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Instrument studies




Instrument Assessment Studies

> Instrument studies parallel to industrial phase 0/A (assessment) studies
» Study Schedule (following call for DOI Q2/2009):

= Kick off in Aug 2009

= Reviews in Dec 2009 and March 2010

= [nstrument Preliminary Requirements Review and Technology
Readiness Review (July 2010)

» Financed through member states

> Purpose:
= advance the instrument definitions to the same level as S/C
= |dentify and reduce development risks

= Prepare for Announcement of Opportunity (>Q2/2011)
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Study outputs

Study outputs (July 2010):

Instrument baseline design To be included in
IXO assessment study

documentation package
Trade-off(s) report for review and down selection
end 2010 beginning 2011

Consolidated interface requirements

Instrument development plan

Instrument programmatic and cost estimates

Instrument technology assessment report (TRL justification)

vV V V VYV VYV V VY

Instrument technology development plan (TRL 5 required before
mission implementation phase).
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Model Payload
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|IXO Science Requi

rements

Mirror Effective
Area

3 m2 @1.25 keV

Black hole evolution, large scale structure, cosmic

0.65 m? @ 6 keV with a goal of 1 m?

feedback,

150 cm? @ 30 keV with a goal of 350 cm?

Microcalorimeter Arrays

ity

Spectral Resoluti

Z

(FWHM)

~AE = 2.5 eV within 2’ x 2’ (0.3 — 7 keV)

E/AE = 3000 (0.3-1 keV) with an area of 1,000 cm? an

—
<
<

~gealaf3000 cm? for point sources
AE = 1 keV within 8’ x 8’ (10 — 40 keV)

Wide Field Imager

Large scale structure

W Gratings

-

of background AGN

High energy Imager

Angular Resolution

<5” HPD (0.1 - 7 keV)

Large scale structure, cosmic feedback, black hole

30” HPD (7 - 40 keV); goal of 5”

High Time Resolution Spectrometer

pd

Count Rate 1 Crab with >90% throughput. Stri .
- Polarimeter
AE <150 eV @ 6 keV (0.1 — 15 keV) >
—
/
Polarimetry <—__[ 1% MDP on 1 mCrab,100 ksec, 30, 2 - 6 keV > AGN geometry, strong gravity
Astrometry 1 arcsec at 30 confidence Black hole evolution

Absolute Timing

100 psec

Neutron star studies
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IXO Model Payload

6 instruments: ————» 8 Assessment Studies
in response to call for DOI

» X-ray Grating Spectrometer —T— CAT XGS — MIT* (US)
——» OP XGS - OU* (UK)

> X-ray Microcalorimeter » XMS - SRON* (NL)
- MIS XMS — CEA* (F)

» Wide-Field Imager —— WFI - MPI* (G)

» Hard-X-ray Imager —————»  HXI-ISAS/JAXA* (J)

» High-Time Resolution HTRS — CESR* (F)

Spectrometer
» X-ray Polarimeter ————  XPOL - INFN* (I)

* Study lead institute
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CAT-XGS Key Technology

Grating bar
cross sechon
[drawn 1o scala)

e Effective area 2 1000 cm? (0.3 keV < E < 1.0 keV) Ll
e Spectral resolution R = A/A\ = 3000 '

——— X-fay

e Critical-angle transmission (CAT) gratings:

* high efficiency, low mass, relaxed alignment

—

Eéur'n

and figure tolerances, polarization insensitivity Scanning Electan

. .. Micrographs
* Blazing eliminates need for camera on both of Grating Cross

Sections (to scale)

sides of focus. |

HETG Gold Transmission

* Gratings highly transparent at higher E. Srathy (~rende) i
0.55 :
» CCD Camera: detection + order sorting uﬁ!m“ sl i i

200 nm
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OP-XGS Technology

e Off-Plane Gratings

mulivie onders o
e 4 grating assemblies project 4 separate spectra —> \
e relaxed alignment
e Inherent redundancy against CCD loss Z”"C -
* No loss across CCD gaps
e Zero order monitoring possible
e CCD and camera technology based on XMM RGS =—
and EPIC heritage J 11

Off-plane grating amray Telescope focus

BRI FOPHH MM N
N L %

P
s

R e
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OP-XGS Instrument configuration

e Gratings: 4 identical modules held in position on a 5.16m tower
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XMS Key Technology

E=0.3-12 keV
AE= 2.5 eV (2'x2’) & 10 eV (5’x5’)

e Micro-calorimeters (~2000):

e Transition Edge Sensors (~*100mK)
e multiplexed SQUID read-out (32:1)

e TDM, FDM, CDM
e cryo-cooling to 45mK (10 years)
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XMS Instrument Configuration

Filter wheel

R — Detector Detector
—— electronics shielding
— 0 |
Detector S| N s "4 v
> E e DE EP d
| etector
soui e o i
MuxXx PSU
ADR cocler
|--dm-ard-
ADR ] LU
SWR
-1 Anti-co
Joubs caoler
Thomson diver 3 Instrument
controller
Stirling -u?iu-:rat? ]
Cooler e ] POU
J ) JE= SQUIDs
v POUsPower Distribution Linit

cryostat Cooler drive

electronics
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XMS — MIS KeyTechnoIogy 7732-59 Fri AM

Metal — Insulator- Semiconductor microcalorimeters:
e Ta absorbers + implanted Si sensors

e 64x64 pixels with Pixel Size = 500pum

e AE~2.5eV (TBC) over 6’x6’ FoV

e Suzaku XRS and Herschel PACS heritage

Proximity electronics (2.5/4K):
e HEMT

e SiGe ASICs

e 32:1 MUX

e @Wﬁ@@

vG3 ey

- SPIE San Diego, July 2010 7732-48



International X-ray Observatory [ [2<X(J]

XMS — MIS Instrument Configuration

Focal Plan Assembly :

300mK Common Structure

140

‘ FPA Electrical IF

Four Quadrants J

Volume®~ 200x200x160 mm?3
Mass ~4.4kg

P<0.9 uW @50mK
' 2.5 K Optical Filter I/F

300mK Optical Filter I/F

300mK Strap
Optical Baffling

300mK Strap

-

2.5K Optical Baffling

FPA 50mK Strap I/F

4

Focal Plan Assembly >
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WEFI Key technology

e E=0.3-15 keV e 450um fully depleted Si

e FoV =18’ * Monolithic wafer-scale
integration on a 6” wafer

e Pixel size 100x100 pm?

Active Pixel Sensor Array using e Array: 1024 x 1024 pixels

DePFET Pixels
— 0,128 X512 P ) = s
f ‘
L i — 00pm x 100um eac h e
T ) 75 IXO WFI FoV £

18' @ f=20m
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WEFI — HXI Configuration

HXI mounted co-aligned with WFI
(Simbol-X heritage)

HXI <30 mm out of focus

WFI: T=-60°C

HXI: T=-40°C

WHI

“transparent” APS

soft X-ray —_ { — hard X-ray

Si Strip Detector

CdTe strip detector BGO active shield

18
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HXI Instrument Technology

2x Double-sided Si Strip Detector

E=10-40 keV
FoV 8’'x8’

Si and CdTe strip detectors
e 5x5cm
e ASTRO-H and Simbol-X
heritage
e BGO shield technology
with APD readout

Double-sided Strip CdTe Detector
19
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Silicon Drift Detectors (SDDs):

International X-ray Observatory [ [2<X(J]

HTRS key technology

field strips |

E=0.3-15 keV
Count rate up to 2 Mcounts/s

i 0
n- silicon oy electrons

small capacitance and integrated FET:

=» high count rate and moderate
spectroscopy applications

out of focus (~-12 cm) for uniform
illumination over whole detector
(28mmQ)

31 detectors
T =-40°C

p+ back contact

SPIE San Diego, July 2010 7732-48



HTRS configuration

The focal plane The detector unit

assembly

SDD array

Double row bearing
(pre stressed)

—>

Ring to adjust the
clearance / gears.

Bearing end cap

Courtesy Franck Cadoux & Stéphane Paltani21
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XPOL key technology

gﬂ]ﬂz

e 19 Min.Det. Pol. (30, 1mCrab, 10°s) = 9

80 E,_ 20%He-80%DME
e E=2-10 keV -mé_ 2.6 keV - (%) = 26.14+1.38 -

o
Gas pixel detector (GPD): 3 i
* Polarization direction derived from 30F- »

= « - MC data
photoelectron track in gas j:_ : ==l I

* imaged by a finely subdivided anode R Ry LeayeyER! }E ' 'éﬂ;'ﬂ'
* 15x15mm v
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XPOL configuration

» Focal Plane Assembly (FPA)

— GPD and Filter Wheel assembly (GPD+FW)

— Back End Electronics unit (BEE)

electrostatic grid

/ BEE pre-baffle
Ae{ motor

polarized source

lX-rays

calib sourcel

Stepper motor

Electrostatic grid
Pre-baffle

Polarized X-ray Collimator

source

Be window

GPD+FW

L0
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Accommodation on S/C




Instrument Accommodation on S/C

» Instrument platform is on extendable bench, deployed after launch
» Single aperture mirror concept requires a movable platform to place
the relevant on-axis instrument in focus, and a fixed platform for XGS
» Translation and focus adjustment
» Instrument platform requires metrology to measure its precise
position wrt X-ray beam to:
» Maintain image quality (5”)
» Accurately reconstruct pointing (1”)
» Baffles for stray light (X-ray, UV/VIS) suppression
» Magnetic diverters for deflection of ‘focussed’ charged particle away
from detectors (but respecting magnetic field reqs of the instruments)
» distance requirements for electronic boxes
» Temperature requirements for detectors + cryocooler for XMS

25
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TAS Instrument platform concept

_________
Ty

SPIE San Diego, July 2010 7732-48



International X-ray Observatory [ [2<X(J]

ASU Instrument platform concept

Reflective Baffle

Sunshield / XMS Radiator
20-layer MLI @ 80K
with Kapton surface Thermal-isolating

high (c/e) mounts

HXI Radiator
@223K
Thermal-isolating
mounts

WFI Radiator
— @195 K
Thermal-isolating
mounts

Main Radiator
Surfaces -
White-painted surface
Aluminium honeycomb panels =
with embedded heat-pipes

Tgafngm . Operating ~ 300 K
-flocus
: i Reflective
Surface Finish
Fl P (l HTRS Radiator on inside surface
@243 K z
Baffle "I"‘h::'r‘lzl-isolaﬁng X \T

Support
Struts

HXIl Camera

XIM PCU
| XMS Boxes

WFI Boxes XMS Instrument

WFI Camera

XGS Camera

XPOL Camera
—— (S Boxes
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ASU cryochain concept for XMS

e Last stage cooler (45 mK):
dADR or HSC/ADR

e 2K He3 J-T coolers (2x, warm red.)
e 10K Stirling coolers (3x, warm red.)
e 80 K radiator

e Cryostat at 300K

Resources:

- Mass: 297 kg

- Power:
- operation: 767 W (worst case)
- recycling: 1203W

28
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TAS cryochain concept for XMS

Redounded CCDR 3He e Last stage cooler (45 mK):
sorption compressors . .
+ 1.7TK cooler components Closed Cycle dllutlon

refrigerator (2x, cold red.)

for ADRSorption e 4K He4 J-T coolers (2x, warm red.)
e 15K PT coolers (2x, warm red.)
Vi T L 50K PT coolers (3x, warm red.)

T LEES (2 * Cryostat at 300K

15K PT Cold Fingers :
+ Compressors

N Resources:
| - Mass: 257 kg

4K shield

LI
B e : Moveable Platform |
— - Power: 763 W

- dimensions: ¥70x92 cm

120K Shield

Detector Assembly

-

Cryostat Vacuum Vessel (CVV)

29
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Accommodation issues

» Mass, Mass, Mass

» Pointing/alighment (deployment, stability)

» Accommodation on MIP (space, thermal)

» Cryogenics for XMS

» Straylight (external, p-meteorites, metrology system)

> Contamination

30
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Instrument Resources

WEFI/HXI in cal

instrument acronym | Mass (kg) | Power (W) | Data rate (kbps)
peak typical | Max
Wide Field Imager WFI 101 283 45 450
Hard X-ray Imager HXI 28 56 11 256
Cryogenic Spectrometer XMS 113 534 64 840
Cryo-chain 257/297 763/767 n/a n/a
Grating Spectrometer CAT-XGS 122 137 128 128
(1280)
OP-XGS 91 86 750
High Time Resolution Spectrometer | HTRS 30 145 840 840
Polarimeter X-POL 15 55 840 840
Total / Sizing case 666/704 | 1823/1827 W 968 kbit/s
kg XMS+XGS & XMS+XGS
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