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Matter Project Since then, other experimental observations sustained the DM hypothesis: l
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XENON10

The XENON project

XENON100

XENON1TT

25 kg of LXe
Result (2007):

Ogy < 8.8x 1044 sz

Fabio Valerio Massoli

161 kg of LXe
Result (2012):

Ogt <2Xx 10-45 sz

~ 3300 kg of LXe
Projected (2017):

Ogy < 1.2 x 104’ cm?

XENONNT

~ 7000 kg of LXe
Projected (2022):

Ogr <2X 10'48cm2
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XENON10OO SI results
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In 2012, the collaborationreleased the results from XENON100 data acquired over 225
live-days, reaching a minimum for Sl dark matterinteraction cross section at 2.0 x 10-%> cm? at my =55

)
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Xe XENON10OO SD results

XENON

Matter Project
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v’ 2 isotopes with nonzero spin: 1°Xe (26.2%) and 3'Xe (21.8%)
v' Same data and event selection as Sl search
v Nuclear physics from Menendezet al. were used (

)

v' Best sensitivity for WIMP-neutron coupling: ¢,, < 3.5 x 10*° cm? for my = 45 GeV/c? (
\ )
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XENON

el XENON10OO Solar Axions and ALPs results

Matter Project

Axions couple with electron via the axio-
electric effect;

use the same 225 days data as for WIMP
search: look for electronic recoils;

data is compatible with the background
hypothesis;

new upper limit on axion coupling to
electrons: g4, < 7.7 - 10712 (90% CL)
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ALPs couples to atomic electrons producing ERs;
assuming ALPs constitute all of the galactic dark
matter;

data is compatible with the background

hypothesis;

best upper limit, in 5-10 keV/c2 mass range,

excluding an axion-electron coupling
gae>1-10712 (90% CL)
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XENON1OO current status

3000 -

|

| 4.5 keV ———— 88Y/Be, 1e7 neutrons

Low energy NR g
calibration with YBe | e
¥ - 20005 IH Am/Be, 1e7 neutrons
Maximum single-scatter recoil : i o .
energy ~4.5 keV 'm; NR single scatters [
1000 - in34 kg of LXe =

Improve L.¢r and Q,, E. s |
, measurements at low energies | = L )
_—_— 0-— l = : R0 B e i | -
Improve the understanding of T % 8 F W R W kiasieT
, detector at low energies |

—\ | Results from a 150 days Dark
| Matter run in final stage of analysis

L1 lll

Alogw(c S2/cS1)

Bench test for XENONi1T: DAQ,
.calibrations (>°Rn), Rn distillation
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The XENON1T experiment

Total LXe mass: ~ 3.3 tonnes = Total LXe active volume: 2 tonnes ™ Fiducial volume: ~ 1 tonne;
248 3" PMTs Hamamatsu R11410-21, 35% average QE;

a severe screening campaign has been faced to select materials with lowest radionuclide contamination
level;

field shaping rings produce a uniform drift field (0.5-1.0 kV/cm)
0(10 kV/cm) electrons extraction field

Fabio Valerio Massoli 27th Rencontres de Blois, May 31 - June 05, 2015



The XENON1T experiment: Muon Veto

The XENONAIT detector is hosted inside a Muon Veto Water Tank
There is buffer of water, about 4 m, around the detector

The water acts as a passive shield for cosmogenic neutrons and as
an active veto for cosmic muons

84 high QE 8" Hamamatsu R5912 PMTs are used to detect the

,muon Cherenkov light

The MV allows for > 99.7% rejection power of neutrons with a
,muon in the WT

The MV allows for a > 71% rejection power of neutrons without a |
,muon in the WT

Fabio Valerio Massoli 27th Rencontres de Blois, May 31 - June 05, 2015



NSl The XENON1T experiment: current status
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The XENON1T background estimation

ER background (events/kg/day/keVee)

Total ER background

— materials

Rn222

— Kri5

solar neutrinos

double beta decay

Electromagnetic
background (ER)

Material
contaminations
(GOCO, 40K’ 238U,

232Th’ 137cs)

-

“Intrinsic sources
(85Kr’ ZZZRn’
136Xe 2v2p,
_ solar neutrinos)

10-7 Lo

1 L
80

1 1 | 1 1 | 1 1 | 1 1 | 1 1 | 1
100 120 140 160 180 200

Recoil enerqy (keVee)
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Nuclear
background

(NR)

Spontaneous
fission (232U)

(o, n) reactions
| (238U’235U’ zszTh)

-

—— NR from neutrino coherent scattering

——— NR from radiogenic neutrons

J

-

Muon-induced
neutrons

i 4

Neutrino

coherent
scatterings
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60 80 100
Nuclear Recoil energy (keV)
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The XENON1T ER background estimation

Thanks to the
self-shielding ability
of the LXe, most of
the ER from
materials are
outside the FV

dr

ER background is evaluatedin
the [2, 12] keV energyregion

As reference, a fiducial volume
(FV) of 1 tonne is considered

III|III|III|III‘III|III|III|III|III|I|x
60 80 100 120 140 160 180 200 220

R? (mm?)
10° =
= [—— Total ER background
_ | —— materials
£ L | —— Rn222
A — Kr8 . . . .
210t T e eutinos Due to their nature, the intrinsic sources
= [ | ——— double beta d o o . .
T L e are uniformly distributedin the LXe
-l volume
5 10 __ — \
2 T " Their contribution to the ER background
g 107 = OO
g = cannot be reduced through position cuts
E 5
107 10 AN TN TN T YT N AN YT N SO T A T AT SN AT Y MUY SO NN A N
200 400 600 800 1000 1200 1400 1600 1800

Fiducial mass (kg)
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The XENON1T NR background estimation

Radiogenic neutrons (MeV range) from 238U S.F. and (@, n) reactions from a emitted along the decay
chains of 228U, %5U and 232Th

Cosmogenic neutrons (up to tens of GeV) from muon interactions with the rocks and detector
materials. Thanks to the Muon Veto system of XENONI1T their contribution to the NR background is

\S 0.01ev/y,i.e. negligible

Single elastic scatterings are
from the WIMP

signal
\ g

Fast neutrons (mean free path: tens
of cm) can produce a single scatter
\into the LXe active volume

Neutrino coherent scattering can also
give single scattering nuclear recoils
‘that can mimic WIMP interactions.

& Cryostat

“PMTs

Bases

u PTFE

« Copper

“Filler

TPCSS
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The XENON1T background
estimation results

ER background assuming a | NR background assuming an
discrimination level, inthe S2/S1 acceptance level, for nuclear
\parameter, of 99.75% \recoils, of 40%

Expecetd events Expecetd events
Source ([2, 12] keV and Source ([5,50] keVrand

1 tonne-year) 1 tonne-year)

materials 0.07 + 10% materials 0.24 + 20%
222Rn (1puB/kg) 0.08 + 20% Muon-induced <0.01
85Ky 0.07 + 20% neutrons
Solar neutrinos 0.08 + 5% CNNS 0.01 & 20%
136Xe 2v2 decay 0.02 + 50% L 0.26 £ 0.05
Total 0.32+0.03

given the very steep spectrum of NR from CNNS, its "
contribution must be evaluated after the conversioninto
A S1, because of Poisson fluctuations above threshold

Fabio Valerio Massoli 27th Rencontres de Blois, May 31 - June 05, 2015



Ae The XENON1T background

XENON
Matter Project t ° t ° lt
0 107 E
E‘ - =———— ER Background
: —————  Nsutron MR Background
ER have been converted from energy to 2 oL SolareAim v NR Backoround
H = E = Total (ER + NR) Background
S1signal through the use of the NEST g B oW T o % ont
toolkit @ (6 ———— WIMP, m = 100 GeV/c’, o = 210 cm?
N £ 10
-
NR have been converted using the L 107
and the Q, obtained via MC - data
. —8 [
comparison ( 107
N )  10° —
To convertthe energy an averaged, over o
10 E
the whole TPC, value of LCE equal to 38% =
has been used TS N T
N ' 0 20 40 60 80 100 120
S51(pe)
. souce Background in [3, 70] PE (ev. / ton /y)
ER (materials + intrinsic + solar v) 0.32
NR from radiogenic neutrons 0.22
NR from neutrino coherent scattering 0.21
Total 0.75

Fabio Valerio Massoli 27th Rencontres de Blois, May 31 - June 05, 2015



The XENON1T sensitivity

The test statistic

( A
. L ,t
The Profile PRGN

\ Likelihood Method @ \ L(ps, ) We are

looking only
L q ﬁs > D/ f.or-upper
limits

L (us, é): conditional maximized likelihood obtained by
profiling out the nuisance parameter. Givena fixed value
of 1 to test, T is the value of t which maximizes L

L(zi,, ©): unconditional maximized likelihood obtained
using both the maximum likelihood estimators (MLE) of

Ugand t
N\

e~ (5O BERHONR() (p1y(6)+ g+ ()™

L —
(Ks, HpER, MpNR, T) i e T T e
Discrimination Parameter Y

2
Hp"bs is D5 (51;)85(Yi) +1pER foer (S1)8bER (YD) +1pNR (D fonr(STi) ngR(Yi)] N
1=1 Ms+HpER T HbNR (D)
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The XENONlT sgnsitiyitv |

&

The t nuisance
parameter

The parametert is used to describe the

uncertaintyon the L¢ .
")

L.t s extrapolateddown to 1 keV.
Both, signal and NR background are

modeled for L_¢¢ variation.
\ eff

B OHAkF <O

Arneodo 2000

Bernabei 2001
Akimov 2002
Aprile 2005
Chepel 2006
Aprile 2009
Manzur 2010
Plante 2011

The Lz s curves are obtained as follows:
Leff(t) = Leff(median) +t- ALeff(—la)
Less(t) = Leff(median) +t-ALyss(+10)

ALgsy: distance between L,¢r(median) and its
\boundaries at+ 1o

.
m_
o'_
-___'l_
ool
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X@ The XENONI1T sensitivity

XENONA1T sensitivity, 90% CL, with CLs

L 4l
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_SIMPLE (2012)

WIMP-Nucleon Cross Section (S} fem®]
© 9 @2 @ o o o o o
5 &5 & r & & = & 3

=\
C "
= e
1D-'|B = | [~
= o 2013)
a3 -) - no Discovery limit
10 E- o T BJIJ'a'rd et al Neutr!
1n5{l - | L1 1 | | | | | | L1 1 | | | | | | L1 1
6 7 8910 20 30 40 50 100 200 300 1000
WIMP Mass [GeV/c®]

With an exposure of 2 t*y, XENON1T will reach a minimum for the sensitivity at:
o =1.2-10"*"cm? for a WIMP mass of 50 GeV/c?
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The XENON1T sensitivity

Sensitivity, as a function of the time, consideringa WIMP mass of 50 GeV /c?

XENONA1T sensitivity, 90% CL, with CLs

3

E

"E”O”Wﬂ( Zdays}

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

3
'|

LUX(-S days)

3

WIMP-nucleon cross section (cm?)

10747 e

1048 L b T T L
1 10 10°

10°
Livetime, in 1 ton FV (days)
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The XENON1T upgrade: XENONnT

XENONNT sensitivity, 90% CL, with CLs

%1- % DAMA (Savage, 2009)
: :“"-\{ (2012)
o é _SIMPLE (2012)
TN s NS
T |
| ‘ ST (2011)
§ ﬂfEiSS{:émﬁ-?t!!EPLw {20t
o o bASNS (2010/207"
XENONTOO (2012
LUX {2013}
L XENON1T (2017} 2.0ty N
]
‘ t
\ ENONnT (2022), 20 7Y - B
X . it (2013)
\ - trino piscovery fimit {
- - ., Neu
gillard et 8
I I | | | | | | 11 1 1 | | | 11 1 1
6 78310 20 30 40 50 100 200 300 1000
WIMP Mass [Ge Vie? ]

The outer vessel of XENON1T s able to host the XENONNT detector

ER and NR backgrounds from materials assumed negligible in the fiducial volume

Fabio Valerio Massoli

_An exposure of 20 t*y has been considered |

27th Rencontres de Blois, May 31 - June 05, 2015



Conclusion

v In 2012, XENON1OO published its best results reaching a sensitivity to cross section of
o= 2-10"**cm? at (9o% CL, m, =55 GeV/)
v Results from a 150 days Dark Matter run in final stage of analysis.

In [3,70] PE, assuming a discrimination level for ER of 99.75% and a 40% acceptance for
NR, the XENONI1T total background in 1 tonne FV is:

(0.75 + 0.06) ev/(t*y)

With an exposure of 2 t*y, the XENON1T experiment will be sensitive to
WIMP-nucleon scattering cross section of

o=1.2-10"*"cm? (90% CL, m, =50 GeV /c*)

The upgrade of XENON1T, XENONNT, will be able to go even below such limits reaching
sensitivities, assuming an exposure of 20 t*y, as low as

o=2-10"*3cm? (9o% CL, m, =50 GeV/c?)

Fabio Valerio Massoli 27th Rencontres de Blois, May 31 - June 05, 2015



Backup slides
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GEANT4simulation of XENON1T
; Pipes (SS):
C ryostats .Cryogenic system;
N ' .Re-circulation system;
-HV supply for PMTs;

\.Slgnal cables.

“Outer Cryostat (SS) |

Inner Cryostat (SS) |

Fabio Valerio Massoli 27th Rencontres de Blois, May 31 - June 05, 2015



M Cryostat shells

B Cryostat flanges
PMTs

M PMT bases

B PTFE components
Cu components

B SS components

m Materials

W222Rn

85Kr

M solar neutrinos

m2v2[3
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ER energy scale

External 137Cs y source and 83™Kr e~ internal
source

LXe m,c?

detector

The results are given as efficiency with respect |

to the 32.1 keV transition of the 83™Kr
%

S1
Erp(keV,,)) = —mM8M8M—— —
dggggr@ ERATee” ™ 1, pr(32.1keV) R, Q(E)

Ly, gr(32.1 keV) = 3.76 PE/keV (XENON100 light yield at 32.1 keV and zero field);
R.: scintillation efficiency relative to the 32.1 keV transition of 8™Kr at zero electric field;
\Q(E): quenching factor for a non-zero electric field

Fabio Valerio Massoli 27th Rencontres de Blois, May 31 - June 05, 2015



Different response to electromagnetic and
nuclearrecoils: the Leff

ER: a particle that interacts with the atomic electrons loses energy and
produces excitation and ionization, both named electronic excitation. The N
energy loss under this process defines the electronic stopping power. This is the
\measurable signal. X

NR: part of the energy givento the nucleus is || To reconstruct the energylost in ER and NR it is |
spent to atomic motion, i.e. not measurable J necessaryto take into account their different
‘signal. l, scintillation properties

:I:Z‘:::ilt:_’;: :’::’I'I Ll Experimentally it is defined the relative
scintillation efficiency, Leff, for NR

Np
scintillation yield of 2H{-=LﬂI*H;T
electronic recoils from - s ER(keVr) —
photoabsorbed 122 keV - s
y rays from a >’Co
source at zero field

S 1 S,
Ly’e,,(122 keV) Leff Snr

See = 0.58 } See(nr) 1S the quenching

_ due to the drift field
Er ~2E, M (1 — cos6) Snr = 0.95
m, + my,

Fabio Valerio Massoli 27th Rencontres de Blois, May 31 - June 05, 2015




GEANT4simulation of XENON1T

The option w/o bell have been considered

Diving bell

Option with the bell Option without the bell

Fabio Valerio Massoli 27th Rencontres de Blois, May 31 - June 05, 2015



How to sum ER and NR?

Needs for conversion from energy to S1 and Sz signals

— E=0Viem I
= 70— — 50 Viecm F ‘ r
% C |— 100 viem — 12— oF
8T Seviem — F Light Yield (y/keVr) i /
S 50F—{— 1000 Viem ™ B St
-%-; 403 —— 2000 Vicm / \\- s -
) 302 // ;\; : o i Charge Yield (e~ /keVr)
202 //\ T —— — U 3:
10% zf— 22
0: Ii‘ Lol 1 II\IH L L L1 O:'"' | Lol ! Lol L L 1] L \\‘2
’ | \O i Electron e|1-1°;rgy (keV) ! R:c?silenerg)' {keVr) 1 1 ng’il energy (keVr) "
flzght (Nph0t> /Nquanta {' ?\'Tquanta; — i 'N. phot ) -+ | 1\'
Nphot = Binomial(qunta, flight) 1\'qtm,irlta, = GaU—SS{ \quanta U{— \/ 1\'qumrlta? F))
N.- = Nyuanta — Nphot Nphot = Binomial(Nguanta: (Nphot)/ (Ne-))
i?\'re— — i?\'rqu.a.nm — N, phot -
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Prob = e t/¢tise,

|E| Impossibile visualizzare I'immagine.

S2 = Gauss(N """ - 20, 7-,/N=)

S2/Ed vs Ed

52 yield ( pe

60 80 100 120 140 160 180
S2/Ed vs Ed

140

o P TN AT AT NI WA I A A A WA WA o
0 10 20 30 40 50 60 70 80 90

100
Ed ( keVr )

27th Rencontres de Blois, May 31 - June 05, 2015



The slightly rise of the 22Rn
at higher fiducial masses is

Radon.222 due to the finite probability
« | 3.8 days of the accompanyingy, from
214Bj, to escape through the
TPC walls without being
Qagged.
¥
Polonium-218 Polonium-214 Polonium-210
a | 3.1 minutes o | 160 microseconds © | 140 days
B B
20 minutes 5.0 days
Bismuth-214* Bismuth-210
B B
27 minutes v 22 years v
Lead-214 Lead-210 Lead-206 {stable}

Fabio Valerio Massoli
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The XENON1T experiment: Muon Veto

The XENONAIT detector is hosted inside a Muon Veto Water Tank
There is buffer of water, about 4 m, around the detector

The water acts as a passive shield for cosmogenic neutrons (~7.3 - |
107 1%n/(cm?s)) and as an active veto for cosmic muons
(~3.31-107%/(cm?s))

84 high QE 8" Hamamatsu R5912 PMTs are used to detect the
,muon Cherenkov light

The MV allows for > 99.7% rejection power of neutrons with a
,muon in the WT

The MV allows for a > 71% rejection power of neutrons without a |
,muon in the WT

The residual muon-induced neutron background is
., <0.01 ev/(t-y)

Fabio Valerio Massoli 27th Rencontres de Blois, May 31 - June 05, 2015



The neutrino background
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