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HOLMES

e TES embedded with ®*Ho
o Measure total energy, Q, of decay
e Spectrum endpoint sensitive to neutrino mass
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HOLMES

TES embedded with '®*Ho
Measure total energy, Q, of decay
Spectrum endpoint sensitive to neutrino mass

1000 pixels
300 cps/pixel
Microwave Multiplexed
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Demands of the HOLMES Pixel

¢ high count rate
o multiplexable
e implanted ions
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Compatibility with High Count Rate
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Final sensitivity on m,,, depends mostly on statistics and pileup.
Energy resolution only a slight concern.
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Two issues with pile-up

AU

Identifying Pile-up

e Coincident pulses that could distort spectra can be cut
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Two issues with pile-up

Identifying Pile-up

e Coincident pulses that could distort spectra can be cut

¢ Need to integrate many events in a few years
e 300 Hz/pixel planned
¢ Piled-up pulses are difficult to analyze
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Pile-up in HOLMES
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e Two common events could be coincident enough to fake a rare one.
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Pile-up in HOLMES

IO xxxxxxxxxxxxxx
10° s
10’ 1
lou i
10" 1
10° :
3 ]
10 1
10 1
K -
10 .
lo-ll 1:

0 04 08 12 16 20 24 28 32
Energy [keV]

e Two common events could be coincident enough to fake a rare one.
¢ |dentification depends on both sampling and rise time.

JPHW (INFN&NIST) — TES for HOLMES — 6 September 2016 — Slide 7/29



Coincident Pulses
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Two pulses, green and blue, arrive separated by AT
Measured sum has kink

For a given AT, detectability of kink depends on rise time, 7
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Simulated Pile-Up
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true spectrum and pileup spectrum sum to measured spectrum.
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Two issues with pileup

WA

Identifying Pile-up
Want pulse with short rise time
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Two issues with pileup

HiTE.

Identifying Pile-up
Want pulse with short rise time

Preventing Pile-up

Want pulse with short duration (fall time)
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Control of fall time

TES parameters

e C, and « set by targeted ~— Chan1
energy range. (For 8000 Chan 3
HOLMES, ~3 keV)

o Enax x C/a » 6000

e Pulse speed chiefly §
determined by thermal 5 4000
conductance

e T_x C/G 2000

o

Goal 0 5 10 15

Increase G to improve pixel Time past trigger (ms)

Speed Pulses from non-HOLMES X-ray pixels. 7 > 1ms
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Control of fall time

TES parameters

e C, and « set by targeted ~— Chan1
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o Enax x C/a » 6000 e

e Pulse speed chiefly §
determined by thermal 5 4000
conductance

e C/G * ¥
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Goal 0 5 10 15

Increase G to improve pixel Time past trigger (ms)
Speed Pulses from non-HOLMES X-ray pixels. 7 > 1ms
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Historical control of G

e TES thermally isolated on a SiNx membrane.
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Historical control of G

e TES thermally isolated on a SiNx membrane.
e Perforated membranes used for smaller G to meet bandwidth constraints.
e Bare silicon G too much, fixed.
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G increasing feature: perimeter

500

1 1000 1100 1200 1300 1400 1500
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e On a membrane, G scales with perimeter.
e Understood from 2-D ballistic phonon transport

o Test design doubles G relative to baseline device
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G increasing feature: patches
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e Copper patches create thermal link directly to the frame
e Added G increases linearly with metal volume on frame

e Understood from e-p coupling theory

o Test design trebles G of baseline device
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Control of G
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Control of G

10 pW/K 1 nNW/K

Predictable lithographic control of G over an order magnitude.

Hays-Wehle et al., "Thermal Conductance Engineering for High-Speed TES Microcalorimeters”
J. Low Temp. Phys. 2016 doi:10.1007/s10909-015-1416-5
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Demands of the HOLMES Pixel

¢ high count rate
« multiplexable
e implanted ions
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Multiplexing Scheme

55 55 HEMT

4-8 GHz
Tn ~5K

ad é Mates, et al.,
% APL (2008)
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Multiplexer
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e 2 MHz per channel full bandwidth
e 33 channels per 550 MHz ROACH2 ADC
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Multiplexer

AT
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5.2 53 5.4 55 5.6

Frequency (GHz)

10

2 MHz per channel full bandwidth

33 channels per 550 MHz ROACH2 ADC

2, ramp — corresponds to a sampling rate of 500 kHz
imposes speed limit on rise time <1 A/s or 7 > 20us
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Expectations for yMux

— TES Noise
---  uMux noise floor

1070

TES Current Noise [A/Hz*1/2]

10° 107 10°
frequency [Hz]

e TES Johnson noise dominates signal to noise, readout a non-issue
o Tested uMux device has low enough noise
o (~ 27 pA/vHz)
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Demands of the HOLMES Pixel

¢ high count rate
e multiplexable
« implanted ions
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Implanting Scheme

s Msio, [sin [ivo [cu [lcu s Au [liHo

“Sidecar” design

¢ lon absorber pad to the side
e Thermal link is integrated copper structure

e 1 um layer of gold
¢ Implanted holmium capped with more gold
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Device features

Device has sidecar absorber AND enhanced perimeter
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Performance requirements

We want:
o Total pulse duration < 3 ms
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Performance requirements

We want:
o Total pulse duration < 3 ms
e 20us < 7+ < 50us
o (faster for pile-up, slower for multiplexing)
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Performance requirements

We want:
o Total pulse duration < 3 ms
e 20us < 7+ < 50us
o (faster for pile-up, slower for multiplexing)
e And AE < 10eV
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Prototype speed
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e Gincreased ~6x (580 pW/K from ~100 pW/K)
o Total pulse duration < 1 ms
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Prototype speed (high L)

40000

e o Avg Pulse (data)
— 60 us model
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e Gincreased to 570 pW/K (from ~100 pW/K)
o 7, ~ 7_ =~ 60us (Critically damped)
o At target sample rate (500 kHz) sufficient points on rising edge
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Prototype speed (low L)

Y Average pulse for each channel when it is hit
20000
15000
2
3
8
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5000
-1 00 01 02 03 04 05 06

Time past tngger (ms)

o Different choice of inductance gives faster rise time
e 74 =~ 10us shown above, but also 7— =~ 130us
¢ Requires MHz sampling rate
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Prototype Resolution

l

FWHM: 3.66 +- 0.13

g

Counts (0.33 eV bins)
2

5850 5860 S870  S880

Energy [eV]

5890 5900 5910

e 3.7 eV FWHM resolution demonstrated at 5.9 keV

¢ No low energy tail
e 3eVat15keV
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Conclusions

e Pixel requirements similar to that for FAST x-ray device
¢ Rise and fall times are tuned with L and G to match requirements
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Conclusions

Pixel requirements similar to that for FAST x-ray device
Rise and fall times are tuned with L and G to match requirements

Can be tuned again for future upgrades
Prototype design soon to be used in implanted production arrays
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Thank You!
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resolution at 1.5 keV

| — 296+-020ev|

counts per 0.600 eV bin
8 & &§ &8 8 3 8 8

10

0 il .
1440 1450 1460 1470 1480 1490 1500 1510
Enecgy (oV) - Aluminum K-alpha

3 eV shown at 1.5 keV, closer to 2.8 keV than 5.9 keV is.
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Performance Metrics

5 s 0 1
< ()
] =t +
g o L i
ol 2+ +
2200 2300 2400 2500 2600 2700 2800 (=]
EC Qvalue [eV] @ 1= - b
>
Fig. 4 Monte Carlo esumate of HOLMES neutrino mass sta- '§' I T
tistical sensitivity for =3x 10 (lower) or 10'° (upper) = r
and with fpp= 3 x 10~%, AEpwav= leV, and no back- 2 L
ground. o
g | i
© 05 -
L
s 7l
k]
s 20 1
3 - L 1
= g
d 0\1\\87\\\\\1\\;‘, \\Hl;u("r\\luud HH“H;‘,' tanl TR | Lo
2 10 .
i pile-up fraction {,p energy resolution AE,,, [eV]
2 ~
H
3
g
k7
= 0. H HHVYH
Final sensitivity on m,,, depends mostly on
S

statistics and pileup.
total statistics N,

Fig. 3 1%3Ho decay experiments statistical sensitivity de-
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Bonus Challenge

s 20%
e 30%

S0 100 150 300 350 400 450

200 250
G_tes (pWIK)

. . Previous experiments show a decreasing trend of «
R(/, T) surface in the 2-fluid model. with G.

D. Bennett et al DOI:10.1007/s10909-011-0431-4

The two fluid model predicts that « is inversely proportional to ///c.
Increasing G means increasing the bias current, which in turn suppresses a.
We are exploring devices with higher resistances and fewer bars to
compensate for this effect.
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Simple scheme for ion implanting

Wisi Wsio, WsiN, Mivo Wcu ey s Au [llHo

e Begin with TES with Bismuth absorber
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Simple scheme for ion implanting

Wisi Wsio, WsiN, [imvo Wcu ey M8 Au [llHo

e Begin with TES with Bismuth absorber
e Ho ions implanted in gold above TES
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Simple scheme for ion implanting

Wsi Wsio, WsiN, limvo Wicu ey M8 Au [llHo

e Begin with TES with Bismuth absorber
e Ho ions implanted in gold above TES
e Capped off with extra Bismuth

JPHW (INFN&NIST) — TES for HOLMES — 6 September 2016 — Slide 5/9



Simple scheme for ion implanting
Tc Suppressed under Gold

Un-suppressed around
edges

Begin with TES with Bismuth absorber
Ho ions implanted in gold above TES
Capped off with extra Bismuth

Gold suppresses T¢ of area beneath.
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Simple scheme for ion implanting
Tc Suppressed under Gold

o () [T (3] (3] die

-
Un-suppressed around
edges

Begin with TES with Bismuth absorber
Ho ions implanted in gold above TES
Gold suppresses T¢ of area beneath.
Double T observed.
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NEW scheme

R {arb)

.098 0.0?9 0100 0101 0102 0103 0104 0105 0106
Temperature (K}

“Sidecar” design

e Moves ion absorber pad to the side
Thermal link is integrated copper structure
Superconducting transition is restored
Eliminates bismuth layer
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Two-Body effects

Average pulse for each channel when it is hit

I —
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Dark testing

e Impedance and noise suggest two body structure:
e Ci =~ 0.2 pJ/K (TES), C> ~ 0.5 pJ/K (Absorber)

e and G, ~ 70 nW/K
e Born out by pulse shape
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Two-Body effects Il

Dark testing

e G 4x lower than predicted by Wiedemann-Franz
¢ And shows no variation between connection designs
e Possibly connection between metal layers?

e However, G» >> G, so Go — oo makes only marginal difference to noise,
fall time

e New fabrication run to investigate regardless
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