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Program & Tlechnicall Update (Chris)




AOWG Strategic Planning e 0

Star Optimization ExAQ CDR
; ; ; Commissioning |
 Proposed timeline defined at l Wasston l
. . ontroller )
11/02 Strategic Planning (SP) 2004 | LGS Engineering  Upgrades ExAQ Construction
meeting and Optimization XPAD CDR
e K1 laser added in early 03 o5 | "SR

* Priorities confirmed at 9/04 SP.

meeting.
o Mike Brown: “AOWG vision IS that INSF-funded

high Strehl, single-object, AO will __ laser K1 KPAQ Construction

e the most Important competitive
point for Keck AO inthe next
decade.”

» Based on science cases
presented/discussed: oy,
AOWG members

o Top:level reguirements
delinediby a sukgreup &
approved oy ACWIE




KPAO Technical Requirements (KAON 237)

High IR Strehls -> evaluate 120 & 180 nm rms
e On-axis LGS & NGS, median seeing, El > 45°, NGS m,, < 17

High Strehl stability -> £ 15 nm

Moderate field ofi view -> 30" radius

Near complete sky coverage

Goed knowledge of the delivered PSE
\Wavelengin coverage -> 0.45 10 14" um
Eacility-class system

Sensitivity: & angular reselution net yer addressed



AOWG Strategic Planning -> KPAO
Science Case

« KPAO team could use a detailed science reguirements
document & access to a project scientist/science team, to
Interact on design choices

» Also need a short glossy science document to help seek funding

e Olivier Lai volunteered to flesh out the science case, In
collaboration with Mike Brown

o Olivier has developed similar science cases, for next generation
CEHT AOCI & OHANA; & Is familiar with Keck fromi his AO postdoc
nere

o Olivier hasialse helped with initial scIence: reguirements Inpui
o Result s a draii SCIENCE case decument that REEds
communIty/ InpUL
o TlhISiIS theecus o OIVIer's presentation: ...



In the words of and as a tribute to the great Hunter S.
Thompson:

“... The Edge... There is no honest way to explain it
because the only people who really know where it Is
are the ones who have gone over. The others - the
living - are those who pushed their control as far as
they felt they could handle it, and then pulled back, or
slowed down, or did whatever they had to when it
came time to choose between Now and Later.”

Hunter S. Thompson, 1967: “Hell’s
Angels: a strange and terrible Saga”



KPAQO astrophysical parameters
envelope

General purpese Instrument delivering:
Trranslating AOWG reguirements into Standard Units

. 120nm rms wavefront error:
. K band Strehl: 89%.

+ Diffraction limited (c,? < lrad?) to 750nm

. Laser Guide Star constellation
o  Substantialisky ceverage.

o PSEIndependent o astrephysical morphoelegy. or
magnitude.



KPAQO astrophysical parameters
envelope

General purpose instrument for

o Higher Strehl, more stable PSE

o Sky coverage Important. Conscious choice to prioritize it with
respect to highest Strehl (e.g. extreme AO).

o High Strehl improves contrast as side effect. But main drive Is
fior PSE calibration and stability: Issue. limproeve guantitative
measurements (phoetometny, Seurce Coniusion)

o Sensitivity 1n IR: gain fromiincreased Strehl, but may. Inmpose
Strict reguirement R emissivity.

o Eirst stage (lheth scientiic and technical) fier extreme A



KPAQO astrophysical parameters
envelope

General purpose instrument for
* Higher Strehl, more stable PSE

» |ower level of artifacts and speckles
o PSE calibration and reconstruction for accurate knewledge

o |More accurate phetometny, less source confusion.

o “Sweet spot” fier redshiit z=2.3
o Hov & NilNinrKband
o Olll'& HpiniHvand
o OIl; 4000 BreakinJ band



KPAO astrophysical parameters
envelope

General purpose instrument for
o Higher Strehl, more stable PSE

» |Lower level of artifacts and speckles
o PSF calibration andl reconstruction for accurate knowledge

D)

* But imitations
- PSF stapility dominated by non-phase errors

o PSE Structure dominated py dififaction

i)



KPAQO astrophysical parameters
envelope

General purpose instrument for

o Super speckles

» Believed to eriginate from intensity fluctuations or phase errers not
In pupil plane (generate intensity fluctuations en pupil).

o These may propagate through AO system via aliasing
o TJelescope

o Entire chain frem telescope pupll to detector.

o TS Isiwhat 1:20nm .n.S refers e,

s [Viay: iave Impact 6 SEgMERL figures; Vikratuons, ete. (lirst erder
ncluded in simulations).

(i



KPAO astrophysical parameters
envelope

General purpose instrument for
o Higher Strehl, more stable PSE

» |Lower level of artifacts and speckles
o PSF calibration andl reconstruction for accurate knowledge

D)

*  BUt imitations
o PSIE stanility’ dominated By nen pnase: enrox
- PSF structure dorminated by diffraction

N

l_‘



KPAO astrophysical parameters
envelope

General purpose instrument for oia -
- PSE siructure dormninated gy diffractior)

56%0
Uantitative pnotemetny/ of
J USt Inner disk difficult lmle
s AcCCUrate KNOWIECAUE O

. Anditrust Inf deconyvoelution

*" O coronagraph;, apodization; pupil
densification... 2

Image Credit: W.M. Keck Observatory and HST

,l o)
1O




KPAQO astrophysical parameters
envelope

General purpose instrument for

 Note that extreme AO will address these two ISSues
» Focal plane wavefiont sensing
o Coronagraph

o SO the curent system represent limits off wihat IS
achievahle withrgiven requirements.

s 3aS 0ng as one reguiresigeneral purpoese: (I.e. nemn Speciiic
SCIENCE case drven).

14



KPAQO astrophysical parameters
envelope

General purpose instrument for

* Higher Strehl, more stable PSE

o |Lower level of artifacts and speckles
o« PSF calibration and reconstruction for accurate knowledge

o Numerous applications including Galactic Center, AGINS,
YSOs & aisks, faint companion Searches.

15



KPAQO astrophysical parameters
envelope

General purpose instrument for visible:
o Diffraction limit down te R band

o Complementanity te TMT’s spatial resolution in the NIR
(@ltheugh similar spec, 4 years niche)

o Gain inisensitivity' S x D/,
o Typically a gamniin exposure time ofi L0te 15 W.rt seeing-limited
(In thevisible)!
o | case el Spectroscopy, slitcan be 10ite 15 times smaller

o But Strehl stillfsmall’se detailed calculaton ior sensiuvity, stll needs
1e1hbe caried eut.

16



KPAQO astrophysical parameters
envelope

General purpose instrument for visible:

Diffraction limit down to R band

Complementarity to TMF’'s spatial reselution in the NIR
(@ltheugh similar spec, 4 years niche)

Gaini in sensitivity' S x D/,

o Typicallya gainiin expesure time of 10 to 15 w.rt seeing-limited
(In thevisible)!

Polarzanoen studies (Strenger (and easien)in visible),
YSOs, disks;, elc.

4



KPAQO astrophysical parameters
envelope

General purpose instrument for visible:

 Diffraction limit (c,2< irad?) down to R band
» But can become a reguirement

A (nm) IO | 650 | 700 | 750
Residual wavefront ....
error requirement /1 80 88 103 111 120
(nm rms)

M/D (mas) CNNUCEEN VIR | 134 | 144 ] 155

o Or evelutien path when FIVIIF cemes enline.

18



KPAO astrophysical example

Only included to stimulate imagination

But real science cases will come out of the talented and
resourceful astronomers of UC/Caltech communities.

Benefits toi many areas of astrophysics.

* SEe Sclence case Drait document (KAONISS1)




KPAO astrophysical example

o Benefits to many areas of astrophysics:

o Planetary, 10 to 15mas monitoring of meteorological or volcanic
activity, many spectral lines in visible...

o Star formation, YSOs, disks, low mass companions
o Area that benefits the most Is without a deubt extragalactic.

s See Science Case drait aecument (KAON 551)



KPAQO astrophysical example

Area that benefits the most is without a doubt extragalactic.
e Distant guasar hunting
» unresolved sources in visible where sensitivity increase is greatest
Assembly of galaxy masses.

o Complex kinematics at z=1., Lyman break kinematics at z=3. Modern
mass disks at z=27?

o Vanauons within NLR efi individual AGN, and detailed comparisons
off many. AGNL Testing standard paradigm.

o Evoelutionany (er noet) linkages hetween ULIRGS, Quasars and
nemmal galaxies.
o Eormauien eirhulges and tie terceniral black hele:
o Central velecity dispersionsiiniiecal galaxies.
* Bulge fermationitied 1o quasal epechi?
s Jiest new CDMimedels; ol galaxy fienmatien.

24



KPAQO astrophysical example

o Gravitational lensing
o Spectroscopy ofi “dark ages” galaxies through gravitational
amplification and higher sensitivity in visible.

o E.g. arc in Abell 2218 observed with HST&Keck
6.6 <z < 7.1, gravitational amplification ~ 25.

o Can even probe morphelegy and dynamics

o [ ancs are resolved, possible te disentangle arc like: structures
by medeling deflecting potentiall

o Reconstruct image of galaxy.

o Viany:early galaxies have venimegular shapes, proking E=U\V.
(5010 L00nm rest frame wavelengin)

o HSIFrview o CIL13585 62

22



KPAO astrophysical example

...

Gravitatibnally Lensed Image of Highest Redshift Galaxy HST

PRC97-25 « ST Scl OPQ = July 30, 1997 WFPC2
M. Franx (Kapteyn Astronomical Institute), G. lllingworth (Lick Observatory) and NASA




KPAQO astrophysical example

 Only included to stimulate imagination

 However, real strategic choices will have to be made soon:\WWhat
(kind! of) iInstrument(s) will this feed?
« Visible or IR
o \Whichiwavelengthirange, size of the field, with what spatial sampling?
* |Imaging and/or SpPEeCLOSCopY.

o Dedicated Distant quasar imager and ranger?

o Near IRIOSIRIS:ke |ES ier nearby AGNS, and z=2 evolution
SCenarios

o |pstrument should ve par KPAO design (andi Vice Versa) se
reguirements are not unduly limited by elnher one.

24



KPAO astrophysical example

Only included to stimulate imagination

But real science cases will come out of the talented and
resourceful astronomers of UC/Caltech communities.

s AOWG res iU
s KPAO SEI

m
C‘ —
m

leam.

N
Qi



Program & Technical Update

e Goal: produce a well developed proposal by early

2006 to seek external funding to build KPAO.
Observatory funding at 1.5 ftes in FY05 & 0.5 in FY06

o This will reguire:
well developed reguirements,

a sufficiently’ developed design te have confidence the reguirements
can be met,

a credible budget and schedule;
appropriaie review: & approvall

26



KPAO Progress to Date (FY05)

Status of major WBS elements:

1. Science case & reguirements (10% complete)
» Draft science case document prepared for community input
o« SSC working on setting up a KPAO science team

2. Performance prediction (75% complete)

¢ Simulations of 120 & 180 nm systems, including| vibration &
segmented telescope errors, IR backgroeund calculations, & Na laser
return; (Including saturation)

3. System design (10% complete)

o A0 hench opticalldesign begun
4. External proposal
5. Management plan meluding cost/schedule

Task Name Duration

KPAD system design year one 352 days

“ Milestones 352 days

15 KPAQ science case and requirements 180 days

12 KPAOQ performance 169 days
KPAQ system design 328 days

Mon 10/4:04
Mon 10/4/04
Mon 10/4/04
Mon 12/6/04
Mon 10/4:04
Thu 9722105

ther Jauary October
Finish — [10/17 | 1142 110 BRGNS | T4 L BB D102 | 1A 12

Tue 211406 —_
Tue 2114/06 — ; a

Fri 6/17.05
Tue 8/2:05
Wed 1/11106
Tue 2/14/06

=

o5 proposa + Hays
KPAQ | 1044
10

KPAQ management 3N days

Mon 10/4,04

Mon 1/2/06



KPAO Simulation Screen Shot

4 ( 9872,4002, 0,0000)

0.3746)

100

Wed Jun 22
9:16 AM
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Keck specific simulation inputs

Segment phase errors Vibration spectrum

PSD {nm®/Hz)
a
L




Sample KPAO Wavefront Error Budget

Error Type Simulation parameters Simulation parameters

Fitting Error 65 54 700 act (32x32) 1300 act (40x40)
Servo Error 45 35 | 1000 Hz 1500 Hz
Measurement Error (noise) 40 20 W (CW), le- CCD

S0



Summary

e |Important to develop science reguirements as
part of the conceptual design process.
o Therefore desire more community: Invelvement.

o Performance analysis toels in place to do
science/technical trade studies.

o Emphasis soon te switeh te; system design
ISSUES.

Sill
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