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The Missing Baryon Problem

Results from the XMM-Newton
VLP on 1ES 1553+113

From current to next generation
X-ray spectrometers.



The Missing Baryons Problems

The Universe The Galaxies
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The Baryon Phases in HDS
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First Claimed WHIM Detections:
Exceptional Outburst State

— Y
- However:

z(Mkn 421) only 0.03
Mkn 421 outbursts are unique
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Galaxy concentrations as WHIM tracers
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The Warm-Hot (OVII) IGM
XMM-Newton RGS Spectrum of 1ES 1553+113

90% EW,y, x, Sensitivity (in mA)
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Broad-band RGS Spectra of 1ES 1553+113
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26-32 A RGS Spectra

Data/Model




Data / Model
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Contammatlon by ISM NI
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System-2
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Diagnostics

T No Nu(Z/Z,)"! Z
System
(106 K) (1015 cm2) (101° cm2) (Z,)
1 1.2+0.4 7.8%3% 1.650°2 >().1
2 0.95+0.45 4.4%20 0.9793 >0.1
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z=0.2-0.6 Galaxy Distribution
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Galaxies photo-z redshifts obtained
via deep (r'>24) SDSS-band imaging
with the OSIIS camera at GTC

Photo-z accuracy (and so bin width):
Az=%0.035

Projected area: 0.5 Mpc radius circle
(at each z) centered on our line of
sight to 1ES 1553+113

Black Curve: Expected average
number of galaxies with r'’>24 within
each cylindrical volume, based on
Wilmer+06
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First data agree with predictions
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missing baryons to be found in OVII intervening absorbers.
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Hot baryons close the census

Hot WHIM: >9 7% & <40 % Cold Gas: 1.8+04 7%

Warm WHIM: 158 % Disks/Halos: 5+3 %

HI lines are vital to evaluate
metallicity and so derive mass:
Athena’s MOP targets should all
be observed with the HST-COS at
SNRE=50 (requires ~500 HST
s orbits)

« Removing “directly” the
degeneracy between by, and b,
can only be done comparing HI and
metal resolved lines. To do this by
using O and Fe in the X-rays,

‘ ‘ would require a resolution of 4 km

> s1(R>75000)!"! Simply not doable.

Stars: 712 % ICM: 4.0£1.5 %

-Lyfu( Forest: 28111 %
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The WHIM with Athena:
Measuring Q,
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Athena will:
detect ~100 + 100 filaments against AGNs + GRBs
measure Q. with a precision of few %



The WHIM with Athena:
Physics of the Missing Baryons
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Detecting 2 or more unresolved lines from the same ion (especially He-like) would allow us to
infer the Doppler parameters and so (by comparing with X-ray T estimates) disentangle b, and

bturb'
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What do we learn from this

The first data confirm predictions: missing baryons to be found in OVII intervening
absorbers.

MOPs for WHIM in absorption/emission are built up on realistic predictions: Athena will
detect ~100 filaments against 26/39 bright AGNs

HI lines are vital to evaluate metallicity and so derive mass: Athena’s MOP targets
should all be observed with the HST-COS at SNRE=50 (requires ~500 HST orbits)

Removing “directly” the degeneracy between by, and b, can only be done by
comparing Hl and metal resolved lines. To do this by usmg O and Fe in the X-rays,
would require a resolution of 4 km s1 (R>75000)!!! Simply not doable.

However, detecting 2 or more unresolved lines from the same ion (especially He-like),
would allow us to infer the Doppler parameters and so (by measuring T through line
ratio) disentangle by, and b,

Synergy between Athena and ELT in mapping the galaxy fields of absorbers will be vital
to study metallicity vs galaxy-environment

NEW ATOMIC DATA OF X_RAY INNER-SHELL TRANSITIONS URGENTLY NEEDED
TO PROPERLY IDENTIFY ALL ISM TRANSITIONS
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