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MIRC: Status

Guiding Principles:
1) Maximum Calibration Precision for Closure Phases
2) Imaging
e Combines 4 telescopes at present
e Works at H (1.65 micron) and K (2.2 micron)
e Demonstrated sensitivity: H~ 4.0, K~3.5
» Spectral resolution: R~ 44, 150, or 400
- we successfully observed with R~150 Grism at H band and R~400 Grism at Ks band
o Calibration: V2error ~ 10%-20%; CP error ~ 2°-5° (for 6min obs.)
e Photometric Channel on the way, expecting V2error ~ 1%
e Fringe tracker CHAMP expected this summer
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Optical Layou

Features:
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MIRC: Planning and Observing
 MIRC Planning tool available in GUI

-6 06 X/ MIRC Observation Planning Tool
I Output: detailed observing schedule
| Input target list & Plot sky map | Help | | Choose Teles & Plot given POP coverage | Help I

. 2 : . eoe6 = MircPlan_SIEIW1W2_2008_11_5.txt
Target List: IsterSKmlngzhao.ﬁworkr’mplanKU?MayHIR Browsze Tele; FS1 4352 FEL JE2 F Observation plan for 11/5/2008 CHARM Run

Bmwsel FinS:) I_ I_ I_ I_ IE_Telescope Sl EL WL W2
The best 8 POPs are : 1515 1415 2515 1315 2415 1215 1175 1225
Observing Dates I';'4 I;’Zg I‘_’;ZO()B Check plat Save I Fix POP: i

Check POP Plot S Observation starts 1.8 hour after sunset, ends @.1 hour before sunrise
mar day Year —Iec g | == Optimization: optimizes the observaotion time of sources according to their weights.

Obz. Slot 2 non-zero means there are two avaliable obzervation time slots

Output Plot:

The observation time thredshold for each avaliable source iz @ 8.58 hours

| | |

Local sunset time @ 16.9 sunrise time @ 6.3

|
|
|
|
|
|
|
Optimize observation schedule for the target list| Local observotion time for these POPs: (in Hours, sorted by starting time 3 I
] |
Dptimizationy 2 — | I:ﬂptimize obzervable time for high priority targets Set targ Ob=. Slot L |
B Source i) Start End  Duration Weight Y H K Comment. |
" POP: 1315 |
Sort method; 2 — | I;Sor‘t targets by their observation start & end time # of output b 9 Lack  HREEL3  17.9 19.1 1.2 1.8 4,654 3.693 ABIY CAL  ¥sini=98  Didn-8.65+-0.85 |
7 &nc*  HREE3IA  17.9 19.7 1.8 1.8 4.548 3.768 3.791 CAL VYeini=66  B.67+-0.83 |
P @ @ 37 And# HR265  18.2 21.2 3.8 1.8 3.007 3.662 3.030 CAL Vzini=0B B.72+-0.83 |
Start at |1.0 hrs after sunset End at I“ 5 hrs before sunrise Obs Time thresholdy IE’J'.E his HD18156 HD18156  18.9 22.8 3.1 1.8 7.62  6.639 6.576 F5 Bin Pedretti |
alf Tri HRE44 19,3 Z21.7 E.4 5.8 3.4 2.182 Z.E74 FaIvY Bin P=1.767 High CUntruStl
P Gam Tri HREG4 19,7 22,8 2.5 1.8 4.88 3.862 3.958 AlVhn CAL VYeini=254 Diom=A.35+-0.83
Wil I,\(USE deeie) MI & Tuery erget M _D Epz Per HR1Zz@ Z1.2 8.3 3.1 5.8 2.9 - - BB .5Y Bin PZ.483 Diom=A.5 High contrasty
Zet Per* HR1ZE3 21.3 A1 2.8 1.8 2.883 2.621 2.683 Bllb CAL VYeini=B5  Diom=A.7 Calib = Bl
standard;
Help: 1. Input the path of the target list file, or click "Browse" to zelect Del Per# HRilZZ 21.3 B.2 2.9 1.8 2.99  3.392 3.286 CAL Yzini=198 8.6 |
2, Input obserwing date 45 Per  HR1Z73 2.7 A6 2.9 1.8 4.863 3.899 3.796 B3Ve Be VYsini=185 Diom=@.59 Be star; Hl
3, Click "Check plot" to see plot on terminal, Eps Aur HR1G6EE 22.3 1.4 3.2 5.8 3.839 1.782 1.533 ASlab Bin Rob Stencel |
Or, give a PS file name to "Output File" and save the plot to a file, Eto Aur¥ HR1641 22,3 1.4 3.1 1.8 3.1582 3.761 3.857 CAL Vaini=125 Dion=8.5 Calib |
Targets are plotted in colors: Green: Calibrator, Red: Binary , Blue: Fast rotator ... tet Gem¥  HRZ54A A3 3.4 2.8 1.8 368 3.229 3,163 ASIIL CaL Vsini=13@ Diom=A.52+-A.A3 Calib : B|
See example_targetlist,txt as an example Sig Gem  HRE2973 1.2 3.8 2.3 5.8 4.25  1.799 1.736 KAIII Ein Pedretti, RS CWN binary with spots
——————— Example of target list -——————- zet Leo  HR4831 4.1 BB 1.4 1.8 3.443 2.628 Z2.631 FBIII ROT  Vsini=79 Diam=1.1 Rotator
61 UMa¥ -— 1 62 1.2 1.8 B.3 3.6453 3.588 GBY CAL Vsini=g Diom=A.55+-8.86  G3Y
Source Ra Tlec Weight W H K SType Type  Vsinilkm/s) Diam POP: 1215
9 Lac*  HRSE13  17.9 19.1 1.2 1.8 4.654 3.693 ASIY CAL VYeini=%8  Diom=A.65+-0.85
Altair 19 50 46,9330 +08 52 05,353 1,00 0,77 0,102 0,102 A7Y ROT Ysini=210 Tiam . 7 4nok HREE3IE  17.9 19.9  2.@ 1.8 4.548 3.768 3.791 CAL Vsini=65  8.67+-8.83
Vega 18 26 BE,3364 428 47 01,291 1,00 0,08 -0,023 0,129 AQY CAL Y2ini=275 Diam=3, 26
Bet Ly~ 18 50 04,7347 +33 21 45,601 1,00 3,367 3,351 3,132 BVe Bin P=12.9d Sep=0.23
Plotting sky map for the target lizt: Obs, Date = 2008-4-23
A () Qbseryatolre
I~ T =




CHARA Collaboration Year-Five Science Review

MIRC: Observing

e Acquire Star [5min]
» Fiber Explorer Tool [~15-20 min for 4 tels]

- Will be much faster with the photometric channel

* Find all Fringes and Lock [~10 min 4 tels]

- Will be much faster with the fringe tracker

* Fringe data [5 minutes]

o Shutter Matrix [5 minutes]
* More fringes [5 minutes]

o Shutter matrix [5 minutes]

Total Time if lucky: ~50-55 minutes  Total time will be less
On best night we could average 1 hr per object
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MIRC Data Pipeline

Most of the steps are automatic, need few interactions.
Interactive in the last step (calibration) - very flexible

Choose target cals w/ diameters

Choose averaging method (split data up into chunks)
Edit data to find lost fringes

Inspect data in detail

Save reduced data in a FULL OI-FITS data format

Create summary plots for inspecting full richness of data
Modeling and Imaging
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2006-09-01 2006-09-01 2006-08-31 2006-09-01 2006-08-31 2006-08-31
07:17:08 UT 07:4:1:35 UT _ 07:57:41 UT 08:20:02 UT _ 08:38:38 UT _ 08:58:36 UT

—0.0002 ———— ———— ———— ———— ———— .

0.3

Vis2: W1—-W2

0.5%8

0.014

0.012
0.010
0.0038
0.006
0.004

0988

0.08 1 1 T T T
0.06 1 1 T T T
0.04 1 1 T T T
0.02 1 M ey Y1 1 1

0.00 L CE B s L L L

1.470 1,545 1,620 1,695 1.470 1,245 1.620 1,895 1.470 1,545 1,620 1,695 1.470 1,545 1,620 1.695 1.470 1,545 1,620 1,895 1.470 1.545 1.620 1,895
Wavelength (mu)

VisZ: E2-W1

1
1
1

Vis2: E2-W2

() Qbseryatoire

vatolre  LESIA
de Paris ]

$» @ D
—(eorgiaState Lniversity - g .

NASA Exoplanet Science Institute




07:17:08 UT  07:45:33 UT  07:57:57 UT  08:20:07 UT 08:38:45 UT  08:58:37 UT

CHARA Collal 0.005

0.004

T
0.002
0.001

_I'_ T T T

T3Amp
S2-W1-W2
o
o
o
Gi
L

2 s ——

2.0x10-4

1.5%10-4

P

gI
o J I
Ll

T3AmM

& 1.0x10-4

5.0x10°*°

o_me::::.::::.:;

0.0015
o
.=
@
Eqy 00010
M
ey
)
0.0005
0(53899 } } } } f f } } } } } } }
0.010
0.008
o
e
g Y
T 0.006
5T
FN
[In)
0.004

0.002

0.000 I I I i I ! 1 ! ! I I I I I I I I I
1.4701.545 1.620 1.695 1.470 1.545 1.620 1.695 1.470 1.545 1.620 1.695 1.470 1.545 1.620 1.695 1.470 1.545 1.620 1.695 1.470 1.545 1.620 1.685
Wavelength (mu)

@ ' BT vatoire - LESIA
—L&mgﬁ;ﬂ_mLhHVEIEILF' J,'.",‘w‘ de Paris ¢

(D) Qwemneire




CHARA Collaboration Year-Five Science Review

07:17:08 UT  07:45:33 UT  07:57:51 UT  08:20:07 UT 08:38:45 UT 08:58:37 UT
T T

o] T T g T T f T T T - T T T ry T
_50 [ [ f /
I | I /
e / | |
. | | |
&1 | f ] |
S | .4 i f ’
ek / |
—150 #
288 ——+— —t—t —t—t
|
|
100 |
ﬂ
i |
® |
&, \
S Oprrg i S I
(St ‘
wr |
|
—100
*
~2BR —+—+— —t+— —t+—
7
| |
100 | |
| |
| |
P |
n= |
g I '
& o ekl e
&3 |I 'Y
‘ |
~100 | " /
| |
I %/
:ﬁS } —t f —t f —t } — } —t f —t
|
|
II
—150 |
ﬂ
E\
Tz —1860
|
58
—-170 ﬁht ﬁi
132) TYYY S, Ry )
: ) .
—-180 L L L I L L I L L L I I L L L I L L 9 v ( ) ()bs%rva.tOI re
=, 1.470 1.545 1.620 1.695 1.470 1.545 1.620 1.695 1.470 1.545 1.620 1.695 1.470 1.545 1.620 1.695 1.470 1.545 1.620 1.695 1.470 1.545 1.620 1.895 @ < ' " ~/ ( dela COTE 'AZUR
| ¥ Wavelength (mu) b e 4 5
W 1817 - ¢

)

————— o NASA Exoplanet Science Institute




». CHARA Collaboration Year-Five Science Review

MIRC: Progress towards becoming a
“Facility Instrument”

 MIRC can now be observed by non-Michigan teams
—Well documented start-up and alignment procedures

—But one still needs to be trained to run MIRC (mostly for fringe
locking and fiber exploring)

 This year the Michigan team decided to focus on CHAMP
and thesis.
* There are more MIRC experts: Gail, Yamina, Rob

e Data pipeline is better documented
—Distribution of software through Subversion
—New step-by-step data reduction manual
—Visit to Michigan is still highly recommended
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Personnel

» Ettore Pedretti and Nathalie Thureau are at St. Andrews

« Dave Berger is in a company near DC

e Ajay Tannirkulam graduated and is now in a company in India
e Ming Zhao is graduating and will be a postdoc at Wesleyan

« Gail Schaefer is now an expert of MIRC

* New graduate student, Xiao Che, is working on MIRC data and
building the photometric channel

* Two new postdocs this Fall: Stefan Kraus (Sagan Fellow),
Fabien Baron (CHAMP science)

€O Qbsenatoire

&8’ @- . If.@vakoﬁreé LESIA :=. 2 -
—(seorgaStateUnversity 7T de Paris | g NEXS




CHARA Collaboration Year-Five Science Review

MIRC: Year 2&3 (2007, 2008)
. Summary
. serving

— 2008: 42 nights in total with 30 nights of data (66%)
— 2007: 57 nights in total with 24 nights of data (42%)
— Causes of downtime: weather, delaylines, power failure, fire

* Projects:
— Rapid rotators: Monnier, Merand
— Hot Jupiters: Zhao
— Be stars: Monnier, Gies, Schaefer
— Binaries: Zhao, Pedretti, Merand, Kotani, Stencel
— Spotty stars: Parks, Pedretti
— Supergiants: Kiss
— Debris Disks: Akeson
— Miras: Ridgway
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 Publications:

Monnier et al. 2007, Science, “Imaging Altair”

Zhao et al. 2008, ApJL, “Imaging Beta Lyr”

Zhao et al. 2008, Proceedings of SPIE, “Ups And”

Kiss et al. 2008, Conference Proceeding, “Red Supergiants”
. Zhao et al. 2009, ApJ, “Alderamin and Rasalhague”, submitted
Expecting:

Aufdenberg et al. 2009, ApJ, “Spica”, submit soon

Schaefer et al. 2009, “Zet Tau”

Zhao et al. 2009, “Hot Jupiter”

Pedretti et al. 2009, “Zet And”

Kotani et al. 2009, “Theta Dra”

Ridgway et al. “Miras”

Che et al. “Altair and Vega”

Stencel et al, “Eps Aur”

wor, & B P oo
—(seorgaStateUnversity 7T de Paris &=

ok w0DpE

© N o Ok wbh ke

MIRC: Year 3 (2008) Summary
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MIRC Improvements

 Digital chopper signals

e New vacuum pump: much faster

* New fiber mount cabling

» Fixed three broken stepper motors

e Automated starting sequence: all-in-one start-up
 Better data spooling scheme: less glitch when taking data

 MIRC Planning Tool now supports 3, 4, 5 or 6 -Telescope

planning
o Data reduction manual
e Photometric Channel
« CHAMP
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Photometric Channels

Xiao Che is currently designing the photometric channel
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Xiao Che 2009
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CHAMP: CHARA Michigan Phase-
tracker

Dave Berger, John Monnier
Rafael Millan-Gabet, Ettore Pedrett,
Toby Eckhause, Theo ten Brummelaar,
Phil Iriwin
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CHAMP: Design Overview

e Operate inJ, H, or K (1 to 2.4 microns)

» Separate fringe tracker from science combiners

e Optimized for sensitivity: H=7-8

* Fringe phase measured simultaneously on 6 baselines
up to 500Hz
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Image Slicers
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CHAMP's First White Light Fringe

® measure phases of 3 fringes using ABCD

® track on the middle one

® use others for group delay

® no need for group delay from science combiner
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CHAMP's First Lock

CHAMP --- FIRST LOCK (26 May 2008)
05 | Ll
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CHAMP Update Since Last Summer

Pyramid image slicers mounted and tested
-3 worked, 1 failed (being re-fabricated now)

Triplet lens mounted

Dewar plate
—mount holds dewar card and lens assembly
—focused in lab using HeNe reference
—will be installed this week (during Nice conference)
Detector tests
—Careful tests (Rafael)
—Excess 1/f noise due probably to detector problem
—investigating possibility of new detector but will continue on (no impact for K band,
only for H band)

 VME upgrade
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CHAMP Schedule
e 2009 March-May:

—Validate performance of pyramid image slicers and triplet for image quality
—Test alignment procedures
e June:

—Software in Michigan (close loop with optimized control loop)
o July:

—Ship to CHARA, initial integration
e August:

—0n-sky integration (two-week run scheduled)

—also install new photometric channels on MIRC, if ready
o September-November

—New postdocs arrive, just in time!
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Problems

e Image quality
e Delay carts get stuck at various positions

e Closure phase calibration is worse than before
— Seems consistent from night to night for a given cal-target pair
— Maybe due to polarization
— Study underway
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