sono?

Primo indizio : variabilita’ su tempi molto brevi ~0.001 secondi

BATSE Trigger 16876
I T T T I T T

soxipt T T T T T
g Eﬁsnoalﬂ:i:ne: 64 ms g L <C X 5-':
4-.D><1D4f— —f
zox10* . Una variazione della
- |\| : luminosita’ e’ il risultato di
s oxiotE. E una modifica nella
- ] sorgente che deve
;’J u! \’ | ] avvenire a velocita’ minore
1oxio* v della velocita’ della luce
- — :
GE I I L | I I L | 1 1 1 | 1 1 | I I 1 | !
=24 0 20 44 &0 &0

Secondi dal trigger

L<cxat=3-10m/s x 103s =300 km



cosa sono?

Secondo indizio

2704 BATSE Gamma-Ray Bursts

+90

BATSE su CGRO

Fluence, 50-300 keV (ergs cm™)

Sono distribuiti isotropicamente quindi extragalattici




BeppoSAX: I'afterglow

La svolta la si ha con la ricerca delle controparti a altre lunghezze d’'onda e
in particolare nei raggi X (in gamma poca risoluzione spaziale, in
ottico/radio troppe sorgenti)

BeppoSAX (Italia-Olanda)




e la prima misura della distanza

b

GRE 970502 Optical Counterpart L

I Hz-1)

,
o CIN== S

) erg

7

F, (10-

Hay 9 May 10

Falomar Obzerwvatory 0
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sono ben al di fuori della nostra Galassia!



cosa sono?

la morte di una stella 20-30 volte piu’ grande del Sole



cosa sono?

Several shocks - - also Extemal ShOCk

possible cross-shock IC
Flow decelerating into
the surrounding medium
Internal Shock ~
Collisions betw. diff. Reverse Forward
parts of the flow shock<= => shock
' L | Photospheric x ‘R |

n decou le th. radiation

X
O

Jet 'Y fd

Afterglow R

>10"cm




come || osserviamo ora?

Telescopio ¥

Telescopio X:

Osservatorio di
Brera (ITALIA)

Telescopio
ultravioleto




| GRB: bisogna essere rapidi

scoperta posizione  posizione spettro
precisa distanza

mentre emissione gamma dura pochi secondi quella nei raggi X e
nell’ottico dura anche alcuni giorni ma per misurare la distanza occorre
osservare prima possibile quando la luminosita’ e’ ancora molto alta



Il GRB del 23 aprile 2009

07:55:19 a.m. (ora di Greenwich)
del 23 aprile 2009

DavlightMap.ce
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Il GRB del 23 aprile 2009

Puerto de la Cruz
< ® 3

r. : Ficls ,'f_:;:;ﬁu; T s _.'.v |
R - b - 5 ] 2 T
- ~% ': ; . - b r ‘; x
Telescopio L i
Nazionale GESERTS
Gallleo (3,5 m) ©2001 Giovanni Tessicini g " - i . 8 453 -("'



Il GRB del 23 aprile 2009

— -
o -

erg cm™® syt

10000 15000 20000 A

Agps— Aoy 11100-1215

7 = =8,1 —— 13 miliardi di anni luce
Arat 1215

122900000000000000000000 km



gli “antagonist

Rest wavelength (um)
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Cosa abbiamo imparato

1. ESISTONO!

Cosmic EPocCHS

after the Big Bang

and nascent galaxies In

~ | billion years: Dark ages end GR8090423

9.2 billion years: Sun, Earth, and solar system have formed

~13.7 bilkon years: Present




cosa abblamo imparato

2. confronto tra curve di luce per GRB a diverse distanze

L, J0.83—10 keV] (erg/s)

o™ 10° 107 10 10°

Rest Frame Time (s)



cosa abblamo imparato

2. sono uguali a tutti gli altri

T T ! | . 1 '
10 " GRB0O80423 —
+ BAT
e XRT
n
\., - & .."‘J 1
i U F )
5
L
LY : o,
o 10®k 0.8 ¢ GRBOB0430 Seadt: L v
67 13 ¢ GRB061121
g 27 ¢ GRB060714
,j' s KBOB0129 Y
1046_ 5.3 % GRBO50S1 " 2 -
JUO 14 5 L]
6.3\L '
104 . | , | . | : -
107 10° 107 10¢ 10°

Rest Frame Time (s)



guardare lontano, lontano...

immaginiamo che la vita dell’Universo sia uguale a quella di un uomo (100 anni)

anno di osservazione
1923 1980 1990 2000 2009 2015(?)

galassia/stella piu’ lontana conosciuta (miliardi di anni luce)
0,002 7,7 10 12,6 13 13,3

eta’ dell’Universo (anni)
100 50 19 7 4 2




GRB in EXTras ©4:s

cosa troveremo di sicuro: I target

GRB 020322

i/a8)

0.2

Combined EPIC sount rate [caum

0.1

Time Since GRE (8)

1 giorno



GRB in EXTras €4

Cosa vorremmo trovare: i piu’ deboli

1) Itis possible to detect the X-ray
emission of the population of
GRBs UNTRIGGERED by
Swift

2) They are relatively “fast”
transients (min = < 1h)

~
\\ ~
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—I"—t
-
S
=11)
O
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3XMM-DR4 <F>
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GRB In EXTraS

cosa vorremmo trovare: gli “orfani’




la galassia piu’ lontana

Distant Galaxy Hubble Space Telescope = ACS/WFC = WFC3/IR

..

Flux [107"7 erg/s/cm?/A]

z=7.7302+0.0006
f(Lya) = 1.7+0.3 7 erg/s/cm2

-0.2 | | | |

e e 1.05 1.055 1.06 1.065 1.07 1.075
Observed Wavelength [um] X 10¢ cm



Il pianeta piu’ lontano

~2000 pianeti extrasolari confermati dal 1994

Milky Way Galaxy

Most Known
Exoplanets OGLE-2014-BLG-0124L

Microlensing
Exoplanets

Our Solar System

13000 anni luce

NASA/JPL-Caltech




