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AMBER'DATA OVERVIEW

AVIBER paradigm: spatially coded, spectrally dispersed,
2 photometrically monitored, fringes.
cC

fringes on aniinfrared Hawali Camera:
Cosmetics, ;| camera readout mode
camera windoewing, readout timing
camera readout noise, dark frames,
bad pixels, flat fields

spectrally dispersed ... needs spectral calibration
wavelength calibration

spatially coded ... needs spatial coding calibration:
the P2VV/M


file:///home/gildas/Documents/Workshops/WorkshopAmberGrenoble2011/principles_by_tatulli.pdf
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o onantinirared Hawaii Camera:

DETWIN AMSCL DETWIN AMSC3
ASCO DETWIN AMSC2 DETWIN. AMSC4

") DETWINAMNC | DETWINAMNCY

DETWIN AMSRO

DET.WIN.AMNRO |

1 ] 1 1 1
DET.WIN.AMSRI ' ek i : 1 512 pixels

H band
1.5..1.8um

DET WIN.AMNRI

DETWIN. AMSR 2

DETWIN AMNR2 K band
o 2.0..2.4um

photometric  photometric interferometric  photometric
current channel channel channel channel
512 pixels

1/Framerate

« TOW »

The camera is ALWAYS
illuminated (NO shutter)

The camera 1s divided in
(max 3) ROWS of

(4 or 5) , regions:

Dark, P1 , P2, I [, P3]

« channel »

The READOUT mode used
1s DOUBLE-CORRELATED



Bad Pixels -> “Bad Pixel Map™ File.
Changes with time

BIAS depends on the illumination of
the camera and EXPOSURE TIME —
“Dark” Files. Used in amdlib3 to
compute pixel-per-pixel readout noise.
Relative pixel-to-pixel gain? -> “Flat
Field Map” File (use with caution) 5




trally’dispersed: ...

o | INEER | N | e | | | | N | AMBER image "AMBER.2007-12-06T04.21:04.862.fits.gz"
Frame n 1/1000

500

Wi

. 164, all Hahts resen,

Sothware 3

300—

1==|

200—

-
sl_
O =
c B
S 5
o ¢
mm
;E

Jjmme. 1t AW EE R Date Reduction

07014‘" |1.|OO| L |O e AN '_ e EDPier number

Note the displacement of photometric « channels »

Not very important with amdlib3, displacement monitored however.
...accurate wavelength calibration of the Interferometric « channel »?
NO for Low Resolution. °



i P2V

(Ealivratesieach ofithe 3 fringe patterns present in the image.
(fQIvesimatnix coelficients ck and dk to convert pixels
Valles torcomplex visibilities for each baselines)

Ck Ck at 2.4105 um Instrumental Contrast.
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The P2VM calibration file does more: it contains all the calibrations.







Shutters and P2V calibration files

e parameters to) be calibrated to convert pixels to visibilities are
OB SHionthieHluxsratio wit the photometric channel+ 3 'ck' and 3
‘diEtherRP2ZVAVIEcalibration uses 9 files + 1 dark

Step  Shutter I  Shutter2  Shutter 3  Phase vy, DPR key

Open Closed Closed NO IP2N; 3PN
Closed Open Closed NO 2P2Y, 3P2V
Open Open Closed NO 2P2N, 32N
Open Open Closed 2P2N, 3P2V
Closed Closed Open NO P2V
Open Closed Open NO 3P2V
Open Closed Open 3P2V
Closed Open Open NO 3P2V
Closed Open Open 3P2V

—_

2
3
4
5
6
7
3
9




ag
=4

patially coae

shutter |

Shutter 2

Shutter 3

Delayving plate

file Name

figure

No Delay

AMBERJATSTD_CAL_

O1.fits

Open

No Delay

AMBERJSTSTD_CAL_O002. fits

Open

No Delay

AMBERJSTSTD_CAL_OO

13.fits

No Delay

ANMBERITSTDCALZ

004 fits

Close

1 /2 Delayed

AMBERITSTDCALZ

005.fits

Figure 3. Complete calibration sequence for 2 telescopes




SEJUERNCE OIFBPSENVAations as seen in gasgano:

File Selectedfiles Tools Help

@ % [Group by Directory v: collapse Find entry: | | % | fin

File OBS. NAME DET.DIT DET.MDIT _ OCS.0BS.SPE... OBS. TARG.MA..  DPR.CATG DPR.TYPE
O Displaying 48 files grouped by directory. Unfiltered.
&} 1 /home/gildas/TMP/gildas/test/alfara
(=) Eid 074.A-9026(A) AMBER  UNKMOWMN
) EH 200147596 Bet-Cen-Hummel-3T

IIAMBER.2005-O2-25TO7:41:23.925.fits.gz Bet-Cen-.. 0.1870000 Medium_K 1... betcen CALIB WAWE, 3TEL
Bl AMBER.2005-02-25T07:41:36.616 fits.gz Bet-Cen-~.. 0.1870000 Medium_K_1... betcen CALIE WAVE, 3TEL
El AMBER.2005-02-25T07:41:51.649 fits.gz Bet-Cen-.. 0.1870000 Medium_K_1... betcen CALIB WAWVE, 3TEL
El AMBER.2005-02-25T07:42:01.825 fits.gz Bet-Cen-.. 0.1870000 2 Medium_K_1... betcen CALIE WAWVE, 3TEL
IIAMBER.2005-02-25TO?:42:41.554.fits.gz Bet-Cen-... 0.1870000 10 Medium_K 1... betcen CALIB 3P2W
IIAMBER.2005-O2-25TO7:43:01.338.fits.gz Bet-Cen-.. 0.1870000 10 Medium_K 1... betcen CALIB 3P2V

El AMBER.2005-02-25T07:43:16.401 fits.gz Bet-Cen-.. 0.1870000 10 Medium_K_1... betcen CALIB 3PV

El AMBER.2005-02-25T07:43:31.509 fits.gz Bet-Cen-.. 0.1870000 10 Medium_K_1... betcen CALIB 3PV

El AMBER.2005-02-25T07:43:46.570 fits.gz Bet-Cen-.. 0.1870000 10 Medium_K_1... betcen CALIB 3PV

Bl AMBER.2005-02-25T07:44:03.045 fits.gz Bet-Cen-.. 0.1870000 10 Medium K 1... betcen CALIB 3P2Y

Bl ~MBER.2005-02-25T07:44:18.171 fits.gz Bet-Cen-.. 0,1870000 10 Medium_K_1... betcen caLIB 3P2Y

El AMBER.2005-02-25T07:44:33.120 fits.gz Bet-Cen-.. 0.1870000 10 Medium_K_1... betcen CALIB 3PV

El AMBER.2005-02-25T07:44:48.267 fits.gz Bet-Cen-.. 0.1870000 10 Medium_K_1... betcen CALIB 3PV

Bl AMBER.2005-02-25T07:45:11.354 fits.gz Bet-Cen-.. 0.1870000 10 Medium K 1... betcen CALIB 3P2Y

() BBl 200147600  Alf-Ara-Stee-3T

El AMBER.2005-02-25T09:20:43.945 fits.gz  Alf-Ara-S.| 0.1000000 500 Medium_K_1... alfara SCIENCE DARK

El AMBER.2005-02-25T09:22:40.696 fits.gz  Alf-Ara-S..1 10.0700000 500 Medium_K_1... alfara SCIENCE DARK

El AMBER.2005-02-25T09:24:22 488 fits.gz  Alf-Ara-S... U.usuuuul 500 Medium_K_1... alfara SCIENCE OBIECT
IIAMBER.2005-O2-25TO9:26:02.281.fits.gz Alf-Ara-S... 0.0700000 500 Medium_K 1... alfara SCIEMNCE OBJECT
El AMBER.2005-02-25T09:27:39.957 fits.gz  Alf-Ara-S... 0.0700000 500 Medium_K_1... alfara SCIENCE OBIECT
El AMBER.2005-02-25T09:29:45.946 fits.gz  Alf-Ara-S... 0.0700000 500 Medium_K_1... alfara CALIB sky

El AMBER.2005-02-25T09:37:14.383 fits.gz  Alf-Ara-S... 0.0700000 500 Medium_K_1... alfara SCIENCE DARK
IIAMBER.2005-O2-25TO9:38:46.349.fits.gz Alf-Ara-S... 0.0700000 500 Medium_K 1... alfara SCIEMNCE OBJECT
El ~MBER.2005-02-25T09:40:23.100 fits.gz  Alf-Ara-S.. 0.0700000 500 Medium_K_1... alfara SCIENCE OBIECT
El AMBER.2005-02-25T09:42:17.400 fits.gz  Alf-Ara-S... 0.0700000 500 Medium_K_1... alfara CALIB sky

fhome/qgildas/TMP/gildas/test/alfara/AMBER, 2005-02-25T07: 42: 41,554 fits. gz AMBER_3TSTD_ACQOS56_0061.fits A

Extension: |HEADER L Find in header: Load Filter (" Filter

<
Keyword

SIMPLE

BITPX

MNAXIS

EXTEMD

ORIGIN ESO

DATE 2006-05-29T14:58:06.838




i INIDIAE
CAmerad
rezielguiis o
duration:
=PI are
Saved 1 a
raw: data
fits frle
contaming
severnal
Tables.
This 1s the
basic

product of
AMBER

RAW DATA Fits file: sequence of FITS Tables,described in ESO
Doc. No.: VLT-SPE-ESO-15000-2764

OPTICAL_TRAIN

PK.FK [INDEX

TEL_NAME
OPTINAME|
VALUE]

ARRAY_GEOMETRY|

IMAGING_DATA

TIME

DATA]
EXPTIME
OPT_TRAIN
OPD
LOCALOPD
(INS_TRAIN )
OFFSET
ROTATION
STEPPING_PHASE
TARTYP|

( REFERENCE )
(TARGET_ID )

\ ARRAY DESCRIPTION
PK.FK

PK

PK.FK |VALUE

OPTI NAME
BINTABLE

DESCRIPTION
REFERENCE

PK.FK |TEL NAME

STA_NAME
STA_INDEX
DIAMETER
STAXYZ
MNTSTA

(INS_TRAIN)

(INS_DESCRIPTION )

IMAGING_DETECTOH

PK

PK.FK |INDEX

PK.FK

INSTRUME
OPTLNAME]
VALUE]

PK
PK.FK

INSTRUME
OPTI NAME
BINTABLE
VALUE

PK |REGION

(Ol TARGET)

PK.FK |TARGET ID

TARGET
REFERENCE
CALCODE
RAEPP
DECEPP
EQUINOX

DESCRIPTION
REFERENCE

CETECTCRH
PORTS
CORRELATION
REGNAME
CORNER
GAIN
NAXIS
CRVAL
CRPIX
CTYPE

ch

DMP

CMC

(a supplementary table, AMBER WAVELENGTH, contains the spectral calibration)




Avdedicaied @ core” library, amdlib, is pivotal for both
observation & data reduction.

Amdlibrvension [ (and upito 2.2) was delivered by the AMBER
consertimmiandis used mside the mstrument at the time of observation
10 providemstantancous estimates of visibilities, etc...

Amdlily version: 3 benefits from: years of mstrument followup by
JIMIME tsers. It selves several calibration problems of amdlib v2 and
gives additional robustness to the data reduction.

Amdlib may be used standalone, and 1s called by higher-level data
reduction programs, such as the one i yorick, distributed by the
JMMC in the same package.

All the steps for data reduction are available as functions i the amdlib
library, and can also be called directly with a simple command-line

interface. =



iSasically; the precessing Is as such:

Computing ther P2V (amdlibComputeP2vm) provides all the
NECESSany calibrations;

ProcessIng eachiraw: data file to compute instantaneous
conrelatediiuxesi(complex numbers, typically 3x128x1000
values) withramdlibCompute OiData;

Eromi alll, or'aiselection| of, these values, compute time
averaged valuesof all relevant interferometric observables
(V2, difierential visibility, phase closure) with
amdlibSelectFrames.

Tlhese are yet not ‘absolute values'...

Do the same for a calibrator

Calibrate the science withi the calibrator to get ‘absolute’
values (better done with yorick contributions to amdlib
presented in the next talk).

14



Product:

itis an "OI-FITS" file, a type of FITS file designed for exchange of interferometric
data.

Normalized by the IAU commission and published. (Pauls, T. A; Young, J. S.; Cotton, W.
D.; Monnier, J. D., "A Data Exchange Standard for Optical (Visible/IR) Interferometry",
2005, The Publications of the Astronomical Society of the Pacific, Volume 117, Issue 837,
pp. 1255-1262.). Has a number of Extensions:

File Edit Tools
Index Extension Dimension

Frimary Image 0 Header Image

Ol ARRAY Binary o cols X 3 rows HEarior Hist Plot

Ol TARGET Binary 17 cols X1 rows HEarior Hist

. . -
Ol WAVELENGTH Binary Z cols X 158 rows HEarior Hist Plot

Header Hist Plot

Ol VISZ Binary 10 cols X 1500 rows HEarior Hist Plot

0l T3 Binary 14 cols X 500 rows HEarior Hist Plot

Meater |

Meater |

Meater |

e Meater |

0l VIS Binary 14 cols X 1500 rows |
Meater |

Meater |

Meader |

AMBER DATA Binary 16 cols X 1500 rows HEarior Hist Plot all | Sele




(OIFARIRAYAIALIE

File Edit Tools

| TEL NAME | STA_MAME | STA_INDEX | DIAMETER
Select dA
Al

Invert

Go to: || Edit cell; I

_| STAXYZ
3D
m
Expand

16



@FARGIEIFable:

File Edit Tools

L0l TH.HGET_ID_ _| TARGET _| DECEPO _| EQUINDX _| RA_ERR
Select | 16A D E D
| Al deqg year deq

=

Go to: I Edit cell: I

17



O WAY=E=NEIF g NI =N =

File Edit

_| EFF_WAVE _| EFF_BAHND
E

106147E-06
C106830FE-06

. 107513E-06
.10B8196E-0R

1gh

B

B

[

B

B

1gh

B

B

[

B

. 113659E-0&

. 11434 2E-06

B

1gh

-] |
Go to: || Edit [:Ell:

18



@ILVISZable:

TARGET_ID
TIME

MJD
INT_TIME
VIS2DATA
VIS2ERR
UCOORD
VCOORD
STA_INDEX
FLAG

[(1)
D (1)
D (1)
D (1)
D (NWAVE)
D (NWAVE)
D (1)
D (1)
[(2)
L (NWAVE)

Target number as mdex mto OI_TARGET table
UTC time of observation (seconds)

Modified Julian Day

Integration time (seconds)

Squared Visibility

Error mm Squared Visibility

U coordinate of the data (meters)

V coordinate of the data (meters)

Station nmumbers contributing to the data

Flag




@INsHIable:

TARGET_ID Target number as index into OI_TARGET table

—
o

'—L
S

TIME

—_—
T T e

UTC time of observation (seconds)
MJD Modified Julian Day

INT_TIME

—

Integration time (seconds)
T3ANP Triple Product Amplitude

T3AMPERR

< < <
288

Error in Triple Product Amplitude

T3PHI

Triple Product Phase in degrees

T3PHIERR

Z,

Error in Triple Product Phase in degrees

UICOORD U coordinate of baseline AB of the triangle (meters)

—
"

VICOORD

V coordinate of baseline AB of the triangle (meters)

(
(
(
(

—
"

U2COORD

U coordinate of baseline BC of the triangle (meters)

©c 0o o o o0 o o o o o o

V2COORD

V coordinate of baseline BC of the triangle (meters)

—
"

STA_INDEX 1 (3) Station numbers contributing to the data
FLAG L (NWAVE) Flag




@ILVisSHiable:

TARGET.D 1 (1) Target number as index into OI_TARGET table
TIME D (1) UTC time of observation (seconds)

MJD D (1) Modified Julian Day

INT_TIME D (1) Integration time (seconds)

VISAMP D (NWAVE) Visibility amplitude

VISAMPERR D (NWAVE
VISPHI D (NWAVE

Error in visibility amplitude

Visibility phase in degrees

)
)
)
)

VISPHIERR D (NWAVE) Error in visibility phase in degrees
UCOORD D (1) U coordinate of the data (meters)
VCOORD D (1) V coordinate of the data (meters)
STA_INDEX 1 (2) Station numbers contributing to the data

FLAG L (NWAVE) Flag




Amdlib3fspeciiic features.
I codeimplements most of the algorithms published by
as well asi workarounds of some of the
proplems atdited by the ATE team (see ):

- new mstrument model (crosstalk between beams, non-
linearity: of detector, stmpler cosmetics, care in dropping the
bad {tames at start oif scans)

- better noise model (use only I dark/sky file, readout noise
computed pixel-per-pixel, on-the-fly bad pixel detection)

- algorithms improvements.

References:
Chelli, Hernandez & Duvert, A&A 502, 705-709 (2009)
Malbet, Duvert, Chelli & Kern, arXiv:0808.1315 (ATF report)

22


http://www.aanda.org/index.php?option=article&access=doi&doi=10.1051/0004-6361/200811039
http://arxiv.org/abs/0808.1315

newsmstrument model + better nois model =
SSVasibilities not biased wrt flux
> (Calibrators can be of higher flux.

e amdlibv.2
e amdlib v.3

O reference (Fourier)

™
:%ﬁ - .

Difference

————— ? #*m# ﬂ-‘b-m—,-‘po -ogm M———ﬂ-‘ > _me

10 10°
Average Flux




Aumdiibsrspectiic features (cont).

Siichwavelengshidisplacement between the three photometric beams i1s
autematically taken mioraccount.

S nNloweresolttion mode, the algonithm compensates the defects of repositioning of
i SpeCiioZiapi Prisii.

= [ISes a renned al gorithm: to; compute pistons, and an heuristic scheme to evaluate
this piston - goodness o fit Also, we added a piston closure algorithm to improve
piston estimate.

- many new: options (command-line & yorick). Important: the number of frames
dropped at the beginning of each observation (unless the camera is not resetted
anymaore)

Quality improvement and data Tagging:

- uses a goodness of fit test to tag individual visibilities which are not well fitted by
the carrying waves of the interferogram.

- similarly, the program tags all visibilities where one of the photometries is below a
used-defined value (0 being the default).

- Finally, all bad values of the instantaneous or averaged interferometric observables
are tagged in the OI- FITS file using the FLAG columns. o




“habits” of the early observers.
- not necessary anymore, except for low-resolution (without
FINITO -?7-) where at least a threshold on maximum piston

(say, 15 microns) should be applied.

25



Aundlib3

Eind the last version: at

JMMC - AMBER data processing - Mozilla Firefo
FEile Edit View History Bookmarks Tools Help

,;J @i;) - & @ http:/fwww.mariotti.fridata_processing_amber.htm

5 OSUG # IPAG IMMC 3% TRAC JMMC @ IPAG WIKI @ VS| 8| OSUG-Réserva

JMMC - AMBER data proces... 3¢ [{[0808.1315] AMBER Task Fo... 3¢ [EJ Optimi

o JEAN-MARIE MARIOTTI CEMTER
J’iﬁﬁﬁc Infrared and Optical Interferometry for Astronomy
v | Link | W

s AMBER data processing V3 subscri mberDRS fesd
was JMN

Partners sl (AN ) is ane of the
Tel

about the /
its home page at LA

Related Scientific publications
lete list of such papers can be found on the amber websits or on
Documentation & Support

ide {PDF format with log europs)
i (PDF format with login )

Acknowledgement

helpfuf i your res

hittps//wavw. mariotti. ir/data_processing amber.htm

"ol Ll subscribe to AmberDRS feed

To keep 1n touch.
Also, read the manual...

and the Release Notes that are continously updated
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http://www.mariotti.fr/data_processing_amber.htm
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