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Possible Advanced Capabilities of a 

Lynx X -ray Microcalorimeter (LXM)
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Main Array
- мέ ǇƛȄŜƭǎΣ рΩ Ch±Σ рл mm 

pixels, hydra-25
- DE = 3 eV
- E < 7 keV 
- 86,400 pixels

Enhanced Main Array:
- лΦрέ ǇƛȄŜƭǎΣ мΩ Ch±Σ нр mm 

pixels, hydra-25
- DE =  2.0 eV
- E < 7 keV 
- 12,800 pixels

Ultra-Hi-Res Array
- мέ ǇƛȄŜƭǎΣ мΩ Ch±Σ рл mm 

single pixels
- DE  ~ 0.3 eV  
- E < 0.8 keV
- 3,600 pixels

Å Will spatially & spectrally resolve starburst-driven winds 
in low-redshift galaxies 

Å Study of metallicity in galaxy clusters to z=3 as probe of galaxy 
formation processes near peak of cosmic star formation

Å Determine effects of AGN energy feedback on ISM & 
determine physical state of gas near SMBH sphere of influence 
in nearby galaxies  

Å Study of plasma physics effects related to dissipation of 
energy from AGN outflows. 

LXM Focal Plane Layout

ωAlthough ~100k pixels, ŀǇǇǊƻŀŎƘ ǊŜǉǳƛǊŜǎ ƻƴƭȅ Ϥпƪ ǎŜƴǎƻǊǎΣ ƛƴ ǘƘŜ рΩ Main Array and another 3.6k sensors in UHR array.
ωTwo leading candidate sensor technologies:

Transition-Edge Sensors (TES)
Magnetic Calorimeters(MMC)

мΩ



UL TR A  H I G H
R ES OL UT IO N

A RR AY

1ô FOV 

1ò pixels (singles)

ȹE = 0.3 eV

R=2000 at 0.6 keV

M AI N  A RR AY
5ô FOV 

1ò pixels (Hydra-25)

ȹE = 3 eV

R=2000 at 6 keV

E NHA N CE D
M AI N  A RR AY
1ô FOV 

0.5ò pixels (Hydra-25s), 

ȹE = 2 eV, R=3000 at 6 keV

t h e  L Y N X  X - R A Y  M I C R O C A L O R I M E T E R  ( L X M )



Å TES-based LXM prototype: 

Å ~ 50k pixels (half size)

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

Å Large array of microcalorimeter 
pixels on  fine pitch now feasible: 
integrated pixels with fine -pitch, 
multi - layer, micro -stripped, 
superconducting wiring buried 
beneath planarized substrate 
(MIT -LL). 

t h e  L Y N X  X - R A Y  M I C R O C A L O R I M E T E R

Fabricated through a collaboration between MIT -Lincoln Laboratory and GSFC.
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Tech Highlight on APD, 2023: Magnetic Microcalorimeters 

100 kilo -pixel array! 



Transition -edge sensor (TES) microcalorimeters

Single pixels 

(UHR Array)
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Hydras (thermal multiplexing) developed with 25 absorbers 

connected to each TES

Å 25 different pulse shapes are clearly separated by means of rise-time and pulse shape.



Hydras (thermal multiplexing) developed:
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Enhanced Main Array Hydra Performance

Å Required & modeled performance of designs for Main Array & Enhanced 

Main Array demonstrated at 1.5 keV & 6.4 keV

Å Discrimination between pixels demonstrated down to 300 eV

Å Smith et al., Journ . of Low Temp. Phys. volume 199, p. 330ï338 (2020)

25 Ⱨἵpitch 

pixels

125 Ⱨἵpitch 

hydras



ÅRequired performance (DEFWHM< 0.3 eV) demonstrated at low energies

ÅCalibration using 3 eV photons from blue-ray laser diode.

ÅSpectrum out to 1.2 keV (n~395)

ÅSakai et ., Journal of Low Temperature Physics volume 199, p. 949ï954 (2020)

ÅF.T. Jaeckel, D. McCammon, et al., EEE Trans Appl Supercond. Jan 21;1:1 (2021) 



Meeting needs for ground and in -flight energy scale 

and energy resolution calibration & verification

Pulsed laser calibrators:

1. Intrinsically narrow peaks

2. Well known energy

3. Closely spaced lines

4. Intensity variation is simple

5. Easily focused to a small spot

6. Arrival times exactly known

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

ÅPulsed laser diodes produces comb of 

narrow photon peaks at 3 eV 

intervals.

Å Intensity is varied to cover large 

energy range

ÅUsing a 1 eV resolution detector, 

single-photon resolved until n=583 

(1.7 keV!)

ÅCould be baselined for Lynx+



Magnetic Micro -Calorimeters (MMC)

Advantages:
ÅPotential for greater energy resolution

- No Johnson noise associated w. read-out. 
ωMore straightforward calibration due to broad smooth responsivity.
ωThermal design is simpler as no heat dissipated in MMC pixels. 
ωUses multiplexed read-out similar to TESs.

MMC Hydras:
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Main array & EA (left)

Å Each Main array hydra 
absorber (top & right) 
is 4X area of EA hydra 
absorber

Å Hydras with array of 5x5absorbers
Å Hydra design allows 25 pixels to be 

read using single sensor
Å 4 µm thick absorbers couple to 

sensor through Au or PdAu 
thermal links of varied thermal 
conductance

UHR Array (below)
Å The UHR array is non-hydra

- 1 µm thick absorber connected 
through Au thermal link to sensor 
to control rise-time.

EA sensor with PdAu hydra links 

Main array sensor with 
Au hydra links

Detector area covered 
with electroplated Au 
absorbers of different 
thicknesses 

Main 

EA UHR  

UHR array pixel with sensor 
located at  center

Au 
thermal 
link

First Generation of 100 kilo -pixel arrays
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Extended array
-рέ ǇƛȄŜƭǎΣ нрл ǳƳ ǇƛȄŜƭǎ
- Up to 2 keV
-Ϥ м Ŝ±Σ р ŎǇǎκрέ
- 54 kpix
- 6 HEMTs

Main array
-мέ ǇƛȄŜƭǎΣ рΩ Ch±Σ рл ǳƳ ǇƛȄŜƭǎ
- ~ 3 eVΣ мл ŎǇǎκƘȅŘǊŀ όрέύ
- up to 7 keV
- 86.4 kpix
- 10 HEMTs

Enhancement main array:
-лΦрέ ǇƛȄŜƭǎΣ мΩ Ch±Σ нр ǳƳ ǇƛȄŜƭǎ
- ~ 1.5 eV, 20 cps/hydra-нр όнΦрέύ
- up to 7 keV
- 12.8 kpix
- 6 HEMTs

Ultra-hi-res array
-мέ ǇƛȄŜƭǎΣ мΩ Ch±Σ рл ǳƳ ǇƛȄŜƭǎ
- 0.3-0.4 eV(up to ~ 0.75 keV)
-/ƻǳƴǘ ǊŀǘŜ Ϥ  ул ŎǇǎκмέ
- 3.6 kpix
- 6 HEMTs

Lynx X -ray Microcalorimeter Extended Array Option ïExtending FOV to 20ô
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Similar Arrays Developed for Line Emission Mapper Probe Concept

Å LEM focal-plane array specifications:

ïCh± Ґ онΦуΩΣ ǇƛǘŎƘ Ґ мрέΦ

ï4k TES, 14k total pixels.

ïɲ9 Ґ мΦо Ŝ± ŀǘ м ƪŜ± ƛƴ ŎŜƴǘǊŀƭ тΩ όтуп 
single pixels).

ïɲ9 Ґ нΦр Ŝ± ŀǘ м ƪŜ± ǊŜǎǘ ƻŦ ŀǊǊŀȅ όоΣмуп 
4-pixel hydras).

ï290 µm pixel pitch.

ïBandpass 0.3-2 keV.

 3 

 
Fig. 1 Schematic layout of LMS sensor array concept consisting of an inner region of ȹEFWHM = 1.3 eV single pixel 

TESs and an outer region of ȹEFWHM = 2.5 eV 4-pixel hydras. The equivalent diameter of the current baseline array 

design is 33ô (larger than the 30ô requirement). 

 

2 The LMS Microcalorimeter  Ar ray 

2.1 The LMS Performance Requirements and Array Configuration 

The preliminary performance requirements for the LMS are listed in Table 1 and a schematic 

layout of the array is shown in Fig. 1. The LMS provides a 33ô field-of-view (FOV) with 15ò pixels 

(290 ɛm pixel pitch) and is arranged in hexagonal configuration. A hexagonal layout is preferred 

to better match to the cylindrical aperture in the magnetic shield design whilst facilitating easy 

tiling of composite observations. The LMS array is a óhybridô configuration consisting of two 

different pixel types fabricated on the same substrate. In the current baseline design the central 7ô 

region of the LMS array consists of 784 single pixel TESs with ȹEFWHM = 1.3 eV at 1 keV. The 

remainder of the array comprises 3,184, 4-pixel hydras with ȹEFWHM = 2.5 eV at 1 keV. Hydras 

are óthermally multiplexedô TESs consisting of multiple distinct x-ray absorbers, each with a 

different thermal link to a single TES [5][6][7]. The conductance of each link is tuned to produce 

a unique pulse shape for x-rays absorbed in each of the 4 pixels. The pulse rise-time is used to 

determine the pixel that absorbed the photon (see Fig. 2). The use of hydras allows for the 

extremely large number of pixels needed for the LEM array, without a proportional increase in the 

33ô FOVInner array
7Ω FoV (28x28 array)
15έ /  290 m˃ pitch
ɲEFWHM = 1.3 eV
784 pixels

Outer array
33Ω FoV
4-pixel hydras
15έ /  290 m˃ pitch
ɲEFWHM = 2.5 eV
3,184 TES 
12,737 pixels
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Similar Arrays Developed for Line Emission Mapper Probe Concept


