| l e e

'l =~  AndredSiSgiiahirt - - .
-‘ Institut fiir Astrophysi

K
, Universitat Gottingen

Collaborators:
Hans-Ulrich Kaufl (ESO, Garching) )
Guinther Zaengl (LMfU, Miinchen) !
Jacob L. Bean (Gottingen)



CRIRES at the VLT

Andreas Seifahrt Model; g M&mv,r];lvm ¢ fv{auw],ﬁvw featves in astronomical JZ;%{:VA/ 22.06.2008



CRIRES - madie chavactervishics

* Wavelength coverage: ~ 0.95—-5.2um
Instantaneous A - coverage > 2.0 %
Pixel scale 0.1”/pix

» Spectral resolution: A/AA~10° or v/Av ~ 3km/s
for a 0.2” slit (2 pixel Nyquist sampling)
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4 Aladdin III (InSB) arrays
» inter-chip gap reduced to ~290 pixel
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A spectral format mapped on detector assembly mosaic
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CRIRES - madie chavactevishics

* Wavelength coverage: ~ 0.95—-5.2um
Instantaneous A - coverage > 2.0 %
Pixel scale 0.1”/pix

» Spectral resolution: A/AA~10° or v/Av ~ 3km/s
for a 0.2” slit (2 pixel Nyquist sampling)

» Infrared slit viewer (Aladdin III) with J . H & K-filters

» Precision for calibration and stability ~ 75m/s
i.e. 1/20™ of a pixel or 5mas tracking error
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CRIRES - madie chavactervishics

» Preference in design was given to stability
5 gas cells for high precision radial velocity work

Curvature sensing Adaptive Optics
5 0.2” spatial resolution for 40”slit (at 0.1”/pix sampling)

» Spectro-polarimetry in lines (magnetic fields)
» goal to measure all 4 Stokes parameter

» A/4 Fresnel rhomb and A/2 plate
in rotary mounts at the gas-cell slide

» cold kinematic MgF_ Wollaston prism in fore-optics
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Mormualized Flux
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Figure 213 The absorptivity of selected gases of the atmosphere and the atmosphere as a whole.
(From A. G. Fleagle and J. A. Businger, An introduction to Atmospheric Physics. © 1963 by Academic Press; reprinted by permission of the
publisher)
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Cages where How weed ;W/P fwm tlv(&wj:
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Cages where How weed ;W/P fwm tlv(&wj:

(1) Mo telluvic standard star takeen (or ab wrong airmads)
7
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Aﬁmmf ],le(gﬁ ¢ A [M‘ v:frﬁ Ui

Cages where How weed ;W/P fwm tlv(&wj:

(1) Mo telluvic standard star takeen (or ab wrong airmads)
(”) ﬂvMP/j V’fﬁwj oV J%'[ﬁwj ﬁMjHIJ’ ([KWVM A VIMALS CV‘/lW/tﬂ@)
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Cages where How weed ;W/P fwm tlv(&wj:

(1) Mo telluvic standard star takeen (or ab wrong airmads)
(”) ﬂvMP/j V’fﬁwj oV J%'[ﬁwj ﬁMjHIJ’ ([KWVM A VIMALS CV‘/lW/tﬂ@)
(Hf) i/(vjlv f/N Atk the rltﬂﬂfroj(m ivesr wasnted
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Cages where How weed ;W/P fwm tlv(&wj:

(1) Mo telluvic ttandaid star taken (ov at Wiy Avmadl )
() f 5%:7;/5 viding ov Jeling bavyels (lvond aivmads Cm/em‘«ﬂ(&)
() Wigh §/N at the hydvoger Lines wanted

(V) Overhead contidevations (soams vin fiint tarpels)
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Aﬁmmf ],le(gﬁ ¢ A [M‘ v:frﬁ Ui

Cages where How weed ;W/P fwm tlv(&wj:

(1) Mo telluvic ttandaid star taken (ov at Wiy Avmadl )
() f 5%:7;/5 viding ov Jeling bavyels (lvond aivmads Cm/em‘«ﬂ(&)
() Wigh §/N at the hydvoger Lines wanted

(V) Overhead contidevations (soams vin fiint tarpels)

(V) (L)MNR lnds ( fadt Wbmvi]w’wﬁ ¢ redponde )

Andreas Seifahrt Model; e A/tmvfftkét’? ¢ A/{Mvtff;ﬁvw fmtww S adtronmomical Jf;%{:m/ 22.06.2008



Colewlating trantmittion & vadiation

Atwos Tpllvw*l c ];Vvﬁ les
(b} (k) H20(h)...
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Colewlating trantmittion & vadiation
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Colewlating trantmittion & vadiation

{ tandavd FVVﬁ les ( mid-
Z"A’ﬁﬁ""’{ ¢ ‘54 v Vi/v['. .. )

Azﬁmvi Tpllvw*l C ];Vvﬁ [’w M(&ﬁ&n«r /1@ 1 m/[,.
(), p(K), k20(k)... bt

Andreas Seifahrt Model; e A/tmvfrkﬁm. ¢ A/{Mvtff;ﬁvw fmtww S adtronmomical Jf;%{:m/ 22.06.2008



@A/l-c w[-/vﬁ wy ﬁ oSl fL1om g VM ] /vﬁ Ui

,( tasdnnd ]wvﬁ /&[’ ( mid- Atmvjﬁk[tem‘ C T;Vvﬁ /&!‘ Ml&il&vmrlvﬂi (;;V[,,
. . > / / f -

[-ﬂ/{ﬁ{/‘t/v/{(&/ (&zywﬂxtvm/v[-...) T(n),]z(n), %2,0(1&)... 7‘»7;1/14&
j(,’/vlﬁ wﬂ v{ J t/vw/{/wf/{ ];Vvﬁ L(’;J' tv //0'(,%/[' (vaiﬁ ﬁvw.{ c Vt/v/! ¢

PNY ];th‘ ctivw from tatellite measnvements ( ES0 welusite )
GPAS ]mrﬁ leg f:fvm NOAA weltrite

MMF & /fvm//,» {,‘v]wj VA/Y;ILLJ ( jm/v wewf V.Y m(&t(&arv[vjﬂ 13 ) fv It

Andreas Seifahrt Mv/( (6//7‘ wj iv{;mml’ T;I!WW‘ c iv{M' vt/f;ﬁ via f%vﬁ nred inw Ad {,’vamv‘ CA/L g 7;%{; VA 22.06.2008



@/vl«c‘ w[-'/vﬁ wg ﬁ vl LS g VM ] /t/ﬁ vin

GEAS profile (white)
MMf Z;va)‘ /(& ( j vetin )

601 ] 60

Height (km)
N
o
Height (km)
~
IS

201 . 20t

0i1 Pr;;c;urgo(.fl:‘;)oao Zc‘}O ?eérgpefiarez(élf(c}) 260 T@mp@VﬂxﬁWV(’? MA FV@JJWV@ Nit[{‘/'iw
30N T T
- ] f!fvP/v and 1. 9 K wit[iv V[M(&V«/A/ﬁvw.f
20 ]
= T i PNV PV&//ﬁCﬁvm{ Lo IlWﬂI{t
£ tor -
-E‘ i i ({43%7;{,‘0%{%6{}01/0{%’)
il Z
i | PNV at Pavaral: O. Jmm — |y

Ce e e N (e vlwervadivies in 2006-2.007)

Water Vapor (molecules cm™)

Andreas Seifahrt Model; e A/{,'mw’];l!wﬁ ¢ A/{Mmf];ﬁvw :F%vtt/w&f S adtronmomical Jf;%tm/ 22.06.2008



Colewlating trantmittion & vadiation

{ tandavd T;vai les ( mid-
Z"A’ﬁﬁ”"’{ ¢ %{ v Vi/v['. .. )

Atwos Tpllvw*l c ];Vvﬁ les
(b} (k) H20(h)...

{

Meteovo [«@ ieal
] wr i

Live~ {4j~/7 we vadinkive
tm/wffw mvﬂf (&/

(LBLRTM /FASCOPE)

Andreas Seifahrt Model; e A/tmvfftkét’? ¢ A/{Mvtff;ﬁvw fmtww S adtronmomical .r];%{:m/

22.06.2008




Colewlating trantmittion & vadiation

{ tandavd T;vai les ( mid-
Z"A’ﬁﬁ”"’{ ¢ %{ v Vi/v['. .. )

Atwos Tpllvw*l c ];Vvﬁ les
(b} (k) H20(h)...

{

M(&iww[qi cnd
] l«v]ﬂ/vt

Live~ {4j~/7 we vadinkive
tm/wffw mvﬂf (&/

(LBLRTM /FASCOPE)

L?‘ It 5wfmfm/vﬁ Ui

(HITRAN)

Andreas Seifahrt Model; e A/tmvfftkét’? ¢ A/{Mvtff;ﬁvw fmtww S adtronmomical Jf;%{:m/ 22.06.2008




Colewlating trantmittion & vadiation

{ tandavd T;vai les ( mid-
Z"A’ﬁﬁ”"’{ ¢ %{ v Vi/v['. .. )

Atwos Tpllvw*l c ];Vvﬁ les
(b} (k) H20(h)...

{

M(&iww[qi cad
] w];w{;

Live~ {4j~/7 we vadinkive
tm/wffw mvﬂf (&/

(LRLRTM /FASCOPE)

e

Lﬁ e wfmfm/vﬁ Ui

(MITRAN)

vas/v l-'t/vﬁ Vi

(5 witrmmental ]»va? /(&)

f];%trfv

( Lrmsdmiflion & mjﬁfvﬁow)

Andreas Seifahrt Model; e A/tmvfftkét’? ¢ A/{Mvtff;ﬁvw fmtww S adtronmomical Jf;%{:m/ 22.06.2008




C/vl-c w[-/vﬁ I«vj ﬁ VoSl f1om g VM ] /vﬁ Uia

1.10
1.00

0.90
0.80

0.70

Normalized Flux

0.60

0.50

0.40
1502 1503 1504 1505 1506 1507 1508

1.05
1.00
0.95

0/C

1502 1503 1504 1505 1506 1507 1508
Wavelength (nm)

Andreas Seifahrt Model; e M’;mmfﬁllwﬁ ¢ A/{M'mf];ﬁvw fmtww S adtronmomical Jf;%tm 22.06.2008



@A/[-C w[-/vﬁ wy ﬁ oSl fL1om g VM ] /vﬁ Ui

&

0.80 ff

0.40

Normalized Flux

0.20F

B

2058

0.00

1.05

0.60 H

ACAAAANA AN

|T‘T.)|.-

ol

AREREREE

2060 2062 2064 2066 2068

S 100 Wwwmwwwﬁﬁwnﬁmm;ﬁm

0.95

2058

2060 2062 2064 2066 2068

Wavelength (nm)

Andreas Seifahrt

Mod eli W atwmos T;Ik(w“i c /v{M’mf];ﬁ via f%vﬁ nwred in adtronwomi cal ¢ 7;% tva

22.06.2008



@/vl«c‘ w[-'/vﬁ wg ﬁ vl LS g VM ] /t/ﬁ vin

0.08 -

lwdbrnmental ﬁwﬁ le well | -
Aescvi [sed hj n Gasnd i o.oa;- _

_g 0.04 — -
Q
A H A/L ]ﬁwt/j A ¢y ewevatle 5 0.02 — —
] ﬁt i w(&-ﬂ'iw&wﬁ iklv s J:(éw 000l —
cadeS e
~10 _5 0 5 10
Pixel

Andreas Seifahrt Model; e A/{,'mw’];l!wﬁ ¢ A/{Mmf];ﬁvw :F%vtt/w&f S adtronmomical Jf;%tm/ 22.06.2008



@A/[-C w[-/vﬁ wy ﬁ oSl fL1om g VM ] /vﬁ Ui

1.00

0.80

Wao

0.60

Normalized Flux

0.40

0.20 L. : 6%(‘%

2316 2318 2320

2322

2324

2326

1.05
1.00
0.95

o/C

2316 2318 2320 2322 AYL 2326
Wavelength (nm)

Andreas Seifahrt Model; e M’;mmf]ﬂlwﬁ ¢ A/[Mmf];ﬁvw fmtww S adtronmomical .r];%tm 22.06.2008



@/vl-c w[-/vﬁ I«vj ﬁ vanm Sl f1om g VM ] /vﬁ vin

1.00

B
3 |
%l.'

0.80

0.60

Normalized Flux

0.40

0.20

1.05
1.00
0.95

o/C

3900 3905 3910 3915
Wavelength (nm)

Andreas Seifahrt Model; e M’;mmfﬁllwﬁ ¢ A/[Mmf];ﬁvw fmtww S adtronmomical .r];%tm 22.06.2008



@A/l-c w[-/vﬁ I«vﬂ ﬁ oSl fL1om g VM ] /vﬁ Ui

1.00

0.80

0.60

0.40

Normalized Flux

0.20

0.00L .. U“

4695 4700 4705 4710

1.1

1.0 MHH‘M WW

0/C

0.9

4695 4700 4705 4710
Wavelength (nm)

Andreas Seifahrt Mv/( (6//7‘ wj /v{;mv.f T;Ik(em‘ c A/{M mff;ﬁ via f%vﬁ nred inw Ad {,’vamv‘ CA/L g 7;%{; VA 22.06.2008



Transmission

Transmission

@/vl«c‘ w[-'/vﬁ wg ﬁ vl LS g VM ] /vﬁ vin

1.0
0.8

v Y

Y

J
_
_J

0.6
0.4

0.2
0.0

xI
N
&
L

4695 4700 4705 4710 4695 4700 47035 4710

A\

1.0 TN
I

._.;

0.8
0.6
0.4

0.2
0.0

4695 4700 4705 4710 4695 4700 4705 4710
Wavelength (nm)

Andreas Seifahrt Model; e A/{,'mw’]tl!wﬁ ¢ A/{Mmf];ﬁvw :F%vtt/w&f S adtronmomical Jf;%tm/ 22.06.2008



@A/l-c w[-/vﬁ I«vﬂ ﬁ oSl fL1om g VM ] /vﬁ Ui

1.00

0.80

0.60

0.40

Normalized Flux

0.20

0.00L .. U“

4695 4700 4705 4710

1.1

1.0 MHH‘M WW

0/C

0.9

4695 4700 4705 4710
Wavelength (nm)

Andreas Seifahrt Mv/( (6//7‘ wj /v{;mv.f T;Ik(em‘ c A/{M mff;ﬁ via f%vﬁ nred inw Ad {,’vamv‘ CA/L g 7;%{; VA 22.06.2008



@/v[-c' t/v[-/t/ﬁ Wj 13 vt SLIv i K V/«/ﬂﬁ A/ﬁvw

i 15 /Jw/«ﬂj NVVZZJ‘ ) Z

Andreas Seifahrt Model; e A/tmvfft;v(kﬁ ¢ A/{Mvtff;ﬁvw fmtww S adtronmomical Jf;%tm/ 22.06.2008



@/vl-c t/v[-/vﬁ Wj 15 vt SLIv i g VM ] /vﬁ Uis

i 15 /Jw/«ﬂj NVVZZJ‘ ) Z

No....

Andreas Seifahrt Model; e A/tmvfft;v(kﬁ ¢ A/{Mvtff;ﬁvw fmtww S adtronmomical Jf;%tm/ 22.06.2008



C/vl-c w[-'/vﬁ I«vj ﬁ vanm Sl f1om g VM ] /vﬁ vin

Normalized Flux
o
WO
O

0.80

0.70 k.

1635 1636 1637 1638 1639 1640

1.05
1.00
0.95

0/C

1635 1636 1637 1638 1639 1640
Wavelength (nm)

Andreas Seifahrt Model; e M’;mmfﬁllwﬁ ¢ iv{Mmff;ﬁvw fmtww S adtronmomical Jf;%tm 22.06.2008



C/vl-c w[-/vﬁ I«vj ﬁ oSl fL1om g VM ] /vﬁ Ui

aane

1.00

j

0.80

0.60

0.40

Normalized Flux

0.20

IIIIIIIIIIIIIIIII
T ——
L, ——

ool . .
1132.0

1132.5

1133.0

1133.5

1134.0

1.4
o 1.2
~.
© 1.0
0.8

1132.0 1132.5 1133.0 1133.5 1134.0
Wavelength (nm)

Andreas Seifahrt Model; e M’;mmfﬁllwﬁ ¢ A/[Mmf];ﬁvw fmtww S adtronmomical .r];%tm 22.06.2008



@/vl-c t/v[-/vﬁ Wj 15 vt SLIv i g VM ] /vﬁ Uis

Covvent Fmitation: /vmwo;e. loZo level 5 /vlétjvrrﬁvw

Andreas Seifahrt Model; e A/tmvfft;v(kﬁ ¢ A/{Mvtff;ﬁvw fmtww S adtronmomical Jf;%tm/ 22.06.2008



@/vl-c t/v[-/vﬁ Wj 15 vt SLIv i g VM ] /vﬁ Uis

Covvent Fmitation: /vmwo;e. loZo level 5 /vlétjvrrﬁvw

R(&AA’ o2

Andreas Seifahrt Model; e A/tmvfft;v(kﬁ ¢ A/{Mvtff;ﬁvw fmtww S adtronmomical Jf;%tm/ 22.06.2008



@/vl-c t/v[-/vﬁ Wj 15 vt SLIv i g VM ] /vﬁ Uis

Covvent Fmitation: /vmwo;e. loZo level 5 /vlétjvrrﬁvw
R(&AA’ oS

( f) L dtvrmmental ];vai le weeds to [se fv tted

Andreas Seifahrt Model; e A/tmvfft;v(kﬁ ¢ A/{Mvtff;ﬁvw fmtww S adtronmomical Jf;%tm/ 22.06.2008



@/vl-c t/v[-/vﬁ Wj 15 vt SLIv i g VM ] /vﬁ Uis

Covvent Fmitation: /vmwo;e. loZo level 5 /vlétjvrrﬁvw
R(&AA’ oS

( f) L dtvrmmental ];vai le weeds to [se fv tted
(”) EVVVW(’?VIA/J [iw(& .fﬁw&wﬂﬁl{t 7.‘wfmfm[vﬁvw (V’TRAN)

Andreas Seifahrt Model; e A/tmvfft;v(kﬁ ¢ A/{Mvtff;ﬁvw fmtww S adtronmomical Jf;%tm/ 22.06.2008



@/v[-c' t/v[-/t/ﬁ Wj 13 vt SLIv i K V/«/ﬂﬁ A/ﬁvw

Covvent Fmitation: /vmwo;e. loZo level 5 /vlétjvrrﬁvw
R(&AA’ oS

( f) lwstrmmental ];vai le weeds to [se fv tted
(”) EVVVW(’?VIA/J [iw(& .fﬁw&wﬂﬁl{t 7.‘wfmfm[vﬁvw (V’TRAN)
( (l f) M i l&VﬁM wﬁ el T /vﬁmvl ]me C ]WV:F? /&f ( mAl w/j “LU)

Andreas Seifahrt Model; e A/tmvfft;v(kﬁ ¢ A/{Mvtff;ﬁvw fmtww S adtronmomical Jf;%tm/ 22.06.2008



@/vl-c t/v[-/vﬁ Wj 15 vt SLIv i g VM ] /vﬁ Uis

it //, Iy wihebic o Zﬂ% tva thﬁ(wfvrm (&mzd vical ¢ ]1% tva

(' ttandand stavs') i wmott cages !

Andreas Seifahrt Model; e A/tmvfft;v(kﬁ ¢ A/{Mvtff;ﬁvw fmtww S adtronmomical Jf;%tm/ 22.06.2008



Dther ipp ications £

Andreas Seifahrt Model; e A/tmvfftkét’? ¢ A/{Mvtff;ﬁvw fmtww S adtronmomical Jf;%{:m/ 22.06.2008



1.0

[=]
=]
—i"['l [T I I

o |I
5 [
(%]

_T_
S 06
:F
3 I
£
g
5
-

o
IS
——

——==F

0.2

0.0 " L L 1

g YAV ) T
AR (AR
L

2416 2418

2420 2422 2424
Wavelength (nm)

I I I I
1.0 —
: lI |
0.8— L
L2} — ||--
£ i
[&] — gl
S 06— -+
s i
E | |
§ 04—
LA
— Measured telluric {HIP102497, B9V), 2006—06—-06, airmass 1.04 —
02— LMU model (Zaengl), PWV = 2.64mm (best fit) 1
B same model but for Macon (5050m), PWV = 0.89mm 7]
0.0l . . . - . . . . ! N
2432 2434 2438 2440 2442
Wavelength (nm)
Andreas Seifahrt 22.06.2008

Mod eli W atwmos T;Ilwm‘ c A/[Mmff;ﬁ via f%vﬁ nwred in adtronwomi cal ¢ 7;% tva



’wﬁ(&ﬂ%’ ﬁ Wj fmf EMtl{t Joence Z

Andreas Seifahrt Model; e A/tmvfft;v(kﬁ ¢ A/{Mvtff;ﬁvw fmtww S adtronmomical Jf;%tm/ 22.06.2008



Dune man's woife ig

Wﬂt(w mﬂ/w'J ﬁﬂ w/v“

Andreas Seifahrt Model; e A/tmvfft;v(kﬁ ¢ A/{Mvtff;ﬁvw fmtww S adtronmomical Jf;%tm/ 22.06.2008



’ w{/'(w&f ﬁ Wﬂ fmf Eiwﬂv Jeience Z

Spectral Cooling Rates for the Mid-Latitude Summer Atmosphere
Including Water Vapor, Carbon Dioxide, and Ozone
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Spectral Cooling Rates for the Mid-Latitude Summer Atmosphere
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