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Neutrinos: what we know

Interact only weakly

No color, no electric charge |

|
Three light (<mz/2) neutrino states

outnumbered by photons |
| n(v+V) ~ 100 cm3 per flavo ?
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'From neutrino oscillations: I

Neutrinos are massive (lightest known l

fermions) |

,| Large tlavor mixing
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Coherent Elastic Neutrino-nucleus scattering

Smence -

=
)

SPOTTINGA

GHOST

Long wavelength, “sees” SN
all nucleons
simultaneously

CEVNS

Cross section increases as N2, . . .
. First observation published only
Four orders of magnitude
. 4 years ago.
Increase for large nucleus!




Coherent Elastic Neutrino-nucleus scattering
Very rich physics

Sensitivity to Non-
Complementary to Standard Interactions Study of

oscillation experiments ? / Neutral Currents
Study of the Nuclear
\ T~ N2 ” y

structure
Sterile neutrinos ? VAN
‘» —ffective neutrino

/ charge radius

Neutrino
magnetic moment

New types of dark matter
particles



Detecting CEVNS
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~10 Kg size detectors.




Detecting CEVNS: First observation

[Science 357, 1123-1126 (201 7)]
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A new opportunity for CEVNS
The European Spallation Source (ESS)

 The ESS will combine the world’s most
powerful superconducting proton linac
with an advanced hydrogen moderator,

generating the mQSt _int.ense HG_UtrOn ESS — A long-pulse spallation source
Average power 1.4 MW 5 MW
* |t will also provide an order of N e
magnitude increase in neutrino flux with b 2571
respect to the SNS. o

ESS 5 MW
2015 design

Possibilities of pulse shaping

A=15A

* A great opportunity for Europe to lead .

. . Time-averaged brightness:
this physics program! eSS~ ILL
SNS | JPARC Peak brightness:

e o ESS ~ 30 x ILL

ESS 5 MW
- 2013 design (TDR
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Brightness (n/cm?/s/sr/A)

4 time (ms)



A new opportunity for CEVNS

Comparison with current and future facilities

LAMPF
i

smaller detectors
and/or >

higher signal statistics
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ESS will produce the largest low energy
neutrino flux of the next generation
facilities.

This Is a unique opportunity that allows
the use of small detectors.

Diversity of technologies not statistically
limited guarantees the phenomenological
exploitation of the measurements.
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A new opportunity for CEVNS 3
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A new opportunity for CEVNS
Background at the ESS

* We need to find locations where the prompt neutrons from the ESS tungsten target do not compete with
CEVNS signals.

» \Working together with ESS personnel, Ben Gurion University and U. Chicago.
* Two promising locations have already been identified.

o Steady-state background can be subtracted.
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Detecting CEVNS: Future observations
eSS
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Need to find an appropriate place within the ESS facilities.

Two locations already under study.
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Detecting CEVNS

Detectors
Neutrino magnetic moment, new physics!
| =107
— U= 0
10 39:'

Ultra low eneray R Interesting physics
threshold is crucial | 8% jgu] \ concentrates at low

’ - energies

Si

10741¢

e N
T (keVnr)
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Detectors

Detecting CEVNS

Non-Standard neutrino-quarks interactions

Operation with different
nuclel helps breaking
degeneracies

0.6

- l 1 | | I 1 1 I ] 1 1 I

b COIHERENT
- — Ar+Xe

15

A full experimental program
must allow for operation wit
different targets.




Detecting CEVNS

e | arge flux of MeV neutrinos

e (Operation with different nuclel
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JHEP 02 (2020) 123

Coherent Elastic Neutrino-Nucleus Scattering at the European Spallation Source

D. Baxter,! J.I. Collar,''[*
J.J. Gomez—Cadenas,6’7’|1r
F. Monrabal,% 7:[]

P. Coloma,z’m C.E. Dahl,34 1. Esteban,5’E| P. Ferrario,6’7’H
M. C. Gonzalez-Garcia, 8 9[*

A.R.L. Kavner,! C.M. Lewis,*

J. Munoz Vidal,® P. Privitera,! K. Ramanathan,! and J. Renner!®

Detector Technology Target | Mass | Steady-state En QF E:, |AE/E (%)| Emax |CEvNS NR/yr
nucleus| (kg) | background | (keVee) (%) | (keVnr)| at Egn [ (keVar)| @Q20m, >Eqp,
Cryogenic scintillator Csl |22.5| 10 ckkd 0.1 ~10 |71] 1 30 46.1 8,405
Charge-coupled device Si 1 1 ckkd  [0.007 (2¢7)|4-30 [97]| 0.16 60 212.9 80
High-pressure gaseous TPC | Xe 20 10 ckkd 0.18 20 [104] | 0.9 40 45.6 7,770
p-type point contact HPGe Ge 7 15 ckkd 0.12 20 [118] 0.6 15 78.9 1,610
Scintillating bubble chamber| Ar 10 |0.1 c/kg-day - - 0.1 ~40 150.0 1,380
Standard bubble chamber | C3Fs | 10 [0.1 c/kg-day - - 2 40 329.6 515

100 -

CEvNS nuclear recoils/(kg-yr)

10F

15

25
Detector threshold (keVnr)
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 Technologies sensitive to 1 keVnr nuclear recoils:
* Interesting physics concentrates at low-E (e.g.
n magnetic moment).

« Maximum statistics.
* Interesting Csl/Xe overlap (same response,
different systematics)
 Gas detectors one of the relevant technologies.




(Gaseous detectors?

The main problem with gaseous detectors is their relatively low density when compared with
solid scintillators (Csl) or liquid detectors.

Thanks to the large neutrino flux produced by the ESS, detectors with ~20 kg won’t be
limited by statistics

S000) = L v,m 1000 500 -
nr - ”::
2500 - - SO0 401() -+
2000 -
5 £ 0001 5 300
é‘ 1500 - NO QF! *g §
S S &
A4 200
1000 -
200 - 100 -
SN S
______ —
T i . 04— ) — : . , . . : :
0 10 20 30 40 0 0 20 40 60 30 100 120 140
T(keV) T(keV)
Events after 3 years running a . . . .
20 kg Xe detector at 20 m Same detector filled with Same detector filled with
Krypton Argon .

from ESS target



(Gaseous detectors?

- I 1 1 I I 1 | I I | 1 | I 1 1 I I 1 1 1 I —
i 0.6F COHERENT =
High pressure gaseous detector have other : Ar+Xe :
advantages: 0.5F B Ar T . -
» Simpler, no need of a cryogenic system. - . Xe }
L . 0.4 \
 Larger EL amplification: Signals as low as 1-2 :
lonized electrons can be detected. This reduces 0.3F Y [ AP -
the expected energy threshold to less than 1 s 3 ; / :
keVee. 0.2 -
¥ | :
» Allow to operate with different nuclei in the same o1l E
set-up with minimal increase of the costs. i VO, e F
» High pressure xenon technology developed by the 0.0 ‘ /=
NEXT collaboration for bbOv searches. : X :
_0.1 B \~~~§ ’-’,1’ —
* Most of the solutions already developed for low- T E—Ts .‘~.~-T-O-a;——r'. o E—
background experiments. e e T
e Some R&D will be heeded for very low energies Sensitivity to non-standard neutrino interaction for a

detector running with Xe only, Ar only, and a

and possible higher pressures. combination of both
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Energy resolution in HPXe

EF~662 keV

LXe, T=-110°C |
5 e, T=-110°C

Energy Resolution, %

i /#/% 0 LXe, T=-300/

! 1 L l

Bolotnikov and Ramsey,
NIM A 396 (1997)

2 3
Density, g/cm®

® Very good energy resolution up to ~50 bar.

® Best experimental result: 0.6%@662keV.

L XE

GXe (1-50 bar)

e [t will allow for a better spectrum reconstruction, thus better

sensitivity to deviations from SM.

20



Amplification preserving resolution:
Electroluminescence

(E/N),(Td)
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cintillation O hotons -
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SV, Metallic grid +6 kV =
_ ! F ®
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VUV photosensor 0 2 4 6 8 10 12 14

(E/p),; (V cm 'Torr )

e Emission of scintillation light after atom excitation by a charge
accelerated by a moderately large (no charge gain) electric field.

e Linear process, huge gain (1500 ph./e-) at 3 <E/p <6 kV/cm/bar.
e Almost no extra fluctuations during the amplification process.

® More stable at high pressure, no need of quenchers. o1



GaNESS project

Initial steps

Detector construction, Gan

tudy of
Nnuclear recolls

22
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GaNESS project: GaP

The Gaseous Prototype (GaP) system

Test for high pressure (up to 50 bar) and operation with different
gases.

Characterisation of the response to nuclear recoil at low energies.

scattered 16 I} T
o neutrino ab N | T e 5
.,1 o2
———— e 12
E
£ \ nuclear L0 Expected number of events for
DOSON\ recoil € 4 : Mot o - .
& 5 Y vy el different values of the neutrino
£ 6 E magnetic moment (blue-red) and
5 1 3 different models of the quenching
‘ogn €5 2 = factor (solid-dashed)
€89’ sccondary obr S . . . ¥
scintillation o' 0.1 1 10

1onization energy (keV) 23



GanESS concept

Amplification region

Electric field

Brightness (n/cm?/s/sr/A)

(o))

— N w ESN (63}
1 1 1

ESS 5 MW
2015 design

A=15A

ESS 5 MW
- 2013 design (TDR

| SNS | JPARC
SIS TS2 |12 MW 10.3-1 MW
ISISTS1 32kW

128 kW & ILL 57 MW

4 time (ms

Electric field

$1010919(]
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ESS 5 MW
2015 design

A=15A

»
1

GanESS concept

ESS 5 MW
2013 design (TDR

| SNS | JPARC
SIS TS2 |12 MW [0.3-1 MW

ISISTS1 32kW

Brightness (n/cm?/s/sr/A)

— N w ESN (6]
1 1 1 1

Amplification region

Electric field Electric field

$1010919(]



PMT plane
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GaNESS project

The GanESS detector

+ Optimised for reduced threshold.
- Operation with different gases.

27
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GaNESS project

Gaseous TPC

Detector construction

xXe Ar Kr
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VUV photosensor
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GanESS Status

Design of large detector

Symmetric medium size detector being designed

—Xplore the possibility to introduce
optical fibres to optimise light
collection:
® Possibility to observe ST

® More uniform detector response

Test final solutions to be operated at the

29



GanESS Status

Laborato

Power supplies

Gas circuit and HV modules
already at the ready

DIPC

Lab to be ready
along summer!

30
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ipped at the DIPC

Two stages 10 to 50 bar compressor.
Ready next month.

Already designed for the large detector.

"i' .
o. s .‘ ,,.., ,o ..
- ¢\ r\p‘ ... , » \\J.
. _ _ .
N — TR : w au.\. of )
g Jr A TR\ PN i ) j /
\ . - r = 0\ Y L
AN -y 7 7 b [, L a H
3 A Té = R [
/7 y . el h, O /
N A X/ X z A /,
..., .‘s,' .
. .- Z a.. fn
1. ___ . .., ..
r. ‘ _... s.. ..
,..._...; __,_ ,_ _
.. ,__.._4

High pressure noble gases laboratory being equ

ator side

= B’

— £
7 A T w
o s 1 4 - e (- : ; w,..\p‘ q ~
7 il - = = ~¢ ..g _. \v.\\h..,.x..\l"y a
—_— - YR . Oy
iy

1
(ap)
(cN) 069 dde/ed [ -
(ON) 0/G ~iddejed [ -
(EN) OL€ Jdde/ed [ -
(FIN) Olg Jddejed |
(N) €¢ idde/ed ||
— (GN) 00
‘
I : 5 | 1= >
ﬁl AM|._”_.._ pr—— 1 4
i Q
w pd
© <
prd
5|
<
RE G
m Al
o 1
(+] (+)
(<] (+) m.
ol o ° < o\ <
& @& lo o ) o
Al () (+)
o @ @ (+]
M B 9
x © f °® /o\ o,
B [
— o
ﬁ = g %\o
O F 1 A
3 .0 | g %
Il
Y I4
Y cO M\A
/ I
- — 10
B OSkL . A
B 052l -
B 00S1 —
B 0SEl -




GanESS Status

The Gaseous Prototype (GaP) system

GaP vessel almost ready to operate
(oressure tests passed last week).

PMTs and inner pieces already at DIPC.

Expected initial operation along summer.



GanESS Status

Support for
assembled.

°MTs ready to be

Protective window in design for a
second phase.
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GanESS Summary

e CEVNS detection opens a new avenues in the GHOST |
search of physics beyond the Standard
Model.

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

e The GanESS project, will produce a detector to
observe the process at the ESS with a variety of
nuclel.

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




