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Requirement for Low Thresholds

CEVNS: Coherent Elastic Neutrino-Nucleus Scattering

CEVNS:
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« 2017: Observed via neutrinos of
tens of MeV at SNS.
« 2022: Observed at reactors.
Ricochet goals:
 First, 50 observation of low-
energy CEVNS
« Then, precision measurement
of spectrum
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Sensitive to new physics,
iIncluding
* neutrino mag. moment
e sterile neutrinos
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The ILL Reactor in Grenoble, France

* Reactor Power: 58 MW
e Neutrino flux: 2.5e16

Reactor /MeV/day /cmA2 Cryostat Local Technical Cabin Control
Core ) & Shieldin Crane (1t umps etc. Cabin
e 1000 times of the > 19} |(pump )
¢ Spallation Neutron Source
Shielding
Rails
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i

Calibration |
Source
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Ricochet Detector Technologies R mﬁ%%%;

“CryoCube”
Ionization+Heat in Ge
Sensors: NTDs and HEMTs

“Q-Array”
Heat Pulse Timing in Zn
Sensors: TESs
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A New Architecture for Modular Cryogenic Detectors

* New modular sensor design
using Al/ Mn Transition
Edge Sensors (TES)

e Scalable architecture
decoupling target from
thermometer

» Designs for both Ricochet
(reactor coherent neutrino
scattering) and CUPID
(neutrinoless double beta
decay) experiments
underway

Detector Housing

Detector Housing, T = 10 mK
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A New Architecture for Modular Cryogenic Detectors

Tau v.s. Sigma w/ Different Targets & Meander Length [1]

* New modular sensor design 225[] o — deal of Ge
using Al/ Mn Transition <200 I%horter Meand%r —— Ideal of Al
) H’h&. il . —— lIdeal of Zn
Edge Sensors (TES) 5Y° \ T 1= Laz - Ge36g
S 150 " 26 Gt . /;|114219
. S o N . . n:4lg
« Scalable architecture £ 125
decoupling target from £ 100 e Gl
thermometer Yo Longer Meander
SN R 10! 102 10°
* Designs for both Ricochet N Time ConstantImel (11: transition Edge Sensor Chip
(reactor coherent neutrino . TESChip Detertor for e Heochet
i : : ST ; Experiment. R. Chen, et al.
scattering) and CUPID L v?sw Detector Housing Mts//amiv.ore/abs/2111.05757

(neutrinoless double beta
decay) experiments
underway

Detector Housing, T = 10 mK
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2
Ricochet Modular Sensor Design RI mﬁ% >

* Al/Mn TES with
tunable Tc
fabricated at
Argonne National
Laboratory

* More than 1000
chips from a
single wafer

« Easytochange
design and re-
fabrication

« Already got a
whole wafer.

i
i

I 5
N

i . — A 6-inch test wafer
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TES Characterization

Tb=10.8 mK
Tb=10.9 mK
Tb=13.4 mK
Tb=15.7 mK
Tb=18.1 mK

[e)]

N

Current of TES [uA]

N
s
#
4

0.4 0.6 0.8 1.0 1.2
Bias Voltage [V]

; * Understanding the TES parameters is one of
0.175 s i i i
e the first steps in understanding the full
0150 ydive74 detector performance.
E > s a" oo
£0125 / * To measure TES parameters, we attached a TES
. 0100 i chip to the cooling bath without any target.
~ B FEr L j Tb= 10.8 mK i
A R L i) * IV curves are usually the first measurement
o b .: ;1,.: - ' 1 171
0050 o S Tb= 13.4 mK made in characterizing a TES.
0.025 . ff Tb= 15.7 mK
' S Tb= 18.1 mK
0.000{ is ™~ [
e Measured Tc is ~ 20 mK for this wafer.

Bias Voltage [V]
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TES Characterization
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Bias Voltage [V]

; * Understanding the TES parameters is one of
0.175 T 1 1 1
e the first steps in understanding the full
o0 AN /4 detector performance.
£0125 / ey * To measure TES parameters, we attached a TES
o 0-100 LFi chip to the cooling bath without any target.
= K N 7.'.;” . = . M
I R By L i) * IV curves are usually the first measurement
o . s & - : . . .
0.050) - EirF. Tb= 13.4 mK made in characterizing a TES.
A N B * IV curve tells us the static response.
0.000 SRS S _— i H I
o os  on oe o8 1o 1 Furthermore, we want the dynamic response!

Bias Voltage [V]
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Tld
Complex Impedance of TES chip R mﬁ%??‘»

DC source to bias TES at a
certain working point.

AC source provides a sine
wave of different frequency
and amp ~ 1% of DC.

5 = Complex Impedance Amplitude
0.20

—— Real Component 7
0.15{ —— Imag Component /

IN

0.10

w

\

Impedance [Ohm]

0.05

0.00

-0.05

Current of TES [uA]

-0.10
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-0.15

020 Preliminary
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Complex Impedance of TES chip

Complex Impedg%rgce in Polar Plot

—— Superconducting e« Repeat the same measurement at
—— 30% of normal

S0% of normal different bias point:
038201 Normal * 30%: Resistance of TES is ~ 30% of
. normal resistance
o- [ohm]

* 50%: Resistance of TES is ~ 50% of
normal resistance

270°

w S

Current of TES [uA]
N

[ S

=

. ’.0 0.2 0.4 0.6 0.8 1.0 1.2
Bias Voltage [V]
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Complex Impedance of TES chip

Complex Impe%%rgce in Polar Plot

—— Superconducting e« Repeat the same measurement at

o igﬁ Z: 22;2:: different bias point:

8 .20 —— Normal * 30%: Resistance of TES is ~ 30% of
| .- [ohm] normal resistance

* 50%: Resistance of TES is ~ 50% of

normal resistance

* This still contains the impedance of the
270° bias circuit!
> : e Superconducting and normal results are
J used to characterize the bias circuit.
e Superconducting: No bias voltage
* Normal: Apply large bias so that TES
3 is totally normal.
® ‘ /.'/ * When superconducting or normal,
naaall the TES is just a resistor and we
know the resistance.

N w £y

Current of TES [uA]

=

o 8.0 0.2 0.4 0.6 0.8 1.0 1.2
Bias Voltage [V]
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Characterization of the Bias Circuit s 533@%5>

Vth * Assume the bias circuit does not change with bias current:
>+ Thevenin equivalent of the bias circuit.
v * Vth and Zeq represent the voltage and impedance of the
bias circuit.

Zeq

Rsc or
Rnm

~N
GND

[1]: Impedance measurements and
modeling of a transition-edge-sensor
calorimeter.

M. A. Lindeman, et al.
https://doi.org/10.1063/1.1711144
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Characterization of the Bias Circuit

Vth

v I

Zeq

Rsc or
Rnm

~N
GND

Northwestern

e Assume the bias circuit doesn't change with bias current:

Thevenin equivalent of the bias circuit.
Vth and Zeq represent the voltage and impedance of the
bias circuit.

Superconduction (SC) and normal (NM) response --> Vth(f)
and Zeq(f)

Rsc/n111(f)+ze (f)
St/ﬂm(f) o Vin(f) q

[1]: Impedance measurements and
modeling of a transition-edge-sensor
calorimeter.

M. A. Lindeman, et al.
https://doi.org/10.1063/1.1711144
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Characterization of the Bias Circuit

\ZLh e Assume the bias circuit doesn't change with bias current:
Thevenin equivalent of the bias circuit.

Vth and Zeq represent the voltage and impedance of the
bias circuit.

SC and NM response --> Vth(f) and Zeq(f)

Rsc/n111(f)+ze (f)
St/ﬂm(f) Vin(f) q

Bias Circuit Equivalent Impedance

%0_16 The wppegla.nce of
Rnm = 014 b.las_ circuit is |
= 0.12 similar to a resistor
N 0 + inductor.
©0.10
GND B * Match our
© 0.08 .
S expectation!
% 0.06
8 0.04 [1]: Impedance measurements and
g' ' modeling of a transition-edge-sensor
— 0.02 calorimeter.
100 101 102 103 104 105 M. A. Lindeman, et al.
Frequency [Hz] https://doi.org/10.1063/1.1711144

Northwestern 10




Characterization of the Bias Circuit

\ZLh e Assume the bias circuit doesn't change with bias current:
* Thevenin equivalent of the bias circuit.
v * Vth and Zeq represent the voltage and impedance of the
bias circuit.

Zeq

Vth
v |
Rsc or
Rnm
GND
Ztes
-
GND

Northwestern

’ Zte.s(fa Ibias) =

--> /tes

 SCand NM response --> Vth(f) and Zeq(f)

Vin(f)
K Tam) Ze-q(f)

26q * 30% and 50% response, Vth(f) and Zeq(f)

[1]: Impedance measurements and
modeling of a transition-edge-sensor
calorimeter.

M. A. Lindeman, et al.
https://doi.org/10.1063/1.1711144
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Complex Impedance of TES chip R

Vth Complex Impedance Amplitude of 30% Biased
Complex Impedance in Polar Plot — .10
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Model for Complex Impedance of TES RIe

wose: Z,gy(f) = Ry LHOUH2R/ L 1

R() is the resistance of TES at biased point. Depends on how TES biased.

What
used to
fit

T = CUES+AU time constant of the TES.
GTES+Au

[1]: Complex impedance of a transition-edge sensor with sub-ps time constant
https://doi.org/10.1063/1.5127100
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Fit Results for 30% Bias TES

Complex Impedance Amplitude and Fit

0.10/ —— Fit of Real SN SAN
—— Real y
—— Fit of Imag Y,
#

0.05 Imag /
;f

90°

0.00 f

—0.05

Amplitude of Impedance [Ohm]

- 4 M
_0.10] || Hartetosssasapanssste” Preliminary
100 10! 102 103 104 105

Frequency [Hz]

E - 44_ - 03 * Rn=185mOhm
ﬁ _ 0 92 O 03 e TES bias @ 30 % of Rn
8.0 £ 0.6 ms

 aestimated by £ : 24

T
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Fit Results for 50% Bias TES

AT T P Complex Impedance and Fit in Polar Plot
' T 90°
T o010 ~ Fitof Real e
o) —— Real ;f
‘o 0.05; —— Fit of Imag f
c f
= —— Imag
£ 0.00
Q
o
£ -0.05
Y
o
o —0.10
©
2
'(—ED_—O.15
— =020 Preliminary
10° 10! 102 159 = I

Frequency [Hz]

L =217 £ 005 . Rn-185mOhm
ﬁ — 110+001 e TES bias @ 50 % of Rn

 aestimated by £ : 12
4.9 + 0.1 ms

T
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Next Steps

N |
4 00000 0 | M
\ e_,&-\. | f"’ I".- ) N
: . -
()

e
.Illlfi*ﬁa

a3

Preliminary result from UMass Amherst
90°

s

180°

* Adetector with 1 gram Silicon target has o
been built up at UMass Amherst 270° Preliminary

 The complex impedance measurement is e i .
ongoing! More info will be presente

on Dec 1, 2022, 11:15 AM ET
by Luke Chaplinsky
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Next Steps R WQEE§§5>

S35

Preliminary result from NEXUS
90°

e A detector with 36 gram Germanium
target is installed at NEXUS
(Northwestern EXperimental

Underground Site) of Fermi National
Laboratory.

* The complex impedance measurement
is also on going!

Northwestern
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Next Steps

Simulation of Complex Impedance
90°
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Tau v.s. Sigma w/ Different Targets & Meander Length

03
—— ldeal of Ge
L —— ldeal of Al
Shorter Meander — Ideal of Zn
23 13 . Ge:36 g
bs #0507 Al:12 g
o3 a3 Zn:i4lg
06 | | T —— 51807
a3 i Lnll#rm?rs Are Length of Meander
25 51808 Longer Meande
101 10? 103

Time Constant [ms]

assumed from other kinds of TES detectors:

.+ a=100,B =1

In our previous simulation [1], some parameters were

circle on the complex plane which does not match our

measurement at UMass.

Northwestern

Using these parameters, the simulation behaves as a semi-

[1]: Transition Edge Sensor Chip Design
of Modular CEVNS Detector for the
Ricochet Experiment

R. Chen, et al.
https://arxiv.org/abs/2111.05757
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Next Steps

Simulation of Complex Impedance
90°

180°

Tau v.s. Sigma w/ Different Targets & Meander Length
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17.5
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10.0

Energy Resolution [eV

7.5

—— ldeal of Ge
—— ldeal of Al
— ldeal of Zn

+ Ge:364¢g

- Al:ll2g

« Zni4lg

Numbers Are Length of Meander
je in mm

D3
Shorter Meander  ¢°
03 P |
$.6 “2 5']’%}'13
03 o3
06 | 5187
4.3 ! T—
25 51807 'Longer Mean
10! 102 103

Simulation
—— Measurement from UMass

[ohm]

6).28'3

.35

8.182

0.09':L
1809

Northwestern

Line.Coastantloas]

Improving the simualtion by adding parameters

measured from the Al/Mn TES chip.

Our model can now produce similar complex

impedance curves!

Fitting UMass measurements using new TES
parameters underway.

A better model of Ricochet detectors will come out!







