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Baryon budget
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Between z=1100 and z=3

Gunn Peterson relation for the Ly a forest
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T(z) from observations
Q,2/T ;, from comparison with simulations

) Q4% > 0.017 (Rauch et al 1997) mmmm) No missing baryons @ z=3
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Gunn Peterson relation for the Ly a forest
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T(z) from observations
Q,2/T ;, from comparison with simulations

) Q4% > 0.017 (Rauch et al 1997) mmmm) No missing baryons @ z=3

mmmm) O, h?=0.02230 + 0.00014 (Planck 2015) Note: 0.017/0.02230=0.76



Missing baryons
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Between z=3 and z=0

log T>5.5 WHIM?
OVIl and OVIII absorbers?

Missing Baryons
39 +12 %

OVI absorbers

and BLA (HI)

WHIM
OR (5.0<logT<5.5)

BLA (CV and OVII) SRS Galaxies
7 +2 7%
Photoinized
(LyaForest)
28 +11 % \

CGM 5 +3 % around galaxies

ICM 4 +1.5 % in clusters and groups
Cold Gas 1.7 +0.4 7%

HI, Hel and H,

This paper
(observation @ z=0)

See also Shull, Smith & Danforth 2006



T=10°>-107K
n,=10%-10%cm3

Absorption lines
in X-ray spectra
of distant astro sources

(Chandra, XMM)

Cen & Ostriker 2006



Targets
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Flux (0.5-2 keV)

OVIl Hea absorbers

Only a few EW~3mA
XMM spectro AA~70mA

EW/AN~4%
syst. ~ 2%

mmm) LONg observing time
mm) Very bright targets



Sensitivity

Blazar 1ES 1553+113 mmmp 1.6 Ms observation with XMM
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Future: Athena

Residuals (in o)

' ' 200 ‘
L 26 AGNs

150

Exposures: 20 < T (ks) < 300 each

100 = -7

Number of Detectable OVII WHIM Systems

N . -
/ _ - -
B // - -
-10 - OVIl Ka NelX Ka n B .7 --=7
7

L i 50 — /’ //

= T B / - -

- i | / ///

L OVIl Ka  OVIl KB NelX Ka J 7’ /,
15 I | ] L/ |

0.3 0.4 0.5 0.6 0 L L —
Energy (in keV) 0 2

Total Exposure (in Msec)



Conclusions

Firm detection of logT>5.5 WHIM not done yet
despite strong efforts and controversies

Second half of the observation of 1 ES 1553+113 this
year

But not sufficient (variation from line-of-sight to line-
of-sight)

XMM-Newton Legacy program (11Ms on 5 other
targets) + HST (150 additional orbits)

Future: HST and Athena




