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Outline

EERN

AEC

Double-beta decay (Bf)

» away to address some of the open questions in the neutrino sector

The Enriched Xenon Observatory (EXO)

» EXO'’s approach to address the challenge
» the concept of barium ion tagging — open R&D questions

Advances in barium ion tagging:
» Analysis of alpha decays with EXO-200 data

» ion properties relevant for ion tagging in liquid xenon

* The EXO-100 facility

» construction and operation of a cryogenic R&D facility
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Neutrino physics:
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DOUbIe-beta decay: :;::EHSII’A‘I
determining the absolute neutrino mass
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Double-beta decay:

decay modes A AT s

FOR FUNDAMENTAL PHYSICS

136y ,.
saXe:

TPF = (2.165 + 0.016(stat) + 0.059(sys)) 102! yr

EXO Collaboration: Phys. Rev. C 89, 015502 (2014)

2vBB: 2n° - 2p*T + 2e” + 27,
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decay modes r
Neutrinoless double-beta decay (0v(3f3)
M By * Only allowed if the neutrino is a
@@ - Majorana particle!
» Violating total lepton number: AL = 2
* Hypothetical process: not observed
" so far (one controversal claim).
_ 0 ov |2 2
oy = GOV 1MV [(mgp)|
OvpB: 2n® - 2p* + 2e~ 1/2
G phase space factor
MOV nuclear matrix element
(mpg) effective neutrino mass
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Double-beta decay:

decay modes

FOR FUNDAMENTAL PHYSICS
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Double-beta decay:
candidate isotopes
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Double-beta decay:
detection technique
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X-Z projection: collection plane

Y-Z projection: induction plane
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Double-beta decay:

BB experiments

FOR FUNDAMENTAL PHYSICS

single site (SS) multi site (MS)
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Multi stage project:
- EXO-200
« nEXO

« nEXO with barium tagging
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The Enriched Xenon Observatory:

BERN

EXO-200 set-up
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HV FILTER AND
FEEDTHROUGH

VETO PANELS

High purity

Heat transfer fluid
HFE7000

> 50 cm
DOUBLE-WALLED
CRYOSTAT

25 mmea

FRONT END
ELECTRONICS

LXe VESSEL
1.37 mm

VACUUM PUMPS

LEAD SHIELDING
>25¢cm

VETO PANELS

Located at WIPP in New Mexico, 655 m.w.e below ground
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The Enriched Xenon Observatory: :
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EXO-200 results e
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TFF = (2.165 + 0.016(stat) + 0.059(sys)) 1021 yr

EXO Collaboration: Phys. Rev. C 89, 015502 (2014)

PP >1.110% yrat 90% C.L.

EXO Collaboration: Nature (London) 510, 299-234 (2014)
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The Enriched Xenon Observatory:

BERN

EXO-200 performance
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EXO-200 published in Nature
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The Enriched Xenon Observatory:

BERN

NEXO
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A single TPC
5 tn of enriched xenon

Operational in ~2020
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The Enriched Xenon Observatory:
NEXO expected performence

Hoy \an y Xfurthgy increase sensitivity?

136xe —12°Ba* + 2e~ (+27,
ﬁ Z7

10

i QkeV Orthe Q-value

mrrin [ev]
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The Enriched Xenon Observatory:

BERN

expected performence of nEXO w. Ba tagging T

Advantage of barium tagging:

T d EXO-200 after 2
 tag all backgrounds not related to (33 107 [pfmprove after 2 year;
S o
« ultimate baCkground ZVBB :;10: nEXO after 5 years 'g __
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107 g _:
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The Enriched Xenon Observatory:
barium tagging technique
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Ba* grabber probe cavity ionizer

I )

_ mass filter
ion trap

CCD
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The Enriched Xenon Observatory:
barium tagging technique
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Ba* grabber probe
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The Enriched Xenon Observatory:

BERN

polonium tagging
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The Enriched Xenon Observatory:
polonium tagging technique

Ba* grabber probe

218pg decay

alpha detector

222Rn decay

7th November 2015 21



steps towards barium / polonium tagging

Important properties of the decay product

« fraction of ions
 drift speed
« neutralisation during drift

Need for a test set-up:

cryostat

TPC

displacement device

ion grabbing probe — requires that barium is ionized!!!
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Analysis of alpha decays with EXO-200 data:
concept
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Analysis of alpha decays with EXO-200 data:
Identification of decays

FOR FUNDAMENTAL PHYSICS

A: no cuts applied B: fh fz ss (AND)

[ Entries 1193259 |

| Entries 6480 |
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222Rn an d 218PO p O p u I ati 0 n S ALBERT EINSTEIN CENTER

SCs applied cuts: 218Po AND ss fz fh

SCs applied cuts: 222Rn AND ss fz fh
x10*

x10°

| Entries 3483 |

[ Entries 2790 |
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Analysis of alpha decays with EXO-200 data:

event linking

FOR FUNDAMENTAL PHYSICS

222Rn events 218Pg events

Linking algorithem

222Rn - 218Po pairs
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Analysis of alpha decays with EXO-200 data:

linking algorithm

FOR FUNDAMENTAL PHYSICS

P(Ax, At) = P(Ax|At) x P(At)
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Analysis of alpha decays with EXO-200 data:
algorithm verification

FOR FUNDAMENTAL PHYSICS

B: fh fz ss (AND) B: fhfz ss (AND)

light (sc_erg)
light (sc_erg)

S
(5]

Entries 94

Constant 1.301 + 0.350

. n
P LT R NP IR BRI LRI EFRTII R - Slope -0.003895 =+ 0.001017
150 200 250 100 150 200 250
charge summed over CCs (sc_sccerg) charge summed over CCs (sc_sccerg) T

A: fh fz ss (AND) B: fhfz ss (AND)

Ty, =178(4)s
Tpo218 = 183s
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Analysis of alpha decays with EXO-200 data:

222 R n - 218 PO p ai rS :EBCERT EINSTEIN CENTER

FOR FUNDAMENTAL PHYSICS
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Analysis of alpha decays with EXO-200 data:

222R n = 218PO p al rS ALBERT EINSTEIN CENTER

FOR FUNDAMENTAL PHYSICS
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Analysis of alpha decays with EXO-200 data:

222R n = 218PO p al rS ALBERT EINSTEIN CENTER
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387

212 +13.2
-0.01609 + 0.00790
0.1183 *0.0068
64.55 +£7.75

1.134 +0.059
0.4388 +0.0741

|
2.5 3.0
Vz [mm/s]
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Analysis of alpha decays with EXO-200 data:
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Analysis of alpha decays with EXO-200 data:

222 R n - 218 PO p ai rS :EBCERT EINSTEIN CENTER

FOR FUNDAMENTAL PHYSICS

Entries 99
nA 32.33 +5.54
nMean 0.03924 + 0.03545

nSigma 0.1882 + 0.0369
cA 35.46 + 5.66
cMean 1.37 £ 0.06

0.3622 +0.0847

3.0
Vz [mm/s]
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The EXO-100 facility:
overview

Components:
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« Cryostat
« Gashandling
» Slow control

» Safety systems

LABORATORIUM FUR HOCHENERGIEPHYSIK

LHEP

UNIVERSITAT BERN i
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The EXO-100 facility:
cryostat

Sébastien Delaquis — Seminar, SLAC, 17th November 2015
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The EXO-100 facility:
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cryostat B e coue
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The EXO-100 facility:

BERN

cryostat
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slow control
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|

auto task type

)  temperature regulation T l

full heating target full cooling
temperature temperature temperature

180~ 180~ 180=
170< 1702 170
160= 1607 1607
150= 150= 150
140= 140= 1402
130- 130- 130
1550 1620 | i 1750
7 J,

logger path

% <Not A Path>

1 Task "regulation” requested on Mon, Dec 15, 2014 @ 14:51:20

HIDE POWER OUTPUT |
HIDELN2 LEVEL

Scanning & analyzing the cryostat temperature ... done
| - current | karget temperature : 172.7 | 162.0 ... [OK]

| - lower & upper bounds : [139.7 190.3] ... [OK]

Initializing the PID loop with target temperature 162.0 ... done

\User requested event on Mon, Dec 15, 2014 @ 15:5

59
| - new [ old "full heating temperature" ; 155.0 f 140.0 ... [WARNING]
User requested event on Mon, Dec 15, 2014 @ 15:52:05
| - new  old "full cooling temperature” : 175.0 § 190.0 ... [WARNING]

Actions of "regulation” task on Mon, Dec 15, 2014 @ 16:46:48

Scanning & analyzing the LM2 level ... done

| - LN2 level has to be raised to reach requlation mode ... [WARNING]

- the LNZ input valve is open ... [OK]

Scanning & analyzing the cryostat temperature ... done

- current [ target temperature : 168.1 / 162.0 ... [OK]

| - lower & upper bounds : [155.0 175.0] ... [OK]

- computed response [ rectified power : -100,0 /0.0 ... [OK] *
* Current implementation only provides for passive cooling!
| Applying rectified power to REGULATION resistors ... done

HIDE TEMPERATURE

HIDE ¥ALYE CONTROL

Recover
Xe/Ar/CF4

Arm
recovery
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loop interval
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The EXO-100 facility:

gas handling system

FOR FUNDAMENTAL PHYSICS

EXO Bern Cryostat Gas System Storage and Recotcry Pancl

Recirculation Pancl

Automatic Recovery

PI-05

= P04 P03
Q V=106 %v—ms V=102 Ov-11 v-on
< <t

Vel12 V=109 V=107

PIT-07TR  PIT-07A V=131 V=132

V=010

Emergency Panel SRV-02 SRV-01

Storage { Recavery

Oxysorh
Monitoring

Process post
emergency
recovery

Header

IHD><—  Pump-out port (KF25)

Services at pump-out ports:
Cryostat IR

FIT-02 s =
:
TV-01 Expansion Vessel: 1>
Xenon Fmergency Recovery Vo122 v MV-127 @‘ @

Emergency Recovery Vacuum

J. Farine BeCryo_16.fig
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The EXO-100 facility:
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Very versatile cryogenic facility

able to operate with LAr, LCF, and LXe over a large
temperature range of 100 K

can be interfaced with closed-loop gas purification
system (LXe, LCF, operation)

Sébastien Delaquis — Seminar, SLAC, 17th November 2015
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The EXO-100 facility:
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The EXO-100 facility:
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The EXO-100 facility:

displacement device A AT s
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Cryo-Camera
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The EXO-100 facility:
detector assambly
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The EXO-100 facility:
recorded events in liquid argon

X-axis [cm]

Y-axis [cm]

PMT [#]

@

LU R UL LR

X-Z projection: collection plane

Y-Z projection: induction plane

PMT signals vs. Z-axis
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ADC ch [nA]

80
Z-axis [us]

ADC ch [nA]
:

80
Z-axis [us]

PMIT ch

80
Z-axis [ns]

X-axis em)

Y-axis [cm]

PMT (4]

X-Z projection: collection plane

70 80
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Y-Z projection: induction plane

10 20 50 70 80
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PMT signals vs. Z-axis
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80
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High voltage tests with EXO-100:
R&D for EXO

Situation in EXO-200:
» designed for -75kV

« -10kV glitches occure
« data taking at -8kV

Three hypoteses:

* acrylic struts (stored in N, for years)
* breakdown between rings and cryostat
 voltage divider

Sébastien Delaquis — Seminar, SLAC, 17th November 2015
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High voltage tests with EXO-100:
MiniEXO mock-up
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MINIEXO installation
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a captured breakdown
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conclusions

Observations:

« reached a voltage of -50kV

* no breakdown at voltage divider

 all breakdowns in gap — close to struts
« agreement with FEM study

Three hypoteses:

« voltage divider
« acrylic struts
* Dbreakdown between rings and cryostat

Sébastien Delaquis — Seminar, SLAC, 17th November 2015
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Data analysis:
» developed a linking algorithm - o
« measure properties for 218Po e

Hardware:

« constructed and operated the EXO-100 facility
» used to for HV tests with miniEXO

» designed and operated the EXO-100 TPC

e Ccryo-camera, displacement device, level meters, ...
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& K0)

for double beta decay

FNS NF
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