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Coherent Elastic v—-Nucleus Scattering @ ESS
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possible at the ESS with non-intrusive
detectors

(small footprint, no interference with neutron mandate)

Developing three technologies to meet
challenge via two ERC actions. Benefit from
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Coherent Elastic v—-Nucleus Scattering @ ESS

Comparison of past, present and future spallation sources for CEVNS:

CEvVNS provides a new avenue to explore
fundamental neutrino and nuclear physics.

ESS is the ultimate source for CEVNS, as far
as the eye can see.

As such, it deserves next-generation nuclear
recoil (NR) detectors sensitive to CEVNS.

Precision: removing statistical limitations is
possible at the ESS with non-intrusive
detectors

(small footprint, no interference with neutron mandate)

Developing three technologies to meet
challenge via two ERC actions. Benefit from
their synergies.

Perfect timing vis-a-vis ESS start. Possible
sites identified and studied via simulation
(background measurements in preparation)

Enthusiastic reception. Work (and flow of
funding) has started!
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Coherent Elastic v—-Nucleus Scattering @ ESS

DIPC Pils:

CEvVNS provides a new avenue to explore
fundamental neutrino and nuclear physics.

ESS is the ultimate source for CEVNS, as far
as the eye can see.

As such, it deserves next-generation nuclear
recoil (NR) detectors sensitive to CEVNS.

Precision: removing statistical limitations is
possible at the ESS with non-intrusive
detectors

(small footprint, no interference with neutron mandate)

Developing three technologies to meet
challenge via two ERC actions. Benefit from
their synergies.

Perfect timing vis-a-vis ESS start. Possible
sites identified and studied via simulation
(background measurements in preparation)

Enthusiastic reception. Work (and flow of
funding) has started!



Coherent Elastic v—-Nucleus Scattering @ ESS
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Coherent Elastic v—-Nucleus Scattering @ ESS
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Cryogenic (87 K) undoped Csl array:

Moving from ~100 events/yr...

Natural evolution from CslI[Na] at SNS (same
advantages of large o, similar Cs-I mass, low
afterglow)

Combine higher light yield (x2.5-3) and more
efficient photosensors (x3 higher QE)

Large mass increase to ~52 kg (seven 7x7x35
cm crystals)

LAAPDs with >80% QE provide a measured
< 55 eVee threshold in inorganic scintillator (!).
Presently limited by charge-trapping noise in
NTD silicon. R&D to bypass this in
collaboration with industry (FAGOR
semiconductors).

Much improved internal radiopurity w.r.t. SNS,
advanced inner active LAr veto.

Well-studied Quenching Factor down to
threshold.

Bigger is not always better:
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Cryogenic (87 K) undoped Csl array

Natural evolution from CslI[Na] at SNS (same
advantages of large o, similar Cs-I mass, low
afterglow)

Combine higher light yield (x2.5-3) and more
efficient photosensors (x3 higher QE)

Large mass increase to ~52 kg (seven 7x7x35
cm crystals)

LAAPDs with >80% QE provide a measured
< 55 eVee threshold in inorganic scintillator (!).
Presently limited by charge-trapping noise in
NTD silicon. R&D to bypass this in
collaboration with industry (FAGOR
semiconductors).

Much improved internal radiopurity w.r.t. SNS,
advanced inner active LAr veto.

Well-studied Quenching Factor down to
threshold.

80K Csl /

read out by 1.7 cm2 LAAPD
(notice signal-to-noise at 82 eV)
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Cryogenic (87 K) undoped Csl array:

e Natural evolution from Csl[Na] at SNS (same
advantages of large o, similar Cs-I mass, low
afterglow)

e Combine higher light yield (x2.5-3) and more
efficient photosensors (x3 higher QE)

e lLarge mass increase to ~52 kg (seven 7x7x35
cm crystals)

e LAAPDs with >80% QE provide a measured
< 55 eVee threshold in inorganic scintillator (!).
Presently limited by charge-trapping noise in
NTD silicon. R&D to bypass this in
collaboration with industry (FAGOR
semiconductors).

e Much improved internal radiopurity w.r.t. SNS,
advanced inner active LAr veto.

e Well-studied Quenching Factef down to

threshold.

Amcrys Csl[Na] @ SNS SICCAS Csl @ ESS

Th-232 <0.5 mBqrkg 0.03 mBqrkg

U-238 2.4 mBa/kg 0.09 mBarkg

K-40 16.7 mBa/kg <4.1 mBqrkg

Cs-137 27.9 mBaqrkg 1.3 mBarkg
Cs-134 25.9 mBqrkg 33 mBqrkg

Rb-85 101 ppb 15.5 ppb

Rb-87 38 ppb 1.8 ppb

Nuclear Instruments and Methods in Physics Research A 571 (2007) 614650
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Fig. 3. Background spectra obtained using GEANT4 simulation for the
8x 8x30cm® CsI(T) crystal with 10mBq/kg '*’Cs contamination,
30mBg/kg '**Cs contamination, and 10ppb *’Rb contamination: (a)
spectrum of ¥7Ba*; (b) beta-ray spectrum of '*’Cs; (c) **Cs spectrum; (d)
87Rb spectrum; and (e) total summed spectrum.

" Attention paid
to Rb, Cs
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Cryogenic (87 K) undoped Csl array:

LAr inner active veto (87 K)

e Natural evolution from Csl[Na] at SNS (same
advantages of large o, similar Cs-I mass, low

afterglow) | 7 LAAPDs

e Combine higher light yield (x2.5-3) and more
efficient photosensors (x3 higher QE)

e lLarge mass increase to ~52 kg (seven 7x7x35

cm crystals)
e LAAPDs with >80% QE provide a measured /
< 55 eVee threshold in inorganic scintillator (!). Wi"e]f’lh'f:er \
Presently limited by charge-trapping noise in ;iafi‘:lg; AN
NTD silicon. R&D to bypass this in DarkSide-20k

collaboration with industry (FAGOR ~55cm L x ~40 cm D SiPM
semiconductors).

e Much improved internal radiopurity w.r.t. SNS,
advanced inner active LAr veto.

e Well-studied Quenching Factor down to
threshold.

20x20 cm low-field modules
~80 Hz dark rate @ 87 K
(single photon operation)

16 channel output




Cryogenic (87 K) undoped Csl array:

e Natural evolution from Csl[Na] at SNS (same 12 [
advantages of large o, similar Cs-I mass, low
afterglow) 10 -
e Combine higher light yield (x2.5-3) and more = S[
efficient photosensors (x3 higher QE) R Es model from our ]
q;n 6| /' previous room T Csl[Na] work -
. = b (PRD 100 (2019) 033003)
e lLarge mass increase to ~52 kg (seven 7x7x35 g
cm crystals) § i -
=) [ ! PHYSICAL REVIEW C 104, 014612 (2021) 1
® I A A PDS WI th >80% QE prOVI de a measure d 9 :- Response of undopeg ;ry&%:?lc* f“sdIJ't(I).lCo;vl;fnergy nuclear recoils __
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Preser?tlly limited by charge—trqppmg noise in D T T T
NTD silicon. R&D to bypass this in nuclear recoil energy (keV)
collaboration with industry (FAGOR 700 =
semiconductors). - } (in preparation) Sb
e Much improved internal radiopurity w.r.t. SNS, 500

advanced inner active LAr veto.
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Collaboration with industry (and 1st spin-offs):

1000
2
RMD 46 cm? LAAPD, ~4 photon threshold at 80K — ™ 45 om® APD
Pulser
2 600 ,‘.3.
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A i
200 | % FAER Y FR
) F s
0 J\ \\_ : J! \;
0 5 10 15 20 25 30

charge (electrons)

Figure 10. Detection of an optical pulse (<8 photoelectrons per pulse)
and an electronic test pulse with the 45 ¢cm® APD at 77 °K. The
electronic noise of the large APD is ~0.8 electrons (rms).

Nuclear Instruments and Methods in Physics Research A 610 (2009) 207-209
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Fig. 3. Quantum efficiency vs. wavelength for a 4 and 30Qcm APD.




Collaboration with industry (and 1st spin-offs):

Reverse Engineering Analysis. SRP
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High-pressure noble gases (GavESS)
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GavESS’s gaseous prototype (GaP)

e opportunity to evaluate the technique in
different conditions

o multiple targets (Ar, Kr, Xe)
o pressure up to 50 bar

e characterization of the low-energy
response to nuclear recoils

o quenching factor measurements

o detection threshold

Currently characterizing ER signals with
gaseous Ar at ~9.5 bar




The Gaseous Prototype (GaP) Assembly
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GaP timeframe

Enlarged drift
(10cm)

Characterizing ER signals:
- Gaseous Ar at ~9.5 bar.
- 83mKr source coupled to gas system.
- Threshold EL operation (~0.6 kV/cm/bar). | :
- Soon testing: 24'Am, 33Ba, 57Co, 22Na, : Start looking at NR signals:
137Cs. - 252Cf source (exempt <1000 n/s).

- GasFlow

N o
el " F W
' Clean tent}|
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Improved quenching factor
measurements

Using quasi-monoenergetic
neutron sources

Photoneutron sources

8YBe (~153 keV n)
124SpBe (~24 keV n)

Xe recoil

Collimator

discriminator

Move to Xenon and repeat




HD-DEMO i

* Dual purpose detector: Scaling NEXT and ESS large demonstrator.
* Currently in construction, to operate in DIPC in 2025

* Barrel of WLS fibers will cover the surface of the cylinder in order
to detect Xe scintillation light (175 nm).

* Different options being explored:
* Green-to-blue fibers coated with TPB.

« UV-to-blue fibers coated with p-terphenyl. ~60cm

~4kg

* Readout with cooled SiPMs (Hamamatsu, FBK)
Fiber R&D at DIPC

TTTITT I

* llluminate different fibers with LED
and read out with different
photosensors (PMT, SiPMs)

* Measure light collection efficiency of
the system




P-type Point Contact (PPC) germanium detectors

arXiv:nucl-ex/0701012 PPC R&D at CANBERRA

: 3kg, 75eV PPC
First PPC at UC via NSF PHY-1003940

CEVNS measurement ~ via DARPA

NNSA (NA-22) funding via NSF PHY-1506357 73308-PH-DRP
DE-FG52-0-5NA25686 JCAP09(2007)009 Science 357(2017)1123 NSF PHY-1812702
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P-type Point Contact (PPC) germanium detectors

arXiv:nucl-ex/0701012 Psig Es&gsbsﬁlggg&%A 3 kg, 75 eV PPC
First PPC at UC CEVNS measurement ~ via DARPA
NNSA (NA-22) funding via NSF PHY-1506357 73308-PH-DRP
DE-FG52-0-5NA25686 JCAP09(2007)009 Science 357(2017)1123 NSF PHY-1812702
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if ESS was producing v’s today

Ideal for ESS corridor location
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P-type Point Contact (PPC) germanium detectors
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PPC deployment

PHYSICAL REVIEW LETTERS 129, 211802 (2022)

Measurement of Coherent Elastic Neutrino-Nucleus Scattering
from Reactor Antineutrinos

Js Colaresi,] J.L Collar®,2‘* T.W. Hossbacho,3 C.M. LcwiSO,2 and K. M. Yocum'
Never-ending story

(more QF measurements)
1E5 NR below 700 eVnr, testing FIFRADINA libraries




counts (arb. units)

Why is the Quenching Factor so important for CEVNS?

PHYSICAL REVIEW D 100 033003 (2019)
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Hunting for non-intrusive detector locations
7 247
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e MCNP simulations completed (GEANT in progress) & 5 o v sl [ :

e neutron camera for on-site measurements (remedial g i ! - T
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ESS neutron induced background

MCNP neutron simulation as reference

Operating for 1 year
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M.Jiménez Master thesis



Déja vu all over again: in situ neutron bckg measurements
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Neutron scatter camera ready for first POT

Optimized for expected ESS neutron bckgs
True 4r sensitivity (a novelty)

Plastic scintillator with n/y discrimination
Portable (of interest to other ESS users)
Determine n flux and origin (remedial action)
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ANN-based spatial §
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Res Ipsa loquitur:

e We are ready to land and start running.
e Our requirements from the ESS are minimal (by design).

e The beginning of a long program, with many others to benefit.



