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Noble Liquids: the Detection Channels

« Cold

e Can be purified

* Attachment probabillity for electrons essentially null
e Can drift charge for very long distances

* Highest scintillation light yields

* Negligible self-absorption

* Can extract very significant scintillation signal



Noble Liquids: Partile ldentification

e The two tools:
 Direct measurement of dE/dx

 Measurement of scintillation pulse shape which can be strongly influenced
by dE/dX



A new, powerful detection technique initiated at CNGS

E-drift direction
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Scintillation light yield
5000 e/mm @ 128 nm

Drifting electrons are moving to tfransparent wire arrays

oriented in different directions, where signals are recorded.
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Readout

*High density
‘Non-destructive readout
*Continuously sensitive
»Self-triggering

*Very good scintillator: TO
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Non destructive, multiple charge readout

ionizing track Induced current Collected charge
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® At FNAL's shallow depth, the T600 will require two additions:
» 3 m concrete overburden to mitigate the c. rays background,

» Particles entering the detector must be removed with a
Cosmic Rays Tagging (CRT) around the full LAr volume

Venice NeuTel 20 : : Slide# : 9
e =  carlo Rubbia @Neutrino Telescopes, Feb 2021 e



3 D patrticle Identification (k* — u+ — e*) at CNGS
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MC event Run 5 SubRun 44 Event 64
® Aclearqe.veevent:p+e. Ev=1.34 GeV Edep=1.29 GeV
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Measurement of muon momentum via multiple scattering

In absence of a magnetic field, the initial m momentum may be determinec
through the reconstruction of multiple Coulomb Sca’r’rermg (MS) in LAr

RMS of 6 deflection of u depends on p, spatial
resolution o and track segmentation

Method tested ong™; y 13.6MelV T 5(7
~ ' "o 360 <R>=0.99+ Oruss + — O
103 stopping u's 5% R>=0.99:0.01 e Vx,
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upstream rock, o0 Ratio MS/ JC):
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0 2 3 (%eVlc)
~16% resolution has been obtained in the 0.4-4 GeV /c momenTum

range of interest for the future short/long base-line experiments
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Neutrino related anomalies ?

® Several anomalies have been collected for two decades in the
neutrino sector suggesting the existence of some additional new
related states beyond an ordinary 3-flavour mixing picture

» anti-ve appearance in the accelerator LSND experiment;
Reaction is anti v-e to e++n with n captured by ap; n+ p infod +y.

> ve disappearance: SAGE, The LSND Anomaly  § ., —
GALLE>23 experiments with . =
Mega-Curie sources and \ scolorater s
observed/predicted rate g e
R =0.84+0.05; P it
"t 4 LSND Detector S Al
» anti-ve disappearance of A
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L/E, (meters/MeV)

hear-by nuclear Reactor

experiments and rate R = 'y,
Letvv Saw an excess of v, :
O' 34i0024 iy 87.9 £22.4 + 6.0 events.

> I"ZCZHT ObSer'VCl’l'lOn Of STer'lle @ons. D With an oscillation probability o

neutrino oscillations by the s V. —~e'r - (02642 0067 £ 045)%.
NEUTRINO—4 experlmen-'- np— dy(2.2MeV) 3.8 o evidence for oscillation.
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NEUTRINO-4 reactor signal

Reactor ON Reactor OFF
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® Data has been collected for 3 years until June 2019, followed by background
measurements until January 2020: 720 days reactor “on” and 417 days reactor

"off", with 87 reactor cycles.

® The difference ON-OFF is 223 events per day in the range from 6.5 to 9
meters. The signal/background ratio is 0.54.

® The obtained value of the difference between the masses of the electron and
sterile neutrinos is Amy,° =7.26 + 0.13 stat + 1.08 syst => 7.25 + 1.09 eV? and
the angle 6,, parameter sin?(20,,) = 0.26 + 0.08 stat + 0.05 syst => 0.26 + 0.09.

Lower probability satellite peaks are also observed at other masses.
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® Comparison of results of the NEUTRINO-4 and experiments
STEREO and PROSPECT

Neutrino-4
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The puzzling picture of short baseline v oscillations

Three independent classes of anomalous experimental results in the last 20
years, not fitting into the “standard” landscape of 3-flavour v mixing:

» disappearance of anti-v, detected from near-by nuclear reactors;
» disappearance of v, from intense calibration sources in solar v experiments;
* appearance of v,/v, in v /v, beams at particle accelerators.

Experiment Channel Significance
LSND DAR accelerator vV, = V, 3.8C
vV, =V, 4.5 0
MiniBooNE SBL accelerator B -
Vv, = Ve 2.80
GALLEX/SAGE Source — e capture vV, disappearance 2.8GC
Reactors B decay V, disappearance 300

Each possibly explained by nonstandard “sterile”
neutrino state(s) driving oscillations at Am?,, = 1 eV?
and relatively small sin?(29,,,,), but no model so far
successful in fitting all experimental results at once.
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Short Baseline Neutrino Program at Fermilab

Program aimed at definitely solving the “sterile neutrino puzzle” by exploiting:
o the well characterized FNAL Booster v beamline;
o three detectors based on the same liquid argon TPC technique.
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* Further develop LAr-TPC
detector technology & software

« Measure v-Ar cross sections at
energies relevant to DUNE
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The Booster Neutrino Beam
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Liquid Argon TPC detection technique

Very well suited for the experimental study of Neutrino Physics, pioneered by
lcarus Collaboration.

Massive yet homogeneous target, excellent tracking & calorimetric capabilities.

A =128 nm scintillation light:
40000 y/MeV wo electric field.

na .lkl("( - 1d u
R NV Bloctr o =2 Response time ~ 6 ns + 1.6 ys.
SV ,

VUV _ —~ 7 1
seintillation e

lonisation electrons:
— 42000 e /MeV.

o> o~ NG . |
' P};" s An\w;me:@ Drifted (E) toward planes of wires on
r

which they induce a signal.

,- — 5/~ | Response time = drift time (~ ms).
Photomultiplier tubes # -
(PMES) ' =

Reconstructed image  Signal on wires

3D image reconstruction by combining coordinates
on different wire planes at the same drift time.
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Fine tracking & calorimetry
essential for e/y separation

Electron neutrinos in LAr-TPC

and m° reconstruction

Cerenkov detector
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Collection view

Wire coordinate (~3 m)

Acta Phys.Polon.B41:103-125

n. of events

805 B0 Lok id

Mass (MeaV/c?)

w0 ™

Min,= 133 MeV/c

—

TR
M, = 104 MeV/c?

CNGS v beam direction

o Gap between vertex

and shower.

o lonization in the first
segment of showers
(1 mip or 2 mips).

o 70 invariant mass.
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Neutrino interactions at SBN

o High statistics precision measurements of neutrino argon cross sections in
the DUNE energy range.

« SBND: word’s highest statistics cross section measurements on argon,
~ 7 million v, and ~ 50,000 v, in 3 years

» |[CARUS: high statistics electron neutrino cross section measurement using the
NuMI off axis, ~ 10° events/year

» MicroBooNE is now delivering the first results on cross section measurements

v, from the Booster at SBND V. frc:gl the NuMI off axis at ICARUS
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o Rich BSM searches: neutrino tridents, dark matter, millicharged particles...
EX: MicroBooNE heavy neutral lepton search ##ys. Rev. D 101, 052001 (2020)
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Sterile neutrino sensitivity

Annual Rev. Nucl, Part: Sci, 2019.69.363-387
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1 order of magnitude beyond SciBooNE +
MiniBooNE limits in 3 years (6.6 x 102° pot).
Probing the parameter area relevant to
reactor and gallium anomalies.

Unique capability to study appearance and disappearance channels simultaneously
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The SBN detectors

o SBND _ construction/installation
« 2601t of LAr (112t active), 110 m from target.
« 2 TPCs with 2 m drift

« 120 8" PMTs (96 coated with TPB), 192 X-ARAPUCA
modules, TPB coated reflector foils on the cathode.

» 41t CRT (cosmic ray tagger) coverage

|
an

"
A \ 4
iy v b ~
mnr ‘-‘J _._:‘ ! " . l\||-
@ - [ 4 \
B | ay [ re! /) "9 -
e 4 )
g

1%

\

WEEN RN W

\

,ﬁ\?ﬂ%\i 1

AV W

WEE WEED NN
WEEA NEEN WEE

MicroBooNE _ physics run completed

170t of LAr (87 t active), 470 m from target.
1 TPC with 2.5 m drift.

« 32 8” PMTs on acrylic support coated with TPB.
» Top and side CRT.

o ICARUS _ commissioning
« 7601 of LAr (476 t active), 600 m from target.
4 TPCs with 1.5 m drift.
« 360 8" PMTs coated with TPB.
* Almost full CRT coverage.

aF Fermilab
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Deep Underground Neutrino Experiment, a

Long-baseline Neutrino Experiment

Sanford Underground
Research Facility

Fermilab

———————
- 4 -~

NEUTRINO
PRODUCTION

PARTICLE

PARTICLE DETECTOR ACCELERATOR

L EXISTING
LABS

e 1.2 MW, upgradable to 2.4 MW high-intensity, wide-band neutrino beam
» Produced at Fermilab and sent to Sanford Underground Research
Facility, 1300 km away
e 40 kT liquid Argon time projection chamber far detector
e Highly capable near detector complex:
» Precise neutrino cross-section measurements and characterization of the
spectrum and flavor composition of the beam

DA e Tanaz A. Mohayai @Neutrino Telescopes, Feb 2021
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DUNE’s Rich Physics Program

e Oscillation physics program:
» Measurement of the leptonic CP violation
#* Determining the neutrino mass hierarchy
* Precise measurement of PMNS parameters
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DUNE Near Detector Complex

Reference Design

e Near detector hall houses various near detector components and
enables the DUNE PRISM program:
» ND-LAr ArgonCube, Liquid Argon time projection chamber
» ND-GAr, magnetized gaseous Argon time projection chamber
surrounded by ECAL calorimeter

» SAND, system for on-axis neutrino detection
Shees Tanaz A. Mohayai @Neutrino Telescopes, Feb 2021




Physics Enabled by Near Detector Complex — Overview

e Primary goal of the near detector complex:
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» Constraining uncertainties in near to far extrapolation + measure
flux, @, cross section, 0, and v-energy (migration matrix S)
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ND-LAr ArgonCube — Design

e Key design features:
» Same target nucleus as the far detector, 50t fiducial mass
» Designed to mitigate high event rates:
» Modular design with 35 Im x Im x 3.5m modules
» Pixelated charge readout — LArPix | — K
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ND-GAr - Design

e Key design features:

» Has a High Pressure Gas Argon TPC (HPgTPC) at its core; will be a
copy of ALICE TPC (acquired ALICE’s multiwire chambers will be
re-purposed for HPgTPC)

» Ar-CH4 90-10 baseline gas mixture (97% Ar interactions) at 10 atm

» ECAL calorimeter & superconducting magnet surround the HPgTPC

—hesek Tanaz A. Mohayai @Neutrino Telescopes, Feb



SAND - Design

e Key design features:
» Designed to measure the on-axis beam
» KLOE magnet + ECAL making up the outer layers
» Central tracking options:
» 3D segmented plastic scintillator (3DST) + TPCs
» 3DST + Straw Tube Tracker (STT)

» STT-only
» Design 1s being finalized




SAND — Capabilities

e With ND-LAr and ND-GAr moving to off-axis positions, SAND
remains on-axis to measure any changes in the beam parameters:
* €.g. can measure the spectral shift in the reconstructed neutrino energy
for different horn shifts

shifted significance
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Summary

e DUNE near detector components and program consist of:
» ND-LAr
» ND-GAr
» SAND
» DUNE PRISM

e Near detector components and program enable a very precise
measurement of oscillation parameters

e The design of the various near detector components add unique and
important capabilities to DUNE’s overall physics program

Thank you!

Questions are welcome,
now or on Slack or via
email (mtanaz@ftnal.gov)



DUNE’s Rich Physics Program

@ Supernova physics program:
#» Characterization of the time and flavor profile of supernova neutrinos for
insight 1nto collapse and evolution of supernova
* Take advantage of LArTPC’s unique sensitivity to v, flavor

40 kton argon, 10 kpc
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DUNE’s Rich Physics Program

e Beyond standard model program, e.g. baryon number violation:
#» LAr TPC technology well-suited to certain proton decay channels
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DARWIN

l‘,

DARk matter Wimp search
with liquid xenoN

XENON10 XENON100 XENONI1T XENONNT DARWIN
2005—2007 2008—2016 2012 - 2019 2017 -2023 ~2023 -

Past Past Present Near future .
Total mass: 25 kg Total mass: 161 kg Totalmass:3.2t  Totalmass:~8 t Total mass : ~50 t
Target mass: 14 kg Target mass: 62 kg Target mass: 2t Target mass: ~6t Target mass: V40 t
Drift TPC: 15 cm Drift TPC: 30 cm Drift TPC: 96 cm Drift TPC: 144 cm Drift TPC: 260 cm
Limit ~ 1043 cm? Limit ~ 104> cm? Limit ~ 104’cm? Sensitivity ~ 1048cm? | Sensitivity ~ 10"°cm?

Future

cCarla Macolino @TAUP, Sep 2019,



DARk matter Wimp search

with liquid xenoN

»— Top PMT Array

A GRS G
s A s s D R

Anode (H—=F °:&")’f

Xenon Gas

< Gate

~Neo Electrons +<— Liquid Xenon

Cathode O—=E—

Credits: Purdue University

- Energy: from S1 and S2
- 3D position reconstruction:
- X andy from S2 pattern on top PMT
array
+ z from drift time
- Electron and nuclear recoil
discrimination

cCarla Macolino @TAUP, Sep 2019

DARWIN

‘

S1: prompt scintillation (light)
S2: proportional scintillation from electron
drift and extraction into gas (charge)

(. S S2 )

|

x/ N —
S Drift time -
£ S1 S2
' '
=
\Y / ﬂ Drift time /

Nuclearj

Electronic J

Recoill

(S2/S1)wimp,n < (S2/S1)y8

).2019



_DARWIN
\ -

’

Background for DARWIN

high energy v
(CNNS)

muon-induced
neutrons
Source
E levents/(t-y-keVxx)]
natural Q | y-rays materials 0.054
v bkg k;c; neutrons™ 3.8x107°
| |l )| | © | intrinsic ®°Kr 1.44
o S | intrinsic 222Rn 0.35
"} |Intrinsic %2%Rn, < | 2088 of 136Xe 0.73
neutrons from (a,n), | LU sskp 136xe = pp- and "Be v 395
spontaneous fission e ' - CNNS* 0.0022
e N Y

cCarla Macolino @TAUP, Sep 2019 ,,,



DARWIN
\ -

Background for DARWIN

’

muon-induced
neutrons

Source — te
5 [events/(t-y-keVxx)]
natural & | 7-rays materials 0.054
v bkg © | neutrons* 3.8%10°
: el © | intrinsic 8 Kr 1.44
o = | intrinsic 222Rn 0.35
. "1 |Intrinsic 222Rn, < | 2088 of 136Xe 0.73
/ neutrtons romﬁ(q,n), - 85K, 136Xe m ~ | pp- and "Be v 3.25
spontaneous fission | S e rf"’ CNNS* 0.0022
NR: neutrinos from coherent e 8ELs 500
neutrino-nucleus scatterin =Rt intrinsic ®Kr, “#2Rn
= g JCAP 10, 016 (2015)
E WIMP 6 (53e\/2/c2 3.5} .
—_ i 4x10™ K
'_-'> loé_ - 3.0_:-_ pp+ Be neutrinos
L E WIMP 40 GeZV/cz =i -
= 2x10 - =
& ik - 8 250 low-E solar neutrinos
- WIMP 100 GeV/c® E e dominate ER backgrounds...
T 1o 2x10* em? % 29E ...if 22Rn sufficiently low BB
; < 1.5
> - &
0,107 = r NS
) &; 1.0 O;\ " *
= =
o3 - 0.5 0.1 "aKr ppt ks
11 I N I Lol oS I VS S . 1 %‘/ = = —" materi: 1|\+_ IBRT(O'I pB(_{_/*lig)
4x10 1 2 3 4 5678910 20 o e
Enerey [keVl] 4 6 8 10 12 14

Energy [keVee]

cCarla Macolino @TAUP, Sep 2019 ,,,



DARWIN
WIMP search )~

Spin-independent WIMP-nucleon interaction

1 ] \

\ \«\\ JCAP11 (2016) 017

Cross Section [cm?]
- i
> S
k&

[—
|

NS

~]

P
|

NS

oC

v-line (Billard)
| | | - l |

8 10 20 30 40 60 100 200

-
|

NN

O

llllll | L1 1 1 1

400 600 1000

W

WIMP mass [GeV/c?]

» 30 tons of fiducial volume

+ 99.98% ER rejection at 30% NR acceptance

- Light yield 8 PE/keV at 122 keV, Energy window 5-35 keVnr
» Sensitivity: ~10-*° cm?

cCarla Macolino @TAUP, Sep 2019 , .,



DARWIN

WIMP spectroscopy

¢

WIMP properties Target complementarity
[0-14 — -45
= ) X107 _ 2
= SI cross section 2 X 107*7 ¢cm? i Pl Xenon (5txy)
— 200 t X V exposure 5X10% F  ve=544 km/s Germanium (3txy)
107" = y €Xp 4x107% v,=230 km/s Argon (10txy)
w  F 100 GV .ene?®T o B0
S gl 154 evts 224 evts c=SED G ORRE B s
& F SGas. oo 5
8 . E :e " 8
o l(]-l 3 ‘ | 0 4 %
A E v IX107™ [—
) = % B
2 T D S Tx107° -
S 10 S F
O = 5x10 - H xe
B 4x10%° Xe+Ge
49 3x107™4 Xe+Ge+Ar
= 1 l JCAP11 (2016) 017 * PRD 83, 083505 (2011)
1Y [ T 18 AL i 1 e ——y 2 10-4() 1 1 1 1 ——— I | | I | 1 111
10 10° 10° g 20 30 40 50 100 200 300 400500 1000
WIMP mass [GeV/c’] WIMP mass [GeV/c’]

- Reconstruction of WIMP mass
and scattering cross section
- Parameters reconstruction
- 10, 20 credibility regions for 20, improves with information from Ge
100 and 500 GeV/c? marginalised  detectors
over astrophysical parameters
uncertainties

- Few 100 GeV can be constrained

cCarla Macolino @TAUP, Sep 2019,



Solar neutrinos

Solar pp and ‘Be neutrinos

Rate [evts x t! x y! x keV™]

0.8
Sum
—_——- v te
---------- V,+€ 0.7
Be 0.6
"Be (862 keV) "
al 05
~~~~~ - 0.4
T 'Be (384 keV) Yy : 2
2 e 11 :'.
10 = X 0.3
i W] JCAPO1 (2014) 044 |
_111111|I‘L1: U s T S TR SHNS (RN SHNNS Y TR R (RN S W Sun SN ONNS O |

0 100 200

+ Continuous
energy

giiling
300 400 500 600 700 0.2
Energy [keV]

recoll spectrum at low

- Expected events at 2-30 keV and

30 t fiducial

Mass.

- 7.2 cts/day for pp neutrinos
- 0.9 cts/day for 'Be neutrinos

* 2%(1%) stat
(5 years)

. precision after 1 year

cCarla Macolino @TAUP, Sep 2019

PP_

)

DARWIN

JCAP11 (2016) 017

Be pep |

Borexino

2x10?

10°  2x10°
Neutrino Energy [keV]

10*

DARWIN

 Neutrinos survival probability
- 2850 pp neutrinos/year
- 1% stat. precision with 100 ton

X year exposure

.2019



DARWIN

SuperNova neutrinos ,

Phys. Rev. D 94 (2016) no.10, 103009

. Cohere_nt neutrino-nucleus o 27 M, LS220 EoS .
scattering —— DARWIN (40t)
— XENONNT/LZ (7t) -
. Low threshold with S2-only 5 = EDONLL G
L :
events § 105
- 50 significance to a SN burst s
up to ~65 kpc from Earth @ ol
S | o :
+ ~700 events from a SN o T g e
progenitor at 10 kpc ~ % e
> > 5
- Can get precise time evolution L & =k 2 g
informations and constrain SN L. . .

SN distance [kpc]

cCarla Macolino @TAUP, Sep 2019 , .,



BACKGROUND CONTRIBUTIONS AROUND 13¢XE Q-VALUE

Contaminants in LXe

The noble gas 222Rn (T2 = 3.8
with beta decays from this chain.

Al
N

\\V/

Al
Ny

DARWIN

days) from 226Ra (T1,2 = 1600 years), mixes with the xenon

Contamination assumption O.1uBq/kg

number of events

=
o
N

101

109

XENON Collaboration, Eur. Phys. J. C (2017) 77:358

Bi-Po : 99.8% tagging
efficiency and suppression

— selected

222R
N
218P
(0]

222pn events

—— data fit

--- single a-peaks

' L '
{ ’ 4 4 1 I |
2 ' ’ ' ) i
' I ’ ‘ '
'
Iy I | ‘l I L1 l l 11 ‘l ‘l I‘

18 000 20.000 22.000 24.000 26.000

S1 signal [PE°

Removal by
cryo-distillation
columns

More info in Michael
Murra’s Poster

Yanina Biondi @TAUP, Sep 2019

¢ 214Pb and daughters adhere to material surfaces (plate-out) and can lead to (a, n) reactions

XENON Collaboration

Condenser

Distillation stages

Piston pump ‘

Reboiler

Liquefier



. DALRWIN

DARWIN'S BACKGROUND BUDGET

Contributions in

6 tonne fiducial mass

o1 Preliminary ROI 2435-2481 keV*:
i —— Materials
10°. Py . ::Xe Background Events/(t y keV)
S | S e
E _1: EO B 222Ra
%‘10 i — 2uBB 8B 2.4 X 10-4
5 10-2-: i
3 | 137Xe 1.4 x 10-3
o ‘ [
& ' \ 136X 3.7 x 107
¢§ 1074 i g
0 | 222Rn 3.0x 104
1073 !
\s | | | | | | | Materials 1.3+0.2x 1077
2300 2350 2400 2450 2500 2550 2600 2650 2700

Energy [keV]
* FWHM with energy resolution 0.8%,
Currently performing a profile likelihood test to PMT for both arrays scenario

calculate the sensitivity with the optimal mass
Yanina Biondi @TAUP, Sep 2019 1



From XENON1T to XENONnT

water shield

A

XENONNT

o

=

cryogenics Rn distillation

GXe purification

s S

=2

cryostat

support structure

DAQ Slow control

Kr distillation

N

LXe purification

ReStoX-|

—

Auke Colijn @QTAUP, Sep 2019

ReStoX-I|

10



N
ReStoX-Il

Rn distillation

GXe purification

DAQ Slow control

—200V /cm

m=@ | LT e

Kr distillation

cryogenics

water shield

>
©
crgm < ©
= =
g Qv
oo d @ — O
g =
7 cﬂ 97 DI m
= Q =
S = M
Z
=<
—~~ Y
= >
D =
= 2
- y way S
o (= (@)
D = |G =
(O — =
C O h [&
O - < £ =
< 5 Aw
n N
m - ¥83 £ _
- — D) - O (. o) O
@, O 2 N O — - O %
e |_|. w— =L b ﬁ @ -
-— © o © O = B O -=
®, = Eg>» ©T T & -
— o S 023 L D
+ ®© O e
<+ T & — 0 ¥, L
D P ) N 3P — 3
- LO SR — — al7s
_l ® ° ° ® °
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Time Projection Chamber (new

water shield cryogenics Rn distillation

GXe purification
muon VW -
N =
i | S
DAQ Slow control
N Kr distillation
ReStoX-II
p———4 ]
LXe purification
::) \C: ] |
XENON nT support structure @ '

Five electrodes Poster C. Macolino PMT array — still without the PMTs

Field shaplng rings — novel design

!

("“ﬂ‘;l‘ (i

it A i |
ol

PMTs for nT

1. Improved leakrate
2. Improved light emission

All PMTs in hand & qualified

DeCIOL  biecez worz k8] riaepeue [qadal DI MO QUET 1 B9 6T

fffd matenal screenlng
Rn emaﬁ}' at’ on ==

TPC part production — lots of Tefon

Colijn @QTAUP, Sep 2019

14



Purification: 422Rn in XENONA1T

Type | sources (a.k.a. worst radon)
 Emanation of Rn inside the TPC & inner cryostat: ~19%
 diluted by fast recirculation through Rn removal system

Pipes & Cables
Hot getter

Total Type I+1l: ~10 pBa/kg

TPC & Inner cryostat
QDrive pump

Cryopipe

Type Il sources (a.k.a. bad radon)
 Emanation of Rn outside the TPC

 fully removed by extraction of GXe and pass throuah Rn removal system
Auke Colijn @QTAUP, Sep 2019
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Conclusion & Outlook

1. XENONNT: discovery machine for dark matter

2. XENONNT: neutrino physics program — 0vgf, ECEC, solar v, .....

3. XENONNT: pushes low-background technology to next level

4. XENONNT: first results within one year

WIMP-nucleon og; [cm?]

Auke Co]_ij n QTAUP, Sep 2019 WIMP mass [GeV/c?]



LZ Detector OverV1eW

. LZ experiment at SURF in Lead SD (~I m|Ie underground) Technical Design Report:
arXiv:1703.09144
e Xenon TPC

— o 3 = -
ot » . . e -
A 3 » - b . :" s H . A“i‘q‘ s ~N ?‘.i' & 5o, PR
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d 3 = 3 o S ad - ne- .
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: . } \ . = R e O >, —— - - A
v - [Py | SN =5 - A
L [ ] : A ‘h - RATS — v r —
IdUCI |
° ° ~Jl ‘
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X |

Existing
water tank

Ay

Titanium . =G "
cryostats\\ g | Lok Gadolinium-loaded
| T~ liquid scintillator veto

\
i

LXe heat

exchanger — 1K slgigl: | 120 Outer
tower ¥ e TPC|® | B detector

PMTs

A\

A
I\
7,
il

* 3-component veto system:

+ Water tank |

+ Gd-loaded scintillator Cathode high ~ 7 tonne active volume
voltage connection  |iquid XeTPC. 10 tonnes total

+ Instrumented LXe Skln (50 kV Cathode)

Carmen Carmona - Penn State Carmen Carmona @APS Apr 2020 3



Xenon TPC

A 4 Q /g — S S = s — 8 > - S e e SdT T - oy = g oy ~AC —
- Ao O Sar B e & 3 I NS O3 7 W PN e o (07 9 o g 7o g Ty g o  ag \pelr v o — o - ™ = - as e /ec. =

® |.5 m diameter x |.5 m height

® /T active LXe (5.6T fiducial)

e 50 kV cathode HV Gt FRASE AN

ELECTROLUMINESCENCE REGION

® See talk by J.Watson!
(April 19,HI14,at |1:21am)

® 494x 3” PMTs

L Xe surface

e Gas circulation @ 500 slpm
(turnover full mass in 2.5 days)

® |nstrumented Xe skin region, TPC walls-are-made of
PTFE with field rings

: Skin PMT
outside the field cage

HV CONNECTION TO CATHODE

|

TPC field cage

‘Q Cathode grid

Bottom PMT array

.-'j

¢

1800000
AL

e
Y
\\.',

)

0

Y080 000

WS
000eee

Reverse-field region

NA0NN 004
000000

000000000
YO0 000004

YONONIIND)

OO0
VAN 09000)
NN EN000.

Y NN

Side Skin PMTs
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Assembled TPC

vz

.

7 )

Insertion into inner cryostat vessel

) \...NH.’J' SR

..........

Bk 20.1¢

0ctd

FullT HORNUIINWIIPER Carmen Carmona @APS, Apr 2020



Transport of TPC Underground
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Expected backgrounds for 5 6 T f1du01a1 1000 days

TPC only
Background Source 1) e
o T e
Detector Components E 1
100 - 10 §
Surface Contamination = & B
Laboratory and Cosmogenics . N 60 1o 2
Xenon Contaminants 0 w0, 1
Radon is the 0 20+ a
. 510
dominant 0 ORI A Sgr A W
O iKY (0.015 ppt o/ 24.5 0 * fom
natKr ( PPt 9/g/) ' TPC + Xe skin + Gd-scint.
natAr (0.45 pub g/g) 2.5 0 L4g [T T e
Physics . 120;- i ’
136Xe 2vBP 67 o | 10
| | & 4  =1events/5.6tonne ; F)
Solar neutrinos (pp+7Be+13N) 191 0| & ™  Fiducial Volume ! g
N L | 2
Diffuse supernova neutrinos 0 0.05 & o] 1 5
Atmospheric neutrinos 0 0.46 40; - o5 |
20 L -7
Total 1131 1.03 i i SR | |
_ . . 0% 202 302 402 502 602 702
with 99.5% ER discrim., 50% NR eff. 5.66 0.52 2 [cm2)
‘OeVNRthresholdused  D.S. Akerib et al (LZ collaboration) Phys. Rev. D 101, 052002 2 (2020)
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SI WIMP-nucleon cross section [cm?]

1 0—48

107%

Projected Sensitivity (5.

\ S - g - - ‘ ) RIS - g - = 4 = 8 . o -
e 8 - i N MG Y O i e g - - S > - < = o3 -

A0 She BT Y WY IR LoFe o ol e o s — o — g

— R S
— T N DD

T exposure, 1000 live days)

Approaches coherent neutrino scattering background!

II]III | I ]llllll I | IIIIIII

LZ sensitivity (1000 live days)

-

y ’ .L-1l]
—
—
-
—
—
—
—

L Projected limit (90% CL one-sided) e 45
| +lo expected — PandaX-1I (2017)
+20 expected —— XENONIT (2018) = 2ol
s
2
— g 3.5 ; i

3.0 iy

pMSSM11
(MasterCode, 2017)

Illllll Illllllll ) lllllll Illllllll [

2 5 I 1 1 I 1 1 1 1 | 1J L 1 1 L L ] '] 1 l 1 'l 1 A ‘ L s 1 1 l ' '} L 1 l L 1 L
Slc [phd]

90% CL minimum of |.6 x
|0-48 cm? at 40 GeV/c?2

i IHIIHI Tllﬂlﬂl I Illlll | llllllll I IIIIIIII /IHIIII

100
WIMP mass [GeV/c?]

D.S.Akerib et al. (LZ collaboration) Phys.Rev.D 101,052002 (2020)
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The End



