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INTRODUCTION OF BAO
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TWO POINT CORRELATION FUNCTION

* 'T'’he number overdensity field or density contrast

50,y ;;)(t-) (1)

* T'he two point correlation tunction

E(t,1,1,) =(8(t,1)8(t,1,))=E(t, 1-1,) =E(8,

n'rzl)

* A simpler defination: the excess probability of finding a galaxy at a
finite volume d°r, with radius r = r; — r, from a observed one in d°r;.

dP. . =n"[1+E&(@)]d’r

pair



ESTIMATORS FROM OBSERVATION

* The esimators of the correlation function from actual galaxy data

* What we can observe 1s the counts-in-cells

» Landy and Szalay estimator:

éls . dd(r)—2dr(r)+rr(r)

rr(r)
where dd(r),dr(r),rr(r) are the
normalized number of galaxy,

cgalaxy random-point, random-point
pairs with distance r.
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PREDICTION FROM THEORY

* 'Theory Prediction of number density field

* Perturbed Einstein Boltzmann Equation

D[ f(x, p,0] = CLf(X, P, 0]

 Pertubed FLRW metric

ds? = — [1 + 2% (x)]dt?

» Power Spectrum:

P(k,,k,)

1

27y

a’(1)[1

(6(k)S(k,))

S+ikv =3
v+ é v=—iku\¥
a
S, +ikv, =—iki¥

2D(1)]d x? , ,
b +2y = —ikﬂ‘l’+%[vb +3i0,]

a
. . 1
G)+ik,tk)=-CD-ik;ﬁP—f[Oo—®+ﬂvb--§L2(u)H

11=0,+0,,+06,,

'The correlation function are the Fourier
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EXTRACTION OF COSMOLOGY FROM
BAO PEAK POSITION

* Detect the BAO Peak Position

* Data: current & more ethcient telescope

* covariance matrix & the diagonal of the covariance matrix

* Significance method 1 & 2 : Ay? & ¥?

» Estimate cosmological parameters using BAO



DETECT THE BAO PEAK POSITION

th

. GaussianLaw(r) = Agsp ™ exp(—0.5 * (
OBAO

» r" - the theoretical value of the BAO peak

o PowerLaw(r) = Ay + A,/r + A,/r*

s4&o(s) [h"“Mpc“]

* Significance of the detection of the peak position:

g ) o
A)( L Gaussian+PowerLaw )(PowerLaw




1. FIX THE GAUSSIAN ON THE GAUSSION+POWERLAW
MODEL FIT THE REST PARAMETERS

, = : rctz’h )
o GaussianLaw(r) = Ag,o * exp(—0.5 * ( )7)

OBAO
* PowerLaw(r) = A+ A/r + A,/r?

o Result: a,, = 1.114e400, A, , = 6.269¢-03, 65, = 2.189e+01
Ag =9.126e-03,A; = -2.471e+00,A, = 1.616e+02

- E . e =96]9

A Gaussian+PowerLaw

s4&o(s) [h"“Mpc“]

8y — 7952 <~ 2 o for the detection

the diagonal ot the covariance matrix

the current telescope data



2. SCAN q;, TO GET y“(a; )

* xia * ) ot

Range of «;,, : trom 0.9 to 1.3

i a,) =12 () + 1 = 2.667

> ce Method 2
4- h\\

| \\. \/ lo deviation of «a;,, : 1.1 14f8‘8g§

T 20 deviation of a;,, : 1.11410-178

- (1 156

the diagonal ot the covariance matrix
the current telescope data




3. USING THE COVARIANCE MATRIX
OF THE DATA

18 - ® . e xla)

Range of «;, : trom 0.9 to 1.3

- ri(a;,) = 8.432
Ll \ Method 2
,. lo deviation of a;, : 1.098700%

/ ~0.057
105 : 115 120 125 130

. , +0.129
20 deviation of a;, : 1.0987 113

Ujso

the covariance matrix ol Covariance gives better estimates
<~ Significance: 0.5 o

the current telescope data



4. DETECT BAO WITH DATA FROM A MORE
EFFICIENT TELESCOPE

7 NEW telescope &~ extract the information of Trillions of Galaxies

&~ measure two point correlation function more efficiently

the diagonal ot the covariance matrix

the future telescope data

lo deviation of «;,, :

0.044
11147504,

20 deviation of «a;, :

0.089
5101 Bhoee

via,) =12 (@) + 1 =17.669

the covariance matrix
the future telescope data

lo deviation of «;,, :

0.032
1.098

20 deviation of «a;, :

0.065
1.098" &=

%z(aisa) =)(nzfu’n(al's0) == 1 — 30729

<~ Significance: 3-40



ESTIMATE CosSMoOLOGY PARAMETERS

Add cosmological parameters contribution to «;,,

‘SMdI(” Q)= Gaus(r o A gy, raf' (QF))+PowerLaw(r A, A4,.4)

a,, =D, (2,4;0,,8,, W)/ D, (2,8, =", Q. =0 w =

Cosmological Parameters :

Q  : Matter density ratio
Q, : Dark energy density ratio
wy : Dark energy equation of state



ESTIMATE CosSMoOLOGY PARAMETERS
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Combination increases precision!



CONCLUSION

* Detect BAO peak position in the two point correlation function with current telescope :
* Method 1 with 26 significance

* Method 2 with 0.5¢ significance

 (Compare the result of diagonal matrix and covariance matrix.

* Future telescope will detect the BAO peak with higher significance:
* Method 2with3to4 o

* Measure the cosmological parameters with BAO using both Galaxy Clustering and
CMB data.



Thank You




BACK UP

Signiﬁcance methOd 1 Table 39.2: Values of Ay® or 2AIn L corresponding to a

coverage probability 1 « a in the large data sample limit, for
joint estimation of m parameters,

Using the Ay2 method 9% [mc) act s

Need a null model(green) and

). 6.63 9.21 11.54

a physical model (red)

Significance method 2 Calculate the p-value

Using the y2 method

, => p-value = a/2
Need a physical model

=> a= 2 p-value



BACK UP

Significance method 2 . Futail
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BACK UP: SIGNIFICANCE

=> Number ot parameters to the fitter 5

Current telescope
=> y?2 = 3 for degrees of freedom n=12-5 =7
g v 8/ =12
=> p-value = 0.30
=> Significance 1-a = 1-2p-value = 1- 2.%0.32 = 0.36
=>(.50 detection
Future telescope
=> y? = 30 for degrees of freedom n=12-5 =7
=>y2= 350/7 =4.2
=> p-value =< 0.01
=> Significance 1-a = [-2p-value = 1- 2.*0.01 = 0.98
=> 3-40 detection



CONCLUSION

* Detect BAO peak position 1n the two point correlation tunction with 26
significance.

 (Compare the result of diagonal matrix and covariance matrix.

* Measure the cosmology parameters with BAO using both galaxy clustering
and CMB data.

* 'T'he current model is a bit too simple. It cannot give a good significance in
more complicated measurement.



