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QUESTI ON

Why shoul d we care about intergalactic
medi um cosnol ogy?



QUANTI TATI VE | GM COSMOLOGY

1) It probes the dynam cal
growh at the snmallest scal es
(LCDM crisis? LCDM extensi ons?)

2) .but also |arge scales via BAO
geonetri cal neasurenents (Lya-Lya
or cross Quasar-Lya)

3) IGMsink and reservoir of baryons
test bed for galaxy formation feedback nodel s



The Lyman-a. forest

Lyman-a. absorption is the main manifestation of the IGM

Tiny neutral hydrogen fraction after reionization.... But large cross-section



The Intergalactic Medium Theory vs. (Cbservations

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

Bi & Davidsen (1997), Rauch (1998)
Review by Meiksin (2009)

redshift =z

2.2 2.6

2.8 3.0

l

2.4

QO0453-243 z=2.661

A=A, (T+2)

AL.=1215.67 A

baryons as tracer of the 522

dark matter density fieldsg =" i " MUE
0 IGM o DM § f- — '\‘x ;
j;;g f‘ wf" ,{‘r \,mm"m lmﬂ ]!’ :
Croft+ 99,02 ‘ } H l H
MV+ 04 5005 ' 1 L | 3

McDonald+ 01,03 4%30 4020 4040 4060 4080 4100

wavelength (Angstrom)



s B — i S
GIENT, niv
) S
) i
Py =
‘» n
=
Q
-
£
S —
£
—
ey
'y | . S ORI SIS O (SO 3 S SO
800 1000 1200 1400 1600

Wavelength/A



TOPIC DATA THEORY RESULTS
QSO Lya flux and Cl ear detection,
BAGs coss correl ation smal | tension

W th
QSGCs 3D anal ysis —
| ow res

Mocks

with Planck

Cosm ¢ neutri nos

| GM GO Spectra
| ow res 1D fl ux
power

N- body/ hydr o
Si s

2 m < 0.12 eV

Cold dark matter

Col dness

| GM QSO Spectra
hi gh res 1D fl ux
Power

N- body/ hydr o
Si s

Mgy > 3. 3 keV

(thermal cross.
sect.)

Low redshi ft
Lynman- a forest

CCS data at z=0. 15

Hydro sins

HVD1 backgr ound
+ “hot” gas




Two key *uni que* aspects

H gh redshift (and small scal es):
possi bly closer to |Iinear behavi our




RESULTS FROM BOSS/SDSS-III

BAOs at z=2.3



SDSS- |

New regime to be probed with Lyman-a forest in 3D
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SDSS- ||
Busca et al. 13

Ecosmo(ﬂ TL) = Esmooth(rha ri)+ Qpeak * fpeak(r”a],;r.‘a_)

§(rys7L) = Ecosmo(Tys T Ly @y 1) + Eob(rys L)

50 100 150 200

r ()

BAO feature detected at z=2.3
From 3000 deg?, using 50000 QSOs
Significance of the detection at

around 30




SDSSH

6% precision measurement
of D,/ry

3% precision measurement
of D,,/r,
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RESULTS FROM BOSS/SDSS-III

NEUTRINOS



MASSIVE NEUTRINOS



COSMOLOGICAL NEUTRINOS: NON-LINEAR MATTER POWER

Change in A? (k) for M,=0.3,z2=1
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THE NEUTRINO HALQO?
CDM Y

Density field
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COSMOLOGICAL NEUTRINOS: MASSFEUNCTION
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NEUTRI NOS I N THE | GM

223, ON (D) « GAS (na) 2+0, DM (D) « GAS ad) « v (groani

N-body + hydro sins

Neutri no | nduced non-1i near
suppressi on understood and reproduced
also with sinple halo nodelling
(Massar a+ 15)

Degeneracies with s8 are present
Neutrino 1induced effects on RSD
(Marul i +11), BAGs (Pel oso+15), nass

functions and bias (Castorina+l4)
| nvesti gat ed

FROM IGM ONLY:

>m <0.9 eV (20)

Vi el, Haehnelt, Springel 2010
Rossi + 14, Vill aescusa- Navarro+14



IVETHCD

DATA: thousands of |low-res. Spectrafor neutrino constraints. Few tens
for cold dark matter coldness

SMULATIONS Gadget-111 runs: 20 and 60 Mpc/h and (51282,7862,8963)

Cosmology parameters: og, N, 2., Ho, Mypy + NEUtrino mass
Astrophysical parameters: z,,, UV fluctuations, T, vy, <F>
Nuisance: resolution, S/N, metals

METHOD: Monte Carlo Markov Chains likelihood estimator
+ very conservative assumptions for the continuum
fitting and error bars on the data

Parameter space: second order Taylor expansion of the flux power

N
Pp(k,z;p) = Pe(k,zp°) +Z OPr(k, 2 pi)

.0 + second order
apl_ (p3 pl)

p=p¥
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NEUTRI NO | MPACT - |
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NEUTRI NO | MPACT - |1

P(K)*k/n
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CROMH OF STRUCTURES AT H GH REDSHI FT

1D Fl ux power spectrum evol ution

P(k)*k/n

107

102

Constraint on neutrino masses from
SDSS-III/BOSS Lya forest and other
cosmological probes
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BAYESI AN ANALYSI S
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B Lyall with Hp top-hat prior
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UPDATE using Planck 15 Palanque-Delabrouille+ 2015

(1) Ly 2) Lye (3) Lya 4 Lye
Parameter - Hg"‘"‘" + Planck TT+iowP + Planck TT+iowP  + Planck TT+TE+EE+iowP
(Hp=613210) + BAO + BAO
g 0.831 +0.031 0.833+0.011 0.845 + 0.010 0.842 + 0.014
n, 0.938 +0.010 0.960 = 0.005 0.959 + 0.004 0.960 + 0.004
Q. 0.203 +0014 03020014 0.311 £0.014 0311 £ 0.007
Hp kms'Mpc') 67.3+1.0 68.1 +09 677 = 1.1 67.7 0.6
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COLDNESS OF COLD DARK NMATTER

Vi el , Becker, Bolton, Haehnelt, 2013, PRD, 88, 043502



THE COSMIC WEB in WDM/L CDM scenarios
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DARK MATTER DI STRI BUTI ON

CDM WDM
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GAS DI STRI BUTI ON

WDM
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H DI STRI BUTI ON




P(E)wpp PR s com

THE WARM DARK MATTER CUTOFF I N THE MATTER DI STRI BUTI ON
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THE H GH REDSHI FT WM CUTOFFE
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RESULTS FOR WDM MASS

S 06}
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3 |
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1keVimy,,.,

m > 3.3 keV (20)




SDSS + M KE + H RES
CONSTRAI NTS

Joint |1kelihood anal ysi s

SDSS data from McDonal dO5, 06 not BGOSS
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| NTENSI TY MAPPING HI in em sSSion
L rEER
10 =5 _— .
Proton-electron spin alignment in Hydrogen ground state
Rare “spin-flip” transition (~107 yr*) emits A=21.1cm line
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VWOM SUPPRESSI ON i n 21cm | NTENSI TY MAPPI NG
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Carucci, Villaescusa, MV, Lapi 2015

mK Contrary to Lynman-al pha forest
H in intensity mapping signal
cones from hal oes not filanents

REALISTIC SKA forecasts
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BAOs in intensity nmappi ng

P21cm(k, Z) = bglcm(z)Pm(ka Z)

0.8} — R=0 h 'Mpc : linear

-- R=0 h 'Mpc : non - linear
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r{h™" Mpc| Alonso, Villaescusa-Navarro, MV 2016



BAOGs in intensity mapping - ||

Pip(ky) [mK?* h~"Mpc]

lim Psicm,obs,1D (K, 2) = 5 Po1cm (k)5 2)
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Realistic SKA forecast including foreground removal and treatment of noise show:
H(z) could be determined at z=0.6,1,1.6,2.5 with error of 2.4%,1.5%,1.9%,3.1%

Alonso, Villaescusa-Navarro, MV 2016
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Col um density distribution of H
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CONCLUSI ONS

BAGs: clear detection, sytematics under control, tension with
Pl anck (statistical fluctuations or systenmatics)?

NEUTRI NCS:
no support for non zero neutrino nasses froml|l GV data total
neutrino nmass <0.12 eV 20 C L.

VDM
consi stency with cold dark matter > 3.3 keV relics 20 C L.

LOW z Lyman-al pha: exquisite UV thernoneter



