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Instrumentation

The design, provision, or use of 
measuring instruments.  

Oxford Languages

CERN



3

Secondary Instrumentation

Instrumentation done to help 
another experiment achieve its 
science goals.

CERN
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New Physics
Exploring the big questions



3 Experiments
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50

WIMP Dark Matter Low-mass Dark Matter 𝝂 hierarchy, CP violation (matter-antimatter 
assym.), solar and supernova 𝝂, dark matter, 
sterile 𝝂, non-standard 𝝂 interactions, etc.
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DarkSide-50

Secondary Instrumentation

Experiment #1

Science Goal: WIMP Dark Matter Search

A tabletop radon 
daughter detector
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DarkSide-50 @LNGS

Liquid Scintillator Veto

Water Cherenkov Detector

Liquid Argon Time 
Projection Chamber 

(LAr TPC)



The TPC
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Pulse Shape Discrimination
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Electron recoil Nuclear recoil

f90 ≡ Integral of first 90ns
Integral of first 7μs

ERs have a long tail, NRs don’t



Electron recoils f90~ 0.3

Nuclear recoils f90~ 0.7

Pulse Shape Discrimination

10
Background target: 0.1 events



Surface Backgrounds

Surface decays of 
radioisotopes were 
a big question mark
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Surface Backgrounds
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Argon

TPB

Teflon



Surface Backgrounds
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Argon

TPB

Teflon

LAr scintillation

TPB scintillation
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A B C D
Alpha-in Alpha-out

What do these signals look like?



Secondary Instrumentation
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Radon
Daughter and 
Organic
Scintillator 
Experiment
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TPB Sample

Evaporator
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Radon Chamber



Background Confirmed
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Argon

TPB

Quartz



Background Confirmed
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Argon

TPB

Quartz

Superimposed dark matter search 
region from DarkSide-50

f90

Photoelectrons



Long tail
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Millisecond-long scintillation lifetime, much 
longer than the LAr scintillation lifetimes.

f90 (7μs window) ~ 0.7 (nuclear recoil-like, bad)
f90 (2ms window) ~ 0.2 (good)

Original integration window



Background Confirmed
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Argon

TPB

Quartz

Superimposed dark matter search 
region from DarkSide-50

f90

Photoelectrons



Seen in DarkSide-50 Data
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Regular Event

Long tail Event



After Cuts
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After developing a dedicated cut for this tail, 
we achieved greater than 103 rejection for 
surface background rejection while 
maintaining 99% nuclear recoil acceptance.



Result

23

As a result of this secondary 
instrumentation project, DarkSide-50 
managed to succeed in its science 
goal of performing a background-free 
WIMP dark matter search.
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SuperCDMS HVeV

Secondary Instrumentation

A helium-3 fridge and 
optical system

Experiment #2

Science Goal: Low-mass Dark Matter Search



Result
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Silicon Crystal
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Vibrations

Electric Field

Dark Matter 
Particle



Result
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Silicon Crystal

Recoil
Event Neganov-Trofimov-Luke

phonons

Electrons

Holes

Electric Field

Phonon 
Sensors



Dark Photon Search Results
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In order to make a plot like this, you 
need to know the expected interaction 
rate of the dark photon for a given mass 
and cross-section.



Cross-sections
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Axion-like particles

Dark photons

Also found in bremsstrahlung and Migdal effect searches.

These searches are directly dependent upon σPE, the photoelectric absorption 
cross-section of the standard model photon with the target material.

But σPE was not well known at < 1 K temperatures.



Cross-sections
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Credit: Matt Wilson

Order of magnitude discrepancy here… …leads to order of magnitude uncertainty here
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SuperCDMS HVeV

Secondary Instrumentation

A helium-3 fridge and 
optical system

Experiment #2



Measuring σPE(E) at <1 K
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Silicon 
thickness = t

Detector

Incoming light Transmitted light

Absolute measurements of σPE are difficult. They require knowing things like the 
precise amount of incoming light, the amount of reflected light, the quantum 
efficiency of the detector, etc.



Relative Measurement
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Detector

Incoming light Transmitted light

Our solution was to perform a relative measurement, which eliminated all these systematics.

t

2t



Secondary Instrumentation
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We built a dedicated experiment to perform this 
measurement at <1K 

Fridge

Cold stage



Si Wafers
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Results
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As a result of this instrumentation project, the SuperCDMS HVeV detectors (and all other 
Si-based dark matter detectors) are now able to accurately state their science results.
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DUNE

Secondary Instrumentation

The Digital Wire Analyzer

Experiment #3

Primary science goals: neutrino mass hierarchy 
and CP violating phase angle
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DUNE

Secondary Instrumentation

The Digital Wire Analyzer

Experiment #3

Primary science goals: neutrino mass hierarchy 
and CP violating phase angle

Low-energy: Solar and supernova 𝝂 sensitivity 
BSM:  dark matter, sterile 𝝂, non-standard 𝝂 interactions, CPT violation, and other new physics
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Sanford
Underground
Research
Facility
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Far Detector Module
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Liquid
Argon

Time
Projection
Chamber



42

Anode
Plane
Assembly



Wire Tensions
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Wires in an plane assemblies have tension tolerances

Too loose:                                            

Might touch neighboring wire or pick up too much noise

Too tight:                                              

Might snap after cooling, shorting wires and ruining detector



Wire Tensions
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Wires in an plane assemblies have tension tolerances

Too loose:                                            

Might touch neighboring wire or pick up too much noise

Too tight:                                              

Might snap after cooling, shorting wires and ruining detector



Wire Tensions: Laser Method
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Wires tensions in APAs are traditionally measured 
individually and are time consuming to measure. Each 
APA has over 5000 wires and takes 2 people ~80 hours.



The Electrical Method
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a(ω)
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E

n n + 1

n - 1

Channels n-1 and n+1 biased with AC(ω) and DC.

The frequency ω is varied, while the voltage of channel n is read out.

The frequency at which the wire resonates determines the tension.

unbiased

Based on concept outlined in D. Garcia-Gamez et al.
(2019): https://doi.org/10.1016/j.nima.2018.09.031

https://doi.org/10.1016/j.nima.2018.09.031


Proof of concept
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T = 4μL2f0
2

D. Garcia-Gamez et al. (2019): https://doi.org/10.1016/j.nima.2018.09.031

f0

https://doi.org/10.1016/j.nima.2018.09.031


The Electrical Method
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Also, the wires are not always physically accessible.
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Secondary Instrumentation: Digital Wire Analyzer (DWA)

Power Distribution Box DWA Box
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128 wires
Relay x64

Bus x16

Relay x32

DC-DC
-2000V

DC-DC
-2000VVGA x8VGA

BPF x8

ADC x8

BPF

VAC

FPGA

Computer

Digital Wire Analyzer

Analog Board Relay Board x2

AC-DC 5V

AC-DC -5V

AC-AC 12V

Mains

Power Distribution Box



Secondary Instrumentation: Digital Wire Analyzer

52



53

Relay Board
(x2)



Flex Cable

54



Connecting to an APA
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Connecting to an APA
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Probe Boards



Connecting to an APA
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Support
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Software
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Software
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Software



Resonance Identification
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1184mm 1184mm 1184mm1282.38mm 1163mm

This resonance is 
used to compute 

the tension

These two 
resonances were 
placed based on 
the first

We expect multiple resonances per wire.

We get a “ringing” effect due to the 
speed of the frequency sweep.



Resonance Identification
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Some channels are more complex and are made up of separate segments.
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Consistency Check
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Measurements with the DWA are highly 
repeatable.



Results
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Real APA tensions.

Highly consistent with 
the laser method.

5x faster than laser, and 
only 1 operator.



Real APA tensions.

Highly consistent 
with the laser 
method.

5x faster than laser, 
and only 1 operator.

Results
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Results
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The electrical method:

● High speed

● High accessibility

The DWA:

● High accuracy

● High precision

The DWA will be used to ensure we 

produce a functional experiment that can 

meet its science goals.



Summary
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50



Secondary instrumentation can be just as important to the success of an experiment as primary 
instrumentation.

Summary

50



73CERN



Thank You
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 Extra
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Support

http://www.youtube.com/watch?v=FU6pyERjPYA


Result
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As a result of this secondary 
instrumentation project, DarkSide-50 
managed to succeed in its science 
goal of performing a background-free 
WIMP dark matter search.


