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..+ - SimonBandler, NASA/God
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Main Array A Study of metallicity in galaxy clusters to z=3 as probe of ¢

- mEé LIAESt ad | p Oforhtibf précBsses near peak of cosmic star formation
pixels, hydra25

. DE= 3V A Determine effects of AGN energy feedback on ISM &
. E<7keV determine physical state of gas near SMBH sphere of infl
- 86,400 pixels INn nearby galaxies

Enhanced Main Array:
- nopé LAESIA Study ohptasma physics effects related to dissipation

pixels, hydra25 energy from AGN outflows.
- DE= 2.@&V

- E<7keV
- 12,800 pixels

Ultra-HI-Res Array

- mé LIAESt am |[MQWill spatiallp & spectrally resolve starbudiiven winds

single pixels in lowredshift galaxies
- DE ~0.3eV

- E <0.8 keV
- 3,600 pixels

WAIlthough ~100k pixel$ LILINR I OK NI Ij dzA NB & 2VAiH Rrraydmd anothes 3/6k fehsbrE in UHR artiafC S
(WTwo leading candidate sensor technologies:

. TransitiorEdge Sensors (TES)
. Magnetic CalorimeterédMMC)



the LYNX X-RAY MICROCALORIMETER
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LYNX X-RAY MICROCALORIMETER
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A TES-based LXM prototype:

To

~ 50k pixels (half size)

A Allows fabrication of required array
size with wiring yield ~100%.

EO0GARBAABANNERNNARNONII  ARAAAAAANINC]CNARNERANANICIY e A Large array of microcalorimeter
T L pixels on fine pitch now feasible:
ooy = Tiiean ==} integrated pixels with fine - pitch,
multi -layer, micro -stripped,
superconducting wiring buried
beneath planarized substrate

(MIT -LL).

,,,,,,,,,,,,,,,
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Fabricated through a collaboration between MIT  -Lincoln Laboratory and GSFC.
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NASA's Science Mission Directorate

Tech Highlight on APD, 2023: Magnetic Microcalorimeters

N'AS',A NASA SC|ENCE Science Topics News For Researchers Learners Getlinvolved Citizen Science Abdg

SHARE THE SCIENCE Dr. Nicky Fox Q @ ess

@NASAScienceAA

N ew X- ra D ete Ct.o I:s to Prov' d e - Although we’ve amassed detailed observations of galaxies from a variety
Unprecedented Vision of the Invisible s e i e
Universe B Ccrcenseagatecmotgtecn

PROJECT

Advanced Magnetic Microcalorimeter development

SNAPSHOT

A new class of X-ray detector with unprecedented energy resolution and array size could

help transform our understanding of the cosmos through unparalleled vision into the

otherwise invisible universe,

100 kilo -pixel array!

Figure 1: Prototype 100,000-pixel magnelic calorimeter array developed via

10:38 AM - Aug 29, 2023 - 23.2K Views

cotlaboration between NASA GSFC and MIT Lincoln Laboratory. (Image credit

NASA GSFC)
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Transition -edge sensor (TES) microcalorimeters

Superconductor voltage-biased
in its transition
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o .+ Hydras (thermal multiplexing) developed with 25 absorbers
connected to each TES
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A 25 different pulse shapes are clearly separated by means of rise-time and pulse shape.




ras (thermal multiplexing) developed:
25 and 50 * apitch pixels:

Absorber Absorber-link
outline contact region 250 H 1 pitch 125 H 1 pitch
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® Integrated NEP
# Integrated NEP (no cross-talk)
¥ Energy histogram
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Au Absorber

SEM image of
UHR pixels
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N\° moeo_oHNNmN.D = NHMA

ray laser diode.
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kel, D. McCammon, et al., EEE Trans Appl Supercond. Jan 21;1:1 (2021)

quired performance (DErwnum< 0.3 eV) demonstrated at low energies

ARe
A i
A
A

Prototype array

Spectrum out to 1.2 keV (n~395)
Sakai et ., Journal of Low Temperature Physics volume 199, p. 9491 954 (2020)

Calibration using 3 eV photons from blue
AF.T. Jaec

LYNX X-RAY OBSERVATORY



Changing mean brightness

Meeting needs for ground and in  -flight energy scale
and energy resolution calibration & verification

A Pulsed laser diodes produces comb of
narrow photon peaks at 3 eV
Intervals.

:
2 1]
L

A Intensity is varied to cover large
energy range

A Using a 1 eV resolution detector,
single-photon resolved until n=583
(1.7 keV!)

A Could be baselined for Lynx+

Pulsed laser calibrators:

1. Intrinsically narrow peaks

2. Well known energy

3. Closely spaced lines

4. Intensity variation is simple

5. Easlily focused to a small spot
6. Arrival times exactly known

A. Roy et al. (Wisc.), 2024



energetic particle Magnetic Micro -Calorimeters (MMC)
X-ray photon

Current leads (buried wires)
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Advantages:
A Potential for greater energy resolution
- No Johnson noise associated w. read.
(W More straightforward calibration due to broad smooth responsivity.
W Thermal design is simpler as no heat dissipated in MMC pixels.

o_;o | W Uses multiplexed readut similar to TESS.
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First Generation of 100 kilo -pixel arrays

NASA's Science Mission Directorate Maln array &_ EA (Ieft)
Hydras with array of 5x5absorbersiid it iad i i i
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Hydra design allows 25 pixels to|b: '“',"‘ mgg-_-_-';_---m ;-.., ;....... Aranr
read using single sensor

4 um thick absorbers couple to f“m
sensor through Au or PdAu f
thermal links of varied thermal
conductance
Main array sensor with , R Array (below) _ ————¢
. A The UHR array is néydra ( Wl |
Au hydra I|nkS U T IR R
-1 um thick absorber connected \ . A Each Main array hydra
through Au_ the_rmal link to sensp absorber (top & right)
to control risetime. is 4X area of EA hydra
UHR array pixel with sensor absorber

located at center

Detector area covered
with electroplated Au
absorbers of different
thicknesses

AU

thermal
link

13

EA sensor with PdAu hydra links




Lynx X -ray Microcalorimeter Extended Array Option I Ext endi ng FOV to 200

Main array
-Mmé€ LIAESf&X pQ Ch+X pn dz2y
-~3eV2 mMn OLJAKKE@RNI opéo

- up to 7keV
- 86.4kpix
- 10 HEMTs

Enhancement main array.
-ndpé LIAESfA&Z MQ Ch+3X HPp
-~1.5eV,20cps/hydredn p O H ®Pp € U

- up to 7keV
- 12.8kpix

- 6 HEMTs

Ulga-hi-res array
-Mmé LIAESfaz mMQ Chz+X pn dz2
- 0.30.4eV(up to ~ 0.7%eV)
-/ 2dzy 0 NJY 4GS 9 yn OLJAKME
- 3.6kpix

- 6 HEMTs




Similar Arrays Developed for Line Emission Mapper Probe Concept

I""' \lll

[T 1 [T T [T I I
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" Y (S LN \H, 'HE

Inner array DOOULUV |
7CFoV (28x28 array) "

T 15¢ / 290 >m pitch
A LEM focablane array specifications: B =136V X

i Chz T o0oH®Yy QY LIJA U OR4piels

4k TES, 14k total pixels.

in9g I mMmdo S+ 4G m 1S
single pixels).

in9g I Hdp S+ G ™M 1S

4-pixel hydras).

290 um pixel pitch. o array

Bandpass 0:2 keV. 4-pieel hydras
15¢/ 290 >m pitch

,nEF\NHI\/I =25eV
3,184 TES
12,737 pixels \

19



Similar Arrays Developed for Line Emission Mapper Probe Concept

84 mm
detector
diameter

Al bond
pads

Diagnostic
structures

Pixel array
region

Individual
absorbers

Inner

region of

single

TES

PP iter

region of
4-pixel
hydras

36 mMm



