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e R. Giacconi — Chmn

First SWG

e M. Weisskopf — Vice Chmn
e A. Opp (NASA HQ) — Ex Officio

e E. Boldt (GSFC)

e G. Clark (MIT)

e G. Garmire (CIT)

e R. Novick (Columbia)
e H. Tananbaum (SAQ)
e K. Pounds (Leicester)

S. Bowyer (UCB)

A. Davidsen (JHU)
B. Krasheur (Wisc)
S. Shulman (NRL)
A. Walker (Stanford)
J. Truemper (MPE)



Early Trades

e Moveable Mirror

e Focal Length

e Number of Mirrors

e Diameters of Mirrors
e Aspect Solution

e Calibration

e Payload



Concepts
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2" Decadal Survey - 1981

Major New Programs: Astronomy

#1: An Advanced X- \,, and fﬁt;gpﬁ‘gggs
Ray Astrophysics s evowmj
Facility (AXAF)

Report of the
Astronomy Survey
Committee




SN0 (1983): Selection (1985)

e ACIS — proposed 49 CCDs!
e HRC

o LETG

e HETG

e FPCS - Focal Plane Crystal Spectrometer
e Removed in 1988

e XRS — X-Ray Calorimeter Spectrometer
e AXAF-S - 1991
e ASTRO-E(2) -1993







The Advanced X-Ray Astrophysics Facility

h— T he firat X-ray astronomy experiment discovered that the B A c KGR O U N D ' N TO g H Ap p
| brightest X-ray source in the sky was an unexpected one:
The X-Ray Background e ot re
Everywhere we looked, we saw a diffuse X-ray background.
Today, almost 25 years later, we still do not know whether this FOCUS ENA BL! NG Ug TO
‘background glow has a truly diffuse component or is a T
consequence of looking at many distant X-ray sources with an out-
o e DETERMINE AND EXAMINE
by known kinds of X-ray saurces because there are not enough of

them and they do ot have the right spectral characteristics.

ITS COMPOSITION
profound discoveries. il
The AXAF

\F cameras will produce 10 times the detail seen in any
previous X-ray pictures and will be able to detedt sources 100 times
fainter. {f the X-ray background is due {o the cumulative effect of
many weak Indviduial sources, these will be evident in high-qualty
{ong-exposure AXAF images. These will have fo be new ypes o
Xeray sources or younger (more distani or fainter) versions of
categories that we know but with different characteristics in order to
produce the cortect X-ray specirum, I few sources appear in these
images, then much of he X-ray background must be truy diffuse in
crigi. 1 vidonc foravon anoiher now cas o bjct giing
the early stages of the Universe, or some combination. A!

s e s e specira will be & good indicator of the physical process
Eﬁﬂf’: s ;l"f,',,:' produces the X-ray background and will help us further e rstand
any unresofved component,
One result s certain; AXAF's abilty to probe the diffuse X-ray
background willlead to discoveries.

Sty oot
nowen objets acilye galariesand
quasars)can asglein much butnotal
ottt dituse X-roy ockyround. The
polsntaiterdiscovery hrois
‘uaranteed s one must uncover.
worolutionary

characterstice of known objects,

objocts, andiar
atruly difuse component.




€ gpace Station Appears

ll ORBITAL SERVICING GUARANTEES A LONG-LIVED B
AXAF MISSION AND MAXIMUM SCIENTIFIC RESULTS. [




“#%Technology Mirror Assembly

e Single mirror pair
e Scaled (2/3) Version of innermost mirrors

e 6-m focal length
e Allowed for testing in existing facility

e 0.41-m element length
e 0.42-m diameter
e Gold coated (baseline at the time)



%Tech nology
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.-ff‘;"‘x/Technology Mirror Assembly

e First delivery July 1985
e Second delivery Jan 1989

e Final results were great
e E.g. FWHM from 0.36" — 0.68"
e Encircled energy as predicted
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Predicted TMA Encircled Energy for MSFC Test, 1.49 keV

The curves are the best
estimate and plus or minus
one standard deviation.

Preliminary Encircled Energy Values
Not Corrected for Dead Time
Errors are Arbitrary 2 %

2 3
Radius, arc sec

Encirecled Energy Fraction

Predicted TMA Encircled Energy for MSFC Test, 1.49 keV

The curves are the best
estimate and plus or minus
one standard deviation.

Preliminary Encircled Energy Values
Not Corrected for Dead Time
Errors are Arbitrary 2 %
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~ Intermediate Milestones

e Initiate
purchase of
Mirror
blanks 1987




25" |ntermediate Milestones

e Prime contractor selection — 1988
e ‘New Start” - 1988
e Selection of the Science Center — 1991

e The “"VETA" program - 1991
e Verification Engineering Test Article



f;‘ =

= o VETA 1991

e P1/H1 — uncoated
and uncut

IIIII"‘

IE!J:‘!L * Needed Test Facility at least
one year earlier than
scheduled






STAGING & BUILDUP
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VETA - 1991

19 x 19 Scan with 0.010 Pinhole at nominal focus
File: 050991 /1000AL10579.scn
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Estimated Mirror Performance on Orbit
Facility Effects Removed Using Lucy Deconvolution of 19 x 19 Scan

Energy: 1.49 keV
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VETA

L D u St! Uncorrected for Dust Dust Corrected




AXAF

" up to 4 instruments
" 33,000 Ibs.

" low-Earth orbit

" 6 mirror pairs ,_f-—f'\

AXAF-I
* 2 instruments

* 11,000 Ibs.

* high-Earth orbit
* 4 mirror pairs

AXAF-$§
" 1 instrument
" 4,000 Ibs.

® Sun-synchronous orbit




Restructuring

e Servicing Disappears
e Assured by new orbit

e But benefits
e Efficiency
e Thermal
o Iridium

e Loss of two mirrors
e Ultimately “loss” of AXAF-S



Optics
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ACIS

LED Location

Spectroscopy Array

—FPAlignment Mirror
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e Focal Plane Instruments







we—  X-Ray Calibration
(1996-1997)







X-Ray Callibration
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4% X-Ray Calibration

3-D Sulace Plol of AXARHEC nage o @ Foinl Zource

H-ray Encrgy: 028 LoV




B
[
8
-
i
[
[
g
=]
=

Encircled Energy

HEMA /HRC-I On—axis PSF with Aspect Error
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Integration with the S/C

1998




“€0On to the Cape — Feb 1999






Chandra with Chandra




Launching - July 1999




The Launch

e Beyond the Sky
Words and Music by Judy Collins

“And we will fly beyond the sky
Beyond the stars beyond the heavens
Beyond the dawn we'll carry on
Until our dreams have all come true
To those who fly - we sing to you”




%" Three Launch Attempts

e Mon/Tue July 19/20

e Sensor spike hydrogen in the engine compartment

e \Wed/Thurs July 21/22

e Lightening In the vicinity

e Thurs/Fri July 22/23

e Third time Is a charm



¢ Before Launch Attempt 1




Launch
July 23 1999 @ 12:31 a.m. EDT
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2" Just Prior to Deployment
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¢ Deployment — The Movie



Deployed!







“Sitting in the Control Center

e e i e e
n N

Final Chandra orbit

IPS-1, 2

Initial
shuttle
" orbit

IUS-1, 2 IPS-3,4,5

NASA, TRW




o July 24
e July 25
e July 31
e August 5
e August 7

Burns

(Saturday)
(Sunday)
(Saturday)
)

(Saturday)



Door Openings

e July 26 - HRC Housing

e August 8 — ACIS Housing

e Had failed during ground test
e Needed to see a 70° reading
e 18° would indicate the seal was broken

Pulse 1 - no motion
Pulse 2 - 13°

Pulse 3 - 19.5°
Pulse 4 - 36°

Pulse 5 -71.5°



€ Door Openings (continued)

e August 11 — HRMA aft cover
e August 12 — HRMA forward cover
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Chandra First Light




The Nobel Pnze 2002




4-Year Symposium
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