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LEM ATCO

Baseline requirements:

* Low-energy threshold < 20 keV

* Detection efficiency 2 95%

* No explicit spatial resolution requirement,
but sub-channel resolution is desirable

Deposited energy spectra on the CryoAC
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Simulations shown for Athena cryoAC
» different count rate expected for LEM but

same energy depositions

» Peak expected around 200 keV
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SLAC Prototype ATCO

12 TES parallel network W-TES channels

- Aperture of current testing setup does not allow for all 12 channels to be illuminated

All testing shown here with SLAC ATCO-2
- received Al wet etch, so poor Al trace quality and presumably high probably of some broken traces
Utilizing GSFC-fabbed, high-R shunt chips

- Design goal =5 mOhm, actual estimated ~ 8 mOh

= Only measured R on 10 shunt channels in series, and have observed some variability in this measurement between chips

Operating at Tb =53 mK




Testing Configurations

[mm]

Same chip has now been tested with four different source/masking configurations

* Two different X-ray masks with holes/slots (Run #1 and #3)
Masks are 0.5 mm thick Cu, fully blocking low energy X-rays < 30 keV

* One run with Am-241 alpha source (5.5 MeV alphas + 60 keV gammas) inside cryostat, directly behind detector wafer (Run #2)

Alphas fully masked except at two locations

* One run with no mask - detector fully uncovered (Run #4)
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Recap from Run #1 results shown at from previous meeting

Using mask with 4 holes, able to locate 4 distinct regions in rawPH-rawPH plots for lower energy

sources, showing good spatial discrimination at even large distances from hole locations

“banana” type structure seen in PHA-PHA plots from higher energy X-ray sources also indicative of
continues, fine spatial discrimination between channels

Able to detect X-rays as low as 5.9 keV in all working channels, indicating threshold far below 20 keV

Soft saturation (non-linearity) observed in pulse shapes at all X-ray energies (for incident channels),
so “gain curve” appears quite nonlinear
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Further results from Run #1 — Energy Resolution

* Individual rawPH spectra have 4 clear peaks, but line shape are not very Gaussian with poor

resolution
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Further results from Run #1 — Energy Resolution

* MF-Int works best with large signal-to-noise; less effective in situations with poor signal-to-

noise (e.g. spatially distant from incident X-ray hit; higher TES operating point/Tc)

In best case—channels close to X-ray hit and low RO/Rn—individual channel resolution as good as few hundred eV

NEP/baseline resolution as low as ~ 25 eV

* Standard optimal filter is better with smaller signal-to-noise
MF-Int tends to be better with summed spectra; hybrid approach would probably be ideal

* Regardless of analysis method, 20 keV threshold requirement easily being met

for all channels, even those with low Tc and detecting X-ray signal originating
from a spatially distant location

AFE @ 8.1 keV MF-Int

NEP AFE @ 8.1 keV OF
region A (eV) B(eV) C(eV) D (eV) region A (keV) B (keV) C (keV) D (keV)
ch ch
2 588.8 13224  256.3 25.6 2 1.18 1.62 1.45 0.34
3 560.8  707.2 62.8 98.4 3 1.39 1.27 1.87 1.90
5 1.76 1.60 1.70 1.20
5 1120.7  133.0 54.8  697.8 6 90 179 L9 L6o
6 1308.3 1847  307.3 1074.8 7 126 156 178 068
7 757.3 748 11933  2102.0 8 1.51 0.92 1.52 244
8 319.2 76.0  992.3  1908.3 9 1.57 1.64 3.33 2.86
9 168.3  695.8 2925.9  2516.7 10 0.55 1.22 1.73 1.40
10 41.3 5514  1260.7 4015 11 1.58 0.99 1.40 1.84
11 60.8 661.7 1044.3 116.8 12 1.21 1.10 1.43 1.64
12 266.8 883.1 1162.4 208.6 13 5.95 6.43 6.00 6.95
13 21095.4 13465.0 21423.4 20199.1 Summed 0.88 0.88 1.01 1.20

region A (keV) B (keV) C (keV) D (keV)
ch

2 4.00 6.37 1.57 0.23
3 3.70 2.31 2.22 2.19
5 6.34 2.21 2.23 2.57
6 4.36 1.98 1.73 3.66
7 2.51 2.14 3.66 5.12
8 1.82 1.40 3.14 4.71
9 2.26 2.29 5.56 4.65
10 0.41 1.82 3.30 1.93
11 2.16 2.13 2.97 2.32
12 1.41 2.40 3.20 1.78
13 22.73 21.06 20.88
Summed 0.49 1.08 0.96 0.60

ch = 8, target = Cu, region = B

120+

100~

Centroid: 2.6E-07 A
FWHM: 2.7E-08 A

Res: 10.53%

FWHM @ 8.1 keV: 853 eV

rawPH

2.2 2.4 2.6 2.8 3.0 3.2
rawPH [A] le-7

region = B, ch = 8, target = Cu

100+

80

60

40

204

20+

104

[mm]
o

_10_

204

Eabs
MF-Int

Centroid: 0.53 keV

FWHM: 0.099 keV

Res: 18.58%

FWHM @ 8.1 keV: 1505 eV

Eabs_MFInt [keV]
Tc

74

72
ch11 [ch10| ch9 | ch8
68 | 67 | 66 | 66 70

68

ch4

66

64

20 -10 0 0 20 g
[mm]

- o
0.3 0.4 0.5 0.6 0.7 0.8

mK



Further results from Run #1 — Energy Efficiency

* Can evaluate energy efficiency as Eabs/Eph and plot as function of
distance away from incident X-ray

- Probably not especially accurate due to soft saturation of pulses, particularly
at higher energies and smaller dist

Energy Efficiency - Cu - 8 keV

Energy Efficiency - Ag - 22 keV
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Further results from Run #1 — Deadtime

* From simulations, expected total background rate (R) on ATCO is ~ 50 cps

- Assuming Poisson statistics, fraction of accepted events F :

F = e—dt *R Total initial energy spectra on LEM
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Further results from
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Run #2 — Alpha Source

Alpha mask
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Alpha mask
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X-ray Mask v2
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Run #3 — X-ray mask V2

* Even most closely separated holes (2 mm) can easily be split into regions in rawPH vs

rawPH plots

* Single neighboring channel (e.g. ch 2 lower right) can discriminate between multiple

distributions on its own
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rawPH - ch6

Run #3 — X-ray mask V2

Splitting Region J into
two sub regions
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Run #3 — X-ray mask V2

Frequen

ch = 2, target = Br

800~

600

400~

200 -

00 02 04

06 08 1.0

All Events

1.2 14 16

rawPH [A] le—6
Br - ch2
2004 Reg|oAn
1751 :
D
150 - E
F
125 G
H
100 - I
J
75
50~
251 i

00 02 04

06 08 1.0
rawPH [Arb. Current]

12 14 16

le—6

ch = 3, target = Br

800+ All Events
700
600
500

400 -

300 -

200 -

100

0.0 0.2 0.4 0.6 0.8 1.0 1.2

rawPH [A] le-6
Br - ch3
Region
400 A
B
C
D
300+ E
- F
b G
] H
> |
5200— |
[
100
. 1 A

00 02 04 06 08 10 12 14
rawPH [Arb. Current] le—6

X-ray Mask v2

ole \ o A
ahll ch1o che o e B
/ N e C
e D
- ° ° . e E
£ i e F
£ o0 i e G
e H
\chz ch3 cha chs ]
-
.| ® o {73 Aperture
T - %
- ch=2
1.4 le—6
region
121 —
—cC
1.0 1 — D
—E
— F
0.8
Q — G
2 — H
% 0.6 |
— ]
0.4
0.2
0.0

2.04

= =
o 9]
1 1

Avg. Pulse [A]

o
5}
|

0.0




rawPH_scaled [Arb. Current]

Run #3 — Spatial Resolution

 Still struggling with best way to calibrate between channels; one quick-and-dirty
attempt is aligning the distance vs average signal size for each channel
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Run #3 — Spatial Resolution

* First attempt to evaluate spatial resolution by fitting a 2d function to the distribution of signal over (x, y) position [e.g. Eabs(x, y)]
- (x, y) channel position taken from geometrical centroid of each channel
- Using 2D Gaussian function to start — though there is probably a better choice

* Only 12 channels to work with (and some of them are not working...) plus different TES operating points skewing the signal sizes
» fitting is subject to high failure rate
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Run #3 — Spatial Resolution

Gain difference between channels (due to different operating points) likely skewing fit results

target = Br, region = |

[ ]
mm and usually get correct channel
- Afew regions where not able to get many successful fits
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target = Br, region = E

For most cases even this simple fitting method is somewhat effective; can locate the incident location to within a few
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Run #4 — No Mask

* Only really started taking data last week, so not much analysis completed yet
* Results do show expected “banana” type plots and other indicators of spatial discrimination

e Simple 2D Gaussian fitting does show most events are restricted to the aperture region, but with
interesting structure

- Using a better model and/or machine learning assistance will probably improve results
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BX07 - 53 mK

— PA37

Other Oddities =

0.4

[Ohms]

* Lost one previously working channel (ch8) after the first
run

- Wire bonding issue during thermal cycling? Didn’t see
visible evidence of this, but didn’t do any physical testing
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 Significant changes in measured IVs between runs
- Consistent Rn reduction over time across all channels
PA39

- Also seeing Tc shifts that tend to go lower, but this is less 1 s
consistent between channels — P37

BX07 - 53 mK - all using G from PA37
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- Also some differences in measured G values, but error on
this measurement is high so hard to accurately correlate with
these shifts
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