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Infrared Space Astronomy
The Heritage

- 1983: TRAS (57 c¢m, 12-100 pym)
« 1995: ISO (60 cm, 2.4-240 ym)
« 2003: SPITZER (80 cm, 3.6-160 ym)
« 2006: AKART (67 cm, 1.7-180 pm)
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Herschel is a Space
Observatory for the
infrared and sub-mm
astronomy (55-671 ym) It
IS a cornerstone mission
of the of the ESA

3 scientific instruments
Height: 7.5 m

Width: 45 m

Weight: 3,4 ton

of N 3.5 m telescope primary
AN .. mirror




Sir William Herschel (1738-1822):
The father of the infrared astronomy
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Scientific Instruments

Photometry and Spectroscopy
PI: M. Griffin (RAL, Cardiff, Galles) between 57 -670 pm

*3-band Imaging photometer (250, 350, 500 pm)
*Fourier transform spectrometer (190-672 pm)
A/ AA = 1300 - 370 (high-res)
= 60 - 20 (low res)

PACS
PI: A. Poglitsch (MPE, Garching, Germany)
*Dual-band Imaging photometer (70/100, 160 ym)

Integral Field Unit grating Spectrometer (55 - 210 ym)
A/ AA = 1000 - 4000

¥F= K

HIFI
* PI: F. Helmich (SRON, Groningen, Olanda)
« Heterodyne spectrometer (157 - 213 ym e 240 - 625 ym)
A/ AN = 105 - 109




Herschel was launched, together with the Planck satellite, HerschEL

on 14 May 2009, on board an Ariane 5 rocket, from the
ESA space harbor of Kourou (French Guiana)

PLANCK




Herschel Plank telescope and sylda - 18 - 05 - 2009 - 80 x 30 seconds
Gustavo Muler - Observatorio Nazaret J47
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Cryocooler Analysis

* Data from OD 95 to OD 1095
* Average massflow of 2.7 mg/s

“Physical Model”

End of Feb
2013
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Helium contents [Kg]

« Cryocooler Analysis

* Data from OD 95 to OD 1095
* Average massflow of 2.7 mg/s

Linear Fits

-PACS + SPIRE

Second half of
March 2013

Herschel day



2404.0h
21%

5350.3h
49%

2266.6h
20%

o PACS

B SPIRE
_1SPParallel
“THIFI

About 57% of the Routine Phase was
allocated in legacy, long-term
programmes (Key Programmes), while
the remaining obsarving time was
allocated by using 2 Announcement of
Opportunities (AOs)

Scientific arguments Proposals Time(ore)

Star formation and 20 4450.7
ISM

Galaxies and AGNs 2914.0
Cosmology 2682.0

Mail Extragalactic KP:
HeVICS

PEP

HerMES

ATLAS

SHINING
KINGFISHER
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Herschel objectives

» star formation near and far

» galaxy evolution over cosmic time
« ISM physics/chemistry

* our own solar system



Star formation
(molecular clouds, protostars,
protoplanetary systems)

4 Stellar evolution

(main sequence stars, globular
clusters, planetary nebula, red
giants)

Death of stars

(SN, white dwarfs,
heutron stars, BH)




Galaxy Evolution

redshift

Gas dissipation

Star formation . :
Feedback from SF-AGN g \
Merging :
I I | I I I I
0 & 4 6 8 10 1<

time (Gyr) Marchesini+12
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[ R T ] are embedded into the
} ] dust produced by the
Sos } first stellar population
| and have emission peak
at FIR wavelengths
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Spitzer/MIPS Herschel/PACS 3.5 mvs 0.85 m
Herschel is 4 times better in
spatial resolution

.

NASA/JPL-Caltech / SINGS ESA & The PACS Consortium

Spiral Galaxy M51 (“Whirlpool Galaxy”) in the Far Infrared (160um)

o  Spizer/MIPS ,  HerschellPACS |

/ - ‘ . v,

" MIPS 70 pm PACS 70 pm PACS 100 pm

g a NGC 1705
NASA/JPL-Caltech / SINGS ESA & The PAC! = GT KP PI.

Spiral Galaxy M51 (“Whirlpool Galaxy”) at 24um MIPS 160 pm | PACS 160 pum S. Madden




~60% of the Cosmic Infrared Background (CIB) is resolved into individual well
de’recTed (50) sources at 100 and 160um

Fleld GOODS N (in Hubble Deep Field North)

Great Observatories Origins Deep Survey



=" The cool and lines rich Universe

__ HeH" CH;
p-H,D’
p-NH,
sl

CH,OH

g
:
{
a_
-

Herschel range

2 (um)

Probe the peak of dust thermal
emission at temperature between
5-50 K

Numerous atomic, ionized and
molecular lines are in Herschel
spectral range



Hi-GAL (P.I.: S. Molinari) - High dynamical in signal
- High spatial resolution
-ISM structured in a pattern of filaments

~ where the star formation occurs.

AT T
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Herschel@ASDC

> Hérschel Team established in 2009, at Mission launch
Luca Calzoletti, Fabiana Faustini and Alessandra di Cecco

» Wide-range support for:
* preparation and submission of proposals during AO-1 (2010) and AO-2 (2011)
* data handling and data reduction by means standard and non standard recipes

> Archive Herschel data within the ASDC Multi-Mission Interactive Archive
> Develop tools for the data analysis

» Collaboration with the Hi-GAL Consortium for:
« develop dedicated data reduction pipeline (Romagal, Unimap)
- distribution catalogs and images

HIPE

3 data retrieval
e data explorer

HIPE

data reduction
data analysis

Herschel Interactive Processing Environment



Herschel @ ASDC Multi-
Mission Interactive Archive

ASDC Multi-Mission Interactive
Archive

Mission Selected Swift Fermi Herschel Chandra BeppoSAX ¥ Past X-Ray
Herschel Missions

Search Type 9 embedded string

S wed Parameters String or value(s) to search
Coordinates ! 3 (s exact string
YosiD S | e wildcard string (e.g. ngc™)

Object Name Max lines retrieved Equinox
Observing Da @ 2000 1950

Submit
—> /| Select a spectral range

Starting wavelength micron

Ending wavelength micron

-9 /| Select a instrument mode
Photometry
Spectroscopy

Simple Search types:
v' Coordinates
v’ Parameters
v’ Time interval
Query results are in science ready formats (FITS, ASCIT)



Map-making (I)

AV

 Herschel photometers observe in mapping mode, often scanning wide sky regions
(30% PACS-SPIRE Parallel)

* FIR emission in hearby objects (Galactic Plane, near galaxies) is characterized
by point like sources as well extended emissions over large spatial scale

* bolometer are characterized by 1/f noise

Nolse power spectrum for blue matrix

A
Remove the 1/f noise without modifying the sky emission:
* High-pass filtering (masking point-like source)
* Map-making that remove the 1/f noise by using a Generalized Least Square

approach, based on a priori knowledge of the noise statistical properties




There are several map-
makers developed for
Herschel data:

MadMap (standard pipeline)
Scanamorphos (Roussel+12)
Galactic Plane Romagal(Traficante+11)

Unimap-Unihipe (Piazzo+12)

Unihipe is an interface HIPE-Unimap produce Unimap input data.
It is developed by ASDC and can be found at
http://herschel.asdc.asi.it/index.php?page=unimap.html

Unimap input is produced starting from Level 1 products by performing a query to
the HAS or using downloaded data.



ik Cutex on-line (I)
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Estimation of background is a challenging task for algorithms dedicated to
photomeftric source extraction, especially in highly variable backgrounds

The Cutex concept (Molinari+11):

 Study of the "curvature” of an image by measuring the 5-points derivatives
(first and second) in 4 different directions

« Source size is inferred by using a threshold approach

. |Pho’rome‘rr'y is performed by fitting elliptical 2D Gaussian plus a planar
plateau

Integration of Cutex in a on-line tool



Cutex on-line (IT)

Centaurus A @ 250 ym

Intensity map IT-derivatives map

-0.034 -0.024 -0.013 -0.003 0.0074 0.018 0.028 0.038 0.049

* 14 sources detectedat 5o
* Background locally estimated for every source



2010-07-30

CenA-NW 13 25 26.4 -43 01 12.0 1342201729 HifiPointModeFastDBS 04:35:58

KPGT_rguesten_1

2010-07-30

| ASDC Data Explorer | [ i N/ CenA-NW 13 2526.4 -430112.0 1342201775 HifiPointModeFastDBS “ ..o 27

KPGT_rguesten_1

2010-01-02

| ASDC Data Explorer | Data | Interacti =Analysis | cena  132526.4 -430112.0 1342188855 PacsPhoto sl

KPGT_cwilso01_1

\ ASDC Data Explorer \ Da 0 Unteracti 2Analysis | cena 13 25 26.4 -43 01 12.0 1342188856 PacsPhoto 2?§0;g1£82 KPGT_cwilso01_1

CuTEx parameters:

¢cen
/| Detection ["! Photometry Herschel PACS 160 micron
Detection ID

13"258Mp0*® 13"25M40°® 13"25M20® 13"25M00®

—42°54' 00"

—————— -42°56'00"
| Resetall Detection |

|

Detection:
n sigma —42°58'00"
smoothing [pixel]
psfpix [pixel] £l —43°00' 00"

local treshold i

allow single pixel .
Photometry: : ¥ —43°02'00"
smoothing [pixel] ’
dmax factor —43°04'00"
closest neigh
positive back

[ RunCutex | ResetCutexto default | ESaREEaE

| Download Cutex results | PO
Lo T TR -43°08'00

- HERSCHEL data files

- Ximage On-line User's Guide
- HERSCHEL public SW Package
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- huclear activity (gas accretion into the nucleous)
- stellar activity
« star forming processes

How AGN activity is connected to the host galaxy, in particular with
the star formation?

Which are the feedback mechanisms between nuclear activity and star
formation?

How these relations regulates star formation and galaxy evolution?

In AGNs, Herschel "looks" at the cold gas involved both in star
forming processes and in the accretion into the nucleus



Is the FIR emission in

AGNs a tracer of SF?

Far-IR emission is dominated by cold dust emission and it is a probe of the Star

i I AGNs have bluer MIR-FIR color

X2=2.4942

For'mahon ac‘rlvn‘r
T 1 TYYYI

1 | Stars
; (OpTICG|-UV) 2=0.134
o1 | Hot Dust - AGN Torus )
" F (Mid-IR) ;
01 A \ _
: y |\—_ Herschel :
\. bands

g350 /q“S)

Yes, but for most luminous AGNs (L> 1044 erg/s) ’rorus emussuon
contaminates FIR bands (Rosario+2013arXiv, Mullay+2011)

AGNs are confused in SPIRE bands

10 100

A[um]

0.1

HerMES KP Hatziminaoglou+10




() Relation between AGN
4 and star formation (I)

GOODS-S @

GOODS—-N X FIR detected

TN
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log Ly_yo (erg/s)

. L. W log(Ly)=42-43 (ergs/s)
AGNs luminosities are too low to affect : ® log(L,)=43-44 (ergs/s) 3
the FIR luminosity (Rosario+2013) B s

1.5

Redshift

AGNs are main-sequence galaxies (Mullay+2011)

For low and moderate luminosity AGNs there is not correlation between X-ray and
FIR luminosities and they normal, star forming galaxies



(0 Relation between AGN
4 and star formation (IT)

Low—L, subsample |0g LX <435

Low L, show modest SF enhancement

High L, show an higher star formation
rate with respect to low L,

Both nuclear activity and star
formation are related to the cold
gas reservoir:

Correlation between FIR and AGN
1og Stalor Moss [Mq] should be expected at all scales

log vl, (60um rest) [erg s7')

High—Ly subsample |Og LX > 435

— o COSMO3

- moo—kGN

log vl, (B0um rest) [erg s7']

08 <2< 1.5

PEP KP
log Steqllar' Mu}s:: [Mg] Santini+12



‘. Two models of AGN evolution

b P —

\7 e\

N N
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Paas

L(AGN)>104° erg/s: correlation is observed, i.e. SF and nuclear accretion are
tightly coupled

> major mergers scenario

L(AGN)<10,5 erg/s: no correlation between AGN and SF

> post-merger accretion:
AGN accretion and SF are not
well synchronized, even if
casually linked (delayed AGN

feeding)

mr02-08

7 0814 Post-merger
.:" Ell:_‘-’_:: -."‘.Jl:_'-l:'-ll Or

Secular

> secular accretion:
No major mergers, but local
& &7 correlation between accretion
> Major and star formation (e.g. SF
MR within the inner kpc region)

10* 104

Lcr ['E'"'i:-l e --I]

PEP KP Shao+10
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T Molecular outflows in ULIRGs (I)

OH@79um observations in ULIRGs (AGN and Sturburst)

-_—

Y

P-Cygni profile with blue-shifted absorption
and red-shifted emission

Av ~ 1170 km/s
Depletion time scale:
M,/ (dM/dt) ~ 4 x 10° yr
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Strurm+2011




* Are outflows driven by the AGN rather than by the star formation?

« Does the outflow carry sufficient molecular gas to quench the star formation?

« 800 .
o] B -
1400 [ T T T T l T T T T ' T T T T l T T T T l T T T T I T T T T EI L n
_ > 600 7]
1200 | ~ [ i
[ 1 [ X -
i A ] 400 F ]
1000 7] A ]
[ ] 200 ]
x 800 . - 7
E : : O N N N L 1 " N " N 1 L L N N 1 L
S 600k ] 11.0 11.5 12.0 12.5
[ ] L_AGN
400 |- X ]
[ ] /\ <AGN ULIRGs>
200 ]
b ] <mixed ULIRGs>
0 50 100 150 200 250 300

% <SB ULIRGs>




(® :
; Molecular outflows in ULIRGs (II)

* Are outflows driven by the AGN rather than by the star formation?
* Does the outflow carry sufficient molecular gas to quench the star formation?

Preliminary evidence that ULIRGs
with higher AGN luminosity have
higher outflow velocity and shorter
gas deplation time scales

Same time scales i
of star formation

10.5 11.0 11,5 12.0 12.5 13.0
Iog(LAGN) [LGJ]




M82 starburst
2.5'x2.b

region

Line Ratio for obtaining maps of

physical parameters:
FUV, ny, Ty

~I2000

.. and remember that PACS is a IFU spectrometer!!

[Olll] @ 88 pm

MBZ [OIIl @ 88 micron| peak wavelength 400.000

Velocity dispersion | |
| ]

41" 00"

30"

69° 40" 00"

ogh 5e™ 5% 00" 55™ 55% 508 45

M82 PACS [OIIl 88] radial velocity km/s
\ \ |

200.000

Radial velocity

SHINING KP

. o Contursi+2012
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Hour (udy)

Detection Limit 5—g 1

SPICA

* A mission of the Japanese Space Agency (JAXA) in

collaboration with Europe, Korea and Taiwan
« 3.2-meter primary mirror mechanically cooled at 6K
* Photometry and spectroscopy in the 5-210 ym ranfe

e Launch: 2022
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"hanks!

Orion A
PACS 70um
Romagal




