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Tegmark & Zaldarriaga 2002

CMB physics
z = 1100
dynamics

Lya physics
z < 6

dynamics
+

termodynamics

CMB + Lyman a Long lever arm

Constrain spectral index and shape

Relation: P FLUX (k) - P MATTER (k) 

Continuum fitting

Temperature, metals, noise
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3000 LOW RESOLUTION LOW S/N                  30 HIGH RESOLUTION HIGH S/N
SDSS LUQAS
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McDonald et al. 2006                               Kim, MV et al. 2004, MNRAS, 347, 355     



�����40��������	��:�'���;!&<=>
3�
��?��9����4	������	�������!""<�

*	�9����
3�.+���	������	
�
����
	��
��	�����
�����.+����
��������3���
3�
��
�����
�����
�����������3
����
��
��������
�
�����

������
������	

�
��	���	��
��

������"��������������������#� ����$���%����!

/��@�

�����	���
3�����3
�@��
8���
���������8������������������������
A

(�����	�����
*��	
��
$
����
,	
	�����8�����
�
�������3
����	��
���
.	������8����B=
B	����	�����
��



�������



P F (k, z; p) = P F (k, z; p0) +   S i=1,N ¶ P F (k, z; pi)         (pi - pi
0)

¶ pi                    
p = p
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DATA 30 high res z~2.1 QSO spectra     3000 QSO spectra z>2.2
+ 53 Croft et al. 2002 spectra

THEORY: SIMULATIONS full hydro simulations                HPM  `calibrated’ sims
(approximately hydro)

THEORY: METHOD 3D flux  Inversion 1D  flux direct modelling 
PF = b2(k) P(k)

ADVANTAGES band power  large redshift range

DRAWBACKS only z=2.1 (and 2.72) and              34 parameters modelling
larger error bars

RESULTS no running, scale invariant, `high’ power spectrum amplitude
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Smnnnn (eV) < 0.68 (95 %C.L.)
r < 0.55 (95 % C.L.)

running = -0.055 3 0.03

WMAP3 only
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LCDM
WDM  sterile 2  keV     

30 comoving Mpc/h  z=3

Viel, Lesgourgues, Haehnelt, Matarrese, Riotto,  PRD,  2005, 71, 063534

k FS ~ 5 Tv/Tx (m x/1keV) Mpc-1

In general                                            

Set by relativistic degrees of freedom at decoupling
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m WDM > 550 eV thermal                                           
>  2keV  sterile neutrino

WDM LCWDM
(gravitinos)

neutrinos
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m WDM > 2 keV    thermal                                     
>  14 keV  sterile neutrino
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Viel, Lesgourgues, Haehnelt, Matarrese, Riotto,  Phys.Rev.Lett., 2006, 97, 071301
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Smnnnn (eV) < 1 eV (95 % C.L.)
WMAP1 + 2dF + LY aaaa

WDM neutrinos
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Smnnnn (eV) < 0.17 (95 %C.L.)
r < 0.22 (95 % C.L.)
running = -0.020 3 0.12

CMB + SN + SDSS gal+ SDSS Ly- aaaa
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Lyman-a forest is a complementary measurement of
the matter power spectrum and can be use to constrain cosmology
together with the CMB  
There are no other observables at the forest scales and redshifts

Tight constraints on active neutrinos and warm dark matter
candidates

All(?) the possible systematics are under control: there is really 
significant
Power at these scales and redshifts  
(Weak lensing data support this)
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T = T0 ( 1 + d) g-1
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Full hydro  200^3 part.                           HPM   NGRID=600                              HPM   NGRID=400

F
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MV, Haehnelt, Springel (2006)
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‘ISOLATED’ CLOUDS

NETWORK OF FILAMENTS

PROBES OF THE 
JEANS SCALE

COSMOLOGICAL
PROBES
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80 % of the baryons at z=3
are in the Lyman-a forest

baryons as tracer of the dark
matter density field

d IGM ~ d DM at scales larger than the
Jeans length ~ 1 com Mpc

t ~ (dIGM )1.6 T -0.7
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80 % of the baryons at z=3
are in the Lyman-a forest

baryons as tracer of the dark
matter density field

d IGM ~ d DM at scales larger than the
Jeans length ~ 1 com Mpc

t ~ (dIGM )1.6 T -0.7

?��J�.	���������CC#���4	������CC7�
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DM 

STARS 

GAS 

NEUTRAL
HYDROGEN 

Wm = 0.26 WL = 0.74 Wb=0.0463   H0 = 72 km/sec/Mpc    - 60 Mpc/h 2x4003 GAS+DM
2.5 com. kpc/h softening length

GADGET –II code COSMOS computer – DAMTP (Cambridge)
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