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e Infroduction: Detectors in X-Ray Astronomy.

e The EXIST Mission:
— Science.
— Technical Design.
— Technical Challenges.

e SuMmary.
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Detectors In X-ray Astronomy
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Detectors In X-ray Asfronomy

Soft X-ray Astronomy (0.1-10 keV)
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Detectors In X-ray Astronomy

Soft X-ray Astronomy (0.1-10 keV)
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Detectors In X-ray Asfronomy

Soft X-ray Astronomy (0.1-10 keV)
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Hard X-ray Astfronomy

Hard X-ray Astronomy (20 keV-200 keV)
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Hard X-ray Astronomy

Hard X-ray Astronomy (20 keV-200 keV)
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Hard X-ray Astronomy

Hard X-ray Astronomy (20 keV-200 keV)
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Hard X-ray Astronomy

Hard X-ray Astronomy (20 keV-200 keV)
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NASA'’s Beyond Einstein Program

Soft X-rays:
What powered

the Big Bang?

What happens g#

at the edge of &
a black hole?
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Hard X-rays:

Black Hole
Finder Probe



The EXIST Mission

High-Energy Telescopes
—  HET (10-400 keV)

(19 Coded aperture
telescopes, 154°x65° FoV)

Low-Energy Telescopes
LET (3-30 keV)

(32 Coded aperture
telescopes, 160°x64" FoV)

Energetic X-ray Imaging Survey Telescope



EXIST Science: Primary Objectives: Black
Hole Science

Survey <all> Supermassive Black Holes in the z=1...2 range in
galaxies to constrain their properties, their role in galaxy evolution,
the origin of the Cosmic X-ray background, and the accretion
luminosity of the Universe.

GRBs from z = 7-10: birth of 1st Black Holes & cosmological probes.

Supermassive Black Holes masses & spins from timing & spectra.

Monitor and measure stellar and intermediate Black Holes in the
Galaxy and Local Group to Constrain Black Hole Formation and
Evolution.



Taking a Black Hole Census

EXIST measures Cen-A every orbit:
characteristic time variability (QPOs)
constrain BH mass and spin.

ESO




Dormant SMBHs revealed by Tidal disruption of stars

Tidal disruption of stars spiraling into
Dormant SMBHs with mass ~107 M

If 1% of Ly iIn HX band, ~10-
events/year/Mpc3 allow EXIST to
see ~10-30 flares/yr out to
~200Mpc (Grindlay 2004).

Artists conception of tidal disruption of star
in RXJ1242-1119 detected with ROSAT (1991) and
confirmed with Chandra (Komossa et al 2004).

Possible soft (~5keV) prompt (~1d) burst detectable out to
~100 Mpc directly with EXIST LET.



Gamma-Ray Bursts

Observations of 1000's of GRB with high sensitivity to explore high z universe.
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EXIST Mission Design Parameters

Zenith

Nod direction, . scan
(+/-15° ea. ~1émin) e Zenith pointer - scanning &
Orbit nodding for ~full-sky
Normal coverage each orbit
® (25min)
Orbital scan * 19 coded aperture HE
direction telescopes (6m? CZT)
(orbital
velocity e 32 coded aperture LE
vector) telescopes (1.3m?2 Si)

* Mass, power, telemetry:
9500kg, 3kW, 3Mbps

e Mission lifetime: 5 years




Parameters for EXIST configuration

Parameters EXIST HET EXIST LET
Energy 10 — 600 keV 4 - 30 keV
Modules 7+5+7=19 6+10+10+6=32
Mask (W) Smm thick, 2.5 mm pix 0.06mm thick, 0.2mm pix.
Detector 5mm thick, 1.25mm pix CZT Imm thick, 160pum strip Si

Det. Area (Mod./Tot.)
F.C. FoV (Mod./Tot.)
Ang. Res./50 Loc.
Mask-Det. Sep.

Temporal Res.

Shields

Sensitivity
(50)

56x56 cm? / 5.96 m2
21°x21° / 65° x 154°
5.7/ 1.2
1.5m

<1ms

Csl/passive side,
Csl rear shields

0.05mCrab (<150 keV, ~1yr)
0.5mCrab (>150 keV, ~1yr)

20x20cm?/ 1.28 m?2
16° x16° / (32°-64°) x 160°
0.95/ 11”7
0.72m

<1ms

Passive

0.05MmCrab




The High-Energy Telescopes




EXIST Technology: CZT Detectors
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CIZT Detectors: Peculiarities

Anode _200 V Ut ~5x107 cm® V'
O V)

ut, ~5x10° cm® V!

Soto et al. 2005
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CZIT Detectors: Quality Control

20) 1) : { ¢ 3.1)
1® 3 C 5 mum 0.5 mm
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I mm

Jung et al. 2007



EXIST Technology: Detector Readout and
On-Board Processing

e Large number of detectors:
- 14,896 detectors (0.5x2x2 cm3), 3.8 million readout channels.

e ASIC readout:

- Sparse readout including next-neighbors.

- Low power: <100uW per channel ASICs.

- 29,792 ASICs: high yield and and rapid testing required.
- Several megapixel event-driven CZT array controller.

e On-board processing algorithms

- Smart algorithms for onboard first-pass processing needed for
flare recognition.

- Processing challenge: backprojection with large number of
mask and detector pixels.



EXIST Detector Packaging

Detector Crystal Unit (DCU)
Crystal (2x2 cm?)

(with Interposer Board?)
+ 2 x 128 channel ASIC
(with micro-via tech?)

Detector Crystal
Array (DCA)
2x4 DCUs (4x8 cm?2)
+ FPGA Board

Detector Module (DM)
1x7 DCAs (8x28 cm?) o
+ FPGA Board sy J

Each Tel Module
2x7 DMs (56x56 cm?2)
& Passive shields




ProtoEXIST: Balloon borne Hard X-ray Survey Telescope

* Pathfinder for Energetic X-ray Imaging
Survey Telescope (EXIST) : Black Hole Finder
Probe wunder NASA Beyond Einstein

Program)

e Building a large area CIT detector with
small pixels, covering 10 - 600 keV

ProtoEXIST1 ~ 1000 cm2 (2.5 mm pixel)
ProtoEXIST2 ~ > 256 cm2(1.25 mm pixel)

EXIST ~ 6 — 8 m2 (1.25 mm pixel)




ProtoEXIST Detector Packaging

CZT (8x8 pix)
0.5x2x2 cm3

Board P 28
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RadNet
ASIC (64 ch.) O

Detector Crystal Unit
(DCU: 4 cm?)

Detector Crystal Array
(DCA: 32 cm?)




The LET and HET Telescopes




LET Integration

Detector Crystal Unit (DCU)

= Si crystal (2x2 cm?),
+ custom readout chip

Detector Crystal Array (DCA) LET Detector g
= 2x5 DCUs (4x10 cm?) =32 STDP (1.3 m?)

=

Detector Module (DM) Sub-Tel Det. Plane (STDP)
= 1x5 DCAs (10x20 cm?) = 2x5 DMs (20x20 cm?)



Hybrid Detectors

semiconductor
sensor chip

flip-chip
bump bonding ;-
connections "

single pixel

CMOS pixel
ug read-out cell

read-out chip

- Every pixel has own
amplifier (low noise).

- Low power with high
time resolution.

- Excellent high energy
response via use of thick
sensors.

* Hybrid detectors use CMQOS readout chips similar to those in IR
cameras, but modified for detection of single X-ray photon:s.
e Transistor level pixel design and simulation has been completed with U.

lowa funding.

e Design meets power and noise goals. Advanced sparse readout
scheme enables event time tagging to 100 mes.
e Prototype silicon sensor fabricated (1 mm thick).



DEPFET Detectors
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 DEPFET detectors under development at the Max Plank Institute
Semiconductor Laboratory (HLL) for XEUS and particle physics
experiments.

e First 64x64 pixel prototypes in 2004, now in second generation for
improved speed and power (delivery early 2007).

e |f second generation performs as expected would need only
straight-forward design modifications to meet EXIST requirements



Summary

e EXIST:

— Will survey the hard X-ray sky every 25min.
— Uses coded aperture imaging in the 3-600 keV
energy range.
e Key technologies:
— C/T Detectors.
— Low power ASICs.
— Packaging of CZT detectors and ASICs.

— Fast on-board processing of data for the
detection of fransients.



