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Outlook

XENON Project

1) Dark Matter

II) Detector principle and background

I1l) Dark matter search with XENON1T
1) Calibration at low energies using a 83™Kr source
1) XENONIT : 1 ton x year results

V) Neutrinoless Double 8 decay :
1) Expected signal
II) Energy reconstruction at high energy
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Dark matter interaction

Dark matter halo around galaxies = WIMP wind

- WIMP (¥)—Nucleus Scattering (Nuclear Recoil (NR))
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WIMP Wind V" Ay
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WIMP = Weakly Interactive Massive Particle

I Nucleus
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Dark matter interaction

Dark matter halo around galaxies = WIMP wind

- WIMP (¥)—Nucleus Scattering (Nuclear Recoil (NR))
WIMP = Weakly Interactive Massive Particle

2
My dm,mpy

F =
" 2 (mx+mN)2

If: my =131u; 6 =0;
v =230 km/s; m, =200 GeV/c*
Then : EMAX = 55 keV

cos? 0

Low energy
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Dark matter direct detection

Rare interaction with low energy signal!
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Dark matter direct detection

Rare interaction with low energy signal!
+ several background sources
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Background

Main background for dark matter
search:

o Cosmic rays
o Ambient radioactivity

° from the laboratory

> from the detectoritself! Main background for
.. ) .. dark matter searches
° Intrinsicradioactivity
o 85Ky Nucleus

o daughter of 222Rn (emanation from @ O
material detector) ‘ \
N
e“t‘r/v NR
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Background

Main background for dark matter
search:

o Cosmic rays

Even Oyster are radioactives

-

o Ambient radioactivity
° from the laboratory

Main background for
dark matter searches

o from the detectoritself!
° Intrinsicradioactivity

o 85Kr

o daughter of 22?Rn (emanation from
material detector)
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Dark matter direct detection
Rare interaction with low energy signal!
+ several background sources

How to detect it ?

Needs :
- Low energy threshold
j Large detector with
T long exposure

Ultra low background
experiment
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— Xe
my =50GeV — Ar
0=2x10"%cm? —— Ne

107

108
10—10
10—12

Why using liquid xenon?

10714

Differential Rate (/kg/keV/day)

WIMP-nucleus interaction probability increase:
> Large mass number A (gW!MP-nucleus cc A2)
> High density 0 25 50 75 100 125 150 175 200
Recoil Energy (keV)
° Liquid = scalable to large mass

10—16

_
<

. 400 Saeres g —
Low energy event detection : oo ““t' u;,;,*-h,;.;, 02 =
o Efficient scintillator (178 nm UV) R n >
200 ‘i E
. ] 10_ .
Reducing the background: = 10 5 z
o No intrinsic radioactivity (except 136Xe — long half-live) E o0 10~ 5
: : s N 100 0" 2
> High stopping power (= self-shielding) =
— 5 Q
+ 3D position = fiducial volume zﬁg .- 0”5

o Simultaneous measurement of scintillation and 400 10

ionization = NR/ER discrimination —_ mr.-M’ﬁ"""
0 20 40 60 80 100 120 140 160 180 200 220
R’ [mm?]

Journal of Cosmology and Astroparticle Physics, Issue 04, articleid. 027 (2016)
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Background reduction

Cosmicrays: Undergroundlaboratory

Laboratory of Gran Sasso (ltaly)
> 3200 m water equivalent

o Reduction of a factor 103 of the muon flux

6 _| -
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Background reduction

Ambient radioactivity:
> Water shield
Material radioactivity:
o Careful screeningand characterization of materials
> Fiducial volume
> NR/ER discrimination
85Kr:
Distillation column to remove

ER background rate =~ 80 event/t.y.keV
(in the ROI for dark matter search)
Lowest background ever achieved in dark matter
direct detection experiment
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Detector Principle

LXe drift time
. . . . (depth)
XENON = dual phase (liquid—gas) TPC filed with LXe
e-: extraction in GXe |
i particle
of Xe
oy
\o© l recombination
' Recoil Excitation , de-excitation
Particle » Xe
(S2/S1)eq > (S2/S1)yg >2

9
(NR or ER) Aoy,
W s1
heat l ER i

Detectable Signals
3D position

Energy NR ‘
NR/ER discrimination
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XENON Project

XENON10 XENON100 XENONLIT - Actual XENONNT
Total mass 25 kg 162 kg 3.2t 81
Active target | 14 kg 62 kg 2t 6t
Dimension H~ 15cm H~30cm H~ 1m H~1.5m
2 ~20cm 2~30cm @~ 1m 2~1.4m

17/10/2018 JRIC-2018 C.THERREAU



Dark Matter Search with XENON1T

- —— All Exposure Corrections
(V)]
> | Rn220 SR1
© 250 Kr83m g
= 246.7 live days
~— AmBe Calibration
QO 200 NG Calibration
é LED
et 1

150+ I Q
C IR
S SRO i s

1 1
o 100 32.1 live days i o
Q ! +1
c &
L 501 Y
@)
m 1
| [ | | | | | |
Q01611 2017-01 2017-03 2017-05 2017-07 2017-09 2017-11 2018-01
Calibration: Date

- LED - PMT gain monitoring
- 8mKr - Corrections, detector stability monitoring

- 220Rn - Low energy electronic recoils: ER-bands
- 241AmBe and NG - Signal response: NR-bands
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83MKr source
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Electron Lifetime correction

' 33m K |b ti 00
using  Callpration [
650 12 1 F
Electronegative impurities in LXe capture electrons during their drift 5
> Reduced measured S2 3 600l
E
> Need ultra pure xenon to detect S2 = exploitable signal & s50- | Very low impurity concentration !
o _ . - 1 5 | ~ 0.7 — 0.5 ppb O, equivalent
o Monitoring of the impurity concentration o< — -
T w

Preliminary
Correction of S2 signals with : §2 = §2 e~ At/t 450- — + o aLkey

End Science Run 1

EJ — Best — fittrend (3¥™Kr) 229Rn Cal.
‘9 68% credible region (#*"Kr) AmBe Cal.
iz NG Cal.
400 - 1 T ’\ T . 1 1 1 T 1 T %l
e N N N N N S
700 = el ] 4° o e 0 N
= e X A\ We \ (X2 WO \
oo ONe 4 Date
500 T I
R drift time
400 Lxe (depth)
Edrift
300
________ I~
200

100 particle
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Drift Ti
https://arxiv.org/abs/1708.07051 " [is]
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S1 and S2 monitoring using 3™Kr calibration

Ly = S1 / Egg (corrected signals)

Cyp, = S2,, / Egr (corrected signals)

10 500 10—
[ Rn220 =
B > ° . >
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Y [ LI R % 3 > ® 3 > o
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Date

Stable operation during more than one year
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XENONIT results on
dark matter search

o New results since May 2018
o Phys. Rev. Lett. 121, 111302

o First Dark Matter experiment with an exposure of
1 ton x year

o Largest exposure ever achieved with liquid xenon
TPC

o Lowest background achieved in direct dark matter
detection

o Most Stringent limit on Spin Independent WIMP-
nucleon cross-section form, > 6 GeV/c?

o 7 times more sensitive compared to previous
experiments (LUX, PandaX-Il)
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10! 10? 10°
WIMP mass [GeV/c?]

Key Numbers

1 ton x year exposure
Fiducial mass of 1.3 t

ER background rate: (8213 sys T 3stat) events/(t X yr X keVee)

Lowest limits on the SI WIMP-Nucleus cross section:
05 =4.1 x 104’ cm? for a WIMP of 30 GeV/c?
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XENONIT results on
dark matter search

o New results since May 2018
o Phys. Rev. Lett. 121, 111302

o First Dark Matter experiment with an exposure of
1 ton x year

o Largest exposure ever achieved with liquid xenon
TPC

o Lowest background achieved in direct dark matter
detection

o Most Stringent limit on Spin Independent WIMP-
nucleon cross-section form, > 6 GeV/c?

o 7 times more sensitive compared to previous
experiments (LUX, PandaX-Il)
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Allow for the search for otherrare physics
processes that required low background
conditions:

E.g. Neutrinoless double B decay
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Same data for two analysis

o — Xe-125 — Xel29m — Pb-214 Materia
Dark Matter Neutrinoless ke =% — Xe-133 —— Kr-83m —— ERsolar = Surjmed spectrum
Tl Xe-131m —— Kr-85 — Xe-136 Blirfled for OvBB and DEC
double B decay QY

I 107
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B decay

(Z,A)> (Z+1,A)+1e +17,

n p
>

<l

B-particle
count 4

Total Energy
Released in Decay

Kinetic Energy of B-particles'
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Neutrinoless Double (3 decay

(Z,A)> (Z+2,A)+2e + 21,

n p
' >
wW- e
S
v
W e
> >
n p

Rare process :
T1/2 = 21x1020 yr = 1012 * TUnivers

v/ Observed

Rare event = Need a low background experiment

Z,A)> (Z+2,A)+2e”

n p
-
W- (&
):( N Majorana
i M neutrinos
j\"\’\ﬂ\e
» »>
n p

Rare process :
T1/2 > 1,07)(1026 yr= 1018 * TUnivers
X Observed

JRJC-2018 C.THERREAU

Number of Electrons

Double beta decay
without neutrinos

Double beta decay
with neutrinos

Sum of Both Electron Energies (MeV)
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Neutrinoless Double 3 decay **eisotope

(Z,A)> (Z+2,A)+2e + 21,

n p
' >
wW- e
Y,
v
W e
> >
n p

Rare process :
T1/2 = 21x1020 yr = 1012 * TUnivers

v/ Observed

Rare event = Need a low background experiment

Z,A)> (Z+2,A)+2e”

n
> >
V;‘VC

! Majorana
neutrinos

Rare process :
T1/2 > 1,07)(1026 yr= 1018 * TUnivers
X Observed
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Number of Electrons

o Double B emitter

o Naturally presentin XENONI1T
(abundance of 8.49%)

Double beta decay
without neutrinos

Double beta decay
with neutrinos

,’I Need good energy
,/ resolution in this ROI

II N
/ \
\
/ \
’ N
7 \\‘

Sum of Both Electron Energies (MeV)
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time

drift time
(depth)

Energy reconstruction

Energy deposit =2 S1 and S2 = Anti-correlation particle

>

e-: extraction in GXe

v

arXiv:1107.2155v2 "o fari .

S2 [x 200 PE]

v

Recoil

Anti-correlation between
S1 and S2

S1 [PE]
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Energy reconstruction

Energy deposit 2 S1 and S2 - Anti-correlation :

o CombinationofS1 and S2:
o Allow to improve the energy resolution
o Need to take into account the repartition of S1 and S2 :
o Scintillation gain gl
o lonization gain g2

particle

time

drift time
(depth)

>

2 600E ArXi AT
Al arXiv:1107.2155v2 "« " ses .
S . .

& 1400

X s,

1200

L1 lllIII

107!

1600
S1 [PE]
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At high energy, no internal source are

Energy reconstruction valblesowe s s comi o

. . . 500
Energy deposit 2 S1 and S2 = Anti-correlation : \extend at higher energy
. . GOCO 40K
o CombinationofS1 and S2: 20013325 ke 1460.8 keV
o Allow to improve the energy resolution % i°1C7°3 ey
o Need to take into account the repartition of S1 and S2 : %‘
o Scintillation gain g1 Q- 300 .
. : mx
o lonization gain g2 % 12mxe N\, 163.9 keV
236.2 keV
To determine gl and g2 = Calibration: 3200—
o With known energies = light and charge yield o oL,
Ly = S1/E _Lc‘j . T 1000 YT 1000w
Q=S2/E g1 = 0.142673:93! pe/ph
o Linear correlation g, =11.5513-0% pe/e
0 | | | | |
4 5 6 7 8 9 10

Light yield [pe/keV]
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Energy reconstruction

cS1 cS2b )

b (gl(z) t 2@

With W = 13.7 eV (mean energy needed to produce one photon or electron)

10°
— Xe-125 — Xel29m — Pb-214 Materials

=3 % —— Xe-133 ~—— Kr-83m —— ERsolar == Summed spectrum
.10 Xe-131m —— Kr-85 — Xe-136 Blinded for 0vBB and DEC EXO Phase II
P -2 — = PandaX, 417 V/cm
'm 10 Preliminary § ¢ Xenonl00, 530 V/cm
j‘ 10-3 — 10 ¥ LUX, 180 V/cm

| .g F HH  XENON1T, 80 V/cm
? 5 &
Y @)
et n
9 Y

© >
o (@)

| -

= e

= i

. 5 ¢

$ o | | | | |
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Energy reconstruction

cS1 cS2b )

b (gl(z) t 2@

With W = 13.7 eV (mean energy needed to produce one photon or electron)

10°
i —— Xe-125 —— Xel29m —— Pb-214 Materials 14
% —— Xe-133 ~—— Kr-83m —— ERsolar == Summed spectrum
) 107 Xe-13lm — Kr-85  — Xe-136 Blinded for 0vBg and DEC Preliminary EXO Phase I
T 107 PO oV " PandaX, 17 viem
L : = ¥ Xenon100, 530 V/cm
2 107 T LUX, 180 V/cm
5 Work in progress : i XENONLT, 80 V/cm
-4 : : :
[~ 10 Improve the energy resolution atthe Q-values by improving
';' 10-5 the events reconstruction and correction at high energy
©
@ 10°° - .
| L\ L | o ° ]
= -
*

.-9 0 > T K v * ——

0 —10- ' | ol | | | | !

o | I | I | 0 500 1000 1500 2000 2500 3000

0 500 1000 1500 2000 2500 3000 Energy [keV]

Energy [keV]
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Conclusion

o XENONA1T is the most sensitive direct dark matter experiment with the lowest background ever achieved.
o Stable operation over more than one calendar year

o Regular 8™Kr calibration (24 calibration campaigns for SR1)
o Monitoring of S1 and S2 signals

o Monitoring of the electron lifetime
o Monitoring of the xenon purity
o S2 correction = Crucial for all analysis

o 8mKr is an excellent internal source for large xenon TPC
o Hard to use external source (because of LXe self-shielding)
o Proof that it could be used for future experiments = XENON-nT (construction starting soon) and other large LXe TPC

o Thanks to the ultra-low background : neutrinoless double R decay search
o New analysis — need to adapt our analysis to this all new energy region
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Backup
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XENON1T

Active target |2t

Dimension H~1Im/2~1m

mii*!!_,
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Other detector medium ?

Atomic Number 10 18 36 54
Density 1.2 14 24 3
Scintillation (y/keV) 30 40 25 42
Wavelength (nm) 85 128 150 178
Decay Time (ns) 15400 6.3, 1500 2,91 2.2,27,45
lonization (e-/keV) 46 42 49 64
Boiling Point (K) 27.1 87.3 119.8 165.0
Radioactivity No 39Ar Yes 136Xe /
1Bq/kg Kr can be

(1mBq/kg) removed to
ppt level

Price SS S ($S9) S $SSS
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Event in XENONI1T

= S1 at 382.5 us = S2at1004.2 us S1 bottom
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= = =
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Double 3 decay

B decay: (Z,A)> (Z+ 1,4) +e” + 1,

* Isobaric decay (A = cte), possible if : Ebf< EBi
(A-22)2

2 —_
Ez =a,A —azAs — acﬁiz_i) —ay—
A3
+6, if Z,N even
5(A,Z) = 0if Aodd

_60 le,N Odd

* If A =even, 2 parabolic mass curves : possibility of

having an E-E nucleus more stable than it Z+1
neighbour = B~ decay is forbidden

* But double B~ decay is possible !

* Observed in several nuclei
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m(Z,A) =zm, + (A —Z) m,—Eg/c”

m/\ .
e OO0 A Even o
+6(A,7)
— >
Z, Z
Isotope | nat. abund. Q-value le”2 Experiment
(%) (keV) (102%yrs)
48Ca 0.187 4272 + 4 0.447058 CANDLES
6Ge 7.8 2039.006 + 0.050 15+ 1 GERDA, MAJORANA
0-0 828e 9.2 29955+ 1.9 | 0.92+0.07 | SuperNEMO, LUCIFER
967y 2.8 33477+ 2.2 0.23 + 0.02 -
100Mo 9.6 3034.40 £ 0.17 | 0.071 + 0.004 AMORE
110pq 11.8 2017.85 + 0.64 - -
16Cq 7.5 2813.50 + 0.13 0.28 + 0.02 COBRA, CdWO,
1246y 5.64 2287.8+ 1.5 - -
L30Te 34.5 2527.518 4 0.013 6.8+ CUORE
| 5°Xe 8.9 2457.83 + 0.37 21.1 £2.5 EXO, NEXT
KamLAND-Zen
150Nd 5.6 3371.38 +£0.20 | 0.082 4 0.009 SNO+, DCBA
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