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The Missing Baryons Problems
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~ 30-40% (or more) of Baryons
Still Missing at z~0
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The WHIM in Hydro-dynamical simulations
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First Claimed WHIM Detections:

Exceptional Outburst State

However:

z(Mkn 421) only 0.03
Mkn 421 outbursts are unique

1Q,(Nyyy > 7%10") =278 510719 ~ Q-
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A Serendipitous hot X-Ray/BLA
e Filament at z=0.1187
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Galaxy concentrations as WHIM tracers
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<EW(OIl KB)> = 14 + 4 mA

Cts s-! A-?

OII KB @ z=0 Not OVII @ z=0.03

' +
Nicastro+16, MNRAS, 457, 676 <EW(OII KB)> = 18 + 5 mA
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The Case of H 2356-309
& the z=0-LIMM / z=0.03-WHIM conspiracy
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Best WHIM Target in the Universe:
1ES 1553+113
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- z>04

- Fy~1-2mCrab

- High S/N COS spectrum with 5 priors
(HI Lya with 40<b<80 km s' : BLAs

- = 5.2<logT < 5.5 = Mostly CV)
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Tentative IGM IDs

Nicastro+13

e o[ v o [on [ 5
(mA) (mA)
0.041+0.002 230 9.60 <6
0.133£0.002 3.80 2.70 NA NA NA 5.40 <14 <25
0.184+0.001 3.60 NA NA NA NA NA <11 NA
0.190+£0.001 2.20 NA NA 1.70 NA 9.30 7.60 NA
0.237£0.001 3.90 NA NA ? NA 5220 <13 NA

0.312+0.001 4.1c 4.10 NA ? NA 810 3.60 NA
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Cool WHIM at z=0.312:
(630 X_ray on y) Nicastro+13
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Redshift z

From COS BLA and OVI b:
2> b,=52+7kms’(b,,=30%14kms’) = logT =5.2+0.1
Fully Consistent with presence of CV, CVI, OV
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Best-Fitting WHIM Parameters

logT ZIZ
[= Nu(X)/Ny(FUV)]

0.041+0.002 5.45 +0.05 3.8+0.8 0.13, +0.07, -0.10
*0.133+0.002 54, +0.2,-0.6 2.2 105 NA
0.190+0.001 5.25+0.05 1.9+1.8 107 0.4, +0.4,-0.3
0.237+0.001 5.3+0.1 0.3, +0.2, -0.1 109 2.7,+1.8,-2.2
0.312+0.001 5.25+0.05 3.1, +1.6, -1.1 112 0.32, +0.19, -0.22

* No consistent X-Ray-FUV solution: BLA is too narrow and shallow to be imprinted by the X-ray
absorber and OVI should be visible if logT<5.2

** From Ny(X) divided by the average <Z/Z,> = 0.28 + 0.24 determined for the z=0.041, 0.190,
0.312 systems
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Cool WHIM contains 15% of MBs
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50% of Baryons are still Missing
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Ney: Noyp (in 1018 cm~2)
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With the sensitivity of the current 500 ks Chandra
bound to detect only the cool WHIM in CV.

~1.6 Ms XMM =» ~4x S/N in OVIl & Ny, > 10"
cm? =» ~5-10 systems sampling the hot WHIM
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40 Detection of logT>5.5 WHIM in
Multiple Lines
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In the short-term, only ultra-deep XMM and
Chandra observations can detect the missing
50% of baryons and solve the puzzle



The Long-term Future: Athena@&ﬂm IFU

X-ray Integral Field Unit

: P <00 | |
m L _
or "-l!“u’l]Lﬂj?' A 7TA \/ Wu E L 26 AGNs _
i w 23 - Exposures: 20 < T (ks) < 300 each N
@ 150 — —
= L _
= _—
= I~ _ - n
—~ i E I _ - - —
5 ° - P _
£ £100 [~ e —
: 1 2 .
a ‘s B -, -- " N
= 1 e 50 a
'E ~ 7/ -7 —
“ 3 =/ e ]
Z |/ ]
/
y
L _
i | | | ‘ | | | ‘ | | |
0
L OVIl-Forest _
-20 0 2 4 6
Total Exposure (in Msec)
1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I i
0.2 0.3 0.4 0.5

Redshift

500 ks for Fy s, = 0.1 mCrab along a random WHIM LOS from Cen+06:
detects 5 Systems with logT = 5.2-6.4 K, logN,, = 18.7-19.4 (Z/Z;)* cm=2at z<0.5
All in OVII-OVIII; 2 in CV + OIV-OVI (Cool-Phase): excellent Density Diagnostics
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Summary and Future

After proper ionization and metallicity correction, CV-OVI-BLA dominated
“cool” WHIM contains ~ 15% of Baryons

= 40-50 % of Baryons still Missing and likely to reside in logT>5.5
WHIM:

detectable only with ultra-deep XMM and Chandra
pointings

In the future Athena will enable:

— (a) accurate (few %) measure of the Cosmological Mass Density of Baryons in
the Universe

- éb) study of the interplay between galaxy and AGN outflows and the IGM
feedback)

— (c¢) understanding of the role of shocks in the formation of structures in the
Universe

— (d) mapping of the Universe’s Dark-Matter concentrations
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