A. Simon, L. Larizgoitia, F. Monrabal
Donostia International Physics Center, Donostia, Spain




Dual-phase liquid noble gas TPCs
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Dual-phase liquid noble gas TPCs
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Dual-phase liquid noble gas TPCs
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Dual-phase liquid noble gas TPCs

DDDDDDDDDDD

PMTs Noble gas detector ——— Different mediums

Anode
Liquid

DDDDDDDDDDD

Surface

Extraction

(gate)
Grid
ﬁ

Liquid phase High density

X

---------- >

Cathode

Electroluminiscence — > Low energy threshold

PMTs

amplification

Magnificent CEVNS, Valencia, June 2024



Dual-phase liquid noble gas TPCs

Charge trapping
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Dual-phase liquid noble gas TPCs

Charge trapping
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Dual-phase liquid noble gas TPCs

Charge trapping
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Liquid phase electroluminescence

liquid Xe
« Only possible with very intense electric fields (>400 kV/cm in Xe) anace’y
— Achievable with thin wires (~10 pm diameter) i
* Electroluminiscence only in the close vicinity of wires D
- Low yield.
o _ _ Recent me :
- Short scintillation - Improved time resolution _ece“ gsufements
» Charge amplification may occur if field gets too high. A

» Wire tensioning is a challenge — EL size limited — Target volume
limited.

— New ideas are needed to fully exploit this!
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COLINA: Detector concept
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COLINA: Detector concept
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COLINA: Detector concept

Near Plane

EL region (liquid phase) =i conical Shape TPC
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The COLINA detector

50 cm

Volume ~17 dm?
(50 kg Xe, 42 kg Kr, 24.5 kg Ar)
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The COLINA detector
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The COLINA detector
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The COLINA detector

Light collection (%)
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European Spallation Source (ESS)

« The ESS will generate the most intense neutron beams
for mU|t|'d|SC|P||nary science. Neutrino production at different facilities
. 2L Al
 But also, the largest low-energy neutrino flux! O s s _
. . 10' F E;ec?{dgs;osii?s ESS-SBe 3
* v production @ ESS is x9.2 @ SNS necessary o GSNSPPU
100 L CSNS-I1 ¢ i
. . . . . SNS
 Similar s/b to SNS but much higher statistics. i

_
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Experimental potential

Detection threshold

(in keVnr)
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Experimental potential

Detection threshold Event rate @ ESS

(in keVnr)
104 =
Xe
0.0 1 Kr
1 Ar
50.0 103
c
o
21000 -
E 5102 b,
™ 1500 2 s
>
o
© 101 hGl:"-"-LL‘-‘-‘-"""'---._
200.0 “m\\
250.0 0 \
-200 -100 0 100 200 1% 20 40 60 80 100
R (mm) Recoil energy (keVnr)
< 0.525 keVnr
[4 photons detected — 2 e at 17 phot./e] 11,400 evts/year in Xe
(conservative, recently reported 6,500 evts/year in Kr
~30 photons/e~ yield) 1,800 evts/year in Ar

Magnificent CEVNS, Valencia, June 2024



Experimental potential

Detection threshold Event rate @ ESS Beam-related bckg

(in keVnr)
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» CEVNS detection opens a new avenues in the search of physics
beyond the Standard Model. —

» ESS will become the largest low-energy neutrino source. Perfect
facility to study this process.

» The COLINA project will develop the first conical time projection
chamber to maximally exploit CEVNS at the ESS with
extraordinary potential:

— Liquid noble gases — Large statistics
- Electroluminiscence — Low detection threshold (~0.5 keV.)

- High light collection eff. with few photosensors.

- Operation with different targets with minimal intervention.
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Thank you
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