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The CGM encodes Precious Information on
Structure Formation

Rvir

Nelson+2016

Rosdahl & Blaizot 2012
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* Feedback?
Logyo T [K]

e Coldflows?
e Amount of cold vs _
h Ot gaS |Og ( pgas / pcrit,b )

van de Voort+2011




Spectroscopic Absorption Studies @z~ 2

Background QSO

MDM ~ 1012'5 M@

Fabrizio Arrigoni Battaia



A Large Reservoir of cold T~ 10% K gas!

Background QSO

ot
~

Covering of Optically Thick Gas

>
)

Prochaska, Hennawi, Simcoe, 2013

Fabrizio Arrigoni Battaia



A Large Reservoir of cold T~ 10% K gas!

Background QSO

CII 1334

Prochaska+2014

Fabrizio Arrigoni Battaia



Fluorescent Lyat Emission

SBLW Zoom-in simulation (RAMSES) + RADAMESH (Cantalupo+2011)
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Fluorescent Lyat Emission
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Fluorescent Lyat Emission

SBLW Zoom-in simulation (RAMSES) + RADAMESH (Cantalupo+2011)
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Fluorescent Lya Emission

r‘SBLya 4
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Image credit: S. Cantalupo




Giant Lya Nebulae

J2233-606 z=2.238
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Giant Lya Nebulae
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ant Lyat Nebulae

UM287 z=2.279

| HS1549+19 2=2.843

bl
*
e o
) ® Cantalupo, FAB+2014, Nature
2 < >
= 500k : 630 kpc
A °
T AL A
© A " . A SDSSJ0841 z=2.04
5 ® A A & A
D;:100-‘ ik AAAEQSE 'El . DQ g
® Te®e
® 8 on - (]
., ID‘I‘| * Ty 460 kpc
m
O ..l n ‘. = | | L
1043 1044 1045 1046
Liy, lerg s

Y® Hennawi+2015, Science



£

SNR (1 "sq.)

N slug Nebula (UM287

Continuum-subtracted NB image’ ?



Fluorescent Lyat Emission: 2 cases
(Hogan & Weymann 1987;Gould & Weinberg 1996; Cantalupo+2005)

fluorescent

~ external emission
ionizing flux v

> TREELR LN

a) Optically thin gas (fully ionized): emission proportional to gas density squared

a) Optically thick gas: behaves like a mirror, about 60% of incident ionizing
radiation is converted in Lya




Fluorescent Lya Emission

Given the luminosity of the QSO,
the nebula cannotbe optically thick.

The Lya emission would have been
much brighter than observed.

m
M.=7R?focNy—=L
X FAB+2015b; Hennawi+2015; FAB+2016



Why CIV (1549 A) and Hell (1640 A)?

o If present, should be the strongest lines after Lya
(redshifted into the optical)

o Extent of Hell —s proberadiative transfer of Lya

o Hell/Lya : - hardness of the ionizing sources
- density indicator
- speed of shocks

o CIV/Hell : - hardness of the ionizing sources
- speed of shocks
- metallicity indicator
o Extent of CIV : metal enrichment + outflows scale
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FAB+2015b

SB,, = 7.04 x 1018 cgs/arcsec?

(In agreement with NB imaging)
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Comparison with other Lya Nebulae

10 ——rrr : ]
[ @ HzRGs (Villar-Martin et al. 2007) 5 FAB+2015b
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Photoionization Modeling of Extended
Emission

R ~ 160 kpc




Photoionization Modeling of
Extended Emission: Cloudy (reriand+2013)
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Photoionization Modeling: Optically

Thin Models FAB+2015b
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Photoionization Modeling: Optically
Thin Models FAB+2015b

OLEUV= ‘1.7
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Photoionization Modeling: Optically

Thin Models FAB+2015b
OLEUV= ‘1.7
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Photoionization Modeling: Optically
Thin Models
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Photoionization Modeling: Optically
Thin Models FAB+2015b

OLEUV= ‘1.7
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Models require high gas densities

Hell/Lya < 0.18 CIV/Lya<0.16
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Large Reservoir of Cool (10* K) Gas
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Models require

clouds with parsec size
Hell/Lya < 0.18

3
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2 =
—0.60
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for simulations? —1.00
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Take-Home Messages:

* The nebulashould be illuminated by the QSO

4

The nebula is optically thin

e Optically-thin models suggest:

1. ny>3cm?3
2. N,<10%°cm?

3. R <20pc
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N slug Nebula (UM287

Continuum-subtracted NB image’ ?



FLASHLIGHT-GMOS: a Narrow-band

FAB+2016
Survey
Targets: brightest SDSS QSOs at z = 2.253 iigﬁaﬁf t
(Mg, NIR)

Sample: 15 QSOs on GMOS-S

How: custom-built narrow-band filter (A = 3955A; FWHM = 32.7 A)

lo ~ 2-4.5 x 108 erg/s/cm?/arcsec?
(1 arcsec? aperture)

GEMIN]

@@ OBSERVATORY

Exp. Time (narrow-band) = 2-5 hrs

Exp. Time (g-band) = 0.7-3 hrs
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;0 arcsec (164 kp>c)
PSF and continuum subtracted ' I
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Example of a masked NB image




Example of a masked NB image




We extract the radial profile of 15 QSOs




Determining the Point Spread Function (PSF)
from Stars
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The average QSO profile differs from the PSF
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The Average Radial Emission Profile of the

~ SO CG
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Cantalupo, FAB+2014, Nature Hennawi, +FAB,Science,2015



Different densities in the cool CGM?

10-16 E @ ¢ | 1 S - = = e
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Summary

No extended Lya emission (>50 kpc) around 15 QSOs

« We compute the average radial emission profile of the typical
QSO CGM.

* nu<0.1cm3within diffuse gas on large scales.
* The CGM of typical QSOs seems to show densities lower than
those in giant Lyman-alpha nebulae around QSOs.

Comparisons with simulations are needed...

 Large surveys are needed to uncover the brightest nebulae on
the sky.



e A0 MUSEUM

Quasars Speedy Observations with MUse:
Search for Extended Ultraviolet eMission-lines

Targets: QSOs at z~3

So far: ~ 59 QSOs (11 radio-loud)

1o ~ 3x 108 erg/s/cm?/arcsec? i
(1 arcsec? aperture in 30A band) B

Exp. Time =45 mins



