
STRUCTURE FORMATION IN THE UNIVERSE



GROWTH OF PERTURBATIONS, THE OLD
JEANS ANALYSIS (APPLIES ALSO TO STAR
FORMATION)
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CONTINUITY:

EULER:

POISSON:

THESE EQUATIONS CAN BE LINEARIZED
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FROM THIS ASSUMPTION THE FOLLOWING
EQUATIONS ARE DERIVED FOR THE FIRST
ORDER TERMS
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FOR ρ THIS CAN BE COMBINED INTO A SINGLE
SECOND ORDER DIFFERENTIAL EQUATION
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THIS IS RECOGNISEABLE AS A SIMPLE HARMONIC
OSCILLATOR EQUATION (WAVE EQUATION), 
I.E. THE SOLUTIONS ARE
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DIVIDING WAVENUMBER (INVERSE LENGTH SCALE)
IS CALLED THE JEANS’ WAVENUMBER
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THE NATURE OF MODES ON A GIVEN SCALE IS
SIMPLY DETERMINED FROM THE RELATIVE STRENGTH
OF GRAVITATIONAL AND PRESSURE FORCES

NOW, WHAT HAPPENS IF THE UNIVERSE IS EXPANDING?

EXACTLY THE SAME ANALYSIS CAN BE PERFORMED,
WITH THE ONE EXCEPTION THAT THE UNPERTURBED
SOLUTIONS ARE THEN
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THE CORRESPONDING EQUATIONS FOR THE
FIRST ORDER QUANTITIES ARE THEN
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IT TURNS OUT THAT IN FOURIER SPACE THESE
EQUATIONS ARE MUCH SIMPLER, SO ALL QUANTITIES
SHOULD BE EXPANDED IN FOURIER MODES
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THE EQUATION FOR THE DENSITY PERTURBATION
THEN BECOMES
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THIS IS EXACTLY THE SAME EQUATION AS IN
THE NON-EXPANDING CASE, EXCEPT FOR THE
SECOND TERM

THE EXPANSION OF THE UNIVERSE ACTS LIKE
A FRICTION FORCE

EVEN IF THERE ARE GROWING MODES, THEY 
CANNOT BE EXPONENTIAL



IN A FLAT MODEL WITH ONLY CDM THE EQUATION
BECOMES
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WITH SOLUTIONS
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FOR A MODEL DOMINATED BY Λ THE SOLUTIONS
ARE

HteK 2~         ~ −∧ δδ

AND FOR A CURVATURE DOMINATED MODEL
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ONLY THE MATTER DOMINATED EPOCH ALLOWS
FOR POWER-LAW GROWING MODES!
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THE R.M.S. AMOUNT OF DENSITY FLUCTUATIONS
IN THE UNIVERSE CAN BE WRITTEN AS
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THIS FLUCTUATION CAN BE DECOMPOSED 
NATURALLY IN FOURIER MODES

∫= dkkK k
22 δ

ρ
δρ

WHERE          IS CALLED THE POWER SPECTRUM 
(NORMALLY CALLED P(k))

IT IS THE FOURIER TRANSFORM OF THE TWO-POINT
CORRELATION FUNCTION  
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THE POWER SPECTRUM CAN BE DECOMPOSED 
INTO AN INITIAL, PRIMORDIAL POWER SPECTRUM,
AND A TRANSFER FUNCTION, RELATED TO THE
TIME-EVOLUTION OF PERTURBATIONS VIA THE
PREVIOUSLY DERIVED EQUATIONS
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Pi(k) IS NORMALLY (WITH GOOD REASON) 
PARAMETRIZED AS A SIMPLE POWER-LAW
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WHERE n IS CALLED THE SPECTRAL INDEX.



IN GENERAL RELATIVITY THE FORM OF THE
EQUATIONS AT SMALL SCALES IS THE SAME AS
IN THE NEWTONIAN DERIVATION

HOWEVER, ON SCALES CLOSE OR, OR ABOVE THE 
CAUSAL HORIZON THAT IS NO LONGER TRUE

INSTEAD ONE WORKS FROM A PERTURBATION
AROUND THE FRW METRIC

onperturbati  theis 

partFRW  dunperturbe  theis 
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THE MAIN DIFFERENCE IS THAT THE GENERAL
RELATIVISTIC PERTURBATIONS CAN HAVE
TENSOR CHARACTER, I.E. BE GRAVITATIONAL
WAVES



N-BODY SIMULATIONS OF ΛCDM WITH AND WITHOUT 
NEUTRINO MASS (768 Mpc3) – GADGET 2

256
Mpc

∑ = 0νm ∑ = eV 9.6νm

T Haugboelle, University of Aarhus



GALAXY SURVEYS



LARGE SCALE STRUCTURE SURVEYS  - 2dF AND SDSS





TODAY  1≥δ



SDSS SPECTRUM
TEGMARK ET AL. 2006

astro-ph/0608632



THE SDSS MEASUREMENT OF BARYON OSCILLATIONS IN THE
POWER SPECTRUM PROVIDES A FANTASTICALLY PRECISE
MEASURE OF THE ANGULAR DISTANCE SCALE AND TURNS 
OUT TO BE EXTREMELY USEFUL FOR PROBING NEUTRINO PHYSICS

NEUTRINO MASSES ARE 
THE LARGEST 
SYSTEMATIC ERROR 
NOT ACCOUNTED
FOR IN THE ANALYSIS
GOOBAR, HANNESTAD, 
MÖRTSELL, TU 2006

EISENSTEIN ET AL. 2005 (SDSS)



Power Spectrum of Cosmic 
Density Fluctuations

FROM MAX TEGMARK

SDSS BAO









WHAT ARE THE SUPERNOVA OBSERVATIONS 
ACTUALLY MEASURING?

THE DECELERATION PARAMETER
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USING THE FRIEDMANN EQUATION THIS CAN BE
CAST AS
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MOST RECENT DATA FROM
”SUPERNOVA LEGACY SURVEY”
(SNLS) – OCTOBER 2005

AND THE ”ESSENCE” PROJECT –
JANUARY 2007



SO, WHAT ARE THE VALUES OF COSMOLOGICAL
PARAMETERS GIVEN THE MOST UP-TO-DATE DATA?
Komatsu et al. arXiv:0803.0547 (WMAP-5)


	Power Spectrum of Cosmic Density Fluctuations

