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PhySiCS Back gr ound: Low Mass WIMP-Nucleon interaction searches
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Nuclear Recoil spectrum induced by WIMP
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What is the response of Argon to low energy Nuclear Recoils ?

IONIZATION CHANNEL
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DS-50 Collaboration, Phys. Rev. D 104, 082005 (2021)
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The average number of electrons produced depends critically on:

* The average energy required to produce a quantum: 19.5 [eV]
for Argon , 3.8 [eV] for Silicon.

* The fraction of energy lost in electronic w.r.t nuclear collisions

The fluctuations in the number of electrons depend critically on:

* The fluctuations in the energy lost in electronic w.r.t nuclear
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Issues:

The current model used in DS-50 comes from a fit of the AmC spectrum+External Data sets.

* K(€) is fixed to Ziegler et al, other s, (€) reproduce the data as well.
* Data is insensitive to the fluctuations of the number of quanta

The current approach to overcome the second issue is to adopt two extreme models of fluctuations.

(B,y) free parameters.
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The seed functions: N._spectra for mono-chromatic Nuclear Recoils

100 [eV] Mean/RMS= 0.59/ o.ig

400 [eV] Mean/RMS= 2.76/ 0.
800 [eV] Mean/RMS= 5.82/ 1.4
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Needs to be convolved with the experimental resolution.
This depends critically on g2 (Number of photons per extracted electron).

g2=23 [pe/e-] in DS-50, it can be improved tuning the Amplification field or the Gas Pocket Height.
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GADM Collaboration, Phys. Rev. D 107, 112006 (2023)

Just for illustration, simple
model (not actually measured)
It is likely that 60% of the times a
100 [eV] recoil leaves a
measurable signal in a Argon
detector.

To predict the WIMP spectrum we need to
measure these seed functions accurately.

Nuclear recoils with energies 20-100 [eV] might
have a finite probability to leave a signal in the
detector.

Since ionization threshold is ~20 [eV], the detectability of the signal

depends on the fluctuations, i.e. the competition between Nuclear and
Electronic scatterings.
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M. Foxe et al, Astroparticle Physics 69, (2015), p 24-29

Atomistic Monte Carlo to model the number of ionizations and its fluctuations 5



dR/dT (mHz/ms)

What is the actual threshold in Argon based detectors?

DS-50 Collaboration, Physical Review D, 107 (2023) 6: 063001
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(1) A great fraction of those events

are correlated in time with previous

high energy events.

The first 120 days including Getter-Off runs

Last 500 days

(R1,T1)=(0.9 mHz,
(R2,T2)=(5.5 mHz,
(R3,T3)=(1.3 mHz,

Ne = [0.0,4.0]
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(2) Also they appear at the same (x,y)

preliminary

There is a sudden rise in DS-50
background for Ne <4: this is the so called
Spurious Electron Background (SE).

SE happens more frequently after a high
energy event.

(3) SE production is larger when

: (4) SE production is larger when
parent has larger size.

parent had to travel longer distances
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More importantly, most of the obvious mechanisms considered produce a background for Ne =1, so why we see it for N. =2,3 and 47
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& AF This suggest that overlaps might not be the
s i cause of the SE for Ne>1.
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DS-50 data is compatible with a model in
which SE spectrum is a Poisson
Distribution (convolved with experimental
resolution). The overall normalization
depends of the impurity level.

See arXiv:2407.05813, such model is used
in Profile Likelihood sensitivity estimates for
DS-20k.

See back up slide 22 for the current plans for future Argon detectors
See back up slide 23 for seasonal modulations (that can potentially be used to set limits with Ne <4)
See back up slide 24 for R&D on Spurious Electron Background


https://arxiv.org/abs/2407.05813

Uncertainties in cross section limits

DS-50 Collaboration, Physical Review D, 107 (2023) 6: 063001
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S

With the current threshold of Ne =4 and for Mwinve <2 GeV, we have
systematics due to the shape of the seed functions.

Note: Phonon based detectors are more suitable
for Mwime<1 GeV : lower energy threshold and
narrower seed functions.

Migdal effect helps Xenon and Argon searches in
the sub-GeV range, but we need experimental
evidence of such effect.

See back up slides 25 and 26 8




ReD goals in the Low Mass range

ReD is a subgroup of the GADM collaboration formed with the initial goal to investigate DS-20K C :

. . . e . - ollaboration
the directionality sensitivity of the Argon target for High Masses. Eur. Phys. J. C 84:24 (2024)
The current goal is Low Energy NR characterization.

1) Phase | : measure ionization yield in the 1-10 [keV] range.
Data already taken at INFN Sezione di Catania, preliminary results presented in this talk.

2) Phase Il : measure the seed functions in the 0.2-1 [keV] range
Ongoing at IFUSP and INFN LNS

3) Phase lll: R&D in spurious electron background (Mitigation and Characterization)
Funding is being requested within the DRD2 collaboration

Additionally:
* Feasibility studies to measure the Migdal effect in Argon
* Apply calibration methodology to other targets: Silicon (CCDs) and CaWO, (CRESST)

Brazilian FAPESP funding : new neutron source

Italian PRIN funding : new TPC A FAPESP
Sub-keV NR energy calibrations are actively For phase lll see back
pursued by other collaborations. Some of the :
methods could be adopted for Argon; see back up slide 24 and 26
up slide 27




Phase | (at INFN Sezione di Catania, Italy)
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The components

The shield/collimator . 22Cf source : 26 kBq Fission Two cameras with 9 1” Plastic Scintillator.
made of Boron Loaded . Two BaF taggers: fast detectors that EJ-276: good PSD and <0.5 [ns] Time
HDPE and Lead. The prov|d|ng the start tag ReSOIUtion
collimator is conical with Trigger Logic: OR with ~100-200 ~10 [HZz] trigger rate each
2.6 [deg] aperture. [keV] threshold. ~40% SF tagging
efficiency.
. m - » Trigger rate for each BaF ~10 [kHz]

SHESEAR SERs 5x5x5 cm TPC Trigger logic:
Any BaF && Any Psci
24Top  SiPM ~[Hz] rate
- 4 Bottom SiPM
NUV-HD-Cryo from FBK
SiPM channels work in the
high occupancy regime.

Boiler

Copper rings

| See back up slides 28-31 for

e details on the TPC analysis 12




PRELIMINARY

Data and MC: PSci energy calibrated with
241Am, Electronic Quenching was ignored (it is
being measured for EJ-276 at USP)

MC :

*  22Cf spectrum uses FREYA model,
Mannhart et al is our default now.

EJ-309 nuclear quenching.

Ipsl::i -thal [S&]

h.l.nlj |||.|I.|I.| |I| T, T |I|.|||I|I| |:|I| T T

20%
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fprompt{P Scl}

* Gamma Flash: rate well
reproduced and TOF
resolution ~0.7 [ns] (6%
Eneutron , Slide 11)

* Accidental Gammas
missing in the simulations.

* Leaking neutrons are the
dominant population for
tof>40 [sa] . When TPC
coincidence is required,
they disappear.
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. Leaking neutrons refer to neutrons that exit
- the shield from the front without going

i through the TPC. The shield needs to be

-~ reinforced.
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This data set is not optimum to tune the
BaF/PSci MC due leaking neutrons.

In Nov 2023 we took runs with one
camera exposed to the beam.

This data set is being analyzed and will
be presented in the near future.
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BaF-Psci_neutron coincidences with TPC signal

TPC cuts

S1+S2 - (f100>0.5 || S1<100 ) && (trec -trec &Pected)<15 [NS]
S2only -  Tsar >2500 [sa] && Tswp <39000 [sa]

BG before 1 pulse and after last pulse < 1.5 [spe/us]

(x,y) in the central 4x4 cm region

S2 (XYT corrected) < 3000 [spe]

Total number of events (S2 or S1+S2): 2606
Total selected : 649 (S2 only) 224 (S1+S2)

Data taking: From Jan 10th to Mar 16th, 2023
~2.5 Hz, 80 us waveforms (600 GB/day)
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« Good agrement with DS-50 model |
* Work in progress to pin down g2 and set the absolute scale. HH }
* Work in progress to clean the data set due to BaF1 tag timing tails. ;%5 + ! M'mj
» See back slides for benchmarks of the reconstruction chain. R ﬂ |
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Phase Il (at IFUSP, Brazil and INFN LNS, Italy)

Physics goal: Nuclear Recoil Energies 0.2-1 [keV]
Funding already secured.
Ingredients:

* Neutron source : DD generator
22Cf with higher activity and new taggers (better timing and higher SF tagging eff.)

* New TPC : larger, less passive materials, better field configuration and larger g2.

« Spectrometer : 36 PSci (x2) with better camera design (avoid neutron reflections)

« DAQ : new DAQ that allows triggering on Single Electrons using top multiplicity

Technical goals: See back up slide 32 for possible set-ups

* Boost signal rate by a factor 10
« Decrease bad topologies by a factor of 2

Why a DD Generator?

» Large flux: adjustable 3e5-1e7 n/s
* Mono-energetic neutrons

Generator chosen: Adelphi DD-107 APl with a home

made conical flange that host a Silicon Detector to detect After preliminary measurements at Adelphi, the

SHe generator is at USP for characterization.

Requirements It will be sent to INFN LNS for Physics Campaign after
characterization.

Low X-ray flux

Efficient Trigger on 2He with the SiDet.

Good timing accuracy of SiDet (TOF measurements).
Narrow neutron cone beam formed when triggering in
the SiDet

« SiDet can be operated in long campaigns (radiation
damage).

15



The tagged neutron cone shape: the key issue

neutron

»

A.U.

D 50 keV \:00'74 e
*He

O Kinematics

He3 770 [keV]
. Triton 949 [keV]
SiDet Proton 2983 [keV]

Spatial extent of a tagged neutron beam

Simple Kinematics

SRIM

Deuterons incident on the target loose energy and suffer deflections.
Simple kinematics does not hold.

SRIM is used to evaluate this extra source of spread:
50 keV deuterons incident on a 45 [deg] inclided target
Two layers: 1 um Titanium Deuterated (1:1) , 2 um Copper

10

102

107?

Deuterium-Tritium beam striking small target on a
sub 2mm spot.

o
]
-9

9neutmn 16




Preliminary measurements at Adelphi

The generator head that we tested
at Adelphi was a spare that did not
go through factory testing.

Home made The neutron flux was measured
ﬁ;’;‘t',?f;} I',f‘:ge with a calibrated Bonner Sphere,
SiDet ~3e5 n/s.

Generator operated at 100 [kV]

1” PSci

Projection in the Y-Axis * The 3 peaks are
3500 —00f clearly seen.

IO ey * Only 3_He peak have
' PSci Trig (SiDet Coinc) associated neutrons

* 3He energy is much
lower than expected;
very likely the SiDet
has a 0.5 [um] dead
layer.

* The *He peak rate is
~10 [HZz] for 3e5 n/s.
Lower than we
expected.
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SiDet energy measured with pre-amp (timing) and amp (energy) outputs 17
Color Histogram: one run with SiDet trigger
Black dots: PSci-SiDet time coincidences in all runs with PSci trigger.




Time of Flight distributions

ts.r‘tPSm' [ns]

17 [ns] 24 [ns]
expected ENDBCtEd
, |
% o014l 27 [cm] Mean/RMS=16.65 / 4.50 [ns]
- 9 [cm] Mean/RMS=25.73 / 4.57 [ns]
0.12f— v
0.1
0.08f— L
0.06— |
: .
0.04 — ‘—L
002 L
- ( L
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Very clean! No PSci PSD cuts! e
But the PSD is compatible with neutrons
1
t Fraction (E< 130[keV])= 0.15
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Color Histogram: 2**Am run
Black dots: PSci-SiDet time coincidences

10°

107

* Mean TOF compatible with

expectations.

RMS of TOF is ~4.5 [ns]; part of the
spread is due to *He Time of Flight
from target to SiDet (non-
monochromatic *He)

600
Energy(keV)
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Flagging

X-Ray Background

PSD plot
PSci trigger

PSci at 30 [cm] from target.

0.0f
0.8f
0.72
0.6}
0.5F
0.4f
0.3
0.2

0.1F

10°?

10°?

10"

=
£
@
107" o
w
T
102
10°
S P N N R AR U RET SRR SRRl fr e
100 200 300 400 500 600 700 800 900 1000
Neutron Beam shape
e o Geant4+SRIM
C ~o- Experiment
t
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el
E SiDet-Target 20cm 50 [keV]
1 1 1 1 ‘ L
50 100
d [cm]

P
Torompe= 0-39-1.00 37.9/ 32.2 [Hz] (All/<130 keV)

102

X-rays with end point 100 [keV]

Fiagging : the fraction of neutrons passing
through the PSci that are tagged.

Geant4+SRIM — The assymptotic value of
Fiagging 1S 20% (40%) for SiDet-Target distance
20 (10) [cm].

If 3He and neutron direction are not correlated,
then Ftagging =19-4

Very good news! We have a beam!

Deviations in that plot are probably due to the crude
alignment we were able to do at Adelphi.

*“ZE fomm 005039 405/ 10.0 Hz] (<13 kev) X-Ray and Neutron rate are both ~40 [Hz]

Very good news!!

The PSci has no shielding so is seeing all X-ray flux
produced in the generator body.

For physics runs we will collimate the beam and only X-rays
produced in the target will contribute (very likely much
smaller, X-rays are produced by back electrons entering in
the body of the generator).

The generator at IFUSP
Characterizing the beam and put 19
it in a small collimator hole will be

the next challenge.



Conclusions

Argon is an attractive target for direct DM searches in the 1.5-5 [GeV] mass range.
Sub-GeV sensitivity with Migdal effect; but Migdal needs to be measured in similar conditions.

Very few measurements of the ionization yield response functions. ReD performed the first (based
on Kinematics) in the 2-5 [keV] range.

Very good prospects to constrain the fluctuations of the ionization yield.
Phase Il targeting the 0.2-1 [keV] region is funded and on going

The DD Neutron Generator provides a high intensity neutron beam that opens the possibility for
Migdal detection in Phase IlI.

Abatement of Spurious Electron Background is possible through R&D in Phase llI.

Other exciting possibilities with small (~10 [kg]) Argon Double Phase TPCs:
CEVNS in Nuclear Reactor , slide 33
CEVNS in Spallation source, slide 34
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counts/ (Ne kglday)

Future Low Mass searches with Argon

Two approaches : High Luminosity (DS-20K) and Low Background (DS-LM)
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Phys. Rev. D 107, 112006 (2023)
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arXiv:2407.05813

High Luminosity approach will be likely limited by SE background and % Ar modelling systematics, S2 performance is
not optimized for low charges.

Low Background approach needs a dedicated experiment and further *Ar purification; but it has a lot of flexibility for
improvements since its design is not bounded to the design requirements of a High Mass experiment.
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https://arxiv.org/abs/2407.05813

Seasonal Modulations in DS-50

arXiv:2311.18647
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Figure 3. Top: background model of each component with their total uncertainties including both shape and

amplitude systematics. The amplitude of each component shown here i1s normalized at 123 d passed since the

reference day. Bottom: temporal evolution of the expected rate from each background source within 4-29 ¢~

Also shown are that of WIMP with 3 GeV/c¢” assuming WIMP-nucleon cross-section equal to 3 x 107#! ¢m?

with (QF) and without (NQ) quenching fluctuations (see text for more detail). The blue-shaded period is
same as in figure 2.
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R&D to mitigate Spurious Electron Background

What can be done to reduce the role of the SE background in Future Argon
Low Mass DM Detectors?

1)

2)
3)
4)

Investigate the origin of this background using dedicated experiments:

* Measures to alleviate it.

* Characterize it: build a model and estimate the model uncertainties.

Reduce the rate per [kg day]: further *°Ar purification.

Reduce the rate in [Hz]: stricter AT cuts wihout loss of exposure.

For Ne>1 : minimize the spillover from Ne=1 (e.g. increase g2 and reduce g2(x,y)
dependences)

Spurious Electron Background R&D in ReD+ Phase llI

A TPC with low rate (~10 [Hz]) would be optimum to characterize impurities.
The TPC would need to be shielded.

Action items:

Purification schemes: to decrease the Ne =1 rate.

Scan in Amplification Field and Gas Pocket thickness: to characterize R;
/ Ry

Measure Quantum efficiency of steel grid.

Grid coating.

The role of delayed electrons

Synergy: Brazilian researchers at
UNICAMP working in purification
schemes of LAr for DUNE.

Oxygen: see talk by A. M. Caffer
Nitrogen: see talk by Dirceu Noriler
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Sub-GeV DM detection using Argon through the Migdal Effect

.-

The maximum detectable energy for the same Mwwe is enhanced.

Ep: [keVy]

1075+
1078
1u-lﬂ Il 1

! myy = 0.36 GeV/c?
Os; = 107°% cm?
1 1 1 Il
AR 107 10°
I
22330 Epy [keV..]

10—4 -
1076
1078
10—10 1 1

! myy = 1.49 GeV/c?
Os; = 107 cm?
11 1 L
DRARR] 107" 10°
)
33228 Een [keVe,]

DarkSide Collaboration, Phys.Rev.Lett. 130 (2023) 10, 101001

1074
1075
107°¢
1077

[ (keV? x kg xd) 1]

1078
107°

d’R

dEpydE,

10*10

107
1075
107

=)
o
|

4

...
S
[ (keV? x kg x d) 1]

107°

d’R

dBEpydE .

107

After DM scattering, the nucleus moves and the electron
cloud needs to catch up. There is a finite probability that
an electron is ejected.

For a 100 [eV] Argon recoil, this probability is ~103
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As expected, for Mwimp= 3 [GeV] a Migdal EM Based limit
is 103 weaker than the standard case.
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Counts

Data — 5im

The Migdal effect is challenging to measure

Xenon Migdal constrains using a DT

generator

10
10" 4

10°

LY Single scatters
4 * =
. -
-+

Passive scattering

* * Meutron multi-seatters
th- = Migdal (hest-fir)
Migdal {predicted)

Sum

3 30 15 100 125 150

J Xu et al, Phys. Rev. D 109, L051101 (2024)

175 200
82 [electrons]

Argon feasibility studies using a DD
generator

MIGDAL with the DD Generator

High Rate Set Up >1000 [evt/h]

Qualifies in terms of rate for Migdal searches with 30 [keV]
recoils. Needs to be optimized for BG. Under investigation.

DD generator operated at 1e7 n/s
Collimator hole 1 [deg]

One ring of 1" Psci centered at 42 [deg]
TPC d=10 cm h=10 cm

1 [m] NG-TPC | 0.2 [m] TPC-Camera
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Counts (arb. units)
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Other monochromanic low energy recoil sources

The nuclear recoil caused by
radiative capture of thermal
neutrons can have sub-keV
energies.

TABLE 1. Properties of the potential calibration signals and
the associated thermal neutron capturing on tungsten iso-
topes with subsequent single y-emission:
energy Ep, natural abundance Y, thermal neutron capture
cross section oy, +, branching ratio for single r-emission B,

and figure of merit FOM.

Q-value @), recoil

1.“.2‘.\( IH:S\:\I.'

184 W

186y

Q (keV) mﬂ 6190.7 7411.2

Er (eV) 1124 1602

Y (%) 12 2650 14.31
Tn~ (barn) [I3] 20,31 9.87
BRy., (%) 13.936 5.829
FOM 7500.6 823.3

5794.1
96.1
30,64
1.63
1.477
73.8

5467.0

85.8
28.42
37.88
0.263
283.1

A |https://vwu-nds.iaea.org/pgaa/egaf.
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Is there any similar
channel for Argon?
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The ReD TPC Analysis flowchart

Calibration
Using laser runs (2 [ksa] 4 [us]) derive:
* SPE average shape

* SER: [adc]to [spe]
* DICT: Puno

* DeCT+AP

* DCR

Geant4
DarkG4: a local project

* DarkEvent TTree : collection of deposits
* BlueMC TTree : collection of physical clusters

v

MCGenerator

v

e ~ A | Given (Eaep, t, type ) of Physical Clusters

Red Level Analysis

e FADC Trace Deconvolution: FFT method
* Peak Finder and Charge Integration

Output: TTree of packets
in the low occupancy regime 1 packet is 1 SPE

generate Raw FADC traces:

> * Using ER/NR model — time collection of photon

Photon share among SiPM: using XYZ corrections for
S1 and S2 inferred from data.

» Using calibration : time collection of SPE
(DICT+DeCT+AP and DCR)

1 TB (Packet collection) v Using user analysis: xCT and Delayed Electrons.
! 3 » Using user analysis: Echo (S3) generation

. 69 TB (FADC traces)

| ~2.4 [evt/s/CPU] |
: [klsg]"t - 28FADClraces 40 < FADC generation: SPE shape of each SiPM +

Baseline Fluctuations

v

Blue Level Analysis

Pulse Finder: S1 and S2 clusters and
related variables.

XY reconstruction

XYZ corrections of S1 and S2

S1 and S2 pulse shape fits
SER charge distributions (Calibration

cross check)

S1 time variable for TOF (weighted average
of first SPE of all channels within the tile, within a 20
[sa] window)

Output: TTree of Clusters and Pulse Shape fits

v

ONLY ONCE

Trigger Logic implemented by Masato

v

All data can be
. reanalyzed overnight

ER/INR Model

+  SI1(E) S2(E)and
fluctuations

* Sl pulse shape

*  S2pulse shape

(with xyz dependence)

g1 from Am241
g2 from Echo

User analysis
Echo Probability and time distribution
External Cross Talk from S1 tails
Delayed Electron Probability from S2 tail fluctuations

The framework has been upgraded to read native
MIDAS files (ReD+ DAQ based on MIDAS).
Appliable to Proto-0 given manpower is available.
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Deconvolution Method

Ch27 (E5)- SiPM Chg (B1)- SiPM
A Ep
o o
=] N (=] L
s’ TN 5
< 4 < 0
2 L
1
=3 4 L
-4 L
N=45204 p _ =089 <1, =59535 o, =1253 § =285 sigma'=3.54 sigma ’ =16.09 . 2
1} B3 -5 -3:_
o.e; -7 E
F L L L Ll L L L __I_I_I_I_I_I_I_I_l_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_
08— R T R RO R 0 22000 23000 24000 25000 26000 230%‘;
oal— Channel B3 >
0.2; Raw trace
c Deconv trace 30 [ns]
°F ‘ ‘ ‘ S ‘ ‘ Black points: packets
200 400 600
sa
e/ 2 e 4
spe(t; To, P 05, 0f07) = (L — py) \/Z_Wﬂf,zr WS ey
o e—r1/megoif2rE " {nf —aim, Red Files contain:
P 27, C O V2o
SPE time profile from Laser Runs All maximum of t_he deconvoluted trace above 0.5 [speyea]. Each
maximum is assigned:
* Time: interpolated with a 2" degree polynomial
* Charge: integrated in between valleys. If possible the
integration range is extended to +-Nuser [S@].
This method preserves charge. No distortion of the time information available.
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BenChmarkS Of the I‘econstl‘uction Chain (Using only the Packet Information)
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Efficiency

Pulse Finder Efficiency

G2~15 [pele-]
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S2 charge reconstruction accuracy
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Black : mean

Red
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S1 charge reconstruction accuracy
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Possible setups for Phase Il

Set Up A * Signal rate : 32 [evt/h]
* Tagged Neutron rate (no TPC): 23 [evt/h]
* DD generator operated at 3e5 n/s »  Good topology fraction 70%
* Collimator hole 2.5 [deg]
* 4 cameras at scattering angle 9 [deg]
* TPCd=10cm h=10cm
* 1[m] NG-TPC | 1[m] TPC-Camera
T
-1 1 1 +++\+O = L L
o ! Eyg (true) [keV]m ® : Eyn (trl:e) [keV] : =, (ln:e) [keV]
Bad topology
Good topology
Set Up B ytpc:ztpe {recType[0]==0}
Signal rate : 60 [evt/h] i

* DD generator operated at 1e7 n/s

* Collimator hole 1 [deg]

* One ring of 1" Psci centered at 3.8
[deg]

* TPCd=10cm h=10cm

* 1[m] NG-TPC | 1[m] TPC-Camera

<Enr>=300 [eV]
Good topology fraction 70%
Direct neutron fraction still tolerable.

Eyg (true) [keV]

Bad topology
Good topology

E,q (true) [keV]

= c 03 5 03
] iE 2 3
=, © £ oz8f
o
o = 0.25 E
g os i w” o026
= 08 s N
z O g ® o024
Y a0 %
- 0.22f
mz
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05 € sl
0.4] oar 016
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. 0.05 + o014
0.2 “aiE + + 0.12[-
oL v by ) ol v 1 PR S R SR B
02 0.4 0.6 038 1 k! 0.2 0.4 06 0.8 0.2 0.4 0.6

Eyg (true) [keV]
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CEVNS in Nuclear Reactor

Reactor neutrinos provide a good source of ~200 [eV] nuclear recoils, which can also test neutrino interactions in a kinematic region not observed before.

0% T T T T T T T T 7 T T T T
r 1 10 =
107 - R d E
L J == X ]
E \iBiE 3 B CMNS Predictions (Pure Ar)
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g b =] s Underground *Ar Background
= 10° S 4 = - E
w - i ]
2 L | @ i |
= " Pu-239 O\ g
| ~ \ | i
10 cErm”) =207 eV 8 1 0 1 E_ _E
_— N i ]
[ 10—2 1 1 1 L 1 L L L 1 i " N 1 "
"
10 ! : ; 3 1 2 3 4 5 6 i 8 9 10
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Argon Recoil Energy [eV] Number of Electrons, N,

Recoil energy spectra from Nuclear Reactor

neutrinos via CEVNS Astroparticle Physics 69, (2015), p 24-29
25 [m] from 3 GWt Reactor
~50 [evt/kg/day]

14000

IEEE Transactions on Nuclear Science ( Volume: 51, Issue: 5, 2004) 12000 lT 1 SEF
10000 lj_l
_ 8000 S=
If we target a high S/N measurement: 2 oo =}
* It requires the use of UAr. H
* It requires suppressing the Spurious Electron Background 100 -
* It requires a shallow depth location to avoid Cosmogenics and *°Ar activation 2000 ==
* It requires abatement of neutron and gamma backgrounds 0 " " " - — _9,_ —
Otherwise, find a optimum background for Reactor On/Off measurement ol d
2 600 } E
3 400 { [ } i
203 f ﬁﬁiuh Fots 0 45 PFae_ _x sNaa®_o.
R iais I T .
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8
Energy (MeV)

1.3 kL of water doped with 0.2% gadolinium

chloride (GdCI3) by mass

Angra dos Reis Reactor, Brazil 33
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https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=23
https://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=29603&punumber=23

Other places where to measure Nuclear Recoils

Neutrino Alley

Oak Ridge Spallation Neutron Source (USA)

SS-Background Subtracted Events

CEVNS in Argon measured already for E,>15 [keV]

CENNS-10 detector.
Single Phase, 24 kg AAr

Phys. Rev. Lett. 126, 012002 (2021)
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