CEVNS at the ESS
F. Monrabal for the nuESS project
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A NEW OPPORTUNITY FOR CEUNS
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t will generate the most intense neutron Lz
beams for multi-disciplinary science =tz
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Neutrinos will be produced:

The ESS will combine the world’s most
powerful superconducting proton INAaC e
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with an advanced hydrogen moderator l
Lund (Sweden)




European Spallation Source (ESS)

CELNS : Large cross section | s )
Neutrino production at different facilities n i o S | —
o S T S e T ESS : Large neutrino flux
10° 3 Aless &&Q& E -
- | control of S Small detectors are allowed
[ |steady-state i
10 backgrounds ESS-SBe¢ E
necessary JPARC-MLF ® ? x H | |
10° CSNS-ITqQ (o gss ) * The largest low-energy neutrino flux of the next generation
e ' facilities. ~8.5x10°* v/ flavour / year.

LANSCE-LUJAN BEISIS
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e L production @ ESS is x9.2 @ SNS.

signal-to-background (relative to SNS)

) LAMPF * Steady-state background can be subtracted. (Great advantage).
L}
e | — e Diversity of technologies not statistically limited guarantees the
IPNS o Ll > ohenomenological exploitation of the measurements.

10 10° 10 10" 10° 10 10°
neutrino flux (relative to SNS)
J. High Energ. Phys. 2020, 123 (2020)



NUESS Programm

Get to know the ESS

Neutron Camera:
Background model validation

Multiple Neutrino
Detectors
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A new opportunity for CELNS

Perfect timing vis-a-vi

Non-intrusive sites identified in co

S

—SS start.

measurements in preparation)

Possible sites identified and studied via simulation (background

utility room “earmarked” for CEVNS



Background at the ESS

o Steady-state background can be subtracted.

e Beam-induced prompt neutrons could be the main source
of background.

e Simulations undergoing to find locations within the ESS (two
promising locations under study).

e Neutron Camera for on-site measurements.
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Background at the ESS

Runnlng MCNP and Geant4 Will allow for neutron spectra and direction
simulations to understand background measurement.
iNn 2 different locations at the ESS. Full characterisation and validation of n-flux@ESS

M.Lewis PhD thesis
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Neutron scatter camera ready for first POT
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ANN-based spatial projection

e Optimized for expected ESS neutron bckgs
® [rue 411 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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ESS neutron induced background

MCNP neutron simulation as reference
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Argon (0kQ)

Utility Room |
(18 m)
—— Hall (24 m) |

Detector at 20 bar

Xenon (12kQ)

Krypton (21kQ)

6
Utility Room | 107 -
(18 m) :

L Hall (24 m)

Utility Room
(18 m)

Hall (24 m)

107 -
101 | T 104
. }Wm ]
10°- |10 | 107 |
10 20 30 10 20 30 0 10 20 30
T (keVee) T (keVee) T (keVee)
Utility Room ~9.9 - 10° events/year ~2.3 - 107 events/year ~1.8 - 107 events/year
Hall ~8.5 - 10* events/year ~2.2 -9105 events/year ~1.5 - 10° events/year

M.Jiménez Master thesis




A new opportunity for CELNS: detectors

eNew technology development for detectors at the ESS.

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

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

J.l. Collar (first CEyNS measurement)




A new opportunity for CEvNS: detectors

Physics exploitation

Low energy threshold: interesting physics at low energies
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Funded detectors (thus far)  erc/== .<:r

Cryogenic undoped p-type point contact high pressure gas
Csl Ge TPC
ERC-Starting grant

ERC-Advanced grant
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ERC-Advanced grant
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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-| mass, low afterglow)

Moving from ~100 events/yr... ...to ~18k events/yr

vvvvvvvvvvvvvvvvvvvvv

Res. counts / 2 PE

Res. counts / 500 ns
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! 11 ¥ prompt n ‘ ' :
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Arrival time (us) FErec (keVnr) JHEP 02 (2020) 123
52 kg cryogenic Csl @ ESS 750 kg LAr @ SNS
events per year ~18,000 ~3,000
energy threshold ~ 1 keVnr ~20 keVnr
energy resolution ~47 e-h(Si)/keVee ~4.2 PE/keVee

Physics Reports 1023 (2023) 1-84



Cryogenic (87 K) undoped Csl array:

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

® | arge mass increase to ~52 kg (seven 7x7x35 cm crystals)
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® | AAPDs 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).
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Cryogenic (87 K) undoped Csl array

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

e \\ell-studied Quenching Factor down to threshold.

U-238
K-40
Cs-137
Cs-134
Rb-85
Rb-87

Nudecar Instrumen hods in Physios Noscs 200
10 B\
N
2 - v N
] ) \ >
g \\‘. I R fa)
3 - \‘J ‘ :b)
o 0 \ N l \ )
. c
| —  ld)
\ \ (@)
10 1 1 N 1
¢ 500 1000 1500 2000

Energy (keV)

Fig. 3 Background specua obtained using GEANTS simulation for the
8§x 8 x 30em’ Csl(T¢) crysta with 10mBg/kg '"'Cs comamination,
3)mBg/kg "™Cs contaminaticn, and 10ppb "Rb contzminztion: (a)
spectrum of ' Ba*: (b) beta-ray spectrum of '*'Cs; (¢) "*Cs spectrum: (d)
'R spectruim; and (2) total summed spectrum

SICCAS low-background Csl selected:

Attention paid
to Rb, Cs

(low-E emitters)

Amcrys Csil[Na] @ SNS SICCAS Csl @ ESS
<0.5 mBqg/kg 0.03 mBqg/kg
2.4 mBq/kg 0.09 mBqg/kg
16.7 mBq/kg <4.1 mBq/kg
27.9 mBq/kg 1.3 mBag/kg
25.9 mBqg/kg 33 mBqrkg
101 ppb 15.5 ppb
38 ppb 1.8 ppb




Cryogenic (87 K) undoped Csl array

® Developing an internal liquid Argon veto

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

LAr inner active veto (87 K)

. LAAPDs

DarkSide-20k SiPM

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

waveshifter 16 channel output

+reflector

coatings
~55cmLx~40cmD




Collaboration with industry (and 1st spin-offs)
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p-type point contact (PPC) Ge detector

p-type point contact Ge

Pre-ESS step |:
Dresden-l|

CEUNS at Reactors

European
Research

Craetat
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..o:.:: )
T Y . Council
A AT

e |mproved internal veto . Improved active
background rejection

 Upgraded PM contact . Energy resolution

 Upgraded readout to Application specific

integrated circuit (ASIC) . Noise reduction

Low threshold needed for
low recoll energies

Ringhals or Vandellos

Pre-ESS step |l
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P-type Point Contact (PPC) germanium detectors

- -

arXiv:nucl-ex/0701012

FPC R&D at CANBERRA

_ via NSF PHY 1003840 Skg, 75 eV PPC

First PPC at LUC CEvNS measurement via DARFA
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GanESS project

The GanESS detector

ampll

Low energy threshold 1-2 e (<1keVee) via E

flcation.

Simpler, no need of a cryogenic system.

Allow to operate with different nuclei (Kr, Ar, Xe).
echnology developed by the NEXT collaboration.

* Most low-background solutions already
developed.

. R&

energy regime.

¢ LOWE

 density than other techniques —

arge

—SS neutrino flux

D needed for high pressures and very low

Sypassed by

21
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3000 |
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1000 |

Events after 3 years running a
20 kg Xe detector at 20 m from ESS target
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GanESS detection

Expected CEUNS events in a year
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Assumptions

- Threshold = 0.9keV .
- QF =20%
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M.Jiménez Master thesis



events / bin-year

GanESS detection

Expected CEUNS events in a year
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M.Jiménez Master thesis
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i What IS the quenchlng factor for GXe at Iow recon energles’?
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I How high can we go in pressure?
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Can we improve the GAr QF measurement?




GanESS project: GaP

The Gaseous Prototype (GaP) system

Opportunity to evaluate the
technique In different conditions

Multiple noble gases: Xe, Ar, Kr.

Pressure up to 500bar.

—
bo

Characterization of low-energies
response to nuclear recoils

—
o

counts (arb. units)
(0 o]

Quenching factor measurements.

2019 PPC threshold

= N L

Detection threshold.

1onization energy (keV)

Differences in the expected distributions given

e different quenching factor models (solid/dashed)



The Gaseous Prototype (GaP) Assembly
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GaP design changes

—nlarging the Drift gap

Enlarge the active volume

-irst phase design Field Cage design S
J‘Hm I'll'|' 28 3
Il ;‘!' ,}f'{{";";",j '.""2\ N
Il e
‘|' '.f'f"I""";?E"";"':;&;} ', z:&
' f g

_ Drift length
(2cm) Enlarged drift

(10cm)

L ead
blocks source-

induced ¥ bckg 292Cf source

28



GaP design

e Small vertical TPC:

— 10 cm anft length.

— 1.1 cm EL gap.

e / Hamamatsu R/378 PMIs on top.

— [PB directly on PMIs.

— Pressure resistant window or SIPMs for secono
phase.

29
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Inside GaP




GaP first run results

Fe55-5.9keV signal

® (peration with Ar at different pressures (<10 lar)

® (peration with Feb5 source. :
8000 | |
— Fe source clearly visible, energy threshold at the level of 1-2 keV.
— Kr provides response of the detector In all volume.
6000
] 4000-

62§ -

Ar x-ray 6 8 10 12 14
Energy (keV)
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GaP first run results

e (Operation with Ro/Kr source

— Kr provides response of the detector in all volume.

— Allows for understanding of the EL and light collection

1.6- « 8.71 bar
» 7.56 bar
1.4- =« 6.6 bar
e 5.59 bar

1.2- o 4.58 bar
= « 3.56 bar
0
=~ 1 0 2 2.77 bar
o
§ 0.8
© .
=
20,6-
m R 3
Q

0.4-

0.2 ..,;‘ ..'

a6, °
29 °
e e "'~.-"O-~.""
0.0
0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6

EL field (kV/bar)
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y (mm)

GaP next steps

® (peration with Ar-Xe (0.1%) and Xe at different
oressures (>10 bar)

® Replace PMIs by SIPM to stand pressure

16 blocks of 4 SiPM each (15x15 mm?)
Randomly generated inside S2 zone

Prob. total = 30.41 % Prob. QE Ar = 1.86 % - 0.005

60

Prob. SIPMs = 14.28 %

- 0.004

0.003 2
F ML T
|
0.002
0.001
Dis. x = 2. DIS.y = 2.50 mm
0.000
—40 -20 0 20 40
x (mm)
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GaP with SiPMs

y (mm)

16x4 SiPM blocks, each 15x15mm?

20

40

- 0.05

- 0.04

o

o

w
Probability

0.02

0.01

Counts

We might need to

1.6 -

1.4 A

1.2 -

1.0 -

0.8 -

0.6 -

0.4 -

0.2

0.0

Counts per e  In EL region

—— Dark count (at different temperatures)

Column 3 (x = 7.5 mm)
Column 4 (x = 22.5 mm)

-—

260.9 K

255.6 K

250.3 K
RO\:N 1 RO\:N 2 RO\:N 3 RO\;V s
-22.5 -1.5 7.5 22.5

Center of SiPM block on the y axis (mm)
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|. Hontoria Bachelor thesis



NUESS project

e :;':..': ..:Ef European
LKA Research
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Nuclear Reactor N
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(Get to know the detectors
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NUESS Support

e NUESS has obtained 2 ERC grants (GanESS, StG; ESSCENuUNS, AdG) European
Research
® Neutrino physics is strongly supported at the Basque Country Council

® Neutrino physics, together with neutron physics (Neutrionics) is one of the
flagship research lines in the BC.

®|n particular, a dedicated funding program to develop neutrino detectors

for the ESS has been allocated in the Basque Country during the last four
years. 100 MEUR/ 10 yr IKERBASQUE program.
“Neutrionics” one of four poles.

1<VUr
o NEXT, HK Desotrategla

N,/ | "'J | N 4
& {8 B B

®DIPC is creating a new space for neutrino laboratory.

e Neutrino physics at the BC includes:
® Neutrino physics at the ESS.

Vv
!

® Applications to medical physics.
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NUESS Summary

o CEUNS detection opens a new avenue in the search of
physics beyond the Standard Model.

e ESS will become the largest low-energy neutrino source. It
IS the perfect facllity to study this process.

e [he NUESS project, will combine technologies to olbserve
the CEUNS process at the ESS with a variety of nucleil.

e [he NUESS project, is strongly supported financially and
has guaranteed funds for the next 10 years.

e NUESS offers an opportunity to lead a world-class
neutrino program in the coming years with a large
discovery potential.
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