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Herschel  Originally named

: Was renamed in
- honour™®f the ploneerlng astrcrfcmers William
and Carcllne Herschel ¥

Spaéééraft,} n g
| o1 3F - Arlcme-s from Guiana Space Centre

* -

- L2 (1 = mllllan kllcmetres fram the Earth)

-CApril 2009?>

- 3 years nominal, 4 years

» extended

- Infrared: 60 to 670 ym
* | :




Hershel in o nutsﬁell

- /3 guagnteed time, ~2/3 opén time |
| space facility. '~; -'
- Iarge : monollthlcj‘low emlsswltg
passwelg dgoled telescope -
- 3 focal plane Scienée mstrume@ts _
- 3 year, , routine operational Ilfetlme .
- full'speetral gaccess

.- low and stable background' |

- for ). < 200 um larger aperture than cryogenically cooled
telescopes (IRAS, I1SO, Spitzer, Akari,...) | -

- more observing time than balloon- and/or air- -borne
instruments |

- larger field of view than mterferometers




MISSION OVERVIEW .~ *

is the only space facility dedicated to the
1< < | -
P |

~ Herschelihas the ~p"o‘tentiq| of discévering the earliest

» epaéh Erotq;gaquiés, revealing the cosmologically
- evolvin "AGN-starburStV.QSQmQ'iosis,‘clnd unraveling-the

mechdhisms involvediin the formation of stars and
“planetary system bodies: .

key science objectives:

* formation of stars and galaxies,
* Interrelation between the two,

* physics of the interstellar medium,
* astrochemistry, ~ '
* solar system studies.




Instruments in Brief,

("‘» ft .

.
-

The Herschel scientific mstrument compjement comprlses
three Instr ents: . o wa -

, PACS& X litech, MPES Gorchlng, Germany) :
imaging h!tometer and mtegrol field line spectrometer for.

wovelengtris between 60 and 21'6 pm
&

SPIRE Unlver5|tg of Wales, Cordlff UK) :
three band |mog|ng photometer and and |Fﬁ’ogmg Fourier
transform
Spectrometer for wovelengths between zoo and 670 um

HIFI ( » SRON, Gronlngen, The
Netheriands) :
very high-resolution heterodgne Spectrometer

from 480 to 1910‘Ghz




hotodetector Array camera and
pectrameter( (2 ot

i -
f s an lmaging
phctometer and
integral fidld line
‘spectrcmeter for -

‘ wavelengtﬁs between

It employs two bolometer arrays for imaging
photometry and two germanium/gallium
photoconductor arrays to perfcrm

imaging line spectrcsccpy




hotodetector Array Camerd and
pectrameter( 5 it

o e u _
In phct‘” Y etrg mcde, PACS willgfmultanecusly
image ln two bands, one of either: 2 or
i o together with | 50 1, over fields

of vlew gf - paint source cdetection .
Iimlt 3 (50, 1h), rescluticn' or

In spectrcsccpg mode,. PACS will image a field of ™
about _ , resolved into 5 x 5
pixels, with an instantaneous velocity
coverage of about Jkms'and a
velocity resolution of between 150 and




pectral and hatametrlc maglng
ecelver ( |

The photometer images a
three bands simultaneously:

DIffI‘dCtIOH |IMItEd beams

Point source detgrctlon limit:

O’

=

§
Jcomprises a three

| 'band"fmaglng photometer

and an imaging Fourier

. transform spectrometer.

= employs arrays of
splder -web'bolometers with

_neutron transmutation
doped (NTD) germanium

field of view on sky in




pectral and hatametrlc maglng
ecelver( e

; F |
The phc ‘Ometer has three obsg?V|ng mcdes
% ‘Point sourcephotometry

. % F'ler mapplng, with a&mammum “field size

% Sefin mqpplng, W|tha field of view of
. - > ¥

The spectral resolution of the SPIRE |
spectrometer can be adjusted between (

| 1T(\/AX: 20 - at
Circular field‘af view of |




Heteradgne Instrument fOI‘ the Fdl‘
' Infrared (HIFI) A

m

: ‘

HIFI is d |
% 480 - 1250 GHz and 1410 5

1910 GHE % |
% 134 KHz~ 1 M|'=|z frequencg &

resolutldps

* 4 GHz IF bqndW|dth

% 2 - 40" beam

% dual polarization ®
sensitivity & redundancy

Two spectrorheters | Jand a
on: each capable of processing .
signals of both p3larlsatlons smultaneously'




Herschel missian phases

- _and eclrlg cperaticns -
Perfcr nance verification .~
Rautlpe science cperaticns |

‘ Icpén for GT holders cnlg] .
[open for all (inel GT hold)] - -
Three Caﬂ for Prapasals (Ac)sgcles
- one Call for Key-projetts [GTH
- two Calls for “am
| Each AO divided In two parts




Guaranteed Time (GT) Keg;l?rd]ect*‘s '

’

- - ‘L
Solar System [} * & 8
% % e

19 programmes for a total of 5878.9 hours

# o N

 ISM/Star formation (1

-

Galaxies/AGNs

Cosmology

+




Guaranteed Time (GT) Keg;Prdlect*‘s |
Cosmology Projects

"The Herschel Multi-tiered Extragalactic Survey (HerMES):
Measuring the Infrared Galaxy Formation History of the
Universe"

(Pl: Seb Oliver, 900.0 hours dllocated)

"The Dusty Young Universe: Photometry and Spectroscopy
of Quasars at z>2"
(Pl: Klaus Meisenheimer, 164.5 hours allocated)

"PACS Evolutionary Probe - A guaranteed time key
programme survey of the extragalactic sky"
(Pl: Dieter Lutz, 654.9 hours allocated) l

% PEP Italian Cols:
“ P. Andreani, ,R. Maiolino,
: » G. Rodighiero



a..

Open Time Key- Prcjects ¥
21‘_ Progrqmmes for €l tgtal of 5378 8 hours

Solar Sgstem‘f
o <

.

>tar formation:

Gdluxies/AG'Ns

Cosmology

+




Open Time Keg Prcjects

21{ Progrqmmes for a tgtal of 5378 8 hours

Cosmélcgg Projects

"The Herschel Thousand Degree Survey"
(Pl: Stephen Eales, 600.0 hours dllocated)

"The Great Observatories Origins Deep Survey :
far-infrared imaging with Herschel”
(Pl: David Elbaz, 362.6 hours dllocated)

+




: PACS volutlcnarg robe ;
Dieter Lutz (Max Planck Instltut fuer E Phgsﬂ«) -
; ' Srogramme

surveg of the extragalactic sky, aimed at studying the
restframe far infraréd emission of galaxies up to
sredshift: -, @s a functlon of environment.

PEP is @ ccmpr‘ehenswe .
far-infrared photometric surveg
of the extragalactic sky. Blank
field surveys using PACS at

are supplemented
with targeted observations of
massive clusters and

lensing clusters.*
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T

: The Hersehel ultl tlered

xtragalactic urveg

sy Seb Oliver (Unlversu'g of, iyssex)
HeMES |sa 900 hr. Guaranteed Tlme ﬁeg Project to
o Study théevolu’cmn ;f galaxies at high redehift using
i ESA's Herschel Observatorg The project is carried out
The SP!:IE hlgh Z Speclallst Astronomg Group.
HerMES con5|sts of a nested set of fIEldﬁhdt will
bring unprecedented depth and breadth to the studg
of infrared galaxies. Its main aim is to chart the
formation and evolution of infrared galaxies
throughout cosmic history.

+
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0, ®

HERSCHEL and Cosmolo

N Y

AN e EE]PAC&} 1‘ub.micron {3.4" pixels)

e e [ / \ 2=0.5 3

s -. : o ’_ : E , / (_-\\ \"-4... .__‘ j .

RE T . U — Vo /o \z | Deep multi-band
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’ - WY 27N\ | (PACS+SPIRE):
search for FIR
g luminous galaxies at
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flux (in Jy

)"
J
e 1

TR EY S PRI R

[OI] 63um

F
10 hours z=2 ! [OIV] 26um

L=100L, /| 10 hours
Follow-up spectroscopy:

what power sources

(AGN/starburst) and
how do they evolve?

Line flux [W/m?]
Line flux [W/m2]

189 190 745 T1e0 77715 7790
Wavelength[pum]

Wavelength[pm]



Census cf the ’
Unqverse

' Best Sufyeg fields
- Photometric Coverage
- X#ag --- XMM
TV -~ Galex
- Optical --- Various
-Mid-IR --- Spitzer
Near-IR --- UKIDSS/VISTA
Far-IR -- erschel ‘
Sub-mm+e-- SCUBA-z/Apex
Radio -- -'Varlous
Redshift surveys...
— Magellan 100k redshifts
— AAT AAOmega
ESO-VLT VIMOS
Subaru FMOS
- Hectospect AGES
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Survegs fcr galaxg evblutlcn

S
,&
g T

‘*‘ A . % : 4
w, x. ' |
o Observatloﬁallg constrame;l by photometric,
|Mdg£g and SPECtFOSCOPIC survegs

&

¥
.4

e Survey requlrements fOf‘ are becomlnﬁ GChIEVGHe




Survegs for galaxg evclutlcn

.9 the usual strategg T
Smological
survegs |n terMs of
CIWE A {3

o >

oM ;clll area on the

sky uryveyed verg
deep,

o alarger area pretty Jx W
deEP, and ' / T
o finally a very large” -

area to shallow
limits. *




'The Cosmic Far-Infrared
Background Radiation

Frequency v [GHz]
10° 10°

DIRBE DIRBE/CAT/IRAS

1] 200-1200um |

1.0 10.0
Wavelength A [um]

The integrated extragalactic background light in the far-infrared and submilimeter region of the
spectrum is approximately equal to the integrated background light in the optical and UV part of
the spectrum. To develop a complete understanding of galaxy formation, this background light
must be resolved into galaxies and their properties must be characterized.




a..

The Impartance of the
Luminous _Galaxles

0.6
Redshift

Previous observations from Spitzer and SCUBA have shown that
Luminous galaxies make an increasingly significant contribution to the
lumineosity density of the Universe (E.g. from LeFloch et al. 2005)




Cc:nstralnlng Balametrlc
Luminosity

Herschel bands will be crucial in constraining the bolometric luminosity of
galaxies. This will help untangle the contribution of AGN and star-formation
cool/warm dust and thus constrain the star-formation history. Various model
spectra shown here normalized at rest-frame 100micron.




. e r 44
High-z Galaxy and AGN SEDs: | & 2
; ; : ‘ A 5 ¢

X ,\Q’m‘" ’
4 A S
"

The peak of dust emission at high redshift will fall just in
the Herschel bands, a still unexplored range but crucial to
fully characterise the galaxy and AGN SEDs and measure
their bolometric Luminosities.




Redshift-Luminosity Space Probedl -
by the Herschel Surveys * .

Redshift-luminosity space probed in
a 4-tier wedding cake survey.
Orange and yellow: 0.25 square
| degrees, with 1.7 and 3.3 mly 5¢

8 threshold at 120 um (PACS);

I magenta, blue, and red: 0.9, 9, and

d 90 square degrees, with 5¢
thresholds of 10, 31, and 100 mly at

4 250 um (SPIRE). The PACS and first
SPIRE surveys would be confusion-
limited.
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What are we dalng In Balcgna‘-’
Deep involvement in the PEP:

PEOPLE (ﬁ%nbers of the PEP Consoggﬁm)

K Grupelgnl (INAF- OABo) F Pozzl qndA Gimatti (UnlBo)
» b ,“'f"_ : 4 |
MAIN TOPIES: N ¥

* * The FIR Lliminosity Function and its Evolution as a
Function of Redshift (PhD Student: H. ommguez— |
Sanchez) .

% % Mass Assembly and Specific Star-Formation Rate

* Search for and Characterization of Heavily
Obsc¢ured AGN at High Redshift




_ Evolution of the FIR Luminosity Function

Local FdL
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- Evolution of the FIF

Scaled vS,

L1
1 10 100 1
wavelenath (m)

Four different population evolve separately:

W Galaxies (SEDs vary with L. from Sb to starburst)
W ULIGs (composite agn+starburst SED: Mrka31)
B Type 2 AGN (Seyferte SED)

H Type 1 AGN (Qso)




_ Evolution of the FIR LuUminosity Function

MIR to FIR flux ratio vs. z
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SELECTION OF i3
OBSCURED AGN ©

. CANDIDATES :
(for.a HERSCHEL oT

Iogm(VuSu/ VRSR)
AN

Re—mag(3.6).

Opticdl/IR colour .

- . %
£ r Tl Selectlan:
P . e . [)
& AN
& 0.0 RN . '"}‘ :.._‘_}", }:..'_'
o [ . . ‘: .';:E— {:‘r J.,. is
Fay > 2 mly

b T il [R.e-mag(3. 6)us > 4.5
N (F-. F- > 1250

log w( V24SZ4/URS R)
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Stacklng at 24 mlcrcn
. positionsin .= ©
Qp & 160 um MIPS |mages

Faq=2.9mly Fro=121mly = Feo=374mlyy
(<F24> = 3.0 miy!}) ; ' ' |

Many sources befo_w the catalogue limit but visible on images




CQNCI.USIONS -

e

* | = | Will be the Iargest‘space tflescope
of |ts klnd when Iqunched

> .' :
S \

e K TWo lnstruments for Cosmologlcal Stu&|e5°
covermb thé wavelength range

* Cosrhologieal K-Proje:ts: 3 GT + 20T %

o I.arge mvolvement of Bologna Observqtorg +
University in the -

- FIR Luminosity Function and its Evolution with z
- Heavily Obscured AGN Search for and Characterlzqtlon
- Mass Assemblg




