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0. LYMAN-ALPHA FOREST PHYSICS
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. MODIFIED-GRAVITY THEORIES

A- 5th force

Scalar-tensor theories: add a new scalar field ¢
5th force = typically amplifies gravity and the growth of perturbations.

On small scales, quasi-static approximation, linear regime:

. <, 30 %
5" + H ' —ij{z,u,(k, a)é =0,

coupling strength

w(k,a) =1+ ek, a) elk,a) =

mass (l/range)
of the scalar field



B- {(R) theories
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C- K-mouflage model

/d‘*x\ﬁ[M”RjLL )] +/d4x =GL (W Gy)

coupling of matter to the scalar field: G = Az((ﬂ)gﬂu Alp) =1+ A’%—(p + ...,
P1
nonlinear kinetic function (screening): L,(p) = M*K(y) with 7= —2/\1/14 VoV .
linear (unscreened) regime: X¥—= 0 K(p)=-1+y+..,
no potential == zero mass == long range, scale-independent
Both the background and the perturbations are slightly perturbed.
CMB, Solar System: 5 < 0.1
P=0.1, z=3
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. FLUX PROBABILITY DISTRIBUTION
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Figure 12. The flux PDF measured by K07 at (z) = 2.94 (dark-grey curve)
plotted with error bars compared to the PDF measured from the two spectrain
our sample, Q0055—269 and PKS 2126—158, used in the KO7 measurement
(open squares and long dashed curve). This comparison uses pixels in the
same wavelength range as adopted by KO07.
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Equilibrium between photo-ionisation and recombination:
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Temperature of the IGM:
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e = 2 w) -y [

™ 6, ¢

T ngr o< (1487707

Fa

_l”llll LILBLLALIL [ _Illl”l | Illlll[l [ILALLAEL
L a
9 10% = = =
= - . ]
103 IIIIIII 1 IIIJHII {111l ]/lllllll 1 |||||||I 1 11
_]||||| T ||””|I I lllll_ _]lll”l | |||l|||| |LRSLILLLE]
) 4+ 4
& 10f == 3
= - alls ]
103 1’)(11/11 crrood 4 T)rll/ll porond 0 im
0.1 1 10 0.1 1 10
1+6 1+6

Figure 3. The temperature—density relation for 4 different sud-
den-reionization models: sudden reionization (see equation 6) at
z=5 (a),z=7 (b), z=10 (c¢) and z=10 (d). For each reionization

Hui & Gnedin (1997)



Fluctuating Gunn-Peterson approximation:
Tox pPT7 %" ox (140)* with a=2-0.7(y —1), T ~10*K, v~ 1.3

F = 6—7’ _ G_A(1+5)a.

Factor A related to the photo-ionizing flux. In practice, it is set by the matching
with data of the mean flux: (F')

: SkpT
Smoothing scale: ke =2.2k; with ky = —+/470np, c5 = ] o
Cs [y,

Jeans scale was
smaller in the past

Gnedin & Hui (1998)

Jeans wave number

PDF of the flux in terms of the PDF of the matter density: P(F) =P(s)

n=2 s (explained in previous talk by S. Codis)
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Modified-gravity:
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lll. IGM power spectrum

PIGM(k) — PZtrunc(k) 6_(k/k8)21

Use a truncated Zeldovich approximation:
2 2
trunc) '

PZtrunc — Inax PZ [PLtrunc] with PLtrunc(k) — PL(k)/(l + kQ/k

trunc
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Recovers the large-scale cosmic web, associated with moderate density fluctuations
Highly nonlinear virialized halos do not contribute to the Lyman-alpha forest.



Modified-gravity:

Relative deviation of the matter
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V. Lyman-alpha power spectrum

A- 3D power spectrum

Ps,.(k,2) = b2 (1 + Bu®)? Piam(k)/ (1 + flkpl/kny) e~ Er/ka)”,

free thermal
parameter Kaiser effect L . broadening
velocity dispersion
. aH kBT
in collapsed structures kin = —, bip=4/—,
n UH btn 2my,
S=X-+ —e
aH Z9

- We noticed that if we use the nonlinear matter power spectrum instead of P_IGM
we get a steep growth for the Lyman-alpha power spectrum at high k.

-We take [ =1.3f (simulations)

ov
bs il
In principle, we could define (Seljak 2012): [ = 22 n=— Oz
b5F,5 aH
ol ol Ya
- — b P —

However, analytical models do not work very well,
especially because of the velocity part (Cieplak & Slosar 2016).



LCDM:

Modified-gravity:
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B- ID power spectrum LCDM:
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