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, rraditionally, the overlap between optical/infrared
(OIR) astronomy and gamma-ray astronomy has

( cta == .~ Dbeenconsidered to be fairly small.

Smence

.’5, '_ “ . Dark Matter Programme
withthe & . -~ . Galactic Centre
Cher enkov | A - Galactic Plane Survey
. . LMC Survey
- Extragalactic Survey
- Transients
- Cosmic Ray PeVatrons
 Star Forming Systems
- Active Galactic Nuclei
» Clusters of Galaxies
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,Traditionally, the overlap between
—— = «& optical/infrared (OIR) astronomy and

@ F?'f’*?"—_""f’if"? A -i ... gamma-ray astronomy has been
considered to be fairly small.”

Saence

c en Mgt  Dark Matter Programme

Cher enkov i 4 . Galactic Centre

. Galactic Plane Survey
- LMC Survey

- Extragalactic Survey

- Transients

- Cosmic Ray PeVatrons
 Star Forming Systems
- Active Galactic Nuclei

« Clusters of Galaxies
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The main facilities & surveys
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Gaia is rewriting stellar & Galactic evolution

Detailed spectroscopy + astrometry (+ astroseismology) of large samples
—> precision samples with good masses, ages and abundances

—> stellar and Galactic evolution cannot be separated

—> affects binaries, SNR remnants ...

» distance no longer a ,fiddle" parameter

* embedding into general stellar evolution history
+ chemical enrichment

—> Signatures of formation history can be found
In the kinematics of the stellar system

—> nhew mass estimates for the Milky Way and
its satellite system




Gala is rewriting stellar & Galactic evolution

MADERA
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Peculiar Carbon Continuum Emission Wavelength

MS & RAVE (2019)




Milky Way may be considerably less massive

Over the past 15 years:

» naive extrapolation from rotation
curve gives Muw > 2.5x1012 Mg

» spectroscopic surveys (RAVE,
SEGUE) modelling the overall
velocity distribution Mpyw > 1 -
1.5x1012 Mo

- recent Gaia data taking into account
the local velocity distribution reveals
considerable anisotropy

—=> M = 107 Me

11.6 11.8 12.0 12.2 1240
log,y Myyo/Mg,

Deason et al (2019)



Cosmic ray acceleration in SNRs

3D simulation with cosmic ray acceleration depending on magnetic obliquity (Pais, Pfrommer+ 2019)

Simulation H.E.S.S. Observation

SN1006

ASCA
Radio

= [C on CMB ® SUZAKU IC (starlight + CMB)
= Synchrotron § Radio Synchrotron

|
1

— T decay I-I-l FERMI-LAT 7o decay I-I-l FERMI-LAT
1

—— Total I HESS (NE+4+SW) Total HESS

excess counts

.00 225.75

= [C on CMB ® SUZAKU IC (starlight + CMB) = ASCA

= Synchrotron § Radio Synchrotron { Radio

— 7T decay I-I-l FERMI-LAT 7o decay I-I-l FERMI-LAT
—— Total I HESS (NE4+SW) Total I

Vela Jr.

[}
~
<
—~
-

[y
o)
~
N

excess counts

135 134 133 132 131 135 134 133 132 131

SN1006 (top) expands into homogeneous field,

Gaia distances help breaking parameter degeneracies of hadronic and
4 ¢l P nap g I Vela Jr. (bottom) expands into a turbulent field

leptonic models
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Neutron star in SNR 1E0102.2-7219 Iin the SMC
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Chandra
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Emission
line
objects

>

Deharveng+ (1988)




Summary (from 9 hrs exposure time)

Seeing

PN

PN candidates

HIl regions

cHII regions 1)

SNR

emStars 2)

bgr. Galaxies 3)

compact Hil regions

emission line stars
Stars 4) background galaxies

stars with spectral type
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MUSE
data
locations

48"

51

Dec (J2000)

57

-19°00°

02 mOOs

. e Weilbacher, MS et al (2018)
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MUSE Ha maps
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MUSE Ha maps
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MUSE Ha maps
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18 Weilbacher, MS et al (2018)




Velocities
Kamann et al: ongoing project to map Arp galaxies with MUS
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Weilbacher, MS et al (2018)



MHD galaxy simulation with cosmic rays

v, [kms™!]

L Y T
—100 =50 —-30 —2 0 2 S 30 50 100

Anisotropic Diffusion Isotropic Diffusion 0 No Diffusion

0 0 0

x |kpc x |kpc x |kpc

*

CR diffusion launches powerful winds (Pakmor, Pfrommer+ 2016)
Simulation without CR diffusion exhibits only weak fountain flows

20



Cosmic rays in cosmological simulations

Fiducial cosmological simulations: simulations (Grand+ 2017)

B o o SO T ] T

-2 —1 0 1 2
10 10 10 10 10 100 101 1012 1013 1014
Xcr — Pcr/Pth

Novir [em™2]

100
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40
20
0
~20
40

—100 -50




Cosmic rays in cosmological simulations

Fiducial cosmological simulations: simulations (Buck, Pakmor, Pfrommer+)

Novi [em™]
100

50

y [kpc]

y [kpc]
o
y [kpc]
y [kpc]

.}_:"

* u

High column

Cdlj)r?;?\z::;e Higher density densities of
2 dick - CGM e.g. OVI, OVII, SilV,
) N S _ ) | sivin, civ, cv

—40

—100 -50 0 50 100 —100 -50 0 50 100

—100 -50 0 50 100

x [kpc]



The Hubble Deep Field South, seen by MUSE

23

Urrutia, MS et al (2018)




Redshifts in the MUSE-Deep UDF mosaic

Previous spectroscopic redshifts within MUSE footprint:

® Pub.SpecZ[143]




Redshifts in the MUSE-Deep UDF mosaic
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Redshifts in the MUSE-Deep UDF mosaic

MUSE redshifts for emission-selected objects: 1163

® ORIGIN[1163]




Redshifts in the MUSE-Deep UDF mosaic

MUSE redshifts combined: 1443 / previously known:




Ly-a haloes around individual galaxies at z>3 are ubiquitous!

#43 #92 #95 #112
-
10 kpc 10 kpc 10 kpc 10 kpc
#139 #181 #200 #216
10 kpc 10 kpc ‘I 10 kpc 10 kpc
#232 #246 #294 #311
.
10 kpc 10 kpc 10 kpc 10 kpc

Wisotzki, MS et al (2016)



Growth curves of Lyman-a haloes in MUSE deep data

radius [kpc]
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expected range of virial
radii
for -15 < MUV < -20

l " l
4 6

radius [arcsec]

Total extent = giant Lya nebulae around AGN
— but 10...100 x fainter
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Redshift evolution of dn/dz in Lya emission ... and in HI absorption

Pretty much all atomic hydrogen at 3<z<6

detected

not only in absorption, but also in emission!
ER\
2
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log S > 37.5

log S > 38.0
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log Ny > 20.3
0.2 logS > 38.15

log S > 38.5

3.0 3.5 : 4.5 5.0
Wisotzki, MS+ 2018 redshift




Studying the CGM in emission and in absorption

To combine diagnostics we have to measure

N(HI) for known Lyq haloes of high-z galaxies. X [physical kpc at z=4.5]

100 200 300

-> absorption spectra of back—ground
galaxies close to LAES!

Not feasible with MUSE!
typlcal Mag = 26 ... 28

(8]
Q
n
O
ek
©
L O]
<l

[G =z 1e 2 |edisAyd] A

E-ELT + MOS can do this!

(science case related to IGM
tomography, but on scales of 10—100

Kpc) Aa [arcsec]
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More information at

An optical/near-IR survey of half the sky in ugrizy www.Isst.org
bands to r~27.5 based on ~1000 visits over a and arXi;:0865.2366
| 0-year period: |

A catalog of 20 billion stars and 20 billion galaxies with exquisite photometry,
astrometry and image quality!


http://www.lsst.org

Mar 10, 2019
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LSST From the User’s Perspective:
A Data Stream, a Database, and a (small) Cloud

Prompt Data Products

— A stream of ~10 million time-domain events per night, detected and transmitted to
event distribution networks within 60 seconds of observation.

— A catalog of orbits for ~6 million bodies in the Solar System.

Yearly Data Releases

— A catalog of ~37 billion objects (20B galaxies, 1/B stars), ~7 trillion single-epoch
detections (“sources”), and ~30 trillion forced sources, produced annually, accessible

through online databases.
— Deep co-added images.

User Contributed Data Products

— Services and computing resources at the Data Access Centers to enable user-specified
custom processing and analysis.
— Software and APls enabling development of analysis codes.




Instrument Specification

Specification Design value

Field-of-View (hexagon) ~4.2 degree? (¢>2.6°)

Multiplex fiber positioner 2436

Medium Resolution Spectrographs (2x) R~4000—-7500
# Fibres 812 fibres (2x)
Passband 370-950 nm
Velocity accuracy <1 km/s

High Resolution Spectrograph (1x) R~20,000
# Fibres 812 fibres -
Passband 392.6—435.5 nm, 516-573 nm, 610-679 nm
Velocity accuracy <1 km/s

# of fibers in @=2’ circle >3

Fibre diameter D=1.45 arcsec

Area (first 5 year survey) >2h x 18,000 deg?

Number of science spectra (5 year) ~75 million of 20 min



4AMOST Science Themes

R>5000 spectra over the full optical range

alaxy evolutio . Cosmolog

g

VST/VISTA . Euclid/LSST/SKA

»
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4AMOST Operations

Unique operations model for MOS instruments suitable for most science cases
4AMOST program defined by Public Surveys of 5 years
Surveys will be defined by Consortium and Community

All Surveys will run in parallel: Surveys share fibres per exposure for increased efficiency

Consortium Key Surveys will define observmg strategy
Millions of targets all sky

Fill all fiores
Add-on Surveys for smaller surveys
Small fraction fibers all sky or

dedicated small areas
103 to 106 targets

Several passes of sky with 2, 10, 20, 30
Wedding-cake distribution for total time 1h to 10h

Opportunity to get spectra of some 10k objects spread over large areas of

the sky

39



Summary and conclusions

. Gaia is rewriting stellar and Galactic evolutlon - |mpl|cat|on of
late stages of stellar evolution and dark matter

Spatlally and spectrOSCOplcally resolved analysrs of the hosts of
y-ray sources in the Galactic plane and (nearby) extragalactlc
source sy
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