
Bevezetés a 
csillagászatba IV

1. Alapfogalmak, Naprendszer I.



I. Alapgondolatok

• I/1. Háttérsztori 1: gamma-villanások (Gamma Ray Bursts, 
GRB) 
 
1963: Vela-műholdak 
1967. július 2.: Vela-4 és Vela-3 gamma-sugárzás hirtelen 
megnőtt 
1973 - első publikáció 







J. van Paradijs, P. J. Groot, T. Galama, C. Kouveliotou, R. G. Strom, J. Telting, R. G. M. Rutten, G. J. Fishman, C. A.

Meegan, M. Pettini, N. Tanvir, J. Bloom, H. Pedersen, H. U. Nørdgaard-Nielsen, M. Linden-Vørnle, J. Melnick, G. van

der Steene, M. Bremer, R. Naber, J. Heise, J. in't Zand, E. Costa, M. Feroci, L. Piro, F. Frontera, G. Zavattini, L. Nicastro,

E. Palazzi, K. Bennet, L. Hanlon & A. Parmar - Show fewer authors

Letter

Transient optical emission from the error box of
the γ-ray burst of 28 February 1997

Nature 386, 686–689 (17 April 1997)

doi:10.1038/386686a0

Download Citation

Received:

Accepted:

Published online:

25 March 1997

29 March 1997

17 April 1997

For almost a quarter of a century , the origin of γ-ray bursts— brief, energetic

bursts of high-energy photons—has remained unknown. The detection of a

counterpart at another wavelength has long been thought to be a key to

understanding the nature of these bursts (see, for example, ref. 2), but intensive

searches have not revealed such a counterpart. The distribution and properties of

the bursts  are explained naturally if they lie at cosmological distances (a few Gpc) ,

but there is a countervailing view that they are relatively local objects , perhaps

distributed in a very large halo around our Galaxy. Here we report the detection of

a transient and fading optical source in the error box associated with the burst

GRB970228, less than 21 hours after the burst . The optical transient appears to be

associated with a faint galaxy , suggesting that the burst occurred in that galaxy

and thus that γ-ray bursts in general lie at cosmological distance.
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Távolságok nélkül: közeli bolha 
vs. távoli elefánt problémája



Háttérsztori 2: gyors rádiókitörések (Fast Radio 
Bursts, FRB)   
Felfedezés: (Lorimer et al. 2007)



Parkes 64 m-es antenna, 2001. augusztus 24.





A “Fast Radio Burst” kifejezés megalkotása: ez 
egy populáció (Thornton et al. 2013)



signal-to-noise ratios (SNRs) to yield astrophysi-
cally interesting constraints for either parameter
and show no evidence of scattering.

Our FRBs were detected with DMs in the
range from553 to 1103 cm−3 pc. Their highGalactic
latitudes (jbj > 41○, Table 1) correspond to lines
of sight through the low column density Galactic
ISM corresponding to just 3 to 6% of the DM
measured (10). These small Galactic DM con-
tributions are highly supportive of an extragalac-
tic origin and are substantially smaller fractions
than those of previously reported bursts, which
were 15% of DM= 375 cm−3 pc for FRB 010724
(4) and 70% of DM = 746 cm−3 pc for FRB
010621 (5).

The non-Galactic DM contribution, DME, is
the sum of two components: the intergalactic
medium (IGM; DMIGM) and a possible host gal-
axy (DMHost). The intervening medium could be
purely intergalactic and could also include a con-
tribution from an intervening galaxy. Two op-
tions are considered according to the proximity
of the source to the center of a host galaxy.

If located at the center of a galaxy, this may be
a highly dispersive region; for example, lines
of sight passing through the central regions of
Milky Way–like galaxies could lead to DMs in
excess of 700 cm−3 pc in the central ~100 pc (11),
independent of the line-of-sight inclination. In
this case, DME is dominated by DMHost and re-
quires FRBs to be emitted by an unknownmecha-
nism in the central region, possibly associated
with the supermassive black hole located there.

If outside a central region, then elliptical host
galaxies (which are expected to have a low electron
density) will not contribute to DME substantially,
and DMHost for a spiral galaxy will only contrib-
ute substantially to DME if viewed close to edge-
on [inclination, i > 87○ for DM > 700cm−3pc;
probabilityði > 87○Þ ≈ 0:05]. The chance of all
four FRBs coming from edge-on spiral galaxies
is therefore negligible (10−6). Consequently, if the
sources are not located in a galactic center, DMHost

would likely be small, and DMIGM dominates.
Assuming an IGM free-electron distribution, which
takes into account cosmological redshift and as-
sumes a universal ionization fraction of 1 (12, 13),
the sources are inferred to be at redshifts z = 0.45
to 0.96, corresponding to comoving distances of
1.7 to 3.2 Gpc (Table 1).

In principle, pulse scatter-broadening mea-
surements can constrain the location and strength
of an intervening scattering screen (14). FRBs
110627, 110703, and 120127 are too weak to
enable the determination of any scattering; how-
ever, FRB 110220 exhibits an exponential scat-
tering tail (Fig. 1). There are at least two possible
sources and locations for the responsible scatter-
ing screens: a host galaxy or the IGM. It is pos-
sible that both contribute to varying degrees.

For screen-source, Dsrc, and screen-observer,
Dobs, distances, themagnitude of the pulse broad-
ening resulting from scattering is multiplied by
the factor DsrcDobs=ðDsrc + DobsÞ2. For a screen
and source located in a distant galaxy, this effect

probably requires the source to be in a high-
scattering region, for example, a galactic center.

The second possibility is scattering because
of turbulence in the ionized IGM, unassociated
with any galaxy. There is a weakly constrained
empirical relationship betweenDM andmeasured
scattering for pulsars in the MW. If applicable to
the IGM, then the observed scattering implies
DMIGM > 100cm−3 pc (2, 15). With use of the
aforementioned model of the ionized IGM, this
DM equates to z > 0:11 (2, 12, 13). The prob-
ability of an intervening galaxy located along the
line of sight within z ≈ 1 is ≤0.05 (16). Such a
galaxy could be a source of scattering and dis-
persion, but the magnitude would be subject to
the same inclination dependence as described for
a source located in the disk of a spiral galaxy.

It is important to be sure that FRBs are not a
terrestrial source of interference. Observations at
Parkes have previously shown swept frequency
pulses of terrestrial origin, dubbed “perytons.”
These are symmetric W > 20 ms pulses, which
imperfectly mimic a dispersive sweep (2, 8). Al-
though perytons peak in apparent DM near
375 cm−3 pc (range from ~200 to 420 cm–3 pc),

close to that of FRB 010724, the FRBs presented
here have much higher and randomly distributed
DMs. Three of these FRBs are factors of >3
narrower than any documented peryton. Last, the
characteristic scattering shape and strong disper-
sion delay adherence of FRB 110220 make a
case for cold plasma propagation.

The Sun is known to emit frequency-swept
radio bursts at 1 to 3GHz [typeIIIdm (17)]. These
bursts have typical widths of 0.2 to 10 s and
positive frequency sweeps, entirely inconsistent
with measurements of W and a for the FRBs.
Whereas FRB 110220 was separated from the
Sun by 5.6°, FRB 110703 was detected at night
and the others so far from the Sun that any
solar radiation should have appeared in multi-
ple beams. These FRBs were only detected in a
single beam; it is therefore unlikely they are of
solar origin.

Uncertainty in the true position of the FRBs
within the frequency-dependent gain pattern of
the telescope makes inferring a spectral index, and
hence flux densities outside the observing band,
difficult. A likely off-axis position changes the in-
trinsic spectral index substantially. The spectral

Fig. 1. The frequency-integrated flux densities for the four FRBs. The time resolutions match the
level of dispersive smearing in the central frequency channel (0.8, 0.6, 0.9, and 0.5 ms, respectively).
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energy distribution across the band in FRB 110220
is characterized by bright bands ~100 MHz wide
(Fig. 2); the SNRs are too low in the other three
FRBs to quantify this behavior (2). Similar spec-
tral characteristics are commonly observed in the
emission of high-|b| pulsars.

With four FRBs, it is possible to calculate an
approximate event rate. The high-latitude HTRU
survey region is 24% complete, resulting in 4500
square degrees observed for 270 s. This cor-
responds to an FRB rate ofRFRBðF e 3 Jy msÞ ¼
1:0þ0:6

−0:5 % 104sky−1day−1, where the 1-s uncer-
tainty assumes Poissonian statistics. The MW
foreground would reduce this rate, with increased
sky temperature, scattering, and dispersion for
surveys close to the Galactic plane. In the ab-
sence of these conditions, our rate implies that
17þ9

−7 , 7
þ4
−3 , and 12þ6

−5 FRBs should be found in
the completed high- and medium-latitude parts
of the HTRU (1) and Parkes multibeam pulsar
(PMPS) surveys (18).

One candidate FRB with DM > DMMW has
been detected in the PMPS [ jbj < 5○ (5, 19)].
This burst could be explained by neutron star
emission, given a small scale-height error;
however, observations have not detected any
repetition. No excess-DM FRBs were detected in
a burst search of the first 23% of the medium-
latitude HTRU survey [jbj < 15○ (20)].

The event rate originally suggested for
FRB 010724, R010724 ¼ 225 sky−1 day−1 (4), is
consistent with our event rate given a Euclid-
ean universe and a population with distance-
independent intrinsic luminosities (source
count, NºF−3=2) yielding RFRB ðF e 3 Jy msÞ
e 102RFRBðF010724 e 150 Jy msÞ.

There are no known transients detected at
gamma-ray, x-ray, or optical wavelengths or
gravitational wave triggers that can be temporally
associated with any FRBs. In particular there is

Fig. 2. A dynamic spectrum showing the frequency-
dependent delay of FRB 110220. Time is measured relative
to the time of arrival in the highest frequency channel. For clarity
we have integrated 30 time samples, corresponding to the dis-
persion smearing in the lowest frequency channel. (Inset) The
top, middle, and bottom 25-MHz-wide dedispersed subband used
in the pulse-fitting analysis (2); the peaks of the pulses are
aligned to time = 0. The data are shown as solid gray lines and
the best-fit profiles by dashed black lines.

Table 1. Parameters for the four FRBs. The position given is the center of the gain pattern of the beam
in which the FRB was detected (half-power beam width ~ 14 arc min). The UTC corresponds to the arrival
time at 1581.804688MHz. The DM uncertainties depend not only on SNR but also on whether a and b are
assumed (a ¼ −2; no scattering) or fit for; where fitted, a and b are given. The comoving distance was
calculated by using DMHost = 100 cm−3 pc (in the rest frame of the host) and a standard, flat-universe
LCDM cosmology, which describes the expansion of the universe with baryonic and dark matter and dark
energy [H0 = 71 km s−1Mpc−1,WM=0.27,WL =0.73;H0 is the Hubble constant andWM andWL are fractions
of the critical density of matter and dark energy, respectively (29)]. a and b are from a series of fits using
intrinsic pulse widths of 0.87 to 3.5ms; the uncertainties reflect the spread of values obtained (2). The observed
widths are shown; FRBs 110627, 110703, and 120127 are limited by the temporal resolution due to dis-
persion smearing. The energy released is calculated for the observing band in the rest frame of the source (2).

FRB 110220 FRB 110627 FRB 110703 FRB 120127

Beam right
ascension ( J2000)

22h 34m 21h 03m 23h 30m 23h 15m

Beam declination
( J2000)

−12° 24′ −44° 44′ −02° 52′ −18° 25′

Galactic latitude,
b (°)

−54.7 −41.7 −59.0 −66.2

Galactic longitude,
l (°)

+50.8 +355.8 +81.0 +49.2

UTC (dd/mm/yyyy
hh:mm:ss.sss)

20/02/2011
01:55:48.957

27/06/2011
21:33:17.474

03/07/2011
18:59:40.591

27/01/2012
08:11:21.723

DM (cm−3 pc) 944.38 T 0.05 723.0 T 0.3 1103.6 T 0.7 553.3 T 0.3
DME (cm

−3 pc) 910 677 1072 521
Redshift, z (DMHost =

100 cm−3 pc)
0.81 0.61 0.96 0.45

Co-moving distance,
D (Gpc) at z

2.8 2.2 3.2 1.7

Dispersion index, a −2.003 T 0.006 – −2.000 T 0.006 –
Scattering index, b −4.0 T 0.4 – – –
Observed width

at 1.3 GHz, W (ms)
5.6 T 0.1 <1.4 <4.3 <1.1

SNR 49 11 16 11
Minimum peak

flux density Sn(Jy)
1.3 0.4 0.5 0.5

Fluence at 1.3 GHz,
F (Jy ms)

8.0 0.7 1.8 0.6

SnD2 (× 1012 Jy kpc2) 10.2 1.9 5.1 1.4
Energy released, E (J) ~1033 ~1031 ~1032 ~1031
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Az első ismétlődő FRB: a forrás nem semmisül 
meg a kataklizmában (Spitler et al. 2016)
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(see Extended Data Table 1) means that the bursts must have been 
detected in the main beam and not in a side-lobe. Although the frequency- 
dependent shape of the main beam attenuates the bursts’ intrinsic spec-
tra at higher frequencies if the source is off-axis4, this bias is either not 
large enough or in the wrong direction to cause the observed spectral 
variability of bursts 6–11. Given our improved position, burst 1 is con-
sistent with its detection in a side-lobe, which, unlike in the main beam, 
could have caused attenuation of the spectrum at lower frequencies. 
This spectral volatility is reflected by the wide range of spectral indices 
α ≈ –10 to + 14 obtained from fitting a power-law model (Sν ∝ να, where 
Sν is the flux density at radio frequency ν) to burst spectra (Table 1).

There is no evidence for fine-scale diffractive interstellar scintilla-
tion, most probably because it is unresolved by our limited spectral 
resolution. In principle, the spectra could be strongly modulated if the 
source is multiply imaged by refraction in the interstellar medium18 
or by gravitational lensing. However, the splitting angle between 
sub-images required to produce spectral structure across our band  
(!1 milliarcsecond) is much smaller than the expected diffraction 
angle from interstellar plasma scattering. The fine-scaled diffraction 
structure in the spectrum will therefore wash out the oscillation. Lastly, 
positive spectral indices could also be explained by free-free absorption 
at the source19, but this is ruled out by the large spectral differences 
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Figure 1 | Discovery and follow-up detections 
of FRB 121102. For each seven-beam ALFA 
pointing, the central and outer six beams are 
shown schematically, in red and blue, respectively 
(see Extended Data Tables 1 and 2). The circles 
indicate the ∼3.5′ half-power widths of the beams 
at 1.4 GHz. Darker shading indicates sky positions 
with multiple grid observations at roughly the same 
position. The initial discovery pointing4 and second 
survey observation are outlined in black (these 
overlap). Beam positions in which bursts were 
detected are outlined in solid yellow (dashed yellow 
outlines for the other six beams from the same 
pointing) and the corresponding burst identifier 
numbers (Table 1) are given.

Table 1 | Properties of detected bursts
Burst number Barycentric peak time (MJD) Peak !ux density (Jy) Fluence (Jy ms) Gaussian width (ms) Spectral index DM (pc cm−3)

1 56233.282837008 0.04 0.1 3.3 ± 0.3 8.8 ± 1.9 553 ± 5 ± 2

2 57159.737600835 0.03 0.1 3.8 ± 0.4 2.5 ± 1.7 560 ± 2 ± 2

3 57159.744223619 0.03 0.1 3.3 ± 0.4 0.9 ± 2.0 566 ± 5 ± 2

4 57175.693143232 0.04 0.2 4.6 ± 0.3 5.8 ± 1.4 555 ± 1 ± 2

5 57175.699727826 0.02 0.09 8.7 ± 1.5 1.6 ± 2.5 558 ± 6 ± 4

6 57175.742576706 0.02 0.06 2.8 ± 0.4 559 ± 9 ± 1

7 57175.742839344 0.02 0.06 6.1 ± 1.4 −3.7 ± 1.8

8 57175.743510388 0.14 0.9 6.6 ± 0.1 556.5 ± 0.7 ± 3

9 57175.745665832 0.05 0.3 6.0 ± 0.3  −10.4 ± 1.1 557.4 ± 0.7 ± 3

10 57175.747624851 0.05 0.2 8.0 ± 0.5 558.7 ± 0.9 ± 4

11 57175.748287265 0.31 1.0 3.06 ± 0.04   13.6 ± 0.4 556.5 ± 0.1 ± 1
Uncertainties are the 68% con#dence interval, unless otherwise stated. MJD, modi#ed Julian day.
The barycentric peak time is the arrival time corrected to the Solar System barycentre and referenced to in#nite frequency (that is, the time delay due to dispersion is removed).
The peak !ux density and the !uence are lower limits because it is assumed that the burst is detected at the centre of the beam (that is, with an assumed gain of 10 K Jy−1 yielding a system equivalent 
!ux density of 3 Jy). Gaussian widths are the full-width at half-maximum. For the spectral index, bursts 8 and 10 are not well #tted by a power-law model and burst 6 is too corrupted by RFI to include. 
Quoted errors on DM are, in order, statistical and systematic (see Methods). The DM for burst 7 was too weak and corrupted by RFI to include.

© 2016 Macmillan Publishers Limited. All rights reserved



Pontos lokalizáció és anyagalaxis beazonosítása 
(Chatterjee et al. 2017)
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We have searched for counterparts at submillimetre, infrared, 
 optical and X-ray wavelengths using archival data and a series of new 
 observations. A coincident unresolved optical source is detected in archi-
val 2014 Keck data (R-band AB magnitude of 24.9 ±  0.1) and in recently 
obtained Gemini data (r-band AB magnitude of 25.1 ±  0.1; Fig. 2),  
with a chance coincidence probability of less than 3.5 ×  10−4  
(see Methods). The source is undetected in archival infrared 
 observations, in ALMA 230-GHz observations, and in XMM-Newton 
and Chandra X-ray imaging (see Methods). The spectral energy 
distribution of the persistent source is compared in Fig. 3 to some 
example spectra for known source types, none of which matches our 
 observations well.

The observations reported here corroborate the strong arguments10 
against a Galactic location for the source. As argued previously,  stellar 
radio flares can exhibit swept-frequency radio bursts on subsecond 
timescales16, but they do not strictly adhere to the ν−2 dispersion 
law (where ν is the frequency) seen for FRB 1211029,10, nor are they 
expected to show constant apparent DM. The source of the sizable DM 
excess—three times the Galactic maximum predicted by the NE2001 
electron-density model17—is not revealed as a H ii region, a super-
nova remnant or a pulsar-wind nebula in our Galaxy, which would 
appear extended at radio, infrared or Hα 10 wavelengths at our localized 
position. Spitzer mid-infrared limits constrain substellar objects with 
temperatures of more than 900 K to be at distances of 70 pc or greater, 
and the Gemini detection sets a minimum distance of about 1 kpc and 
100 kpc for stars with effective temperatures greater than 3,000 K and 
5,000 K, respectively. These limits rule out Galactic stars that could 
plausibly account for the DM excess and produce the radio continuum 
counterpart. We conclude that FRB 121102 and its persistent counter-
part do not correspond to any known class of Galactic source.

The simplest interpretation is that the burst source resides in a host 
galaxy that also contains the persistent radio counterpart. If so, the 
DM of the burst source has contributions from the electron density in 
the Milky Way disk (DMNE2001) and halo (DMhalo)17, the intergalactic 
medium (DMIGM)18 and the host galaxy (DMhost); we estimate DMIGM  
=  DM −  DMNE2001 −  DMhalo −  DMhost ≈  340 pc cm−3 −  DMhost, with 
DMNE2001 =  188 pc cm−3 and DMhalo ≈  30 pc cm−3. The maximum 
redshift of the fast radio burst, for DMhost =  0, is zFRB ≈  0.32, which 
corresponds to a maximum luminosity distance of 1.7 Gpc. Variance 
in the mapping of DM to redshift19 (σz =  σDM(dz/dDM) ≈  0.1) could 
increase the upper bound to z ≈  0.42. Alternatively, a sizable host-galaxy 

contribution could imply a low redshift and a negligible contribution 
from the intergalactic medium, although no such galaxy is apparent. 
Hereafter we adopt zFRB ≲ 0.32. 

The faint optical detection and the non-detection at 230 GHz with 
ALMA imply a low star-formation rate within any host galaxy. For our 
ALMA 3σ upper limit of 51 µ Jy and a submillimetre spectral index of 4, 
we estimate the star-formation rate20 to be less than (0.06–19)M⊙ yr−1 
(where M⊙ is the mass of the Sun) for redshifts z ranging from 0.01 
to 0.32 (luminosity distances of 43 Mpc to 1.7 Gpc), respectively. The 
implied absolute magnitude of approximately − 16 at z =  0.32 is similar 
to that of the Small Magellanic Cloud, whose mass of around 109M⊙ 
would correspond to an upper limit on the mass of the host galaxy.

The compactness of the persistent radio source (less than about 8 pc 
for z ≲ 0.32) implies that it does not correspond to emission from an 
extended galaxy or a star-forming region21, although our  brightness 
temperature limits do not require the emission to be coherent. Its size 
and spectrum appear consistent with a low-luminosity active  galactic 
nucleus (AGN), but X-ray limits do not support this  interpretation. 
Young extragalactic supernova remnants22 can have brightness  
temperatures in excess of 107 K, but they typically have simple 
 power-law spectra and exhibit stronger variability.

The burst source and persistent source have a projected separation of 
less than about 500 pc assuming z ≲ 0.32. There are three broad inter-
pretations of their relationship. First, they may be unrelated objects 
harboured in a host galaxy, such as a neutron star (or other compact 
object) and an AGN. Alternatively, the two objects may interact, for 
example, producing repeated bursts from a neutron star very close to 
an AGN3,23,24. A third possibility is that they are a single source. This 
possibility could involve unprecedented bursts from an AGN25 along 
with persistent synchrotron radiation; or persistent emission might 
comprise high-rate bursts too weak to detect individually, with bright 
detectable bursts forming a long tail of the amplitude distribution.  
In this interpretation, the difficulty in establishing any periodicity 
in the observed bursts9,10 may result from irregular beaming from a 
rotating compact object or extreme spin or orbital dynamics. The Crab 
 pulsar and some millisecond pulsars display bimodality26,27 in giant and 
 regular pulses. However, they show well-defined periodicities and have 
steep spectra that are inconsistent with the spectrum of the persistent 
source, which extends to at least 25 GHz. Magnetars show broad spectra 
that extend beyond 100 GHz in a few cases, but differ from the roll-off 
of the spectrum of the persistent source.
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Figure 1 | VLA detection of FRB 121102. a, A 5-ms dispersion-corrected 
dirty image showing a burst from FRB 121102 at MJD 57633.67986367 
(2016 September 2). The approximate localization uncertainty from 
previous Arecibo detections9 (3′  beam full-width at half-maximum 
(FWHM)) is shown with overlapping circles. b, A zoomed-in portion of a, 
deconvolved and re-centred on the detection, showing the approximately 

0.1″  localization of the burst. c, Time–frequency data extracted from 
phased VLA visibilities at the burst location shows the ν−2 dispersive 
sweep of the burst. The solid black lines illustrate the expected sweep for 
DM =  558 pc cm−3. The de-dispersed lightcurve and spectra are projected 
to the upper and right panels, respectively. In all panels, the colour scale 
indicates the flux density.

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.





A második ismétlődő FRB (CHIME/FRB 
Collaboration 2019)
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A second source of repeating fast radio bursts
The CHIME/FRB Collaboration*

The discovery of a repeating fast radio burst (FRB) source1,2, 
FRB 121102, eliminated models involving cataclysmic events for 
this source. No other repeating FRB has hitherto been detected 
despite many recent discoveries and follow-ups3–5, suggesting that 
repeaters may be rare in the FRB population. Here we report the 
detection of six repeat bursts from FRB 180814.J0422+73, one of 
the 13 FRBs detected6 by the Canadian Hydrogen Intensity Mapping 
Experiment (CHIME) FRB project7 during its pre-commissioning 
phase in July and August 2018. These repeat bursts are consistent  
with its origin from a single position on the sky, with the same 
dispersion measure, about 189 parsecs per cubic centimetre. This 
line of sight traces approximately twice the expected Milky Way 
column density of free electrons, which implies an upper limit 
on the source redshift of 0.1, showing it to be closer to Earth by a 
factor of at least 2 than FRB 1211028. In some of the repeat bursts, 
we observe subpulse frequency structure, drifting and spectral 
variation reminiscent of that seen in FRB 1211029,10, suggesting 
similar emission mechanisms or propagation effects. This second 
repeater, found among the first few CHIME/FRB discoveries, 
suggests that there exists—and that CHIME/FRB and other wide-
field, sensitive radio telescopes will find—a substantial population 
of repeating FRBs.

FRB 180814.J0422+73 was discovered by the CHIME/FRB project6,7 
in August 2018 when the FRB instrument was in a pre-commissioning  
phase. CHIME is a transit telescope and has an effective instanta-
neous field of view (FOV) of about 250 square degrees. During the 
remainder of the summer pre-commissioning, and during September 
and October commissioning periods, the position of this source was 
observed semi-regularly, with daily exposures (when not interrupted 
by commissioning activities) of about 36 min. The large exposure is 
facilitated by the source’s high declination, which allows it to fall in 
the telescope’s primary beam twice per day, 12-h apart (on either side 
of the north celestial pole) and for approximately 18 min each transit.

Four additional bursts at the same dispersion measure (DM) were 
detected by CHIME/FRB in September (see Table1) at sky positions 
consistent with the August event. As a detailed characterization of our 
beam shape requires a long-duration observation campaign that is in 
its early stages, we rely on analytically estimated shapes of the FFT (fast 
Fourier transform) formed beams7,11 and a primary beam estimated 
from the CHIME Pathfinder telescope12. Figure 1 shows the estimated 
source positions for five events in right ascension (RA) and declination 
(dec.), along with our estimate of the true source position obtained by 
combining all five (see Methods). Our best position estimate is (J2000) 
RA 04 h 22 min 22 s, dec. +73° 40′, with a 99% confidence uncertainty 
of ±4′ in RA and ±10′ in dec.

A sixth event was detected on 28 October using the CHIME/Pulsar 
instrument (see Methods), which coherently dedisperses up to 10 
formed and tracking beams at software-commanded sky positions for 
a specified DM. At the time of the burst, six CHIME/Pulsar beams were 
observing a grid covering the estimated position (see Methods) and 
four of the six beams detected the burst. Despite a pointing error in the 
grid centre, the CHIME/Pulsar instrument made its strongest detec-
tion of the burst in the beam closest to the best CHIME/FRB-derived 
position. The burst occurred in a sidelobe of a CHIME/FRB formed 

beam and was initially assigned an incorrect RA and not classified as 
extragalactic. As the CHIME/Pulsar data has higher time resolution, 
we show that in Fig. 2.

We have searched for repeat bursts from the other 12 sources dis-
covered during the pre-commissioning phase6 by looking for events of 
similar DM when their best-estimated position was in the main lobes 
of the formed beams. We found no events exceeding our signal-to-
noise (SNR) threshold of 10. Each of the 12 was subject to a different 
exposure and sensitivity; two have higher declinations, hence more 
exposure, than for FRB 180814.J0422+73, so are likely to have sub-
stantially lower observed repeat rates, if they are repeaters. A detailed 
discussion of this will be presented elsewhere.

The automated pipeline7 recorded raw intensity data to disk for all 
CHIME/FRB repeat events from FRB 180814.J0422+73 except for the 
burst on 6 September, for which the system failed to record to disk. The 
events with intensity data allow us to examine their dynamic spectra 
(see Fig. 2) and measure refined burst parameters (see Table 1). The 
6 September event has only metadata determined by the automated 
pipeline and therefore we have only coarse estimates of its properties; 
however, these are sufficient to verify that it was from the same source. 
Polarimetry of FRB 121102 revealed one of the highest rotation meas-
ures ever seen9, an important clue about the source environment. No 
polarization information was available for the events reported here, but 
functionality to record data with a higher time resolution and polari-
zation information is currently being deployed for both the CHIME/
FRB and CHIME/Pulsar systems.

The four events with raw intensity data show complexities in their 
burst profiles (Fig. 2). The events on 17 September and 28 October 
exhibit multiple spectro-temporal structures, reminiscent of bursts 
from FRB 1211029,10,13 and FRB 17082714. Because of this structure, the 
burst fitting algorithm used in our companion Letter6, which assumes a 
simple Gaussian underlying profile, is not optimal for the bursts consid-
ered here. We therefore used a fitting routine that optimizes burst tem-
poral structure10, searching over a range of DMs from 186 pc cm−3 to 
206 pc cm−3 (see Methods). Results for individual bursts are presented 
in Table 1. Assuming the structure is intrinsic to the FRB, the DM that 
optimizes structure across all five bursts is 189.4 ± 0.4 pc cm−3. We see 
no evidence for monotonic variation in the DMs.

In the dedispersed and summed time series for the 17 September and 
28 October bursts, we identify three to five possible burst components 
above the median off-pulse intensity. Bursts have widths of a few milli-
seconds and, in events with substructure, peak separations of the same 
order. The subpulses appear to drift downwards in frequency as time 
progresses. To quantify this, we fit multiple 2D Gaussians in observing 
frequency and time to the bursts (see Methods) and infer frequency 
drift rates of −6.4 ± 0.7 MHz ms−1 and −1.3 ± 0.3 MHz ms−1 for 
the 17 September and 28 October bursts, respectively (see Methods, 
Extended Data Table 1 and Extended Data Fig. 1). The measurement is 
robust against correcting for a frequency-dependent sensitivity model 
of the primary and formed beams. Note that burst structure shorter 
than about 1 ms is unresolved in our data. Similar subpulse frequency 
drifts have been seen in FRB 121102, also downwards, however at a 
much lower drift rate9,10,13. Interestingly, comparing drift rates from 
FRB 180814.J0422+73 with those for FRB 121102 shows that they scale 

*A list of participants and their affiliations appears at the end of the paper.
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Although the host galaxies of FRB 180916.J0158+65 and FRB 121102 
are markedly different, both sources are located near or within a star-
forming region in the host galaxy. This contrasts with the elliptical 
host galaxies of FRB 18092411 and FRB 19052310, where there is com-
paratively little active star formation, but may be consistent with the 
star-forming galaxy of FRB 18111212. This diversity in hosts and local 
environments allows for the possibility that repeating and apparently 
non-repeating FRB sources have physically distinct origins. However, 
comparison of FRB event rates with those of proposed progenitors 
disfavours models that invoke cataclysmic explosions and suggests 

that a large fraction of sources must be capable of repeating24. The 
recent finding that FRB 171019 produces repeat bursts that are almost 
600 times fainter than the originally discovered signal7 underscores 
the fact that the detectability of repetition depends on instrumental 
sensitivity and source proximity. If FRB 180916.J0158+65 were at the 
distance of the other well localized FRBs, only a small fraction of its 
(brightest) bursts would be visible.

Furthermore, it has been proposed that a young magnetar origin for 
the bursts of as-yet non-repeating FRBs in non-star-forming regions is 
still viable as long as it is possible to form such sources through a variety 
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Fig. 3 | Gemini-North host galaxy image and optical spectrum. a, Image of the 
host galaxy using the r′ filter. The position of FRB 180916.J0158+65 is marked. 
The inset shows a higher-contrast zoom-in of the star-forming region 
containing FRB 180916.J0158+65 (marked by the red circle). The uncertainty in 
the position of FRB 180916.J0158+65 is smaller than the resolution of the 
image. b, Sky-subtracted spectrum extracted from a 5-arcsec aperture around 

the host galaxy core (blue) and a 2-arcsec aperture around the location of FRB 
180916.J0158+65 (orange, scaled by a factor of five for clarity). Emission lines 
are identified along with their rest-frame wavelengths in air. Owing to the 
complicated shape of the galaxy, the flux densities, Fλ, have not been corrected 
for slit losses.





• I/2. Távolságok a mindennapi életben  
 
Valódi méreteket természetes tanulással megtanuljuk -> 
“standard méterrúd” koncepciója. Ha ez a tudás 
megvan, a látószögek alapján becsüljük a távolságot. 
 
 



Parallaxis: ugyanazon objektumot két látószögből is 
megfigyeljük. Térlátásunk alapja.




• Sötétben mindez nem működik. 
“Standard gyertya”: az abszolút fényesség és látszó 
fényesség összevetésével következtetünk a távolságra. 
A kurzus igen nagy hányada a standard gyertyák 
kalibrálásáról szól (cefeidák, RR Lyrae-k, planetáris 
ködök, gömbhalmazok, szupernóvák…) 
 
A hétköznapi életben agyunk folyamatosan dolgozza fel a 
perspektívákat, relatív méreteket és sebességeket, 
parallaxist. 



• I/3. Távolságegységek 
Történelmi fejlődés 
Metrikus rendszer: 1984-es definíció (Bay Zoltán javaslata) 
 
1 m=a fény vákuumban megtett útja 1/299792452 s alatt 
1 s=az alapállapotú cézium-133 atom két hiperfinom 
energiaszintje közötti átmenetnek megfelelő sugárzás 
9 192 631 770 periódusának időtartama 
 
Csillagászatban: nem metrikus rendszer 
- kilométer: égitestek átmérője 
- csillagászati egység: égitestek távolsága a 
Naprendszerben 
- fényév: szemléletes egység a csillagok között 
- parszek: képletekben egyszerűbb összefüggések



• I/4. Pár gondolat a mérések bizonytalanságáról 
1+/-0.001 m Mit is jelent ez pontosan? 
 
Véletlen (random) vs. szisztematikus hibák. 
A csillagászatban a standard méterrúdak és standard 
gyertyák téves kalibrálása hatalmas szisztematikus 
hibákat okozott. 
 
 
 
 
 
 

Normál eloszlás Ferde eloszlások



II. Első lépés: a Föld
Ókori egyiptomiak: a Nílus áradásai után adókötelezettség-
besoroláshoz kellettek a földbirtokok méretei -> földmérés alapjai 
(geometria). Kísérleti tudomány volt náluk, a matematikai 
geometriát nem dolgozták ki. 
Még ősibb civilizáció: Babilónia. Tőlük ered a 60-as számrendszer. 
360 nap egy év, 360 fok a teljes kör, 1 fok 60 ívperc, 1 ívperc 60 
ívmásodperc (5000 éves mértékegységek!) 
Látszó méretek, távolságok az égen szögekben. 
Pl. Nap, Hold kb. 0.5 fok=30’.  
Fizikai egység: radián 
 
 
 



A gömb alakú Föld

Számoszi Pithagórász 

(i.e. 582-497)

mta.hu





A gömb alakú Föld

Számoszi Pithagórász 

(i.e. 582-497)

mta.hu
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Magellán (1519-1522)…

…GPS: Global Positioning System 
Relativisztikus korrekciókkal. 
Mára alkalmazott tudomány a Föld 

mérete 

Erathosztenész (i.e. 240 körül)



III. Második lépés: a Naprendszer
Az éggömb koncepciója 
 
Bolygók: mozognak 
Éggömb körbefordulási ideje 
23h56m4s -> minden nap előre  
csúszik a látható ég 3m56s-cel. Egy év 
alatt teljes kör. 

Szabadszemes bolygók: Merkúr, Vénusz, Mars 
Jupiter, Szaturnusz (Nap, Hold) 
 
Az éggömbön vándorlás sebessége távolság 
szerint sorba rendezi a “bolygókat”. Továbbá a 
Hold eltakar bolygókat, de a bolygók soha nem  
vonulnak át a Hold előtt. 
 



Három görög: Arisztarkhosz, Hipparkhosz, Ptolemaiosz 
 
Arisztarkhosz (i.e. 320-250): Föld kering a Nap körül; relatív 
távolságok a Naprendszerben.  
Lunáris dichotómia módszere: Nap-Föld távolság Föld-
Hold egységben 
 
 
 
 
 
 
 



(astronomynotes.com)

http://astronomynotes.com


Hipparkhosz (i.e. 190-120): az asztrometria megalapozója; az 
első csillagkatalógus összeállítója; a precesszió felfedezője.  
 
Első parallaxismérés: i.e. 189. március 14., Hellészpontosz (é.sz. 
41 fok) teljes napfogyatkozás, Alexandriában (é.sz. 31 fok) 
részleges, 4/5 napkorong kitakarása. Hipp. megmérte a Hold 
átlagos átmérőjét (33’15”), amiből a Hold parallaxisa 6’40”.  
 
 
 
 
 
 
 





A Hold horizontális parallaxisa megmérhető -> RF ismeretében abszolút távolságot kapunk 
a Föld-Hold rendszerre. Hipparkhosz: FH~71-83 RF. Pontosítás a fogyatkozásokkal: 
FH~60-67 RF. (60 x 6378 km = 382680 km!)


