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what's I1s LiquidO?
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3 LiquidO stands for both. ..

LiquidO = new detection framework
(llquid scintillator based)

LiquidO = international proto-collaboration
(physics «< demonstration®R&D)

~40 scientists @ 16 institutions ® 9 countries
[Brasil, Canada, Chile, France, Germany, Italy, Japan, Spain, USA]
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an appetiser ahead...
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first LiquidO presentation...
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our novel detection strategy...
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neutrino detection—art of transparency...
[Reines&Cowan since 50's]
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sENE N hqwd scintillator state of the art. .
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. “perfection” since Reines&Cowan...
. *exquisite radio-purity
“d -scintillation PSD (“some’ PID) -
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u *buffer volume (PMT's poor radio-purity)
< +*PID Ioss’ [thls talk] |
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PMT(~Ins) & Transparency — PID
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an Opaque solution to PID...?
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e+ PID limitation (illustration)...

traditional liquid scintillator detector

(no much info= heavy shielding & underground)

powerful event pattern washed out= hardly any ID!
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Anatael Cabrera (CNRS-IN2P3 & APC)



LiquidO = Liquid ® Opaque
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liquid~wax behaviour

N reality, more like this...
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simplest LiquidO design: 2D®time...

— .\\} ‘\\

very simple: fibres (a lot) + LS
radius (R) (plane x-y)

i

lattice distance: €
w - - i

(a few cm)

(z) info [along fibre]— time difference (up to cm’s)
(also z-pixelation possible = envisaged for R&D)

— e —

image: multi-wire chambe
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LiquidO = TPC (“drifting” light)
'highest possible duty-cycle]
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stunning event-pattern. ..
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powertful PID expected...
2MeV

........................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

....................................................................................................................................................................

(rather evident)



PID(e-:y) — Y rejection...

Gamma Rejection
CC;
Gamma Rejecti

o
o)

26MeVe y

i 1cm fiber spacmg § 1cm fiber Spacmg
4 Bmmscattering % - §5mm scattering
- 10% Te Dopmg : | -

No. Doping | L No Dopmg

. f_ ______________________________ ____________________ quUId‘ ; qul.IIdO

l

PRELIMINARY |\ PRELIMINARY.:

0

0 0.85 095 1

Electron Efficiency Electron Efficiency
PID Y:e- separation
*1:=103 (native)
*1:=102 (10% heavy loading)
[@ 80% detection efficiency]

unprecedented (major) y-rejection! (=100)
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indeed, an Opaque solution.. !
(so It appears)

(no need for segmentation)
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dope it? non-native capabllity...




sgeo-neutrino!?

sreactor neutrino (background-less)?
ssolar neutrino (including pp)?
ssupernova’s CC (Ve & Ve) & NC?
sproton-decay?

[sorry, no time!]
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what physics!?
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(example) BP-decay...




*~

10%° Y—4

/ 100 kg
107y.]. today’s aim!_
, l ....... ¢ B raLIGE Oft
z.-‘:"i- >]ton not know...
chow to do it!

j/; 10 f
> X‘? i
( ]

f~3g disfavoured]

can anybody

reach ~100ton : § . NE\)TR'NO

(isotopic)?
2018 Heidelers
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the Normal Ordering challenge...
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True Hits;'

: . L I 1473
60 -40 20 0 20 40 80
X (mm)

-2e- @ 2. 8MeV

X [cm] |
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y the main enemies...

non point- T point-like

natural radio-activity (Y) natural radio-activity (e-) or 2f2v
einternal & external 2987 and 2!4Bi

—PID reduced & acceptance [next] no(?) x-BG
X-response quenched <|MeV

*no(?) exotic Y decays (nho enrichment) [cross-check Ge or Bolometers]
no(?) Rn

hermetic solidified scintillator
(no liquid convection)
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»  data-driven BG model prediction (a la EXO)...

predict e--like BG-model & efficiency (BB2v)
EXO’s re;ectlon 1(e-):10(Y)2?

Smgle-Scattér

w
True Hits
Or—\NUJ-bU'IO\\J

250 2300 2350 2400 2450 2500 2550 2600 ]

log,,(Counts/14 keV)

2e- @ 2. 8MeV

20

X [cnq

Multl- Scattﬂr

2Th, 28U)
Xe —— Oy m 3
capt ure 2v830 8 20

]
E3O

2200 2300 2400 2500 2600 27001
Energy (keV) —

log,,(Counts/14 keV)

1 u.m. ]

-60 —40 —20 FMA. :. K “\‘ .§.~’*Q~. :ﬂw ..ho,fl 7 R ] "
g

I"ejECted Y [ I :Z I 02] 1000 1500 2000 2500 3000

Energy (keV)

no PID—> only one spectra with ALL BG in [SNO+/KLZ]
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multi-ton Isotopic mass. ..?

abh - L Anatael Cabrera (CNRS-IN2P3 & APC)



5 LiquidO's multi-tone BB loading strategy...

isotopicton 0. 1.0 10.0 _100.0  100.0

m 0.lton ~ [ton | Oton | O0ton | O0ton
| loading JECNEZ 1.0% 100%  100.0%2  3.3% [D
| cost EEENG [10,50]ME [100,500]M€ [I,5]GE [1,5]G€E

1000.0

0.3ton 2.9ton I 29ton I 290ton 290ton 2900ton
0.3% 2.9% 29.0% 290% 10% 100%?

DS o29ke | oasoke | [03297M€
| 8ton | 7.9ton | 79ton

8% 179% | 7o

RS 0000Kke | [02200M€ | [220]Mé
m 83ton  833ton | N S
STRNTE 0
_ 83833k€ | [0.88.3]M€

- ~10 bound Normal Ordermg exploratlon

Te & Se?/Mo?— 10ton (DC-like detector)
Te & Nd— several 100ton (KLZ/SNO-like detector)

preliminary costing Is promising thanks to the large enriched costing
Anatael Cabrera (CNRS-IN2P3 & APC)

[2929]M€ [2929]M€

| 790ton
60%
[20,200]M€

[29,290]M€
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radio-purity (beyond PID)...
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scintillator— R&D Borexino v
@

fibres—R&D GERDA v?
(under study)

etectoi{outside!) v
S

Te = R&D SNO+/CUORE v?
or

Nd — R&D SNO+ v?

only natural radioactivity
[no enrichment— less contamination risk!]
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GERDAs fibre curtain...

fibres are rather okl good enough?
(under estimation)
y T T v
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energy resolution?
(llke KLZ or SNO+)

7%7@1MeV—-4%@3MeV
[LiquidO expected <400PE/MeV(max)]

232v not a show-stopper

[sensitivity demonstrated]
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LiquidO-BP(Te) = SNO+ @ fibres @ PID...
SNO+ Spectrum

B OvjB (100 meV) Detector configuration:

2
] (;B E) 0.5% natural Te

P U chain
Th chain

External : 0
o 3.3m fiducial volume (17%)

Cosmogenic

5 years live time

Counts/5y/20keV bin

Cosmogenic

2.3 2.4 2.5 2.6 2.7 2.8 2.9 3
Reconstructed Energy (MeV) External y

ROI: -0.5 - 1.5 6 (2.49-2.65 MeV)

Predict 12.4 counts/yrinyr1 Internal Th chain

Internal U chain

~10%/keV.kg.yr

LiquidO-BB(Nd) = SNO+(R&D-Nd) @ fibres @ PID
[potentially more BG robust via Q-value]
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(unique?) signal redundancy...
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y both le and Na excited decay...

BB [E = Q(3370keV) - E(YI) - E(y2)]

Yl (~406 / ~712 / ~859 / ~921)keV

> 1255.40

1193.73

046,04 RN G 405 e

o : 5

"1.'. ................
......

OO TR ST P 4 007t ensis s Sensensanini el e e

-20F4:3+1.3 MeV-+

if discovery— internal validation! == SR N IO R AL WO W
(same detector ® same Q-value @ different BG)
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full sensrtivity (not yet)...

O(100ton) potential needed
_for Normal Ordering
(BG will tell if possible)

(BG evaluation)
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exploring potential R&D...

v *huge mass capability (—enrichment cost impractical)
v *powerful PID [full reconstruction—better?]
*exquisite radio-purity potential =
v *BG redundancy— accurate BG model prediction & control
v *modest energy resolution (—2B2V seems acceptable)
v *unique sighal redundancy— discovery ambiguity
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a vast scale in BP phase-space...

Toward NO VG el

(K. Inoue, ICFA Seminar, 2017)

| APPTOX. If we want to cover most of
half lives
| required NO, we need;
f mass v' ~100 ton class detector,
1025y v with reduced background
= 10k &> 102|6 10 |kg (BG rate must be reduced
) Y .
= to be explored | 100 ke by 1/mass*time or better),
g (~100x sensitivit 107y | Vo
T = | 1 ton
o powerful multi-ton 10%y |
{ ot Ng Gl‘:*g\‘:\gg@t_k I 10 ton
(~1000x isot 102y |
T B2 | 100.ton
0wt ot 10 L'qUIﬁl@V
Migprent €Y ]

25

phase-I: vast exploring machine (L HC-like; 1.e. not a “Ferrar”) = LiquidO pragmatic enough?]

phase-Ill: upon discovery— high precision on signal (LEP-like)— the ultimate “Ferrari”?
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sgeo-neutrino?

sreactor neutrino (background-less)? [
essolar neutrino (including pp)?
ssupernova’s CC (Ve & Ve) & NC?
eproton-decay?

[sorry, no time!]
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i Y

what physics!?
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first expeimenta\ validation
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U-LiquidO prototype...

} (,v(!' yvbhonate lim
= Delta ¢ Absorber
'.1)‘-'1 "';t)\lv;.". - . x & Y
{OW L) ‘ 4 ’
B | T scanning

‘_;I‘..l“"- 1'

® B
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the goal: | MeV e- Injection...

0
+
-
o

)

=

H
3

LiquidO unique sighature!
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U-LiquidO inside

3x fibres:

*fibre-0: 1.0cm ~>cm tall
sfiie1: 2.5cm (PMT face)
*fibre-2: 4.0cm

2 scintillators
*LAB (transparent)
*new (LAB- based@opaque)

fibre only
(example)



LiquidO detection |st evidence!

NoWash 10% & LAB - Fibers 0 (bottom), 1 (middle), 2 (top) & PM

NW10 - PM
NW10 - F2
NW10 - F1
NW10 - FO

PM charge (a.u.)

LAB - PM
LAB - F2
LAB - F1

LAB - FO

<opbO <40pn

( X ]
00-9--0----0
A O

A
y ~0.6x A A
3 7 S S S W

— 1 T r T ' T T 1
10 12 14 16 18 20

~opaque LS temperature (°C) ~transparent

High T(transparent)—Low T(opaque):

*PMT: major light loss (=4x in 5cm)

*F0: light not lost but increased (~2x)
oF1: light stable (<20%) [by accident!] . = N -
*F2: |Ight s lost ("’60% or ~ |/2X) % |||ustrat|$)n only |||ustratzxon only
—trivial light absorption ruled out

— 3 fibres: 3~20PE/MeV—> light boost? €
Anatael Cabrera (CNRS-IN2P3 & APC)
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1dO soon
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what to remember?
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more soon...
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the first = | Oton detector R&D...

(no competition— [ton must happen)

Anatael Cabrera (CNRS-IN2P3 & APC)
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on behalf of LiquidO team...

the
bright age
of
darkness
(i.e. opaqueness)
s ahead... LiquidO?

thank you. ..
grazie. .

el Cabrera (CNRS-IN2P3 & APC)

anatael@in2p3.fr



mailto:anatael@in2p3.fr

