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Introduction

1. Neutrinos absolute mass?
2. Majorana particles? (v =V)

Neutrino Experiment with
a Xenon Time Projection

Chamber (TPC)

(Mnext

Answer: neutrinoless double beta decay

Energy Plane (60 PMTs)

BLOv

NEXT-100 detector: 100 kg of 136Xe gas at 15 bar

High-pressure Xe (HPXe) electroluminescense (EL) TPC
with separated readouts for calorimetry and tracking

2 NEXT key features:
T 1) Excellent Rg - 0.5-0.7 % at Qgp (2.457 MeV)
_— 2) Scalability - towards the ton scale
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NEXT — improving the spatial resolution

+* Improve topological signature...

o . background 2mm - still e after 1m drift in Xe
1. Longitudinal resolution: event background - —10mm -> false 8
. DL (Xe) ~45 mm/m — R Event 850822 - Smeared Hits _
= ELgap (5mm) = 1.5 mm =l Bi-214-True vl ek Bi-214-2mm o)l Bi-214-10mm [ .
1 ,5"—1 e I ] v
2. Transversal resolution: | 4 F I:.I o
=" i
* Dy (Xe) ~10 mm/m 4 i 0
3 K m|
= SiPMs pitch + barycenter 1 a4 col
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** reducing electron diffusion:

Xe + molecular

A 4

Electron cooling

A 4

[ Reduces e~ ]

It also degrades:

* S1 and S2 yield

* Energy resolution

Spatial Energy
resolution resolution

diffusion




spread in 1 m (mm)

Additive & concentration

1) Xe— M, reduces e diffusion: e~ cooled by vibrational excitation modes of M,

transversal dlfusmn
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2) Xe-—-M, degrades S1,S2 and Rg:
(= e~ coolling -> lower Y at same E (S2)
= quenching by M, (S1, S2)

= attachment/recombination:
in drift or EL regions (S2)

\ " lower transparency to VUV (S1, S2)

7 longitudinal difusion
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3) Xe— M, technical issues:

= stable & compatible (with
detector and purification system)

= of easy handling and cleaning




Experimental setup

> Xe-CH, dw  Xe- coz\ Xe — CF, ’f)
J

> Driftless Gas Scintillation Proportional Counter (GSPC) with ELg,, = 25mm

Heated capilar Volume 1 and

= Eletroluminescence and R (@ ~1.1 bar) T ReA volume 2 used for
- —— RGA calibration
r - - - — 'Fé;i‘ - - — — 1 Ci;;iﬂ:e ;
> Gas Residual Analyzer (RGA) | | @ @ @
| ><
I
I
I

= real-time mixture concentration

capacitive
paciive L oL
:_ Volume 1!
| - LN,
| Volume 2 %{ LNy |

Driftless Gas

» Gas purified by SAES hot getters

= Pure Xe at 250° C =k Proporcional |

Scintilation
Counter Molecular
gas

Hot
getters

= Xe—CH,and CF,at 120° C

= Xe — CO,at 80°C Xe
ol

LN,




Energy resolution (r; = rwamy .

Ry = 2.35 |=
E N

e Ne
/

o in primary charge
production
N, - primary e™

K-N-Ng

o in EL photon
production

Eipi iy T (

1+02‘ N =L <:
GZ)’ e_Wi

Rg® o (Ng)™t

for E/N: F,PMT > Q

\ F and PMT contribution
are determined using
data from pure Xe

U

o in PMT signal

k = light collection efficiency
o —~ fluctuations in PMT gain
N > EL emitted photons

1™ term 3 term 1 k=0.005 = Total | k=0.005 = EL Yield (Y) & RE in a driftless GSPC (pure XE)
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15- 3KV/cm/bar . timated f 18 — T =0 15
%0 estimatea 1or
Y/N | co0040+-0.008 € / E Rg at z=0 | -6-0.040 +/- 0.008| _ 14
_ 5 0.110 +/- 0.009 Zero xX-ray . : : “-0.110 +/- 0.009
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The CF, case

= Here, the real Rg is showed (because

Y/N : .
a0 3KV/em/bar the CFZ'I high :?\ttachment resulted in
©0.001 +/- 0.008 @ 0.002 some right-tailed spectrums)
14+ 0.007 +/- 0.012 @ 0.010
0.009 +/- 0.008 @ 0.015
4ol| < 0:013+/-0.008 @0.023 = But, in next slides previous z=0
: 0.021 +/- 0.008 @ 0.033 ) ) )
0.032 +/- 0.009 @ 0.042 % extrapolation adopted although ignoring
]

/ right-tailed spectrums
/ RE real -0
, — -5-0.001 +/- 0.008 @ 0.002| | 4°

Y/N (><1O'17 ph-e'1-cm2-atom'1)
o
0]

06+
04 " 0.007 +/- 0.012 @ 0.010
' 35| 0.009 +/- 0.008 @ 0.015| | 35
~<-0.013 +/- 0.008 @ 0.023
027 S 0.021 +/- 0.008 @ 0.033
. | | | | | 3oL 0.032 +/- 0.009 @ 0.042| 39
4 6 8 10 12 14 ¥
E/N (<1077 v-cm?.atom™) @25 - 195
=
5
520r 120
* ELY well preserved if E 3KV/em/bar
compared with Rg 15+ T 115
* Lower Rg dependence on E/N 10+ . — § N Y armn 110
"‘M———'ﬁ'—é‘iﬁ-——“a‘u—*‘——ﬁ-”—*—_— n—g o
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Comparlson: Y and Rg for the same D;p :i/DL X Dt X Dt ~2.75 mm/m
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1 AN
—o-pure Xe
-2-0.0406 +/- 0.0099 CO,,
-=-0.2200 +/- 0.0118 CH,
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1.5

0.5

Y/N (><’IO'17 ph-e'1-cm2-atom'1)

CO2 have a good R (but it degrades abruptly for higher concentrations)

CH4 have the best Rg, even with the worst Y

CF4 have the best Y, but a terrible Rg



Concerning Q

1. Using F, k and /G estimated wirh pure Xe -
PMT and Fano contributions are subtracted to Rg

2. The Q (relative fluctuations in the number of EL
photons) is estimated

= CH4: Q negligible (< F)

Fano

= CO2:Q ~ % Fano (for conc. in ROI)
= CF4:Q > Fano (high attachment)
07 07
+0
50.013 +/- 0.006 /
0.6 1-5-0.041 +/- 0.010 106
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4 Same method as in CO2 and CH4, but
ignoring right-tailed pulse distributions
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The compromise Rg vs D3p — €0,, CH, and CF,

10 bar for EL=3KV/cm/bar (at be)

1.2

T | | |
_002 at 30 Vicm/bar
0.17 CO =
iy 1. Qand N, extrapolated to 10bar (Qgpar =2 X Qqpar |~ = ~C02 2120 Viembar
ST N 5 . e ng 5 angns —— CH, at 30 Viecm/bar ||
do & N scaling from simulated scintillation probabilities v
1.53 CH . — D. Gonzdlez-Diaz, C.D.R. Azevedo et al) CF 4130 Viem/bar
1 ' 0.033 CF, s .
. - - - CF, at 20 Vicm/bar
P
1
0o 2. Optimist scenario adopted for CF4 (low |
L0023 CF, Q, high Ng;, and high concentration)
0.8 R O RN W « TUTTTYTTTTI I TITITITIT T (IT) ! 1
3 e Ol 3. Transparency after 2 m in CO2
(o] ;i
@ 07 - 19CH,” (D. Gonzalez-Diaz et al) —
e L0.015CF
S 4
D:LLI ............................................. i
0.6 |04 CH,- NEXT conditions: -
k=0.01, o;/G = 0.6
0.010CF, 06/ ’
0.5 0B9CH,  IN_ Y. e E=2.457 MeV, F=0.15 |
0.55 CH, =" R . VT
............................. 0002 CF,
0.4 1= 0.36 CH iy ’
S — L ——— -0.00 CF,
______ YT =2 L ........................_.‘...‘.h...?...'r...g"’.. N
S ¢ 107 31 € o [ B T e e s B e ~-0.00C0
03 0.00 CH, " pom=s z
0.2 | | | | | | | |
1 2 3 4 5 6 7 8 9 10

Difusion 3D



NEL VS D3D - COz, CH4_ and CF4_

NEL (Qbb at 10bar in ELgap=5mm @ 3KV/cm/m)

5000 \ \ \ | | |

» 4000 [ i

-

O

0 A

53000 |

: 2

L ~90% &

©

g 2000 - o CH4 i

S = CO02

Z 1000 - - CO2 (100% transp) | _
-4-CF4
- CF4 (no att)

0 = Ih) I | | |
1 2 3 4 ) 6 7 8 9 10

Difusion 3D (mm)

- ~80% light lose expected in CO2 and CH4 (almost 0% for CF4) from simulated
S) 1 scintillation probability (D. Gonzalez-Diaz et al, same simulations are in agreement
—]

with experimental data for S2 at 1bar)



Conclusion:

Low quenching, high transparency - S1 and S2 slightly affected
High attachment - Rg extremely degraded (dominated by Q)
Stable, but concentrations (~100ppm) too low to handle and measure

Good R (attachment still low) in concentration ROI

® S1 and S2 affected by quenching and transparency

J
Absorbed by hot getters and transformed CO (CO2 specific cold getters)
S1 and S2 affected by the high quenching

¢ Excelente Rg (Q~0), if E/N is increased (as EL threshold) S2 improved
and R almost the same as in pure Xe

Stable & high concentrations (~4000ppm), easy to handle and measure

[ Xe — M, may improve spatial resolution in a EL optical TPC, keeping S1, S2 and Rg ]




Thank you for your time

U-N-RePORT [DENTIFIS ‘CoW EMISSIONS” ARe MORe
DAMAGING To PLANET THAN CO, FROM CARS... SOLUTION?
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Conclusion: mixture purification

¢ Purifying the Xe - M, gas: S —
Specialized cold getters could be used to purify Xe + CO2/CH4/CF4 | |

This getters absorbs the main contaminants: CO, H20, 02, and H2...
However they don’t absorb N2

Radon? group

Saes

Purification and RemoVaI Capabilities

Media Gases Purified Impurities Removed Outlet Regenerable DangerouslGDo_ds (bG)
Performance Classification
H,0, 0., CO, H2 < 1 ppbV<—"
Volatile Acids, Refractories,
so4(f| co. Condensable Organics <5 pptv YES DG - UN2881 Class 4.2
= (>100amu), Volatile Base —

MNon-Condensable

Organics (>45 amu) < 100pptV

) Vs

C,F., C,H.. C C,F,H,, CF, C o . )
905 o Ect Yo, i, &, i*\' H,0, O,, CO, CO,, H, NMHCs <1 ppbV YES DG - UN2881 Class 4.2

P _ ——— N v




Conclusion: remove M, from the Xe Temp,

Cooling baths (°C)
Liquid N2 Ethanol -116
Liquid N Ethyl bromide -119
Liquid No Acetaldehyde -124
c H4 T P C Liquid No Methylcyclohexane -126
pu m ped T X Liquid No n-Propanol -127
( e+C H 4) Liquid Ng n-Pentane -131
out
Liquid No 1,5-Hexadiene -141
Liquid No Isopentane -160
LN2 baSEd Liquid No (none) -196
bath

Vapour Pressure (bar or 0.1 MPa)

CH4 vapour pressure g > Xe vapour pressure
V. Hot S :
: A'| getters i
g I
To remove s l
.. 2 I
) remaining CH4 g o ]
- (small HESS :
concentration ' : :
will not saturate | |
} i
' 3 r
g/ getters) )::Q/ |
0 10 20 30 40 50 60 70 80 90 100 10 120 130 140 15 ‘.U: 1o |.‘ 130 140 150 160 'W"- 180 ‘-’r"w 200 210 20 230 240 |
CH4 boiling point CH4 b0|I|ng point Xe b°||mg point Temperature (K)
-161.5 °C (1bar) -161.5 °C (1bar) -108 °C (1bar)
""""""""""""""""" i i
Temperature (°C) | | Temperature (°C)
I I



The pulse height distribution, of a driftless GSPC

Counts

1000
full absorption peak
750 F
500
250 | XcL/cs\upcpcaks
0 [ R . . WY
0 200 400 600 800 1000
Channel number
400 1
——experimental data
350 - different depth gaussians
—fitted function
300 10.75
250
— 0,
2 Rg (real) =8.7 %
3
S 200 H05
<
&)
=
150
— -— [v)
100 RE(Z_O) =6.2% —40.25
(first gauss)
50
( et Al anannest o [ogni U = e S S S i 0
400 450 500 550 600 650 700 750

MCA channel

Gaussian amplitude (a.u.)

& pulse height distribution of
5.9-keV (°>Fe) x-rays
absorbed in a driftless GPSC
filled with pure Xe (at ~800
torr)

& Different depth (z) absorbed
x-rays - left-tailed pulse-
height distribution (gaussian
& exponential absorption)

R is estimated for zero x-ray
penetration (FWHM/E of the
first gauss)



160 1

— experimental data
140 - —different depth gaussians
—fitted function
l 10.75

10.5

Huge uncertainty in low ™ R(z=0): 7%
RGA’s measurements: ¢' Attachment: 35 e~ /cm
Y/N J; 8.001 0008 @ 0002 fKV/cm/bar Initial/max values from P-V § 80 E/N: ~12
14| © 0.007 +-0.012 @ 0.010 calculation are also shown s CF4: 0.002%
0.009 +/- 0.008 @ 0.015 40

4 0.013.+/-0.008.@ 0.023 I There is not a systematic

F'E
£72[1 > 0.021+-0.008 @ 0.033) i | _ "
% [70032+-0000@0.042 - error—RGA’s calibration
3] . 7 ) AT 1t s T =z g
"o / was successfully tested %0 550 500 550 700 700 0
- . MCA channel
L i after taking data ! o e 1
o —experimen
E 06 140 :if?:}entedt;?)ltl'ldztaaussians
- —fitted function )
=04
i _ ™| R(z=0): 22%
02 * ELY well preserved if m Att: 95 e~ /em
- | | compared with Rg E N 12
% 6 8 10 12 14 < T E/N: ~ 108
E/N (x10""7 V.cmZ.atom™") * Lower Rg = &l CF4:0.023%
dependence on E/N “ e
RE real l > o . 2
-5-0.001 +/- 0.008 @ 0.002 WL i i : = =0
-=-0.007 :I- 0.012 % 0.010 g 0 o 0 150 200 250 300 350 400 0
0.000 ++ 0005 @ 0015| 5 With 1 more free fitting VCA channel
35+ : : g b
P g%ggggig parameter (attachment), Rg = —— 1
L VR - U A . experimental data
230, —v——o [$0032+/-0.009@0.042],39 (z=0) extrapolation could be 8or * _ diferent depth gaussians
0? . . 1tted rTunction
2 > v not reliable: 70" 075
225/ v {25 ol R(z=0): 35%
B, T 4 L, & Here, thereal driftless £ 50 / Att: 140 e~ /cm
5201 ~— R 8 . 05
% 4 _,¥_\_ﬂ?>\li\//cm/bar GSPC RE §4°’ E/N ~12
4 T~
o Y |1 _ CF4:0.09%
b 4 Next, previous z=0 ¥ |
10/ R S S hon T U T extrapolation used but *
e = e— e ——— — = 2] . X . . 10-
6 7 8 9 10 11 12 13 14 15 ignoring right-tailed

¥ {4 e Ard M

0 = = bbb Al 0
E/N (x 10777 V-cmz-atom'1) spectru ms 200 250 300 350 400 450 500 550 600 650 700 750
MCA channel

Gaussian amplitude (a.u.)

10.25

Gaussian amplitude (a.u.)

Gaussian amplitude (a.u.)



What about NEXT - Q4 at 10 bar, ELg,,= 5mm
gap
< _ By _2457Mev  F~0.15F002
e Wion 22eV Nep — _e NEL
data from D. e
Expected features in NEXT-100: Gonzélez-Diaz et al| <4 COnCeNration (%)
0 0:5 1 1:5 2

 EL photon collection efficiency (k) = 0.01 100%

o]
o

* Relative fluctuations in PMT’s gain (o /G) = 0.6

(%)

~ . 10bar 5mm gap
1. Q(10bar) = 2 x Q(1bar) since S A s

if dominated by attachment - in CH4 Q(1bar) = Q(10bar) - 20!

scintillation

2. N (10 bar) = Ngg (1 bar) X Pgine(10bar) /P ine (1bar) — %
from simulations (Diego-Azevedo), when reduction in Y is
due to e” cooling (threshold) and quenching, ie. in CH4 and CO2

3. For CF4 the more optimist scenario is adopted: Q for max(E/N),
max/initial concentrations adopted, "f)

transparency (%)

o
o

o
o))

0.1 0.2 0.3 0.4

(302 concentration (%)

CO2 transparency after 2m

N

data from D.

100

180

160

140

120

and Ng; (10 bar) = N (1 bar) — 20% lower at 10bar in ROI (2 X att) 04/ Gonzdlez-Diaz et al
0.2t
4. Transparency to EL photons after 2 m in CO2 > 0 | |
100% in CH4 and CF4 10° 10’ 107 10°

CO2 concentration (%)



The compromise Ngy. VS D3p — €O,, CH, and CF,

threshold (at 10bar)

o

oo
T

-u\l
T

»

(&)
T

IS

1 Amplification parameter (at 10bar)

EL threshold - E/N (x 10" V.cm?.atom™)

600
3
123456789103500
Difusion 3D (mm) S
— 400 -
Z
Ll
2 300
Z
>_
g 200 ) --CH4
5 -=CO02
9 100 -& CO2 (100% transp)
-A-CF4
-2 CF4 (no att)
0 1

1 2 3 4 5 6 7 8 9 10
Difusion 3D



Preliminary results: co, and CH,

** Which mixture is best for NEXT? 08
0.7
DL @ DT (mm/\/ m) COZ CH4_ {g\o.e
= G 3 (28%) @ 2.8 (77%) ~0.11% ~0.55 %) oo
~2.2 (47%) @ ~2.6 (78%) ~0.17 % ~1.04 % Ea
o 0.3
. Z 02
¢ Subtracting Fano and PMT >
contributions (preliminary) Ui ESilmelise >
F and k in 0
concentration of CH, (%) pure Xe
0 0.5 1 1.5
0.5 T T T 0.5 18
—©—CO, || forE/N = 12 T
0.4 5— CH, 10.4 16k
= 151
0.3} 10.3 @ 14
@] % 13
021 10.2 <
% 11
0.1F 10.1 8
0 1 L . 0 8
0 0.1 0.2 0.3 0.4
7

concentration of 002 (%)

P(torr)/N =
3.034 x 1077

—=4A— pure Xe

—— 002 0.109 +/- 0.009 |

-
N
T

-
o
T

©
T

[}

Y/N —6—CO, 0.174 +/- 0.012
I —5— CH, 0.559 +/- 0.019 | -
—8— CH, 1.044 +/-0.029 '
1 1 1 1
7 8 9 10 11 12 13 14 15
E/N (x 10717 V-cmz-atom'1)
118
—4A— pure Xe 147
R —©6— CO, 0.109 +/- 0.009
E | | —e—co,0174+-0012| 116
' ‘ — 5 CH, 0.559 +/- 0.019
4 115
—8— CH, 1.044 +/-0.029
414
413
412
411
410
19
A,
A A 18
1 1 1 1 1 1 1 1 7
7 8 9 10 11 12 13 14 15

E/N (x107"7 V.cm?.atom™)



Neutrino mass and 0v rate

BB OV decay rate mgpg

T 2
(T1)2) 1= 6% [M?| mgp”
O

Nuclear Matrix of
Elements (NME)

High source of
uncertainty

) Disfavored by Ov3( (2014)
ol

P ——— — — ————— —

01

01

1

mvll szl mV3

2
ZUeimi
7

Mpp =

{l experiments combined
results : < 130-310 meV
(different systematic error)

01

0.0001  0.001 0.01

N1

R <:I ijéa- 4’ '

Myight ., [,



NEXT — concept

drift )
region EL region
\ Reflective walls l

. 135Xe decays > 2e~

. Primary electrons (P.- ) +
Primary scintillation (S1)

. S1 at the energy plane - ¢,

ENERGY PLANE (PMTs)

UOUUUOUUU

. Pedrift towards EL region
(~1mm/us @ ~0.5 KV /cm/bar)

. CATHODE.

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

--------------------------------------

--------------------------------------

ANODE ' !

TRACKING PLANE (SiPMs)

P.- accelerated in EL region

— electroluminescence (S2)
(~4 KV /cm/bar) (S2 ~2 us)

. S2 by tracking plane + t, * wocions 1 single gamma
of- . (1e7):
— 3D event topology : YN < 1blob
. S2 by energy plane o
—> precise energy of event oo ; BB decay
-80[- . (2e7):
_1007‘\”.\".\H.M.‘M.‘MH? ZbIObse
40 60 80 100 120 140 160
X4(mm)

Y (mm)

60—

J Topology signature (simulation) {,

20

0

-20
-a0f

-60
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&
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[ TR AT BRI N
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NEXT — prototypes

NEXT-DEMO ~1.5 kg @ 10 bar
» Demonstrate NEXT technology

170

at QBB

250 —

160 (zx proj.)

240

topological signature

£ 220
£
210

(zx proj.)
150

140

130

mm

120

110

200
100

-
*
_
-
.
bl
Lo
»
-~
L)
~
.
-
~
-~
~
-
-
-
~
~,
-~
-~
N
¥
\

190
920

22Na gamma

Double
track scape 298T|

NEXT phase | - NEW ~10 kg of 136Xe

* NEXT-100 at scale 1:2 @ 20% of photosensors
* 12 radiopure underground detector

NEXT-DBDM ~1 kg @ 10 — 15 bar
» Study Ry in HPXe

/ Currently

2 installed at the LSC



RGA’s Calibration

Background measurement — CO2 added here, For CO2 background
CO2 reading after V2 is filled then CO2 + Xe estimation after
with pure Xe are liquefied mixing

A
4 \ /
Z<10'8

3 =1 0.3
2.5 Pressure at mass 44 (CO2) 10-25
Pressure of Xe sumed peaks (x0.01)
Y CO2 concentration (%) 102
g — Fit to CO2 concentration background )
= —— CO2 concetration after background subtraction %
®
S 15 4015 £
()
2 O
o )
o v Q
— 1 -1 0.1 N
0 @)
3 ®)
®
O o5t ~0.05
AN A A A A AN AN AAAAANAAAAAMAAAS WA AN AN AN AN P ad AN AN N AN mn i
r/\
1
0 WMMWWWWWMMMWWWWWWL J Ho
-0.5 : : ' ' ' -0.05
0 5 10 15 20
Time (h)

M RGA’s example spectrum of a calibration point (0.088 %)



RGA'’s Calibration

> Calibration line:

1.8 T T T T T

16 f 1 & Asexpected RGA’s

| response is linear, at least
within ROI

RRGA =1.27 X Radded_COZ —0.0025
14

12

i

e Several methods were used
to extrapolate the

- background of CO2 after

mixing, this one showed the

best R?

0.8
R? = 0.999994
0.6
0.4

0.2

Measured CO2 concentration (%) on RGA

* This background estimation
method will be also used in

0.2 ' : : : ' ' main mixtur
0 0.2 0.4 0.6 0.8 1 1.2 1.4 d tures

Introduced CO2 concentration (%) VolumePressure

0




Parcial pressure (torr)

Results — rRGA’s example spectrum — co2/(xe + €02) = 0.44%

1) Pure Xe with getters at 250° C is recorded 2) Getters are set to 80° C one hour before CO2 is

for background quantification at the introduced - for a more efficient mixing, Xe + CO2
beginning of each mixture -> are liquefied after adding the CO2.
C02/(Xe + €02) =~ 0.1 % changing at > 0.44 % introduced (estimated from volume-pressure
each mixture calculation) — 0,33 % @ after 21h (estimated from RGA data)
A /4 Pressure at mass 44 (CO2)
5 {10 N\ Pressure at mass 28 (CO2 + N2 +CO) | &
Pressure at mass 18 (H20) (x0.1) ' CO2 percentage in relation to
 pressureof Xe oot (x0.00) Xe + CO2 - corrected using
25 A ohe g eyt i 05 RGA's calibration line
”NJM MWM/ * EL measure was done in
the last hour (44h — 45h)
2 .
| | %W Partial pressure at mass 28
1sL Most of this water is . rises in time after adding
probably not directly coming CO2 = 28is th . K
from the detector Ao IS the main pea
L — [l of N2 and CO, and a
WWWMMW%M - Secondary peak of CO2
L AW WA . .
(~5 % - obtained in
0.5 - 0 calibration)
'WWWWWW
o R ) | A typical non-explained
O et s ARV A gl A M g A \ 0 perturbation > usua”y’ these
| perturbations are stronger in
05 | | | I | | | I L1 01 H20 and Xe, and often
0 5 10 15 20 25 30 35 40 45 periodic (T=24h)

Time (h)



Results — co production

> Pressure at mass 28 rises after adding CO2 -> Mass 28 is a combination of:

Is this due to CO production?

If the growth at 28 was just coming from .
CO2, it would not be continually rising

Nitrogen (major fragmentation peak)
CO (major fragmentation peak)

CO2 (secondary fragmentation peak)

Pressure at mass 44 (CO2)
Pressure at mass 28

— CO estimated pressure (28 -CO2 -N2)

-9
14 x10
Assuming: 12
* N2 keeps constant after
adding CO2 5 10r
* Experimental cracking E 8 &
pattern of CO2 obtained ?
. 0. N6
during calibration g
* COis zero before CO2 T 45
=
We can: o
Estimate CO pressure at
mass 28 by subtracting

\KJ

[ ——————— ———— — — — — — — —

— s —— — — — — ——— — — — — —— —— — —

-2
CO2 and N2 contributions 5 10 15 20 25
time (h)



Results — Getters’ temperature & CO

» Two different mixtures became stable at 0.18 % — in the last one we raised up the temperature of
getters in order to absorb CO2 - however CO have raised even more as the getters’ temperature
was increased.

Temperatures were raised up just for some time, then they are cooled down to 80° C again

%108 %107

351 14 | | | | 0.7
Periodic unknown perturbations Parcial pressure at mass 44
Estimated CO pressure
3~ 12 |- —— CO2 corrected percentage | - 0.6
«— ‘ Pressure of Xe sumed peaks

25 10 MMWMMW —0.5
Q
—_ 120° C for 1.5h >
5 2r 8| / 140° C for 1h —04 T
- 180° C for 0.5h O
5 v’ 8
% N
8 15 6 / 4103 o
a O
8 8
& 10 41 402 &
& e S
(&

0.5 o [t P —0.1

0 O [HactufaUmappminr = K CO increases as CO2 1°
decreases
0.5 - : ' ' : ; -0.1
0 20 40 60 80 100 120

Time (h)



NEXT — towards the inverted hierarchy

BBOv unIikeIY with current :> Ton scale + background
experiments reduction/rejection

Next-100:
T1), = 5x 1025 yr
_ | (2018-2020)
g
3 102
E -

" Inverted

L ordering,
Miight~0
Goal: || 7
15 meV
F“' Q
10 1 1 1 L1111 | 1 1 1 | T | "}.“‘%’
107! 1 10 2

Exposure (ton - years)



R (3KV), Dt, Dl and v In cH,

longitudinal difusion

w
-

spreadin 1 m (mm)
w BN

V-

— 30V/cm/bar
— — - 20Vicm/bar|

1072

107
concentration (%)

Y
w

velacity (mm/fus)

-

drift velocity
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0.5
1072

107
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concentration (%)

10° 10!

spread in 1 m (mm)

R_ (% @ 10 bar)

E

transversal difusion
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R (3KV) vs D3d and concentration in cH,

10 bar for EL=3KV/cm/bar
T T T T

1.1 T T
— 30 Vicm/bar 1.53
n - = =20 Viem/bar
1
1, 1
]
1
]
1
09 — ] |
1
I
1
]
1
0.8 1 J
1
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= ! 1.19
o
e
e 071 .
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2 1.04
L
C o6t .
0.69
05 8
0.55
0.36
0.4 F .
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Difusion 3D

R_ (% @ 10 bar)

10 bar for EL=3KV/cm/bar
T T T
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R (3KV), Dt, Dl and v In cF,

velacity (mm/fus)

spreadin 1 m (mm)
I

w

w

longitudinal difusion

— 30V/cm/bar
— — - 20Vicm/bar|

~--O-80

107
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0.2 | | |
1072 107 10" 10° 10!

concentration (%)

transversal difusion

12 T T
— 30V/em/bar
— — - 20V/em/bar|
€ |
E
=
E 4
-
©
© J
j=5
0n
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R (3KV), Dt, Dl and v In cH,

R_ (% @ 10 bar)
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R (3KV), Dt, Dl and v In co,

ES 4]

spread in 1 m (mm)
W

longitudinal difusion

=

— 30V/cm/bar
— — - 20V/cm/bar

1072 107 10" 10°
concentration (%)
16 drift velocity

14

o Y
o — [3%]

velocity (mm/us)

<
s3]

0.4

0.2

107

=

— 30V/cm/bar
— — - 20V/cm/bar

107
concentration (%)

spread in 1 m (mm)

R_ (% @ 10 bar)

transversal difusion

¢
— 30Vicm/bar
10 — — ~20V/cm/bar|
8 |
6 .
4 |
2 -
0 1 1 L
10 102 107 10° 10’
concentration (%)
Energy Resolution at 10 bar (EL = 5mm @ 3KV/cm/bar
T T T T T T a.@l T
L T 4
2 0.00 s
—0.01
0.04
| |[—omn |
15017
0.30
—0.31]_
il ——039] g N |
—e_ 1L
——
051 1
Y ,* ey R e —~ v s—=—— D
6 7 8 9 10 11 12 13 14 15

E/N (%1077 V.cm®.atom™)



R (3KV), Dt, Dl and v In co,

R_ (% @ 10 bar)
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CF, right-left real R

30 —
—&—0.0 (R on left)
—& -0.0(R on right)
—S—0.001 +/-0.008 @ 0.002
0.007 +/-0.012 @ 0.010
0.009 +/- 0.008 @ 0.015
~|—=—0.013 +/-0.008 @ 0.023
o5 | e —=—0.021 +/- 0.008 @ 0.033
@ _— T ) ! —=—0.032 +/- 0.009 @ 0.042
~y
N .
% . =,
o ™
@ 20 - .
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R(z=0) without attachment - CF,

20

Resolution (%) @ 5.9 keV
S

-
&)
I

-0

—-5-0.001 +/- 0.008 @ 0.002
0.007 +/- 0.012 @ 0.010
0.009 +/- 0.008 @ 0.015

—<-0.013 +/- 0.008 @ 0.023
0.021 +/- 0.008 @ 0.033
0.032 +/- 0.009 @ 0.042

| | \ |
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9 o’ 11
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10 bar for EL=2KV/cm/bar (at be) 1 Do%transparency c02)

1.2 T T T \ \ \ \ T
! ——CO, at 30 Viem/bar
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RE (% @ 10 bar)
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..0.qoo CF,

10 bar for EL=2.5KV/cm/bar (at be)
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