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Gamma ray bursts (GRBs)

Number of bursts
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GRB Cosmology

The luminosity correlations:
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GRB Cosmology

Amati correlation: Extended Amati correlation:
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Eiso: the 1sotropic energy

E, : the peak spectral energy
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GRB Cosmology
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What are copulas?

The word copula was first employed 1in a mathematical or statistical
sense by Abe Sklar (1959) in the theorem describing the functions that
“join together” one-dimensional distribution functions to form

multivariate distribution functions.

Type of copulas
t-copula
Gaussian copula
Frank copula




How does copula work?
Assuming a variable x, its probability density function (PDF) and cumulative
distribution function (CDF), respectively, are f(x) and F(x):

gian:  f(x) = xe?*
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Integrate




Now, we introduce other variable y which obeys a standard Gaussian

distribution. Its the PDF and CDF are:
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If x and y are independent
of each other, the joint

CDF of variables x and y 1s

H(z,y) = F(x)G(y),

For the case that x 1s related to y, we can use copula to obtain the joint
distribution of variables x and y

H(z,y; p) = C(F(x),G(y); p)-




Gaussian copula function

C(u,v;p) = V¥ [\Iﬂ_l(u)a \111_1(”)3 :0] u=F(x) v=G(y)
V2 18 the 2-dimensional standard Gaussian CDF

y1 1s the 1-dimensional standard Gaussian CDF

The PDF of joint distribution H(x,y,p) 1s

. O*H(x,y;p)  0°C(u,vip) Oudv .

Here c(u,v;p) 1s the density function of Gaussian copula,



c(u,v,p) has the form
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For concrete f(x) and g(y), the PDF of joint distribution H(x,),p) has the expression
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The conditional PDF of variable y 1s the probability of y when x 1s fixed,
and 1t has the expression
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Since the variable y obeys a Gaussian distribution, the highest
probability of y corresponds to

[\/5,0 erfc ! (2e_x(—m — 1+ ex)) + y} 2 =0



From the highest probability of y, we obtain
y = —V2p erfc™? (277 (—z +€" = 1)) .
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and y = log
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The PDF of redshift z of GBR data has the special form

w(z) = ze *



An improved Amati correlation:

Yeopula = @ + b —I—Ec erfc_l[Qe_z (e — 2z — 1)]
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GRB Cosmology

220 long GRB data points

79 low reds\ﬁs hh redshift GRBs

z <14 z>14
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Calibrating the Amati correlation The distance modulus of GRBs

A fiducial cosmological model: LCDM o = 0.30
Ho =70 km s 'Mpc™*




GRB Cosmology
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Constraint on LCDM

high-redshift full-redshift
Qo) 68%CL 2 Omft®)  68%CL  y2
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Constraint on LCDM
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= Using the Gaussian copula, we obtain an improved Amati correlation.

= With the improved Amati correlation, the constraints on LCDM model
from GRB data are very well consistent with the fiducial model.

= The GRBs can be used as an effective cosmological explorer.
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The Kolmogorov-Smirnov test (K-S test)
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T Wn(z) and W(2) are th irical and ass d CDFs
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06l of redshift distribution of GRBs respectively.
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