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Gamma-Ray Bursts (GRBs) were first transients, after Solar flares, Novae

and Supernovae, discovered accidentally about 60 years ago. Fast Radio
Bursts (FRBs) are more recent additions. The importance of transient has led
to development of many dedicated instruments in the last two decades.

1. Most readily observed data are the light curves and spectra giving
information about size, emission (and possibly particle acceleration)
mechanisms and redshift.

2. Localization and discovery of progenitors are more difficult. However,

determination of the cosmological evolution can provide indirect information.
This will be the topic of my talk.
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|. General Remarks on Cosmology
The Roles of GRBs
ll. The Luminosity Function and its evolution
lll. Procedures:
Forward Fitting vs Non-parametric methods
V. Results of Applications
A. Long GRBs
B. Short AGNs
C. Fast Radio Bursts
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I. General Remarks
Cosmology with GRBs

1. GRBs as “Standard Candles?”

There has been many attempts but not very promising because of

insufficient data

2. GRBs as Probes of the Early Universe

Through detailed description of the of the luminosity function and

its cosmological evolution

Assumed Cosmological Model
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Method For Measuring Cosmological Distance

1. Standard Candle: Constant Luminosity Gi@aE=pEzmn"
2. Standard Yardstick: Constant Diameter @Gi@in=a=nje
3. OR: Find a tight relation between a

distance dependent and a distance independent parameter
Well known examples:

A. Cepheids: Luminosity-Period

B. Type la SN: Peak luminosity-Light profile width
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Examples of Correlations
1. Variability-Luminosity (reichart et al. 2001)
(Norris, Maeani & Bonnell 2000)

1000 F

[kev]

-
100 F

E poak

-7 1 1 1 I 1 1
1048 1049 1050 1051 1052 1053 1054 1058
Energy [erg]

on These

(see Schaeffer et al.)

2. Lag-Luminosity
3. Epeak = €iso OF Epeak =8y (Amati; Ghirlanda et al
F it ] 4. And Several Variations



II. The Luminosity Function and

its Evolution
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Determination of the Luminosity Function v(L,z)
Without loss of generality we can write
(L, z) = p(2)v(L/g(2))/9(%)
p(z) Is the (co-moving) Density Evolution

g(z) Is the Luminosity Evolution
Redshift dependent luminosity function
Alternative Approach

Luminosity dependent density evolution
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Lurninosity (erg/s)

Redshift vs. Luminosity for 200 Swift Bursts
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Flux cut Ze—8& erg/cmZ /5
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III. Procedures

Forward Fitting
VS
Non-parametric EPL Methods

Efron and Petrosian ApJ 1992
Lynden-Bell 1973
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The common practice is to assume forms for the GRB

“Luminosity” Function (L, 2) = p(2)¢(L/g(2))/g(z)

Luminosity Evolution L(z) = Log(2); g(z) = (1 + 2)F = 2*

Density Evolution p( 3)
Energy Spectrum Power-low, Broken Power-law, etc

Difficulty: Involves many functions each with several parameters

Needs to minimize ChiSq or maximize likelihood in multi-
dimensional space raising question of uniqueness
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Some past successful non-parametric methods

1. Schmidt (1968) V/Vinax
2. Lynden-Bell (1973) C- methods

These however assume that Luminosity and Redshift are

Uncorrelated or are Independent variables [Peliesian 1663
3. Efron-Petrosian (1992-99): Test of Independence

Spearman Rank [} and Kendall's tau Statistic -
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Rank each source in its associated sets containing Ni and Mi sources
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Remove the correlation by a variable transformation e.g.

L; = L;/g:(2) 2— \

=14z 'E' D_
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Remove the correlation by a variable transformation e.g.
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The method gives the cumulative L and z distributions

Non-parametrically and with no binning

O(L;) = fj W(L)dL =TI{(1 + 1/N;)

o) = [ pldV/de)dz = (1 +1/0,)
0
From these we get the sought differential distributions

U(L) and p(z)
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NUMBER OF BURSTS
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V. Application to Swift Long and Short GRBs
LGRB progenitor: Collapsars
SGRB progenitor: NS-NS or NS-BH Merger
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1. Gamma-ray trigger
Peak count or flux threshold
2. Localization
X-ray flux threshold
3. Optical follow-up and Redshift
Optical Magnitude etc
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Density Rate Evolutions p(z)
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p(z)

Density Rate Evolutions
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Density Rate Evolutions p(z)
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Madau & Dickinson (2014) SFR Density vs. Z - All GRBs
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1. Progenitor Duration Relation May be more complex:
Some of low redshift LGRBs may be NS-NS, or NS-BH mergers
following a Formation Rate similar to SGRBs and delayed SFR

Two recent observations found association of LGRBs with Kilonovae

2. The low redshift component of LGRBs will have important
consequence for gravitational wave detection rate.

3. Recent Machine Learning increase the number of LGRBs and show
similar excess at Low redshifts.
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V. Application to CHIME FRBs

Discovered by Lorimer et al (2007)
Now more than a 1000 by CHIME
Few repeaters, some identified as Soft GRBs
Progenitors Magnetars

But mostly at cosmological distances up to z~5

Results on about 600 from
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DM-z Relation
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Cumulative ¢(Lo)

Cumulative Luminosity Distributions
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Star Formation Rate Density Evolution
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1. More than 1000 FRBs with measured Dispersion measure
Can estimate redshifts correcting for Our and Host galaxy contribution.

2. After accounting for the redshift uncertainty we find a Formation Rate
similar to SGRBs and delayed SFR expected for magnetars

Yerevan, HEAstro 2026



Back up Slides

GRBs as Standard Candles
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GRB standard paradigm

Hyperaccreting Black Holes
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Luminosity Evolution , s - ~1 Z=1+42 Z.=35
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Cumulative Luminosity Function ([,

Density Rate Evolution
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Determination of Global Cosmological Parameters

1. Type la Supernovae: Standard Candle and well understood
BUT Low z
2. Galaxies and Quasars (AGNs): High z but broad distributions
Galaxies least understood astrophysical sources
3. Gamma-Ray Bursts: High z and not well understood

Question: SN-like or Galaxy-like?
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Strong Correlation between — «—

Gamma and X-rays
Same for GRBs with

or without redshift.

Thus, Small bias if any
(data from Nysewander et al. 2009) [ . * .. .
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There is no good criteria for redshift bias.

The optical flux can be used as indicator but there is
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NUMBER OF BURSTS
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Method For Measuring Cosmological Distance

1. Standard Candle: Constant Luminosity Gi@aE=pEzmn"
2. Standard Yardstick: Constant Diameter @Gi@in=a=nje
3. OR: Find a tight relation between a

distance dependent and a distance independent parameter
Well known examples:

A. Cepheids: Luminosity-Period

B. Type la SN: Peak luminosity-Light profile width
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Examples of Correlations
1. Variability-Luminosity (reichart et al. 2001)
(Norris, Maeani & Bonnell 2000)
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SOME RELEVANT EQUATIONS POSSIBLE EVOLUTIONS

1. “Luminosity Function” and Correlation Eco=E x g(2)f (21 ﬁ)
U (Eoy Bp) = 0(Eol ER])C(Ep) SHAPE SPECTRAL and ENERGY
$(Eio) o O[(Ec — Ef(EL/Ep)], eg. flz) =
2. COSMOLOGY . -
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b 1 ll.,"}‘. Figure 1: Scheamatic shape (left), spectral (right, red) and energy (right, black) Evcluticns.
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Curnulotive Distribukion
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