Calibrator Selection

M. J. Creech-Eakman

Jet Propulsion Lab
Michelson Summer School

July 9, 2003

| = R




Brief Overview

-Why and how to pick a calibrator?

>MSC calibration tools
AIPTI, KI, CHARA, NPOI and VLTI

> Target vetting criteria
>-Special cases and other considerations
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What exactly is calibration?

FEInterferometer system response to an
unresolved source Is system visibility
~lPerfect Interferometer V2 =1

~IReal Interferometer System V2~ 0.75
= Pick only unresolved calibrators to
first order

48 This may not be possible in practice
~le.g. PTI calibrators, CHARA calibrators




Unresolved sources for PTI
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Unresolved sources for CHARA
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Comparison from getCal

B PTI
~]1.0 mas K band size

(for 110 m baseline)

(X163 potential calibrators
all LC in randomly
chosen 20° FOV

(~IThis assumes limiting

K mag of 5.0

#& CHARA
(~]0.34 mas K band size
(for 330 m baseline)
X4 potential calibrators
all LC in same randomly

chosen 20° FOV using K
mag of 5.0

(X147 potential calibrators
In same FOV if K mag is
raised to 7.0
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Why do we care about
calibration?

>Interferometer response function

system visibility - uniform disk model
IVIZ2 = (2 J.(X) / x )2 wherex=nB 3/ A

>System response

geometry with respect to target
brightness
color (spectral type)

bolometric flux - F,,; = toT4/m where m -
best fit factor



What helps us?

FKnown Solutions

~lbinaries, resolved stars, circularly symmetric,
simple geometry, limb-darkening, etc.

FPeripheral Knowledge

~lestimated angular diameter

~lastrophysics of source (e.g. variability, lines)

~lspectral energy distribution (SED)

~lHipparcos/SIMBAD/ADS classifications

FEScientific Experiment - clear goals




Tools - getCal and gcGui

45 Written by A. Boden as part of PTI/KI reduction tools
suite. Now upgraded and maintained by MSC at
IPAC/Caltech for use with several interferometers.

(~]lgetCal is original command line interface

(~lgcGui is updated GUI with most common functions and
additional modules for added functlonallty

1chelson Smence Ce

: PHI}JEE‘I‘FI‘A‘I‘UE : PEﬂPI.I‘:' I.IBHAH'!

Qe 1S C Software
TESTBED

IWFERGMHEH The MSC provides software for use in the observation planning and data reduction far suppoarted missions and

il : facilties. For now this is limited to direct support for the Beck Interferometer (K1) and Falomar Testbed Interferometer
KECICRL (FTI), howewver our packages might well be useful to other investigatars as well.
INTERFERDM ETER
; e » The getCal observation planning tool suite
SPACE g m The Bvis visibility processing package.
IMNTERFEROM Ern'r ® The FTIFKI visikility amplitude calibration applications whCalib and nk Calib

TMISSION ® The mscLib astrometric library (supporting whCalib and nbCalik ),
§ i £ = See our recommencations on the directory structure for MSC software

Arccess to these and other resources is available through the MSC Download Portal (registration required .
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getCal GUI: The Basics

— getCal GUI v0.56dev (getCal v2.5betal) + 1]
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calibrators for it? name type/position

name of object




List of potential calibrators

getCal Return —— lambda_gem

##%F COUI catalog from getCal w2.Sheftal ###

Rezolwving target lambda gem via SIMEBAD
target HOD L6537

HIF 232202 (HD 506352 has his multiple component flag set to C

The C designation indicates solutions were found for individual components
2 components:
& component —— Y= 4,732
E component —— Y= 7,803 at sep 7.19 arcsec/Pa 1486 deg

HIF 34608 {HD 545632 has his multiple component flag set to O
Warning: The 0 dezignation indicates an orbital =olution was ftound
with photocentric SM4 4.24 mas, 113, 3480 day period

HIF 34909 (HD 553837 has his variability flag set (23

with ©.105 mag scatter in 88 observations

HIF 34909 {HD 553832 has his multiple component flag set to C

The C designation indicates solutions were found ftor individual components
2 components:
& compotent — Y= 5,711
O component —— Y= 5 801 at sep 0,12 arczec /P4 14 deg

HIF 34908 (HD 553832 has his astrometric source flag set to 5

with =olution quality listed a=s E

and @ listed separation between components of O.121 arcsec

HIF 36188 (HD 587152 has his wvariability flag set {13
with ©.005 mag scatter in 65 observations

i

Simbad Browser




List of potential calibrators

getCal GUI v0.56dev (getCal v2.5betal)

getCal Return —— lambda_gem

##4 CGUT catalog from getCal we.Shetal ###d
# Rezolwing target lambda gem wia SIMEBAD
# target HD 56537

HIP 33082 (HD 503712 has his multiple component flag set to G
the G designation indicates acceleration or higher-order terms in astrometric solution

HIF 33179 (HD 504822 has his mul tiple component flag set to C

the C designation indicates soluticons were found for individual components
& Ccomponents
f component —— W= &.730

HIFP 33202 (HD 506352 has his multiple component flag set to C

the C designation indicates solutions were found for individual components
2 compohents;
& component —— V= 4,792
E component —— W= 7 803 at sep 7.19 arcsec/Pa 146 deg

#
#
e
i
#
#*
# B component —— ¥=10.021 at =ep 1 .28 arcsec /P& 188 deg
#
#
F
#
#

? HIF 34608 (HD 545633 has his multiple component flag set to O
|l

Simbad Browser




List of potential calibrators

getCal Return —— lambda_gem

##%F COUI catalog from getCal w2.Sheftal ###

Rezolwving target lambda gem via SIMEBAD
target HOD L6537

HIF 232202 (HD 506352 has his multiple component flag set to C

The C designation indicates anlutions were found for individual components
2 components:
& component —— W= 4 7492
E component —— Y= 7,803 at sep 7.19 arcsec/Pa 1486 deg

HIF 34608 {HD 545632 has his multiple component flag set to O
Warning: the 0 designation dmdicatac se ombsa o e i o |
with photocentric SM4 4.24 mas, 113, 3480 day period

HIF 34909 (HD 553837 has his variability flag set (23

with ©.105 mag scatter in 88 observations

HIF 34902 {HD 553832 has his multinla comesiasind 1iag set to C

the C desighation indicates solutions were found for individual components
2 components
& compotent — Y= 5,711
O component —— Y= 5 801 at sep 0,12 arczec /P4 14 deg

HIF 34908 (HD 553832 has his astrometric source flag set to 5

with =olution quality listed a=s E

and @ listed separation between components of O.121 arcsec

HIF 36188 (HD 587152 has his wvariability flag set {13
with ©.005 mag scatter in 65 observations

i

Simbad Browser




Hipparcos Flags

>Variabllity (V) - classed as a number

depending upon mag. of variations

>Orbital solution (O) - orbital solution found

with SMA separation and period

>Components solution (C) - individual

components in multiple system resolved
and separated with PA

>Stochastic Motion (X)

Qo QD

Acceleration or higher order terms (G)



Bolometric flux information

Aaati"al 1w CaEAday faatal w2 L hatalh
| —| getCal Return —— lambda_gem

ml

# Resolwving target lTambda gem wia SIMEAD
# tTarget HD L6537
# Simbad Search HD BEEE37: HD 56537 —— Variable Star A5V W=3 . E5&1

### GUT catalog from getcal we.Shetal ###

##% Bolometric Flux Diameter Fit resul ts ###

# option png

# option stdin

# ¢ command Tine arguments processed

# Chisqgr F_bol (1G8-—8 ¥ala]

# Star Tett (kD JDOF Do F erg/fome /sl Size (mas) Filters

EE
4
=

##F Simbad query results ###
# Simbad Search HD 56537 : HD BEE3Y —— Varijable Star &3V W=3 . 581

]

Simbad Browser




Photometric fits...

Gnuplot




Sky coverage - annually and nightly

— getCal GUI v0.56dev (getCal v2.5betal)

|

U=y

Help

Name . Pos

Display




Annual calendar

obsCalendar GUI v0.2dev (getCal v2.5betal)

=
File Target Simbad

||

Help

Observing calendar (obsCalendar . ldev) run at 7/572003 UTC, dayw 2003189
for timings in 2003 UTC

Current
Using Palomar Location {long: —-116:51:48

i m e e e B 7/B/2003
Using FPalomar Location Clong: —116:51:48 Tat: +33:21:243

2003159
G Qo021 UT
A

T

Current Date Year Day Calibrators Tonight




Nightly scheduling

| :I aetCal Return — lambda aem

G E timing GUI v0.9dev {getCal v2.5betal)
Obs
o
=1 Using Palomar Location Clong: —-116:51:48 Tat: +33:21:243
HOC Timing summatry (timing w0 53dev) run at ?/8/2003 UTC, day 2003189
HDOC for timings on 7/8/2003 UTC, day 2003189 Current
Uzing Palomar Location (long: —116:51:48 Tat: +33:21:24)
Using PTI_NS Baseline CENUBias: —37.116352 —-103.264746 3,319338 —12.9152452
Using PTI_NW Baseline C(ENUEBias: —81,.685124 —28,214086 3.105647 O 0314163 1146 LT
Using PTI_SW Baseline (ENUBias: —44,568772 75,05066 —0,213691 12, 9466612 1731 Loca
The 1D at O hr UT ds 2452528.5 (precessing coordinates to this datel :

<
Composite S : s :

7

File Target Easeline Simbad

HHHFBHFEHFHE TR

e | Ihtersection Track | Za Track Delay Track | Obscured Track |UT oOffset|o0:00|Baseline|Composite |
| Current UT/LST Sunrise/sunset Time Labels Calibrators




uv Information

u—v Tool v0.9dev (getCal v2.5betal ) |- ]

tion Track Z& Track

Current UT. Hour angle Fring




Check your target

File Edit Yiew Go Communicator

2 v 3 & 2 wm S & 3

Back.  Fopward  Reload Home  Search  Metscape Frint  Securty  Shop Stup

J' Bookrmarks ‘g{. Location: gl'ittp:,-'-‘,-"sirrd:uaﬂ..u—s;trasbg. f.r,-"sim—id.pl?pru:utu:u:u:ul=html&luient=lam+ A8

i 2 Internet [ Lookup [ Mew&Cool

SIMBAD Query Result -
@5 Query _yiffsan”

CODS - Simbad - VizteR - Aladin - Catalogues - Nomenclzivive - Biblio - StarPaces - AstroWed

Object query: simbad search lam gem I
===>» Your identifier (lam gem)] is translated into : * LAM GEM /

Awaifabie Basic data Identifiers Plot & image Bibliography I Erments External
cletive: tools archives

Basic data : HD 56537 — Variable Star / Quey wound)| withradivs |10 | remin

ICRS 20000 coordinates 07 18 05.5787 +16 32 25.379 [8.36 5.10 87] A 1997A&A...323L...49P
FE520000/1950.0 coordinates 07 15 13.06 +16 37 54.4 [8.36 5.10 86]

FE4 1950.0/2000.0 coordinates 07 18 05.69 +16 32 27.3 [48.71 30.43 89]

Galactic coordinates 200.92 +13.23

Proper motion (mas/ve) [error ellipse] -46.09 -37.90 [ .96 .60 89] A 1997A&

B magn, ¥ magn, Peculiarities 3.692, 3.581

Spectral type A3V

Radial velocity {v: KEm/s) or Bedshift {z) v -2.2 [ 2] B 1953GCRV..C.....0W

Parallaxes (mas) 34.59 [93] A1997A%A.. . 3231..49P

category

/

spectral
— type

___ distance

El |

= s | 00 8P E 2




Do your

File Edit View Go Communicator Help
= »® A 4 = 3 & @ ML
Back  Forward  Reload Home Prit

Search  Metscape Security  Shop atop

homework...

Wi' Bookrmarks 4& Location: fhttp :-}f.’al:-lnsajss:-hérvarc-l.. eciﬁf;-a-ljssﬁrac.t_service. htnl | ﬁ' Wihat's Related

4 Internet L‘i Lookup [j M Cool

NASA ADS Astronomy Query Form for Mon Jul 7 21:33:59 2003
Sitemap What’s New Feedback Preferences FAQ HELP

Hint: If vou want to know how to submit an abstract or insert a cormment for your reference, go to the Feedback link on the query
page.

Use this feature!

‘ send Quewl

Retum Query Fnrml | Store Default Fnrml Clear |

Databases to query: W Astronomy || Instrumentaton || Physics/Geophysics || Ardiv Preprints

Authors: F.I., ohe per line)
Middle Initia arch
. Require author for selec

NSIMBAD | NED | LPI IAUC Objects
Object name/positicon search
® REequire object for selection

{i@ OR AND simple logic) (Combine with: i@ OR AND)
j lam gem ]
N - T =k
tion Date between and |}

(MM) (YYTY) (MM) (TYYT)

Enter Title Hor
(Combine with:

_ Require title for selection

i ) AND simple logic

boolean logic)

E
W REequire text for selection
simple logic @ boolean logic)

Enter Abstract Hords/Keywords
(Combine with: O AND

E_;_binary or multiple

Eeturn :_§1EIEI items starting with number 1

H 8 ek @R B \g,||




Beware certain results!

File Edit View Go  Communicator Hela
4w A D 3 & @ @
Back,  Forward  Reload Home — Search  Netscape Pt Securty  Shop il

) W" Bookrarks ,JL Location: kfhttl:u :.}}.au:-l-.séj;s:“ﬁﬁrvara. Edufcgl—]:ulnfnph—a.hs_cnmect’r'd.h_kegmﬂST&ﬂ | ﬁ' What's Related

% e e
: l Internet 7] Lookup 7] Mewd.Cool
FICIICHI, Aoy CElEE], L3, LEQIEIT, U, [VEW DOTEry Stars UISCUVENEY O IWITEl UCCIITEIos, 11, I

stecklum, B,; Trunkowvsky, E, M.

Occultation and

1994 A &A8.108.3595G 0.562 12,1994 & B BoL 5 )

Ginestet, N.,; Carquillat, I. I, spectral classifications in the near infrared of stars with ¢ SpeCtrOSCO p IC

laschek, M.,; Jaschek, C. M E standards. b|nary Wlth 6 1
 1984PASP..96.105H 0562 01984 A FG@ pc g Yyear period, J
Hartkopf, W. 1; McAlister, H. 4. Binary stars unresolved by speckle interferomenrv. I YN resolved via
1958Ap]. 128 5728 0.562 11/1958 & Fi% B B SpeC ) €

Bahng, I. I R, IMulticolor photoelectric photometry of stars with compo: teCh ni q UES

1954 Ap].,119..1458 0.562 0171954 & FG -8 u ‘

i % 2P “3“”

=l




Calibrator Vetting Criteria

FEBasic Information

~IResolved/Unresolved
[XISpectral Type, SED & distance

~lSingular or apparently so
(Hipparcos/Simbad)

~1Sky coverage - compatibility with target(s)
XJUV Track & Annual availability

~IMagnitude (SNR)

XIDifferent if fringe tracking or scanning




Estimated Angular Diameter
[XISpectral Type
[X]Estimated bolometric flux

SIMBAD/ADS - Red Flags

[X]Sanity check (SpTy, distance, magnitudes)
XIVariability

XIDouble/confused

[(X]Fast rotator

[XICalibration standard

XIPapers - how many, what types, anything odd
Real data - acid test

XI(un)resolved nature from data

XInightly and long-term variations
XISNR, color, other “gotchas”



Real world example

| File Edit Yiew Go Communicator Help
< » A & . W S & A i
Back  Foreard  Reload Home — Search  Metscape Prnt  Securty  Shap Stap

'ﬁ‘_'_égnkrrarlﬁ @ Location: [ff_http:;",f‘simbad. u-strashg. fr/sim-1id. pliprotocol=htmlsIde |@' What's Related

5 .‘ Intgrnﬁt__.%'l.—mukup @‘g Mewi Cool

= | &
@) SIMBAD Query Result m i

P N

CDS  Simbad - Vizre R Aladin - Codalosves  Nomenclaivie « Biblio  8tarPoaces  AstroWed

Object query: simbad search HD 60803

Aweilabie Basic data [dentifiers Plot & image Bibliography  MMeasurements External
date: tools archives

Basic data : HD 60803 — Star Query azoundf with edive | 110 -

ICRS 20000 coordinates 07 36 34.7063 +05 51 43.817 [7.31 3.15 84] A 1997A&A...323L.49P
FES5 2000.0/1950.0 coordinates 07 33 54.64 +03 58 28.5 [7.31 3.15 83]
FE4 1950.0,/2000.0 coordinates 07 36 35.02 +03 51 42.5 [45.09 19.75 82]
Galactc coordinates 212.81 +12.70
Proper motion {#asfer) [error ellipse] -108.76 27.66 [ 89 .39 82] A 1997A8 A, 323L..49P
B magn, ¥ magn, Peculiarities 6.467, 5.216
Spectral tpe GOV
Radial velocity {w Emy's) or Redshift (z) v +3.6 [ 2] B 1953GCRV..C......0°W
Parallaxes (mas) 22 .92 [B9] A1997AEA . 323L..49P

|
e m e s 5 2|




Take some data

Incoherent Spec Y2 Tine Trace =-- 99341,=zun

Incoherent Spec Y2

1.2

8.8

8.6

8.4

a.2

HODC1326
HDC1484
HODC1671
DC212280

‘hpcz16562

HOC2539431
HOCZ27946

_HDC282624

HOC3B8111
HOC43842
HOC43587
HOC46789
HOCS7086
HOC6B883
HDCG928
HOCY8418
HOC 79373
HOC79452
HODCB374
HOC&838688
HOC34737
HOCE6146
HOCS7682
HOCE9744

G ]
Ut {hrs)

14

O+ =%

*

+ & ¥ B X O 4+ & ¥ B X O + & ¥ B X O +



| didn’t do my homework...
NASA Astrophysics Data System (ADS)
Query Results from the Astronomy Databage

Selected and retrieved 10 abstracts.

Bibcode Score Date List of Links

Anthors Title Access Control Help
19990bs..119.272G 1.000 10/1999 EG RC § ¢U

Griffin, R F. Spectroscopic binary orbits from photoelectric radial velocities, Paper 148: HR 7955
19990bs..119..81G 1.000 04/1999 EG R 5§ 201U

Griffin, R F. Spectroscopic binary orbits from photoelectric radial velocities, Paper 145: HR 6797
1997 0bs.. 117.288G 1.000 10/1997 EG RC § €U

Griffin, B, F; Mayor, M,; Pont, F,; Udry, 8. Spectroscopic binary orbits from photoelectric radial velocities, Paper 136: HD 7000

1997 0bs.. 117.208G 1.000 08/1997 EG RC § €U
Griffin, B F. Spectroscopic binary orbits from photoelectric radial velocities, Paper 135: HR 2918




Next Steps

>Collect and verify integrity of data

>Have at least two calibrators
~lestimate angular sizes to get system visibility
~lcheck for consistency

#FChoose a model for your target
observation (uniform disk, gaussian,
binary system, etc.)

FReduce, analyze & publish!

QD QD




How do you resolve conflicts

N Calibrator s|1zes?
V2

+ZZ<% s (0 )>2

= —1—
’ \

P 5<3 Veys

system visibilities oprcalibrators derived
m observation

orking diameter
Stimates

| estimated uncertainties

a priori diameter estimates

FMinimize chisquared function for all
calibrators



Special Circumstances

FSometimes to do the experiment correctly
you need a calibrator (control star) that
lacks some special feature you expect
your target has

~lnon-spherically symmetric (resolved) stars
(e.g. Altair, stars with outflows)

Alpulsating (e.g. miras, cepheids)

~lline emission or spectral features (e.g. P Cyqg,
narrow-band studies)




Altair

& HD187691 - F8V @ 1.6°

sep. and about 0.72 mas
In diameter

& HD187923 - GOV @ 2.8°
sep. and about 0.55 mas
In diameter

46 Comparison to Vega as a
bright, nearby, resolved
calibrator

# van Belle et al., 2001,
ApJ, 559, 1155.

S 7

1.0

0.5

0.0

-0.5

-1.0

-1.5

1.5

1.0

0.5 0.0 -0.5
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-1.0

-1.5

Relative Declination (109 m)



Zeta Geminorum

{ Geminorum

1.9 I | |
6 Classical GOlbvar ol

cepheid

Aclear evidence for "
pulsation | : ]

~possibly want to use a £ 17 { } |
resolved calibrator of = .| |4
similar size to show
interferometric =l {
stability 155 g B

(~ILane et al., 2000, 15 ' ! ' _'

Nature, 407. | Phase |



P Cygni

¢t Prototypical Luminous . .-

. : + -
Blue Variable - B2pe | i | |
Alshows clear signs for | ' | | t

emission in the Bl -
narrow-band data I
~lused control stars that +

were slightly larger T S T
and smaller than the

expected 2.17um size 3.
to bracket the N
observation 5"
(~]Serabyn & Creech- a_| LA
Eakman, 2000 AAS, - I R4

197, 4505 microns



Summary

FChoose calibrators carefully

~lUse physical information (distance, spectral
type, SED) and literature search to determine
best calibrators for experiment

FConsider goals of experiment

~lspectral or spatial resolution may require
control stars

>Reduce data In a timely fashion
Publish, publish, publish!

QD QD



Software:

#8 This work has made the use of software produced by
the Michelson Science Center at the California Institute

of Technology T
,/.:Ji'-;- D“*ﬁt,ll

Thank you for your attention!



