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TALK OUTILLINE

Synergies?

Explore the ‘cool’ Universe: the origins of planets
stars and galaxies.

ALMA, APEX, HERSCHEL +others

‘complementary” instruments

Common Scientific Projects
Stars and planets formation

Spectral line surveys

v Nearby spirals, LSBGs, DGs, local AGN
v CIRB, high-z sources/AGN

the primordial Universe (CMB, dark energy)

. ALMA, APEX, Herschel synergies
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Synergies

- Survey of the scientific areas covered by
these instruments

+ Survey of the use of these instruments in
those areasi andl how these
compete/complement' each other

> Time allocation

* Supporting observations

» Supporting data and model
* Calibration

> Data Archive

. ALMA, APEX, Herschel synergies
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FIR+submm: explore the ‘cool’ Universe
»
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K-correction

Sensitivity
with
6 antennas
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Cluster A1835 Obscured sources
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Source ILdentification

The case of HDF 850.1
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Dunlop et al. (2002)




ALMA., APEX, Herschel

In a snapshot




ATMOSPHERIC TRANSPARENCY + DETECTOR NOISE
RERFORMANCE = TOJTAL-COLLECTING AREA:
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Band3: 84-1161 Band4: 125-163 Bands: 163-211 Band6: 211-275
Band7: 275-373 BandS8: 385-500° Band9: 602-702 Band10: 787-950
GHz

300 um
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Receiver noise temperature
Receiver

Frequency Range Tg, over 80% of Tg, at any RF Mixing scheme technology
the RF band frequency

sa-116G82 | ¥k | ek | s | s |

—

[
| 9 | 60-720GH: 175K
[}

* - between 370 — 373 GHz T, 1s less then 300 K

*Dual, linear polarization channels: +183 GHz water vapour radiometer:
*Increased sensitivity *Used for atmospheric path length correction
*Measurement of 4 Stokes parameters
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Atacama

LABOCA 295-channel

LABOCA Wafer




artemis

cooled at 300mK

dichroic filter to: splif;

the frequency channels
antireflection dielectric: sheet

1o improve absorption at: 450/850um
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LABOCA

LABOCA 295-channel

LABOCA Wafer

Silicon Wafer
Si;N, Membrane with
metal film absorber

NTD Ga thermistor
Niob- and Gold

Neutron Transmutation Doped (NTD)
semiconductor thermistors fabricated from Ge

. ALMA, APEX, Herschel synergies
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APEX

A=870um = 345GHz
A)N=100um = 322-364 GHz

FOvV=11'4
Res=18"

No chopping

atmospheric contribution in the

signals of the 295 bolometers correlated
and removed with appropriate data
reduction algorithms.




| i Lot B A 7
Observations simulationsk |

more than one cir¢ different cen{er
positions, regularl esouwrcenominal | Lot

position (i.e., the > or of an hexagon) | l
results put togethe e map ‘ ‘

4

multiple scan: 4 subscans
schel syngtyy S 16 s:(4 s/subscan); S/N=5 per subscan

single circu ar scan
time:16 s; S/N = 10



Hersechel

fourih cornersione
mission in ESA's
Horizon 2000
programme
launch End 2008
31.5' m passively cooled
to 80 K
3l cold focal plan
instruments
phiotomeiiry: and
speciiroscopy. in the
60 = 6/0 /m' range
liguidiheliums cryostai;
operaiional lifietime of
at least 3 years




PHOTODETECTOR ARRAY CAMERA
AND SPECTROMETER (PACS)

Focal Plane Footprint
Iimaging Phiotometiry

32 X 16 pixels 64 X 32 pixels

- Two bands simultaneously (60- 6.6"X 6.6" 3.3"'x3.3"
90 ym or 90-130 ym and 130- / N
210 pym) with dichroic beam ' :
splitter

- two filled bolometer arrays
(32x16 and 64x32 pixels)

- point source detection limit ~ 3
mJy (5o, 1h)

. ALMA, APEX, Herschel synergies
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Integral Field Line
Spectroscopy

— wavelength range 57-210 pm
— optical image slicer rearranges
2-D field of view (5x5 pixels)
along 1-D slit (1x25 pixels)
— long-slit grating spectrograph
(R ~ 1500) disperses light
— dispersed slit image is projected
on 16x25 pixel Ge:Ga
Photoconductor arrays
(stressed/unstressed)
— 16 spectral channels recorded
simultaneously for each spatial
element
— point source detection limit
2.5-8 x 108 W/m? (5 sigma, 1h)

Paola Andreani

PROJECTION OF FOCAL PLANE ONTO DETECTOR
(SPECTROSCOPY MODE)

v \ spectrograph
'." ; NN N slit
.

spatial dimension

spectral dimension

ALMA, APEX, Herschel synergies




SO0 pm 330 pm 230 psm
43 detectors 38 detectors 139 detectors

23 mun
0 = Co-aligned heams

1 Point source ohservation
+ £ 63" chop between A and B

The bolometer arrays ' L point e (umeelable pointng)
(spider-web: bol.with
e-microthermometers)

Field map (4 x 4 arcmin.
+ 4 120" chop

* 64-point jiggle

Scan map
* 4 x 8§ arcmnin. fov
Photometer . N dwporfagle
. * Telescope scanned at 14.5°
Obse r‘V| ng mOAggPSEX | wrt eith[:r of the array axes
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2-K box .

Pick-off
Collimator mirror Input

Moving cormner-

Detector Baffle Beam \\ .
cube mirrors

array Mirror divider C;libra -
modules mechanism

Beam  Calibrator at 2™

LW FTS array SW FTS array divider hlp'llt POl't
(19 detectors) (37 detectors)

OO = 670 Mm 200 = B0,0MmEX Herschel synergies
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ALMA, APEX, Herschel synergies

Single; pixell receiver
480-12501 GHz

1414 - 1910/ GHzZ
FWHP beams 12-45°

Very high spectral
resolution (140-280
kiHz-0.5/1MHZ)
quantum sensitivity limit

Instantaneous IF bw
4GHzZ




PACS SPIRE
/oum | 110pm | 170pm | 250pm @ 350um = 500pm

}\‘ cent

A}\'(Mm) 60-90 90-130 | 130-210" |210-290 | 290-400 410-580

Sensitivity 3 3 3 1.1 1.2 1.5
mly,5c,1h

FOV 1.8x3.5 1.8%x3.5 1.8x3.5 4x8 48 4%8

(arcmin)

Angular 5" 8" 1 2" 17" 24" 35"
Ires.

. ALMA, APEX, Herschel synergies
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Spectral
range

Sp band

Spectral
res

Flux
limit
Line flux
limit
10-18W/m?

FOV
HPBW
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HIFI PACS
480-12506Hz (240-625/m)  |1426-49976Hz
1410-19106Hz(157-212pm) | (60-210um)
WBS: 46Hz HRS: 1/0,56Hz

WEBS(IMHZ) 0.2-0.6km/s 100-250 km/s

IHRS(100/200kHz) 0.03- R=1200-3000
0.06/0.13km/s R=2 10°-107

R=1031.1-3.2 mK (0.5-1.5Jy)| |R=103 0,16-0.21
R=10¢ 34-100 mK (15-46 Jy) |(0.11-0.14 Jy)

0.9-7 7.8 (60pm) PS
2.5 (180um)

12", 48" 47T
46-12" 9.4

ALMA, APEX, Herschel synergies

SPIRE

447514996z
(200-670um)

300-15000km/s
R=20-1000

R=10% 2.9-3.2 Jy PS
7.2-8.4Jy

38 (200-300um)IPS
35 (300-400m)
35-70 (400-670um)
2.6 x2.6'

18", 25"




Wavelength
1cm 100,um 1um

100

10

Angular resolution (arcsec

10 1000 10°
Frequency (GHz
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e Star formation
¢ Planetary system formation

e Nearby galaxies
e Galaxy formation

e AGN-Host joint formation/BH
formation

o Dark energy constraints




1. Formation of pre-stellar clumps in molecular clouds.

<

D

4
.
- .
-

S.Sakamoto / NRO

4. Formation of a planetary system

3. Protostar (infall and outflow coexists) B —

. ALMA, APEX, Herschel synergies
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C,H.CN
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* PACS+SPIRE+ARTEMIS: grain properties, maps of star
forming regions in continuum, mass spectrum for small
masses (IMF) + OI 63 um line maps on the large scale

* HIFI: molecules (mainly H,O) + detailed kinematics of
star forming regions

- ALMA: molecules at higher spatial resolution + outflows

Serpens

IHigh' spatial resi at: SED
max ofi mosi Sk regions
Separatesthiermain
sources of IUminosity

PACS 100
Paola Andreani um




Star Formation at the Galactic Centre

CUBA 850 micron: Pierce-Price et al 2000

3 *ﬁ hn:;M = ’ <

HIGAL HO T proposal p he alactic entre in SPIRE
(PACS) bands

e ALMA could map 1] 2 at 350GHz in 180 h to 0.7mly sensitivity
(0.15 M, at 20K)

e 1" beam (8500AU) would give AT=0.6K at 1 km/s resolution
e Possible lines in 2x4GHz passband:

SiO 8-7, HI*CO* 4-3, HB3CN 4-3, CO 3-2

CH.CN. HCN 4-3. HCOQ* 4-3 H'3CN 4-3, CS 7-6, CO 3-2

3 b .
1"'\?.,’__‘““ SR i3 .
.

SCUBA 450 micron

h 8 e 0.8 () 0.0 A58 8§ OoH . 2
FdolarAanareami

0.4
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Debris discs + planet: formation

1 1.5 2

1Jup 5AU

1 1.5 2

1Jup 30AU

1.5 P4 2.5
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Solar System ©

Grain compositions: M
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SED of dust discs

in presence of different
planetary configurations,
4 grain chemistry




dust emission from a

face-on disc with a planet
ALMA 900GHz simulations

Integration time 8 hours;

10 km baselines;
30 degrees phase noise

il Detection of the warm dust
in the vicinity of the planet
only for distance 50-100pc

70.15—!
= | u
3
ko Uy ) L S | L i

/@.15 -0.10 -0.05 0.00 0.05 0.10 0.15 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15
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Combined beam

mjy/beam

Q.05 0.05

‘0.00

: 0.00
<
ac
sc + plane
-0.100 5 - -0.100
—-0.10 —0.05 0.00 0.05 —0.10 —-0.05 0.00
Decl. ["] ) Decl. [
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Dust and molecular emission from optically
obscuredi regions

HST optical image HST optical image + CO contours

(CO : Wilson et al. 2000)
(HST: Whitmore et al. 1999)

. ALMA, APEX, Herschel synergies
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= SED from IR to mm: active nucleus + SF activity + metallicity
= ISM structure

* Heating and cooli
of the gas in
different
metallicity
environment:

> Effect on SE
from) environments

- Tremplates for
high-z studies

=
Ir=

L=
L=
.

Dec (1950)
o
Pk

L=
=3

o0 1 Rmans 453
RA (1950)
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5606 15

06 46

30

5606 15

J2000)|

DECLNATION

. “HNC(1-0)-

T

CaH(1-0;3/2-1
PDR

Meier & Turner 2004




is SF responsible for most of L1p?

Paola Andreani

> [OI]63um + [CII]158um 1-2% of L.,

> Accurate SFR estimate + Meftallicity

> Produced' in PDR (not affected by AGN)
- ([OI]1+[CII])/FIR — obscured AGN

contribution ([CII] weaker in ULIRGs)

+ HCN (dense gas, MC core) is a measure

of the mass of SF cores

- CO traces the total molecular mass +

gas dynamics




15

10

log[l ] (lsun )
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Gao galaxy sample HCN1-0
Solomon galaxy sample CO 1-0
Paglione Galaxy sample HCN 3-2
(Stars) High Z CO 1-0 galaxies
Galactic massive cores HCN 3-2
Galactic massive cores CS 5-4

y=0.98X+3.81

lactic CO clouds
y=0.96X+1.19

y=0.97X+3.10

1.31X-1.19

(Mooney & Solomon,1988)

and normal galaxies |

-4

-3

2 -1 0 1 2 3 4 5 6 7 8 9
log[L" ] (K km/s pc?)

Molecule

10 11 12

Wu et al.. 2005
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100

A{um)

10

1

F ranceschlnl 2000

1000pm

j I(v)dv

100pm

30nW/m?/sr

30pm

j I(v)dv

0.3um

17nW/m?2/sr

Its origin revealed detecting
those galaxies responsible
for the 100-1000um radiation




DEEP HERSCT—IEL SURVEYS:
75 um FIR (75. 500 Mm)

110 m

min CENSUS: OF THE

250 lm

:swur\g:vfnse Up To z-‘Z 3-

W el ‘e
Hubble Deep Field | HST WEPC2

ST Scl OPO January 15, 1996 R. Willliams and the HDF Team (ST Scl) and NASA




ALMA Deep field: ‘normal’ galaxies at high z

HST

Detect current submm gal
in
s ALMA deep survey:
3days 4'

= HST: few 1000 Gal, most
at z<1.5

= ALMA: few 100 Gal,
_ most at z>1.5

' = Parallel spectroscopic
surveys, 100 and 200 GHz:
CO/other lines in majority

_of sources

e Redshifts, dust, gas
- masses, plus high res.

: 1 images of gas dynamics,
" star formation

= R PE ® % et ek T =y

Galaxies =<1.5 E . ® »Gllaxies =175
v . ’ .

> e

. p




Gravitational lensing by a cluster of galaxies

W

kS

*

opTiCa

Surface density with steep/shallow countisi N(S)| increased/decreased by
gravitational lensing magnification: (w): NA(S)=N(S/w)/w?

For N(S)c=S% bias factor B=NI'/N =y:(2*2) 51 §f n>1 source counts increase if
a<-2. If  w<1 a>-2 positive magnification bias.

Solirces olnerwise; oo} fainttcansberdetectediand resolved:

FOV increased

3 ALMA, APEX, Herschel synergies
Paola Andreani P




Exploit ALMA to image the densely packed
demagnified counterimages of background
galaxies in the cluster core

1pJy 1 source/30 0.1" beam

|

10° ﬁ
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E ~ Chapman et al. (2002) 3
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r v Webb et al. (2003 e ]
i <~ Knudsen et al. (2006)
" Scott, Dunlop & Serjeant (2006) J/_
10" - .
. Survey Limit _._._._._._._._._._7_. N
10° L | I N O S S :
0.2 1 2 4 6 8 10 20

850um Flux Density S [mJy]
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We will and characterize
all the star-forming galaxies making up the

PACS /O
- fotal E
 starb . SWIRE 70um § % g0!
o~ limit=18 mJy | ¢ :
» 10°znormal T
I Sy g
~ 107F agn2-.T-.& v
7S ST N 1000}
~ 10'kagaf~y | T . |
..... T /“‘
of . o
e <= < s
T /
5 mJy 100y S ‘
101 ol I T N P TN L /'., Ll I.H‘.‘“.\.....I PR
| 10 100 1000 10 100 1000

S (mdy) Gruppioni, Pozzu S (mdy)



log(o,/mly)

Herschel /SPIRE

Herschel/SP RE

Herschel/SPIRE

IIIIIIIIIIIIIITTTIIII

L | LI B I T T ]

250um

/' o
0784 A AR A

]III

Illlllllll!ll!

L ] 1 1

W
o)l
o

=
=

<
8¢

i
yA oo

UL I T I i T

- 500um

llllllllIlIIIITTT

Spitzer/MIPS

IINIIIIIIIIIIIITI]TTT

T T T | T T l'l T T I;

IIIIIIlIITII!

Planck /HFI

l\‘t’.

Planck /HFI

Planck /HFI

Planck/HFl

TIIIIIII

[T 1 T I T 1 1

T 1 T ]

850um

Tlllllll\

III{IIYIIYTI_

1380um

TN BT R BT

IIIIII.III

L 2100um

N\

1 15l

||Lll

IIIIIITIIIIlllTI
\
|
\

\

Lo oM d ]

- .
. s -
/ 3 :
/__——-‘
&> -

\

R\

0 2
log(S,/mly)

Paola Andreani

0 2
log(S,/mdy)

1
N

0 2
log(S,/mly)

ALMA, APEX, Herschel synergies

SN

Detection limits
(poisson*clustering)

Blue: spirals

Cyan: SB

Violet: Radio sources
Red: SF spheroids
Green: clustered SF
spheroids

alk; 2004




Current: missions in black
- Spitizer is +\

Green bar is just a 500m
baseline

Red bar'is 10-m

-~ Confiusion firom galaxies
not: me# for many minutes
or hours

At shortest wavelengths
very deep observations
are possible

Factor gf 10/in r_e;gluﬁon
over existing facilities is
very powerful

square root of the
variance 6%\ (S,) of intensity fluctuations
within the telescope beam

S4=q GN(Sd) ALMA, APEX, Herschel synergies

1000

100
2

10

Beam width / arcsec
Beam area / arcmin

Paola Andreani




ALMA as a redshift machine

Band 10 (787-950 GHz)

Band 9 (602-720 GHz) CO tranSItlonS for

Band 8 (385-3500 GHz)
Band 7 (275-370 GHz) Z < 7
Band 6 (211-275 GHz)
Band 4 (125-163 GHz)
Band 3 (84-119 GHz)

F Walter, 2006
10

Redshift

. ALMA, APEX, Herschel synergies
Paola Andreani




normalized “CO flux density
I I I I | I

J1148 z=6.4
PSS2322 z=4.2

Cloverleaf z=2.6
F10214 z=2.3
SMM14011 z=2.5
SMM16359 z=2.5
PSS1409 z=2.6

M82 center
NGC253 center @ z~10

Antennae .
MW disk CO lines not
detectable

o
|
o
o

a
wn
O
&

A
wn

T e mfn _ = Weiss, Walter, Downes, Henkel,
4 5 8 o [
Rotational Quantum Number J, g qer

ALMA, APEX, Herschel synergies
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flux density (mJy.

ALMA 1nto the Epoch of Reionization

ALMA 31148 24 hours

Studying 1st galaxies

» Detect ‘normal’ (eg. Ly a), star forming

HCO+
HCN CCN
HCO+
8-7
HCN 8-7 CCH 8-7
H2CO0
10(0,10)-9(0,9)
H2CO /
10(1,8)-9(19
& 4 ST : "";‘hly!.“f“.P Mg A ‘ ]31-":‘3‘ LA
-5000 -4000 -3000 -2000 -1000 1000
8.5
Velocity (km/s)
— ALMA —fit

galaxies, like M51, at z>6, in few hours

» Determine redshifts directly from mm

spectroscopy

Paola Andreani

ALMA, APEX, Herschel synergies

Spectral simulation of J1148+5251

»Detect dust emission in 1s (50) @ 250
GHz

» Detect multiple lines, molecules per
band => detailed astrochemistry

» Image dust and gas at sub-kpc
resolution — gas dynamics!

| SDF J132408.3+271543
z=6.55

7=6.55
SFR>1 OM_sun/};

—_

- SFR>10 M_sun/yr

=

|

N LN

Flux density (10™"® ergs™ cm




High Density Tracers: HCN & HCO+

Redshift
3.91

S

z=22858 |

N w
TITTT T T T TTTrTTT

—_

Intensity [mJy beam™]

3.92
T

HCN 5391

ux density [mdy]

Fly

[=]

HCO*(140)
Cloverleaf

DECLINATION (J2000)

30

- |-|C%+

o
|

1415470 468 466 464 462 460 458 456 454

RIGHT ASCENSION (J2000)

Paola Andreani

q_n7 1l
e py
[ Dust Continuum 1.3 mdy
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ICII] (fonized carbon):
major cooling line of the ISM
2P;,,-?P,,, fine-structure line -- PDR / SF tracer

Rest frequency: 1900 GHz (158 microns)
-> z=0 observations from ground prohibitive

ISO observations:

[ClI] carries high fraction of L !
Low-metallicity dwarfs: ~1 %
Starforming galaxies: ~0.5 %
ULIRGS: ~0.05 %

J1148
BR1202 Pszszm

X ULIRGs
4<z<5 1

[e.g., Stacey 91, Israel 96, Malhotra 97, z=6.42 A
Madden 97, Gerin 00 Luhmann 03]

. ALMA, APEX, Herschel
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> Blind Herschel/APEX surveys trace heavily
obscured star-forming galaxies up to z=2-3

- Optical/near-1R identification) very difficuli.

» ALMA images individual Herschel/APEX source,
separates different galaxies in 1 beam

= ALMA will' resolve and detect a galaxy ati z=6
with L.5 = that of M51

> But ALMA blind surveys needed to detect the
highest-z ones!

Paola Andreani
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ISO+MAMBO+
SCUBA

reflect
dust distribr
around' the
source + navdr.
the heatlin-{sour °

http://www journals.cambridge.org/action/displayFulltext ?type=6&....
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Figure 3. SEDs and scheme of dust distribution surrounding the AGN.
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Coevolution of SMBHs and galactic bulges

-

Radiation drag growth
— 2
Mtorus - I Lbulge/ c” dt

Eddington growth
Mg/ M =e VVEdd

teaa=NEEMBHC Leaq
v=dM p /dM 4
(v=1: M,=105M)

d »

Pre-QSO phase QSO phase

prediction

AMA ADCYV LI hAl i
VIS, ML 7\ TIVIOUIIUE Oy TIVIYIvo
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M.,/ Mg,; - 400

Davies, Tacconi Genzel, 2003

M.,/ Mg,y 90
NGC 4051 (10 Mpo)™

Mco/ Mgy ~ 18

150 pc Schinnerer et al., 2000
Paola Andrean) 3227 (16 Mpc)  ALMA APEX, Herschel synergies

Looney et al., 2002
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ALMA, APEX, Herschel synergies
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Majority of SMGs z=1.0-3.0.
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CMB BB polarization modes in presence of DE

additional effect in polarization:
leaking of EE polarization modes
into BB

DE dynamics affect the cosmological
expansion rate modifying the
power of the lensing and the
magnitude of BB modes

BB modes are sensitive to the dark
energy abundance at the epoch
when the lensing is effective on
CMB (z ~1)

The generation of lensing BB modes in the CMB
polarization anisotropies occurs at the onset of
acceleration and is sensitive to the dark energy
abundance at that epoch.

The expected BB signal is dominated by lensing

on arcminute angular scales. ALMA, APEX, Hers
Paola Andreani




Expected signals

on very small scales

(L =3000, i.e. ALMA)

the lensed power spectrum is
much larger than the unlensed

small angle limit

unlensec

=
3
=
™
T~
S)
—
|
+
~
S—
~

1000 10000
Lewis & Challinor 2006

. ALMA, APEX, Herschel synergies
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Polarization induced by CMB
quadrupole

temperature quadrupole
CMB polarization due to
galaxy clusters.

CMB polarization towards
clusters is generated when the
incident radiation has nonzero
quadrupole moment.

The quadrupole has two
components: the projection of
the primordial CMB quadrupole
to the cluster location and a local

The redshift evolut!on of the kinematic quadrupole from the
quadrupole has arise at low z as cluster peculiar motion.

the Universe becomes DE-dominated

(Baumann & Cooray, 2003)

(Sazanov & Sunyaev, 1999)

. ALMA, APEX, Herschel synergies
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~ Foregrounds:
point sources + Galaxy

- compact flat spectrum radio
sources

«  submm? Arp220 (<1.54%)

(Baccigalupi et al., 2001; Tucci et al., 2004; Seiffert et al., 2006)

0.041 mK
Carretti et al., 2006

Dust emission polarized, increases
with A

Overall polarization on average
decreases wrt individual clouds

Diffuse synchrothron emission
dominant at v < 70 GHz.

. ALMA, APEX, Herschel synergies
Paola Andreani




ynergies with CMB
Experiments

EBEx, CAPMAP, Clover, MBI-B
PolarBeaR, Polatron, QUAD, QUIET




e HSO/PACS + SPIRE +
APEX/Artemis+LABOCA: suited to surveying
large regions and SED in the FIR

= ALMA: high sensitivity, high ang. Resolution in
spectral linel and' continuum and SED @ long-A

* HSO+APEX extragalactic/Galactic survey driver
= ALMA follow upi (z, size, physical conditions)

ALMA - HSO: complementary because of
different frequency range and resolving power

« HSO/HIFI + ALMA: complementary in spectral
line surveys and studies (i.e. H,0)

. ALMA, APEX, Herschel synergie®
Paola Andreani




Synergjes

Herschel /| APEX ALMA.

bolometres suited to survey » high sensitivity, high spatial
laxge regions of sky resolution

Take the lead in initiating - Quick reactions to followup
projects (redshiits, longer-A SEDs)
PACSHSPIRE+LABOCA+s Redshift machine +
ARTEMIS: finding surveys identification

HIFI: water vapour + » Complementary lines

other molecules not (315-25 H,O transition @183GHz)
observable from ground and H,0'® @203GHz) + high

resolution

. ALMA, APEX, Herschel synergies
Paola Andreani




ILower angular resolution preparatory.
surveys (APEX+LABOCA, SCUBA2, LMT,
APEX"‘AI‘tQHliS, SCELT"‘ELT?, Spitzer) larger

single dishes+large bolometer cameras: higher mapping speed-lower
source confusion

Single dishes very wideband spectroscopy up

to 32GHz: spectra with multiple transitions:
suitable for redshiit.

Molecular collision rates, radiative transfer
algorithms, chemical reaction rates

Completely automated form of data
reductions (huge datacube) automated
comparison with models

] ALMA, APEX, Herschel synergies
Paola Andreani




e Accurate calibration: measurement and
modeling programmes, including time variation

o Different limitations of ALIMA and Herschel:
PACS and SPIRE are quickly saturated and
large bandwidths

o Less bright, smaller outer planets and asteroids
s HIFI+ALNLA: common bands

small spectral line sources unresolved by
ALNMA but bright enough for HIFI (S/N small)

Complete ALMA imaging of slightly extended
calibration sources (large investment of time)

. ALMA, APEX, Herschel synergies
Paola Andreani




Synergies between AILMA and other
experiments: Herschel, APEX+1LLABOCA,
SCUBA2, LMT, APEX+Artemis,
SCELT+ELT?, JSWT

Common scientific projects: competion vs
complementarity

Data model

Preparatory observations (SUrveys) see workshop

Calibration (Steering committee)

Data archive (VO compliant)

. ALMA, APEX, Herschel synergies
Paola Andreani




