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Dark Ages Development of
Galaxies, Planets, etc.

1st Stars
about 400 million yrs.

Big Bang Expansion
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various targets to probe . ‘ 5 11 b|II|on years ago ¢ >12 billion years ago:
H,, H,0, mineral & planet-| material enrichment first formation of mineral

forming environments. through galalxy evolutlon gRrgenic matter.
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Star Forming Regions . .
of Various Scales
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Gas Lines and PAH bands as a diagnostic tool of SF Activity

- <. 1PAH (polycyclic aromatic hydrocarbons)
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[Ne V], [O IV] are robust tracer of AGN; hard

radiation field.

[Ne II] [SIII], [O III], [N III], etc.:
density, temperature, metallicity of SF ga
Merit of Gas Lines:

tracer of gas

laxies.

simple excitation physics = reliable estimate of

physical conditions of SF activity.

b ] "Peeters et al. 20021

Relative ‘ Neutral ‘ f
Strength of PAH \ PAHs —  f\ \
bands is an T l
indicator of SF Tlonized ,“‘
activity strength. PAHs ‘“3.,"3 U‘p‘l A

3 45 7 10

. Wavelength (um)
Merit of PAH bands:

stronger than gas lines



Interplay of Galaxies/AGNSs, Stars, and Materials

How Galaxies made
Stars/Planets and

Materials During Their

Growth in z=1-3?

(Mass-Production Factory)

Galaxy Evolution

Did AGN accelerate

decelerate production?

or
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Results- Temperature Levels

* parasitic heat load from harness has been
considered

* allocations are based on latest available SPICA
results, accounting for the difference in
temperature levels and taking 100% margin

— heat load on 1%t V-groove: 1000 mW

— heat load on 1%t V-groove: 1000 mW

— heat load on 3 V-groove: 400 mW

heat load on shield: 70 mW

Attrbute: Temperature

240.00
225.00
210.00
195.00
180.00

165.00
150.00

135.00 * STA baffle <5 K
l ke * shield (top side) 21K
N « 3rdV-groove 54 K
s e 2ndV-groove 109 K
ah e 15t\V-groove 161 K
- « SVM (top side MLI) 243 K

 SVM 273 K
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Extended PLM + SVM Configuration

Technically Feasible and Financially Affordable
as a Collaborative Mission by Both Space Agencies
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New SAFARI concept with grating

Likely to be achievable with SAFARI consortium

p @ @

« SAFARI detectors/detector module, cooler
« SPIRE Beam Steering Mirror (BSM)
« ISO/SWS Fabry-Perot etalon

_ _ Focal-Plane
« BLISS echelle grating + cross disperser Relay
Sensitivity:

« For 6 m? aperture: ~8 X 1020 W/m?

Echelle Cross-
grating disperser

so/50 W Filter W Flip W Flip
Beam split aallggels mirror

Cross- Cross- Echelle LW
disperser disperser grating

Dichroic

Echelle
‘:‘



Performance of TES and Electronics

o 2.5x 10 W/HzV? demonstrated in the lab.
. Cambridge 388-pixel LW array measured

« SRON 64 and 72-pixel SW arrays measured 4
« 20 x 20 SW array fabrication demonstrated ‘ii ]
. Measured optical efficiency ~ 60% — >80% expectéN‘ ’
« 160 pixels/channel FDM demonstrated |

. Design well established - thermal, mechanical,
EMC/magnetic shielding (SAFARI/ATHENA FPA)

- all applicable to Grating based spectrometer
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* SAFARI (Grating)
* Detector Noise dominates.

Line Sensitivity ( 2 hrs 5c) for unresolved lines

107"

» Telescope temperature is
required to be below 8 K

* SMI-Spec
e Read-out Noise of the

D=2.5 m, R=300, SAFARI: Grating
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i Noise
' Limit
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{ SMI R50 1deg? blind survey + SAFARI-grating follow-up

Obs. time: SMI-Cam (R50) = 42days (10hrs/field x100, 1 field = 6’ x 6’, sensitivity based on 2.5 m telescope).

Detectable with 10 hrs exp. for the 1 deg? area.

PAHt%"t";";‘XieS 1833 3060 3978 2499 1733 549 60
Logio Lig / Lsun
o 23 20
125-130 6 161 40
12.25-125 26 175 0
12.0-12.25 89 146 0
11.75-12.0 219 44 0
115-11.75 415 0 0
11.0-11.5 1018 599 1114 141 0 0 0
<11 60 0 0 0 0 0 0
Galaxiesforgas 1,747 5428 3005 2012 1506 386  N.A.

line diagnosis



SMI R50 1deg? blind survey + SAFARI-grating follow-up

Obs. time: SMI-Cam (R50) = 42days (10hrs/field x100, 1 field = 6’ x 6’, sensitivity based on 2.5 m telescope). SAFARI:
sensitivity 8x102° W/m? (2 hr, 5 o). Detectable with 10 hrs exp. for the 1 deg? area.

PAH tgf‘;f"“es 1833 3060 3978 2499 1733 549 60
Galaxies for
gas line 12447 5428 3005 2012 1506 386 N.A.
diagnosis
Logso Lir / Lsun
>13 0 31 0
125-130 8 173 0
12.25-125 34 135 0
120-12.25 120 47 0
11.75-12.0 316 0 0
115-11.75 658 0 0
11.0-11.5 2962 2511 182 0 0 0 0
<11 8349 98 0 0 0 0 0




Comparison of Infrared Telescopes

1016
10-17
10—18

10-19

2

JWST
(6.5m, 45K)

Sensitivity for Spectral Lines (W/m?)

Spitzer
(85cm, 5.5

B AKARI (0.7m, 6K)  1SO (0.6m, 2K)

Herschel (3.5m, 80K)
|

2010's
1x100 by Cooling
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