1. Introduction

Emission Mapper (LEM) X-Ray Probe

J

The Line Emission Mapper (LEM) is
concept developed by SAO and NASA
review for a potential Phase-A study [1,

galaxy formation, including stellar and
flows of baryonic matter into and out of

« LEM will provide unprecedented insight into the physics of

a probe-class mission Au absorber

and is currently under
2].

black-hole feedback and
galaxies.

Development of the Microcalorimeter Array for the Line
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2. Transition-Edge Sensors and Hydras

 Transition edge sensors (TES) measure ° Hydra =

superconducting-to-normal transition.
« Uses SQUID based Time Division

heat from thermalization of an X-ray. e TES-to-absorber therma
« Superconducting film biased in different pulse shape for
Position determined from pulse rise-time.

Mo/Au TES _ Enables extremely large numbers of pixels without
O/RY Multiplexed (TDM) readout. commensurate increase in system complexity.

1 TES connected to multiple absorbers.

coupling tuned to give
nits in each absorber.

Photograph of full-scale prototype LEM detector with 14k pixels.

7. Full-Scale prototype LEM Arrays
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8. Resolution Budget

 Detailed resolution budget for both
single pixels and hydras established [3]
(see Table right).

« Detector is largest contribution followed
by readout noise.

« Impact of TDM readout noise and
measurement bandwidth on
energy/position resolution confirmed.

Predicted energy resolution contribution from TDM
readout noise (based on measured pixel SNR).

Total white noise floor (pA/NHz)
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Parameter
Detector 0.95 2.02
Readout 0.46 0.68
Aperture cylinder 0.16 0.49
Gain drift 0.41 0.45
Cross-talk 0.15 0.15
MXS centroiding 0.30 0.30
Other contributors 0.18 0.20
Current best estimate (CBE) 1.20 2.27
Unspecified margin 0.49 1.06
Total (CBE+margin) 1.30 2.50

Hydra position sensitivity verified with
appropriate TDM bandwidth and noise floor
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« 1st full-scale ‘high-fidelity’ LEM arrays
(14k pixels) now fabricated and will be

 Array has flight-like mechanical and

with flight focal-plane assembly).

Au absorbers on

e 6 black dots are
e 18 absorber support
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Test set-up for screening
high-fidelity arrays (Athena
array shown). Similar set-up
will be used for testing LEM
arrays.
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O. Plans for Continued Maturation

 Continued TRL-6 maturation plans include:
« Test arrays with LEM TDM chips.

« Verify vibration tolerance of the array
on sub-assembly to launch loads
(completed already on similar Athena
arrays, see Figs. a-c).

« a-particle tests to verify fidelity of heat
sinking and immunity to particle
background (completed already on ;) vibration test set-up
similar Athena arrays, see Fig. d). showing Athena array

« Integrated system-level demonstration epoxied to dummy

of partial LEM detection chain. Including mount.
high-fidelity versions of the detector,

SQUID cold electronics, harness and d) Test set-up for

room temperature electronics alpha-particle

(implemented with differential readout). background testing.
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response of wafer
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