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Swift and Astro-E2

New X/y-ray Astrophysical Satellites
to Start Observations in 2005

Kazuhiro Nakazawa (ISAS/JAXA)
on behalf of Swift-team and Astro-E2 team
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Swift Mission Astro-E2 Mission

2004/11/20 launched 2005-summer to be launched

weight 1.5t weight 1.71
NASA-international ISAS/JAXA-international
Gamma-ray burst explorer X-ray Observatory

Wide-band and finest

“Catching GRB on the fly” spectrometer for X-ray astronomy

Both will start operation in 2005
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1: The Swift Mission

together with Tad.Takahashi, M.Tashiro, M.Kokubun,
G.Sato, M.Suzuki, T.Mitani, H.Takahashi, Y.Okada, H.Ozawa,
S.Watanabe, M.Sugiho
and Swift-team members
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The Swift Mission

Revolution in GRB observation

Bust Alert Telescope

Wide FOV (2 str),
15-150 keV band imager
locates BST with 1’ accuracy

X-ray Telescope

Narrow FOV, X-ray imager
locates BST/afterglow Spacecraft
with ~2” accuracy

: Swift automatically maneuvers
UV and Optical Telescope ;¢\ "o BST within ~100 s.

Narrow FOV, UV and Op imager ALL data is public immediately

locates afterglow with ~2” PSF to invoke best followups
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Key Points of Swift

High sensitivity and wide field of view to locate as much as
100 GRB/yr (currently 20 GRBs / 90 days = 82 GRBs/yr)

Not only locate, but also carries out automatic follow-up
observations for GRB

Broad-band follow up

- BAT: 15-200 keV

- XRT: 0.5-10 keV

« UV and Optical

» All data is open to anyone, immediately

Rapid GRB naotifications via GCN

In addition, a (nearly) all -sky hard X-ray image will be
obtained (~1 mCrab sensitivity)
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Swift Performance

How to track GRB, prompt emission and afterglows
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XRT

XT in Thermal-Vacuum Test

- Location accuracy is ~2”
- TEC power was lost
shortly after launch

currently by passive cooling

-70 ~ -50 C, depending on
satellite attitude and mode

- Below -50 C, CCD works well
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Telescope

3.5 Wolter I, 12 shells

Telescope PSF

18 arcsec FWHM (@ 1.5 keV

Position Accuracy

2.5 arcseconds (2 sigma)

Field of View

23.6 x 23.6 arcminutes

JET-X mirror and XMM-Mos CCD
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Telescope 30 cm Ritchie-Cretien
astallation of UVOT @ Telescope PSF 2 arcsec FWHM @ 350 nm
onto Swift S/C - Position Accuracy |0.3 arcseconds (2 sigma)
I _, Field of View 17 x 17 arcminutes

XMM Optical Monitor
Backup

bleasured transmission of the {MM-0M fillers
I T g
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Given an mB = 24 source with a spectrum like an AO star,
NASA the signal-to-noise ratio is 4.3 in 1000 s.
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Burst Alert Telescope
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Radiator Power
BAT Detector Array Supply. Bax
» CZT detectors x 32,768
( 5200 cm? in total ) = Japan Swift hardware team
> 100degx60deg (~2str) Is contributing to evaluation and
. calibration of BAT CZT responses.
» XA-1 chip read out

» Ramdum mask with 54,000 Pb plates
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BAT Response generator

32k parameters of BAT ground Cal data
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GRB Detection and Notice Scheme
After GRB detection

— BAT GRB location (~2 arcmin)

—TDRSS—operation center —GCN
Satellite Slew —GRB Pointing

— XRT imaging and locating (~2 arcmin)

— GRB spec, image, light curve to ground

— UVOT image (~0.3 arcsec)

— XRT spectrum
d Malidi Ground Station hoite Sands Complex

— All data down link to Malindi station an
(Kenya)

archive GCN&community

Follow up observation starts immediately
-Swift follow-up team coordinated by Kevin Hurley
-All the other is encouraged to join
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SwifT Quick—look interface

HEASARC HOME SWIFT HOME m DATA AHALYSIS PROPOSALS & TOOLS EDUCATION & PUBLIC INFO

U.S. s
“Fil

ltalian 5 l e

UK 5 ‘Directory
m SCHEDULES & S tocione | oo o L -Everything

Swift Quick-Look Data

=~

Download a tar file

Fri Sep 3 17:19:23 2004 GMT

Instructions:

== Capability to select :

L3

Safe Hold - Sequence: 00000000403 Version: 003
. Click on a sequence numberto access data for that sequence.

. Click on a column header to sort the tahle by that calumn.

. Rows with a gray backaground have heen replaced by a mare recent o4
. After one week the data are archived at HEASARC, ISAC 3 FOC and rermoved frorm this 1S you nave the following download options:

@ Autarnatically unpack the data using a Java applet
) Download a tar file.

This pacge contains encrepted data
You have registered the correct password/encryption key

Observed Processed Comin Select files below, then click this butten to dewnload the data:
— | Download
Safe Hold |2004-08-28T03:52:58 |2004-08-29 new data: moc2004
Safe Pointing 1 2005-12-19T15:59:05 2004-08-15 |new data; moc2004
00000001322 001 Safe Pointing 1 2004-08-26T01:01:08 [2004-08-26 |new data: moc200: - Daux
— [[] sw0000000403 003 job.par ASCI 2 kB {level 1 Joh parameter file
00000002273 061 Safe Pointing 2 |2005-12-19T16:33:27 [2004-08-15 new data: moc200¢4 [] swOU000DD103 003 process.ar ASCI 3 kB {ievel 1) Processing parameter file

0o0o0goo0229s 001 Safe Pointing 2 2004-08-25T22:52:27 |2004-08-26 new data: moc200¢4 [ sw00000000403 input.cat ARSI L

CJAll Files

e : T ] sw00000000403 tape.cat FITS 2 KB {level 1) FITS formattape contents
00000003306 001 Safe Painting 3 2004-08-26TO0:29:58 2004-08-26 new data: moc200:4 L
[ sw00000000403pcs.txt ASCII 1 kB (level 1) Site independant checksum file
00000004323 004 Safe Pointino 4 12004-08-25T01:14:36 |2004-08-26 |new data: moc200:£ ] sw00000000403stifits FITS 2 kB {evel 1) UTE corrections file
. Oleg

[[] sw00000000403birtiml HTWL 1 kB {level 1) HTML exposure report
[[] sw00000000403peritinl HTML 1 kB {level 1) HTML processing error index

hTTp://SwifT.QSfC.nGSG.QOV/Cgi"bin/SdC/ql? [] sw00000000403pfilitnl  HTML 1 kB {level 1) HTML file list

[] swi00000000403pin.itml HTML 1 kB {level 1) HTML Processing index

BA Training documents
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wift archive interface

HEASARC HOME | SWIFTHOME | ARCHIVE | DATA ANALYSIS PROPOSALS & TOOLS EDUCATION & PUBLIC INFO
, - ~ _—

U.S. site

Swift Archive Help
halian site GRB Name Coordinate Resobver:

Ui e II Bursts .E Select Year ¥ e

B will fill in target id or coordinates below.
arch o continue to fill in search critetia

RELATF™ ., c5S

tTr Latest
Browse Home Browse: Swift Mission Archive| HEEF News
Swit Archive Help S Arche Hel
HEASARC GRB Name Coordinate Resolver:
GRE oordinate Resober TS .
e s All Bursts ~ || Select Year v _
1992 b > Selecting a GRE or coordinates helow, W
Cluick Search ; Sl i o
Click Quick 2 b il i erit
Selecting a GRBwill TN target id or coordinates belaw. . LidcLidey Dn seArEn ere
Click Quick Search or continue to fill in search criteria. P4
¢“
.
®
[ Reset l [ Start Search | Querythe SWIFT tables using pararmeters set below “‘
.
. :
Target i (e.0. 100001) R NV“
- s J Dt i - Instruct Home|
Observation Dates: VAY-MM-DD hiram:ss of MID: EDQBD dad 8 e =
The time portion of the date is optional. Separate multlplgd&ﬂes!ranges wiith
semicalong (. ‘ Note: Inventory request completed
Range operatoris . (2.9, 1992-12-31; 4598 5-‘@5-01-1 512:00:00; 1997-03-
20..2000-10-18) RA Dec  Size
10423648 +34 18388025
Object Name Or Coordinates: 160 552, 34.308 J2000 v
{e.g. Cya -1 0r12 0000, 4 12 69 Use semi-colons ¢ to separate multiple object L1 Gheck Al
narmes or coordinate pairs (e.g. Cyg ¥-2; 12.235, 15.345) e i iR el
- Optical  []pss15v Cpsst [p&s2 [osasza [Cossar
Search Radius: Default arcmin ] Default uses the optimurm radius for Infrared ] amass-H [ 2mass-k [ zmass-4 [ zmass aLi2ay
each catalog searched. Radio  [JFIRST Onwss [CwENSS O MEDiZY
Xray [JrassB
Select one or more tables helow. Click table name to go directly to Table Gisaralions (VOTabiE
Parameter Search Form
Xray [JRroBAT( [JrosPUBLE )
Observation Logs: D Objects (/OTable)
#RT Log 4
Master Log [] BAT Log [J UvOT Lo Surveys  []5C1(38) [ esc2 2i283) [Jusmo-a2 0 COS(440)
Galades [CJPGC1) CIMBGY Crcai Ouecy CImcedy
O] TDRSS Log
Source Catalogs: [ sy stars  [JHIP(1) [IE=LYelin] [Clacsoon.a04 Casce-28015 CIHDey
) Swift Gammma-ray Bursts Catalod Misc. [JrapiomsT76) []Radio Catalogs116) [[]CEDAGZ) [ z2mrss-PecicDEN245) [TYCHO-2011)
[ Analyze datain Aladin ]
Start Search | Querythe SWIFT tables using parameters set above |__Analhzedatain0ASIS |
[ Download selected data ]

< i M0 Search (coordinate search only) i >
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Power Law Index (from 15—195 keV pegpwriw flt)
error In sigma
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GRB 041223 X-ray afterglow

David Borrows et al. ApJL in press
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Fig. 2.— J-band image of the GRBOAL22S alterglow. The erroe cieeles from the initial and
final XET positions are indicabed. The hnal X-ray position is 1.1 areseconds from the N1

alterglow. The three civeled stars were wsed For fluy calibration of the J-band data.
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Swift is currently in Calibration phase
The telescopes are NOT FULLY
operational (except BAT)

BAT:
Currently 20 GRBs with BAT locations
1 short burst, 19 long burst

XRT:

O slews, 6 detections NOT FULLY OPERATIONAL!!

HANDLE THIS STATISTICS

UVOT:
WITH CARE

6 slews, 1 merginal detection

Swift Will be Fully Ready and Open
by 5th April
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2. The Astro-E2 Mission

together with Tae Furusho and Astro-E2 team
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The Astro-E2 Mission

Astro-E2 is a powerful X-ray observatory developed by
Japan (ISAS/JAXA) together with US (NASA/GSFC).

* High X-ray spectral resolution at 0.5-10
keV, where bulk of the lines from
abundant elements exist (O - Ni)

* Non-dispersive spectrometers enable
imaging spectroscopy of extended
sources

» Large collecting area for high sensitivity

» Very large bandwidth to enable disentangling
complex, multi-component spectra

Introducing New Physics in high energy astrophysics
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The Astro-E2 Mission

energy
coverage

Image
sharpness y

Chandra 1999-
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The Spacecratft

XRS Dewar

XRS Dewar Weight : 1700 kg
Orbit altitude : 550 km
Orbital period : 96 min
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Astro-E2 Instruments

XRS XIS (x4)
X-ray Imaging Spectrometers
X-ray CCD cameras

Hard X-ray Detector
Si PIN + GSO Scintillator

10-40/30-600 keV

X-Ray Spectrometer
X-ray calorimeter

Band: 0.3 - 12 keV 0.2-12 keV
FOV: 29'x2.9’ 18’ x 18’ 34'x34°/14.5°x4.5°
N— —
——

with XRT (x5)

X-Ray Telescopes

Angular resolution ~2 arcmin
Large Area, Light Weight
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Energy
0 resolution
Al 5-6 eV @6keV

Number of channels
@

- ’ g\@. 2f H
6x6 array with 30 ch Ay IV VRN B O B

4 7 8

Operate at 60 mK AE improved
Expected lifetime is 2-3 years | from 12 eV to 6 eV!
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The XIS

XIS: X-ray CCD
Imaging spectroscopy

Front Hluminated CCD

Imaging Area

Expecting lowest
diffuse BGD among
X-ray CCDs on orbit

Framestore
SIRISTERY WIUS Teres
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and HXD

HXD: Well-type phoswitch g
detector + Si PIN

> Low background =

Detector Background Spectra

r | T 1 T ] actidetion Modal: | |
Eglar Minionum Sid flux
L {decey equilibrium)
. 1072 N i
B i B
s 0 :
iy POS{SAX) s
ﬂ L =0 Adl:.?t;.'z:; | 7
|
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~.. 10 =
In F ASTRO—E HXD -
BE— + S Smm
E IS j +Hw ASTRO-E HED
e L + (8O Emm) i 7
= + + H:
L e T 1
175 —|- mgasured befors launch =
- | 1 1 | I B | | | L L | -
10 20 a0 1040 200 S00

Energy [keV]
= normalized by atfectiva mraa



Flux {photons/s/keV/cm2}
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The Astro-E2 band pass and Sensitivity

Point source 5x5 arcmin diffuse source

AL F I I ] -
contininm zensitivity ]
(for peint source)

T T ]
contininum zensitivity ]
{for 5x5 rmin _ ]

diffuse source H g

AE/E = 0.5, 100 ks

AE/E = 0.5, 100 ks |

1079 Integral SPI - 105 | Integral SP1 .

Intagral IBI34

Intagral IBI34

1076 L

Flux {photons/s/keV/cm2}

“"F  XRS T e

Wide-band, good hard X-ray sensitivity,
and superior energy resolution with good area
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Abundance/CooIest gas in Galaxy Cluster
(Centaurus)

z=0.011, kT=1-3 keV, Z=1-2 solar

Strong emission lines— line intensity
Bright and complex core
2 or 3 temperature components?

- : Takahashi et al. In prep
S L ] T T T T T T T T T
s - | 1.57 keVFe_K | L |
R {E . ! ]
9 bR L | VTR l Ar Ca | 1
KE" ‘ _,'.Vl-r-w!‘. Fe_'JLJ)-Iﬁ ‘ b . -_ j : ,,,E total i
é S Complex Hl'f\.'-,ﬂuh.‘! ) ! ‘, ‘ E 1.57 keV |%
- - i1 ] ,;? | -
I 4 £ |
o % h _
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2 | . % H*‘l¥
D i—+“ T._,___,'.._- L
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Dynamics - Cluster Core (Perseus)

z=0.018, kT=4-6 keV, Z=0.5 solar

Brightest Fe-K line

Active gas motion — line broadening
Resonance scattering

Fabian et al. 2003 L No velocity dispersion expil
et Loromin radi [ 100 km/s (2.3 eV) ;ﬁ ~700re
"""""""""" [ 200 km/s (4.5 eV) P .

3 F . ; ! | 5

% Fe XXV % :=J‘ iy + ;l- I ;':i LT |7| :
g = 8 i [ L ST RS L L':qff ¥ ]
‘5« B ‘ bI" P E Il Wﬁf'h i ‘ i
4 § !! .!l !i:_ V i 1
: 8 i : 1l -

I - = |1 'ulrﬁjJ
f == 3
Wy | P i
845 % v gy G 6.6 6.62 6.64 6.66 668 67 67



normalized counts/sec/keV
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Cluster Merger -- turbulence and possible excess hard

A3667 X-ray

0.3

0.2

z=0.055,
keV,

KT=6-7
/=0.3s

cool gas
at v~14

)
olar
5 cloud moving

00 km/s
hift

o
— |ine 9
[
D |||||||||||||||||||||||||||||
6.2 6.25 6.3 6.35 6.4 6.45

channel energy (kev)

Abell 2319 Astro-E2 Simulation

data and Folded modsl
a2318_pin_100ks.fak a2319_gso_100ksa.fak a2318 xiz_100kse.fak
T T

w0t wdoo 01 1 10
T T T T T
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Coma cluster: hard excess
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Plasma Diagnostics

Line ratios give us physical parameters directly!
j/w : electron temperature
z/w: ionization level

Photons/cm? s keV

0.01

0.1

Energy (keV)

APEC v1.10
3 | ' ' v | 1 1
6 keV
FeXXV, XXIV
3 keV F°XX\I"'
6.8
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AGN and Compact Sources

Compton shoulder

1073

Photons/em® s keV
107°

1078

1077

1074

Obscured AGN (Ny=Re25)

I:'l T T TTIT T T 1117

Direct emission

Energy [leV]

Compton Shoulder with
Chandra HETG on GX301

Watanabe et al. ApJL 2004

' /

?‘~_$f7; |E%¢ :

i U Y

Reflected : % hT'

componen? = \\L‘ J['|| I‘

P i i i |§|||I ; i .‘I:-I'.‘M “Tlh—;
1 10 100

channel energy (keV)

Astro-E2 hosts an order of
magnitude improved AE
with larger effective area
around ~6 keV
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The Astro-E2 is in store, ready for launch
to be scheduled around this summer

Astro-E2 is a powerful
X-ray spectrometer

-high resolving power of 1000

-wide band pass of 0.2-600 keV
-less BGD compared to other _
X-ray missions for spectroscopy §

Astro-E2 PV phase continues for 6 month, and then AQO starts.
AO-2 will be announced after the PV phase so that everyone
can have a look in to the Astro-E2 unprecedented data
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Summary
Astro-E2 Mission

Gamma-ray burst explorer X-ray Observatory

Wide-band and finest

“Catching GRB on the fly”

spectrometer for X-ray astronomy

Active Years for X/Gamma-ray Astronomy is coming!!
Please join us, both are open to public



