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Direct Dark Matter Search

m Elastic scattering WIMPs - target nuclei

— low energy nuclear recoils with low rate

® Interaction WIMP
v’ Spin Independent (Sl)

Possible with all nuclei WIMP

Nuclear recoil energy

v’ Spin Dependent (SD) v ~ 230 km/s I U
~ solar velocity N Er~ O(10 keV)

Only possible with odd mass nuclei

(12°Xe, 131Xe) if the WIMP carries spin

® Detector requirements
v’ (Ultra) low background <« Low rate signal
v’ Low energy threshold «— Low energy signal

v' High target mass < Small cross section

Sonja Orrigo Astroparticle Physics and Cosmology 2013, Madrid 22/10/2013



Liguid Xenon as a detection medium R

XENON

m Heavy nucleus (A ~ 131)
High rate expected for Sl interactions (o ~ A?)

R oc NT &O-}(N<V>

m 50% odd mass isotopes (12°Xe,131Xe) m
Exploring SD interactions X
® High Z = 54 and density p = 3 g/cm3 WIMP Scattering Rates
v Excellent self-shielding (low background) % - S 0 e — Xe (A=131)
v High stopping power (compact detector) = i (En=5 keV¥) Ge (A=73)
_ . 3 - 8 evts/100-kgfyear — Ar (A=40)
m Scalability to larger detectors at an E - (Ese=15 keVr)
affordable cost (~ 1 k$/kg today) s "’ A

2
®m Charge and light = \ X
v Highest yield among the noble liquids ook form factor
v 178 nm UV photons -
v’ Efficient scintillator (~ 80% Nal light yield) i
and fast response (2.2 ns) - M,, = 100 GeV,0,—p = 10 cm

e o by by e b by b Ly

107
) . . . o 0 10 =20 30 40 50 60 70 80
m “Easy” cryogenics @ 100 °C Recoil Energy [keVi]

® Intrinsically pure:

v No long-lived Xe isotopes v Xenon is a good target!
v Kr can be reduced to ppt level

Sonja Orrigo Astroparticle Physics and Cosmology 2013, Madrid 22/10/2013



Principle of two-phase TPC

PMT Array | IO 1T O] S1 S2
a8 %€ 1 anode ,ﬁﬁ‘f’fi‘!ﬁ% | v

Drift Time

Nuclear Recoil (WIMP)

AN
. S1 S2
Liquid Xe ’
direct S1 lFieId
Cathode Drift Time
PMT Array |[ L LTI Electronic Recoil (y, B)
v Prompt scintillation signal (S1) Electron recombination is stronger for NR
Charges are extracted to GXe — (52/81),,,p << (SZ/Sl)%B

v’ Proportional scintillation signal (S2) | _,  ER - NR discrimination

E. Aprile e.t al. (XENONlOO), ER = electronic recoil, NR = nuclear recoil
Astroparticle Physics 35, 573 (2012)
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Detection principle

_ + 4.5 kV
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001 O o
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0.00f I
Do e by v b b 1 0.00
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Time [us] Time [uis]
‘ \\/Z = 16 . O kV

< > 161 kg LXe in total
30 cm

(62 kg inside TPC)
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\\ Reconstruction of the
event vertex (Z position)

® Rec

Amplitude [V]
<

0.10
0.05
0.00 1 L1 T B S B N B B
0 50 100 150 200 250 300 350 400
Time [us]

v Z2(At) = vy At

V' Vi = 1.73 mm/ps

v’ Resolution 6, < 0.3 mm
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rray

Reconstruction of the

event vertex
(X, Y positions)

Resolution 6, <3 mm
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Particle discrimination @

XENON

Matter Project

—
v
o
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S2sTot[0]: 7315.65 pe
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Past: 2005-2007 Present: 2008-201? Future: 2013-2017

XENON10 XENON100 XENONI1T
15 kg active mass 62 kg active mass ~ 2.2 ton active mas
O < 8.8 x 10"** cm? (2007) O, < 2.0 x 10%> cm? (2012) o5, ~ 2 x 107 cm? (proj.)

Sonja Orrigo Astroparticle Physics and Cosmology 2013, Madrid 22/10/2013 11



Location of the XENON Experiments BS&

XENON

Matter Project

Laboratori Nazionali del Gran Sasso, Italy o

1.4 km of rock - 3700 m.w.e. shielding from

cosmic rays - factor 10° reduction of muon flux B XENON100 N
LGN
5%. :'NV " ’;\‘_ [
o \-\\ WIPP
§ “.‘ Soudan
i E _' Kamioka
g e \
il \ s
©
§ [ \
g 10 = ""Hé:?kzztﬁke
E ' LSM
CLNGS: 1.4km rock®, .
wi (3700 mwe) wSNOLAB
Depth [mwe]
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The XENON10O detector

m 161 kg LXe total mass
v Factor 10 more than XENON10
v 62 kg sensitive volume

v/ 99 kg active veto

v 30 cm drift length and 30 cm radius

® Electric fields

v" Drift = 0.53 kV/cm

v’ Extraction = 12 kV/cm

v 100% electron extraction to GXe
® PTFE structure (12 kg)

Good UV reflector and insulator

m Extremely low background

v" Factor 100 lower than XENON10
v’ Material screening and selection
v Detector design

v' Active/passive shielding

E. Aprile et al. (XENON100),
Astroparticle Physics 35, 573 (2012)

Sonja Orrigo

m Cryostat

v' Double-walled (1.5 mm thick) low
radioactivity stainless steel (tot. 70 kg)

PMT HV and 10
High Voltage Signal Lines cm
Feedthrough \

Double Wall \

Cryostat !“/

\

O

Tube to
Cooling TowerI

\ l.LI

Veto PMTs —

Diving Bell -

26.0 cm

TopPMTs— | | |

9.2 cm

TopMesh {7
Stack |

supporting |
PTFERods | 2
’

PC —

PTFE Panels, 1
Field Shaping | | |
Electrodes |

30.5¢cm

Cathode — || 3

Screening Mesh

Veto PMTs

13.6 cm

Bottom PMTs

413 cm
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Sonja Orrigo

Backgrounds

m Electronic recoil (ER) background

v’ Natural radioactivity in the detector and shields materials
v’ 222Rn contamination in the shield cavity

v’ Intrinsic contamination in LXe (222Rn, 8>Kr)

v' Cosmogenic activation of the detector components during

construction and storage at the Earth surface

E. Aprile et al. (XENON100), Phys. Rev. D 83, 082001 (2011)

® Nuclear recoil (NR) background

v Muon-induced fast neutrons

v’ (a,n) reactions and spontaneous fission due to natural
radioactivity in the detector and shields materials

E. Aprile et al. (XENON100), J. Phys. G: Nucl. Part. Phys. 40 (2013) 115201

Astroparticle Physics and Cosmology 2013, Madrid

22/10/2013



Backgrounds: material screening

high purity Ge

———

v GATOR: 2.2kg

|

f

Ne

XENON

Matter Project

I All XENON100 construction materials screened and selected

E. Aprile et al. (XENON100), Astroparticle Physics 35, 43 (2011)

10

Count rate [events/(kg day keV)]

10

g

1
2ag;

500

i

2.
Bi

1000

1500

2000

2500

3000

detector operated by UZH @ LNGS
L. Baudis et al., JINST 6 (2011) P08010

Energy [keV]

Fig. 1. Example of a measurement with Gator: 7 Hamamatsu R8520 PMTs were
screened (entry 34 in Table 1). The lines from their intrinsic radioactive contam-
inations (solid black) are clearly visible above the Gator background spectrum

‘

—

Screening results used for MonteCarlo simulations

ml Component Amount Total radioactive contamination in materials [mBq/amount|
- Gamma baCkgroung from 28U / 2%Ral ***Th | °Co YK |other nuclides
1 Cryostat and 'diving bell’ (316Ti SS)|73.61 kg 121.46 147.23 | 404.87 | 662.52
events in ROI Support bars (316Ti SS) ( : 49.68 kg 64.58 144.07 | 69.55 | 352.73
Detector PTFE 11.86 kg 0.71 1.19 | 036 8.89
PMT, 48.5 % Detector copper 3.88 kg 0.85 062 | 521 0.78
» teflon, 2.1 % PMTs 242 pieces 60.50 111.32 | 181.50 | 1972.30 |137Cs: 41.14
steel,6.2% | | PMT bases 242 pieces 38.72 16.94 | 242 | 38.72
TPC resistor chain 1.5x107% kg 1.11 0.57 0.12 7.79
Bottom electrodes (316T1 SS) 0.23 kg 0.43 0.45 2.14 2.36
Top electrodes (316T1 SS) 0.24 kg 0.85 0.43 1.73 1.16
S poly, 10.7 % | | PMT cables 1.80 kg 0.85 1.97 0.37 | 18.65 |1%%™mAp: 2,67
LXe, 3.9% Copper shield 2.1x10° kg 170.80 24.69 | 6.59 | 80.26
PMT bases, 28.5 % Polyethylene shield 1.6x10% kg 368.0 150.4 - 1120.0
Lead shield (inner layer) 6.6x10° kg | 43x10% [3.6x10%|7.2x10?|9.6x10% |2°Pb: 1.7x10°
Lead shield (outer layer) 27.2x10% kg | 1.1x10° |1.4x10%|2.9x10%(3.8x10% |>°Pb: 1.4x 10

Sonja Orrigo

Astroparticle Physics and Cosmology 2013, Madrid
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Backgrounds: the XENON100 passive shield BS€

XENON

Matter Project

From outside to inside

H20 / Polyethylene - %
® 20 cm H,0 (not on all sides) £8
to moderate neutrons produced L 1 ;;%

H L
in the cavern rock :?ﬁiﬁéﬁhﬁiéhﬁéi-::j:-':ff:jjf:::-fffi::fiff:ffi:-':':fi':f

J0em|  Hocm s =
® 15 cm Pb + 5 cm low activity Pb g o —
to stop y-rays doerh|- ‘ 1 [] ' S 5.—'

- T
m 20 cm polyethylene e
to moderate neutrons produced in Pb B | I . lcalibration
_ Pipe

m 5 cm Cu B i%’ o &
to stop y-rays from polyethylene S s e E
® N, gas (17 slpm) i

continuously purging the shield cavity
to keep the ???Rn level < 1 Bg/m?3

E. Aprile et al. (XENON100), Astroparticle Physics 35, 573 (2012)

Sonja Orrigo Astroparticle Physics and Cosmology 2013, Madrid 22/10/2013 17



3D sensitivity and background rejection PBSE

XENON

Matter Project

® Take advantage of the LXe self-shielding

v’ Gammas from external sources and detector components are stopped at the edges
m Using the 3D position sensitivity for background reduction

v’ Fiducialization: selection of an ultralow-background target volume

v’ Reject all events having a coincident signal in the 99 kg active veto

v’ Identification of single scatters rejecting the double scatters

v Remaining BG dominated by internal impurities (e.g. 2°Kr)

Radius [cm]

AN

BG from published data
(Run10)

z [cm]

-20

-25

[T TR

-30

=

Radius’ [cm?]

E. Aprile et al. (XENON100), Phys. Rev. Lett. 109, 181301 (2012)
Sonja Orrigo Astroparticle Physics and Cosmology 2013, Madrid 22/10/2013 18




XENON

Backgrounds: 8°Kr removal from LXe BESE

m Xe has no long lived isotopes . ‘ T,=107y
but it contains "'Kr at ppb level 85Ky 0.4%

99.6% 514 keV
® Kr contamination of 7 £ 2 ppb Q, = 687 keV —
measured in the commercial
Xe filling XENON100 .

ryocooler
offgas Xe
(high Kr)
m "atKr contains 2°Kr with 2x10711
isotopic abundance, giving an
uniformly distributed BG from B~ - g
decay (Qg = 687 keV, T/, =10.7 y) oo
purified Xa
® A cryogenic distillation column flow K}
installed next XENON100 is used Xe input —>—11
to reduce the Kr conc. to ppt level ] Hebm’"ir
purfied Xe %
m After purification the Kr

concentration has been reduced
to 19 £ 4 ppt in Runl0

E. Aprile et al. (XENON100),
Astroparticle Physics 35, 573 (2012)

Sonja Orrigo Astroparticle Physics and Cosmology 2013, Madrid 22/10/2013 19

Boiling point @1atm:

v' 120K for Kr
v' 165K for Xe




Electromagnetic background in XENON100 ESE

XENON
E. Aprile et al. (XENON100), Phys. Rev. D 83, 082001 (2011) fatier Frolect
E 214, 20 &0 . data (Fall 2009, no veto cut)
- - Pb ) aT 17(-:s S Co *Co A0 _ Run07 MC (total)
~ o T, S AC - (without veto cut) . (%K. 120 ppt)
54 4t D MC (***Rn, 21 uBq/kg)
102 M ’ Mn S L e MC ("**Xe 2v BB, T, =2.11x10%"y)
u 12
+214Bi

gt 145

Rate [events kg day”' keV™]

I 10|l]l] I I I EI 15l]l[]k \Iﬂ — I 2000 ] ’ : ] 2560 I I I 3000
nergy [ke
5 ER background: excellent agreement between MC _WE Run 10 Daa
. . . o C N . 3’ Total MC Simulation
simulations and measured data in the full energy range | 3 T e n A0 Bt External Buckground (MC)
AT e AN ST —— WpoKpin
v’ Activity taken from screening measurements only <107 St Wﬁwﬁﬁ‘?"&f 2}3 gl 65 uBqke Radon
| ER AN AR
v No MC rate tuning! E i *.ﬁwﬁiw ""ﬂlﬂ ! Al
— . g | ot b i
m Measured single scatter rate below 100keV al"}m i W‘NF‘"flim T ;:i-e!ii:uil ﬂwﬂ !«
2 C ™, R AR
v'Before LXe veto cut: ~ 102 evts/kg/keV/day 2 [ Y ‘ 1 j ‘ il mi'l
4l 4 1AL
v'After LXe veto cut: 5 x 103 evts/kg/keV/day L= " Run10 fl | hy.' P
- ’*h (without veto cut) [ '
 Factor 100 lower BG than XENON10 with factor 10 more mass | 10° =500 2500 — 3000
1l Lowest BG ever achieved in DM experiments Energy (keV,)

Sonja Orrigo Astroparticle Physics and Cosmology 2013, Madrid 22/10/2013 20



Nuclear recoil background and predictions ES&

XENON

Matter Project

® Nuclear recoil (NR) background
v NR background prediction based on MC simulations (GEANT4) with exact geometry and

measured radioactive contaminations of all the detector components

TTTIT

m NR BG expectation for Run10: 0.17 +0.12 -0.07 events

(1) Muon-induced fast neutrons (70% of the total) 05 radiogenic BG
F ! ' o muon-induced neutrons
(2) (o,n) reactions and spontaneous fission due to :++'?,r*+ ; |
natural radioactivity in the detector and shields materials 10° = ﬁ f t T
L] T TT 1T

107

Rate [events kg™ day™ keV']

v Not limiting the sensitivity of the experiment
1|

|
PPy ST I BN [| A A AT .|...|T-.L|-FI.‘ L

0 10 20 30 40 50 60 70 80 90 100
Energy [keV ]

T T TTTT

E. Aprile et al. (XENON100), J. Phys. G: Nucl. Part. Phys. 40 (2013) 115201

m Electronic recoil (ER) background

v" ER background prediction based on data from 89Co/232Th calibration sources and non-
blinded background data

m ER BG expectation for Run10: 0.79 £ 0.16 events

® Total background prediction for Run10: 1.0 £ 0.2 events

Sonja Orrigo Astroparticle Physics and Cosmology 2013, Madrid 22/10/2013 21



Calibrations and ER / NR discrimination PBY&

XENON

Matter Project

ER lines during neutron calibration

'PRELIMINARY,
[ i —— Z cut + R<120 mm

v ER band calibrated with 6°Co & 232Th sources

| —— Only Z cut

-
(=]
N

Rate/kg (a.u.)

v" NR band calibrated with 24:AmBe source

(S2/51), . << (S2/S1),,

/

-
o

0 "s0 100 150 200 250 300

CES Energy [keV]
: 60Co
S
: 232
% Th
2
Nﬂ
% 241 AmBe
o
=]

H .
PR R TR R A I A A B S EEN BN NI A AR !

50
Energy [keVnr]

E. Aprile et al. (XENON100), arXiv: 1207.3458
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XENON100 Run10: 225 live days e

XENON

‘ T Matter Project

2 = - — °
g 20E 2011 | 2012 5 = Data taking: 28 Feb 2011 - 31 March 2012
= 1s0f- - v More than double exposure than Run08
160 Dark Matter - o ] .
1oE- + v Improved statistics of ER & NR calibrations
e 3 v Improved LXe purity (factor 10 lower 8°Kr)
soE- 4 v  Lower thresholds: S1 >3 PE and S2 > 150 PE
60} _-32Th {
40;A ) e 1 v Excellent stability of the detector parameters
o . . . .
o . . . | ___ 1 v Data following maintenances are removed
01/03 01/05 01/07 31/08 31/10 31712 02/03
Date [Day/Month]| T 226 T
- %“5;__ ____________ L s06%
gmf i o prra=srmrpe=- :::%: w
e et o
2 A 221
£ F run_10 2,2();— / /
# run_08 219F
0d . Marti  Way1i  Jul 11 Mﬂ'/fuovﬁ ~Jan 12 Ma;u.; ‘
L Periods not used for analysis | Time
0z g 910 N
0_02._.%\.‘.m‘.‘.\’ilw.‘l‘H.\.‘Hl‘.”\. 5‘91-25_
§2 [PE] g 91.4 z_ _________
§-91.6;-_:;m L . bt |
m XENON100 is the 15t large size LXe detector o8
operated continuously in stable conditions 3
S Mar 1 Ma;lt11 NTEE Se;'a11 Novii dJani2  Mar iz
for that long (to our knowledge) Time

E. Aprile et al. (XENON100), JINST 7 (2012) T12001
Sonja Orrigo Astroparticle Physics and Cosmology 2013, Madrid 22/10/2013 23




Blind data analysis
= Blind analysis (data is blinded between 2 - 100 PE) :%
v The analysis (data quality and topology selection) is defined %
on calibration data (***AmBe, 232Th , ®9Co, BG outside ROI) ﬁ)_ .

All 225 days data in

m Detector stability 48 kg fiducial volume

1.0

oS R ST R T TN N
60 80

v’ Selection of periods with stable HV, low Rn level, stable

120

$1 (PE)

thermodynamics of the detector (P, T, ...)

_ . . . =
m Selection of physical interactions

v’ Reject noise, stability of PMTs, S1 seen by at least 2 PMTs

log10(S2/S1)-ER mean

m Selection of single scatters (WIMPs make a single interaction)

v i
Only one S2 peak, only one S1 peak, active veto cut 054@ Events left in 34 kg after applying

|44 .
- all the data selection cuts
Aol

$1 (PE)

(2)
m Consistency Cuts —
v' 51 and S2 PMT hit patterns and S2 pulse width consistent

with a single interaction vertex at the reconstructed position g
£
® Fiducialization &
v’ 34 kg elliptic volume S b
= Definition of WIMP search region (ROI) (3) 2 b
v’ (3<51<20 or 30) PE, 97% NR acceptance, 99.75% ER rejection - Q |
. . . . K - |
v’ Trigger threshold S2 > 150 PE is irrelevant for this analysis 4ob% L~ 97% NRacceptance |
S A N VAN AN U NI AFUNNE IANEA R B
E. Aprile et al. (XENON100), arXiv: 1207.3458 J spsasope T 0 TR e

Sonja Orrigo Astroparticle Physics and Cosmology 2013, Madrid 22/10/2013 24



Unblinding 225 days

v’ Cut-based analysis: (3<51<20) PE, 97% NR acceptance,

99.75% ER rejection at 50% NR acceptance
v’ Profile Likelihood analysis: (3<51<30) PE

Acceptance

v/ Trigger threshold S2 > 150 PE is irrelevant for Run10

51 [PE]

0.8

0.6

0.4

0.2

~
I
=
e
I
I
[
I
I
I
[

0.0

- Acceptance of $2>150 PE cut

(only for

Ne

XENON

Matter Project

acceptance of thie-.
99 75 % ER rejection cutI

IC.‘?‘I ﬁ'I?IYr"I

class

NR acceptance of all
datIa quality cuts

‘‘‘‘‘
u -
.......
........

=
(=]

0.5

log10(S2/S1)-ER mean
o
(=]

0.5 '_ o4
$2>150 PE

-1.0

*~"97% NR acceptance

_IJ’l/lIIIIIIIIIIIIIIIIIIIIIIIII

0 10 15

20 25

35
S1 (PE)

50
Energy [keVnr]

m After all the analysis is fixed

ml 2 events are found in the

predefined benchmark region

E. Aprile et al. (XENON100), Phys. Rev. Lett. 109, 181301 (2012)

Sonja Orrigo
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z [cm]

Unblinding 225 days of XENON100 data

® XENON100 Runl10

v’ 224.6 live days of data
v’ 34 kg fiducial volume
v’ Data blinded in WIMP ROI

m Background expectation

(1.0 £0.2) event in 224.6 days

v'Expected ER leakages = 0.79 % 0.16 (by calibration)
v" NR background prediction = 0.17+012_ . (by MC)

v’ Verified on the high energy sideband
Radius [cm]

S1[PE]
5 10 15 20 25 30
A AR LA I
ER(background)D‘ - J| . ... _' B
0.2 __ - & ‘ : 3 - ':. :- . i iq. 'u i
5 E..l. ti‘:’-‘:- ‘."'-.. ].']-2- ‘&‘ "
E 0,0:— ;t ;.;.‘-Mf:::- ;,‘-q.: :l:".‘: o ffge‘ g.ﬂn‘-;,L_‘ﬁﬁ-.!
NR (from & o,F of ¢ SO | Hg
calibration) = E S ?.?..?.5.%..5.'3.!9199!_'9!? .............................. [
o F o -
L 06 | _J____.-———-—? """" I
gﬂ_ 08:— |- “‘"—"’ |
L |, _~~7 97% NR acceptance I
-1.0 l‘ | -~
C : |
1-27|/||||‘|"I~L | || ||||||||IIII\|EII\I|I ||||II|I|IIII
15 20 25 30 35 40 45 50

E e

T e R I A M W

1 1 1 1
50 100 150 200
Radius® [cm?]

Energy [keVnr]

® After unblinding: 2 WIMP-like candidates
inside the predefined ROl & 34 kg fiducial
volume @ 3.3 and 3.8 PE

(1) 26.4% Poisson probability

that background oscillated to 2 events

(2) Profile Likelihood analysis does not

reject the background only hypothesis

— No evidence of dark matter in the data
— Calculate upper limit

E. Aprile et al. (XENON100), Phys. Rev. Lett. 109, 181301 (2012)

Sonja Orrigo
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XENON

Matter Project

Spin-Independent Results NE

v’ L global fit of available data, including new data
(G. Plante et al., Phys. Rev. C 84, 045805 (2011))
v’ Blue band represents uncertainties

o Ameodo 2000
* Bernabei 2001

4 Akimov 2002
¥ Aprile 2005
O Chepel 2006
* Aprile 2009
& Manzur 2010 0
B Plante 2011
A -

v Logarithmic extrapolation below 3 keV.,
to L =0 at 1 keV,, (including large uncertainty)

K 72?12?,5}, [kcvj? 0 000 Vo=220km/s v, =544km/s p,=0.3 GeV/cm3
-39
10 \ T T | T T T T T T T T | T T T T T T T |§
B o A1 XENON100 (2012) e
® The limit on S| WIMP-nucleon |~ )t DAMNNE‘ — observed limit (90% CL)
. . . 10° \ Expected limit of this run:
elastic scattering cross section - B Looxpeoted

+ 2 ¢ expected

is extracted by Likelihood analysis

—
:I

£

—_

e S i GO

= World’s most sensitive limit

over a large WIMP mass range
0<2.0x10% cm?

for a 55 GeV/c2 WIMP at 90% c.l.

CRESST-IL (2012)

......

WIMP-Nucleon Cross Section [cm

W It excludes part of the predicted
region for SUSY candidates and

IIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| I/II-HﬂI| L-FTTIIH

. . . 4 10-45 | | 1 | | | | ._l 11 |
other signal indications above 78910 20 30 40 50 100 200 300 400 1000
(CoGeNT, DAMA, CRESST-II ) s e e e e oora—
E. Aprile et al. (XENON100), Phys. Rev. Lett. 109, 181301 (2012) S e
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Spin-Dependent Results

— XENON100 limit (2013)
+ 20 expected sensitivity
[+ 1o expected sensitivity

neutron

-
oI

w
%]

— XENON100 limit (2013)

+ 20 expected sensitivity
[ + 16 expected sensitivity

proton

-y

O‘
[A)
a

—y

OI
w
@

10

SD WIMP-neutron cross section [cm2]
SD WIMP—proton cross section [cm2]

_____

T 10’ 10° 10 10

10 10 10 10
WIMP Mass [GeV/c?]

m Isotopes with a non-zero nuclear spin: 26.2% of 12°Xe (J* = 1/2*) and 21.8% of 131Xe (J~ = 3/2*)
® Set limit on pure WIMP-neutron and pure WIMP-proton cross sections
v/ Same data and event selection as the Sl search: 224.6 live days x 34 kg of exposure
v Nuclear model used: Menendez et al., Phys. Rev. D86, 103511 (2012)
(1) Most sensitive limit on pure neutron coupling above 6 GeV/c?
0, <3.5x104% cm? for a 45 GeV/c? WIMP at 90% c.l.
(2) Competitive limit on pure proton coupling
weaker sensitivity because 2°Xe & 31Xe have an unpaired neutron but even number of protons
E. Aprile et al. (XENON100), Phys. Rev. Lett. 111, 021301 (2013)

WIMP Mass [GeV/c]

22/10/2013
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Control of systematics: NR response

m Verification of the Nuclear Recoil energy scale

v XENON100 NR energy scale includes all the measurements of direct neutron scattering experiments

® Monte Carlo simulation of AmBe neutron source

v’ Simulation of both scintillation (S1) and ionization (S2) signals

® Basic steps

v Input AmBe spectrum (ISO 8529-1 standard). Analysis robust against variations of this spectrum

v’ Source strength measurement (PTB, Germany): (160 £ 4) n/s

v'Complete MC description of the detector including detector shield (water, lead, polyethylene, copper)
\/Edep is converted to S1 and S2 using L and Q, including thresholds, resolutions and acceptances from data

Step 1: using L from direct measurements — reproduce S2 spectrum — obtain optimum Q

4
ﬂ 10 E LA = — 11 - ™
c = 3 = = _
3 C « Data 7 o 10 & Aprile 2006, 0.2 kV/cm
© i Sz ..... Bezrukov Q, ,ﬁ = 4 Manzur 2010
B — Best FitQ N e E Horn 2011
Y o?'- = = = = Beziukov Q,

10° (Source rate =

159 n/s)

| === XENON100 (this work)

102 5

N W e O N W

II\I|IIII|III\llllllllllllll\llllllll —
0 1000 2000 3000 4000 5000 6000 7000 8000 10

%]

cS2 [PE] En1e9;y [keVnrl
E. Aprile et al. (XENON100), Phys. Rev. D 88, 012006 (2013)
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Control of systematics: NR response

Step 2: using the obtained Q, — reproduce S1 spectrum — obtain a new L

3 030 T T T T T T

w 30 >—('10 H . -IE E e Aprile 2009 E
§ E : -4 . Data E 0.25—_ 4 Manzur 2010 +_' E
O 25— Ry . el - Aprile L — - @ Plante 2011 :
c S1 __Best FitT,, ] - Hom 2011 -

- . 0.20 — Aprile 2011 B o ]

20F E ~ ——XENON100 (thiswork A
15F- = 0.15 1 e E

» - :
10 E 010-— g T £

- ] - o'*. ’ ‘ E

05 E 0.055+"" -

cS1[PE] 2 10

En1e9;y lkeV 1
® Excellent agreement over the whole spectrum down to 2 PE (~ 5 keV,,)

v’ Poor agreement below 2 PE due to unknown efficiencies below threshold

m L from best fit matches perfectly to the previous measurements

v’ Consistency strengthens the reliability of analysis

-> Results of XENON100 remain unchanged using this L
-> Excellent understanding of the detector response to NRs

E. Aprile et al. (XENON100), Phys. Rev. D 88, 012006 (2013)
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What XENON100 would see if... Ne

XENON

Matter Project

39
10 = ‘l . | | T | | | T T =
=4 XENON100 (2012) -
o B Ly DAMA/Na — observed limit (90% CL)
:_E) 10 E_ L4 L\,_ CoGeNT Expected limit of this run: =
';' E\ 7 .e. ' DAMA P + | o expected 3
g P m U\ w“'a,,f(%DMS (2011) + 2 ¢ expected —
g 0 E" AN L TN Rt IE
w E \ _________________ IMPLE{\ E
w N _
& 10— b~ CRESST-I1(2012)
T E S
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5
"3 10+ =
z
o —
= 10M = =
; = -
10% 1
= | | 1 1 | | | | 1 1 | |
7 8 910 20 30 40 50 100 200 300 400 1000
WIMP Mass [GeV/c’]
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Y Assume CoGeNT signal
(6=3x10* cm? m, =8 GeV/c?)

= 50
o 04 e |, 45
8 0.2 tee®e’ A" 40
* o

2 0o e e AN
gi— 0.2 rt !5'1; o .:.:1 — 30
<] _0_4 --------------------------------- Bevnmene e irnnnnn - __E 25
-0.6 —— T 5820
-0.8 15
-1.0 SF10

] 5

-1.2 L ] 0

0 20 25 30
cS1 [PE]

XENON100 would observe > 200 events in signal region

E. Aprile et al. (XENON100), Phys. Rev. D 88, 012006 (2013)
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e Assume CRESST signal
(0=1.6x10%* cm?, m, =25 GeV/c?)

. | 50
S o 40
L 00 35

o '-_:
g 0.2 o« 30
T .04 B 25
-0.6 ~ =
-0.8 E I
1.0 E
- 5
'1 .2 = I PR [N N R O SN AN T TN TN T NN NN SO SUNNY SO AN TN TN TN NN NN WO W S I__ 0

0 5 10 15 20 25 30
cS1 [PE]

XENON100 would observe > 1400 events in signal region

E. Aprile et al. (XENON100), Phys. Rev. D 88, 012006 (2013)
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Ne

XENON

Matter Project

Y& Assume CDMS signal (1.9 x 104! cm?)

103
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WIMP—nucleon cross section [pb]

m, = 8.6 GeV

o =1.9x10"" cm?

R T T

30 35

S1[PE]

v/ CDMS best fit at 1.9 x 104! cm? at 8.6 GeV/c?
WIMP mass: CDMS Collaboration, arXiv: 1304.4279

v New results of CDMSlite cut away the upper part

of the CDMS allowed region:
CDMS Collaboration, arXiv: 1309.3259

Sonja Orrigo

XENON100 would observe > 200 events

CDMSlite (This result)

Astroparticle Physics and Cosmology 2013, Madrid

22/10/2013
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XENON10O: future goals

Hey, I’'m still
running !

® Ongoing physics analyses

v’ Search for annual modulation in low-energy ER
v’ Search for solar and galactic axions

v’ Light dark matter (using an S2-only analysis)

® Improve detector characterization
v’ Response to single electrons
v’ Combine S1 and S2 energy scales for NR

® Continuing data acquisition
v’ Performed a new AmBe calibration for NR
v’ Further reduction of Kr: now at 0.95 ppt

v’ Test new ideas to calibrate| XENON1T

Sonja Orrigo Astroparticle Physics and Cosmology 2013, Madrid 22/10/2013



The next future: XENON1T e

XENON

Matter Project

5
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How do we get there?
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XENONI1T

v 1 m drift TPC with 3.5 ton of LXe in total
v 10 m water shield as a passive neutron shield

and a Cherenkov veto
v’ Fully funded and under construction @LNGS

Sonja Orrigo Astroparticle Physics and Cosmology 2013, Madrid 22/10/2013 37



The XENONI1T location
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Status of XENON1T: under construction! BSE

XENON

Matter Proiject

® Construction of the support building and
water tank started in summer 2013 -
v Installation completed by the end of the year 5 S t 2013)

®m Other major systems will be installed since ® am S s
January 2014 (87

® Commissioning in late 2014

ml Science data in 2015

Sonja Orrigo Astroparticle Physics and C




Detector design

= Cryostat

v Double-walled Ti stainless steel
vacuum insulated

v' 1.5 m high by 1.3 m diameter

m TPC
v’ Teflon UV reflector
v’ 248 low radioactivity PMTs

® Cryogenics

v/ 200 W pulse tube refrigerators
v’ Long term stability in XENON100
v Redundant system

® Purification . ¢
v’ Xenon continuous recirculation

v Two heated getters in parallel

v’ High recirculation rate (~ 100 slpm)

Sonja Orrigo Astroparticle Physics and Cosmology 2013, Madrid 22/10/2013



The XENONI1T detector

® TPC with 1m drift length x 1m diameter
v’ High voltage 100 kV (field 1kV/cm)

>
| m Total LXe mass 3.5 ton
4 f e, _ v’ 2 ton active inside the TPC
ge' 3 ' R YY) v’ Part of the outside LXe used as an active veto
e A, £l v’ 1 ton sensitive target (fiducial volume)
v A 0196/ /m,
T ®m Background goal < 1 ev in 2 ton-year exposure

-M'ﬁl 7m: ;‘; v Factor 100 lower background than XENON100
i v’ Low radioactivity components
v/ ~ 10 cm self-shielding

l =D E S ' 248 low radioactivity
Tyl photon detectors

Cryostat in low
radioactivity
stainless steel

Sonja Orrigo Astroparticle Physics and Cosmology 2013, Madrid 22/10/2013 41



The XENON1T PMTs NE

XENON

Matter Project

m PMTs
R11410

v’ Low radioactivity 3” PMTs Hamamatsu R11410 3inch
(64mm/77.5 mm &)

v’ 2 arrays of 121 (bottom) + 127 (top) PMTs
v'QE 30% min., > 35% achieved @178nm
v Ongoing program for screening and test in LXe

Q 800 Gain: 6.8 x 106 e

o 700
— - Snge Photeectron Gan 330408

sooE © 30

o g
::;E JA. Lt gf

% o‘ 1 L 1 1 1 1 1 1
0 5 10 15 20 150 200 250 300 350 400 450 500 550 600
Number of Electrons (e) Wavelength (nm)

K. Lung et al., NIM A 696, 32 (2012) Used in XENON100

81000 ~. 50,
€ mtSI gle PE response L 35% QE @ 178 nm

TOP: cylindrically symmetric
position reconstruction

Y
,.-.J'* ""ﬁ

r" .‘. \‘\
Ola 10

O OO0
? @' Q .=.0. 3
OO .,_‘o 00 )
nooot o‘oooooc

BOTTOM: makx light collection
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Backgrounds for XENONI1T

m Background goal < 1 event in 2 ton-year exposure

™ Nuclear recoils: neutrons

(1) (o,n) reactions and spontaneous fission due to
natural radioactivity in the detector/shields materials
v Material selection: low U/Th contamination

— low a and (o, n) production

v’ Reject multiple neutron scatters

(2) Muon-induced fast neutrons

v’ Active Cherenkov muon veto: tag muons in the

10 m large water tank (also passive shield)

v’ Reject > 99.5% of neutrons with p in veto

84 high QE 8” PMTs
Hamamatsu R5912 with
water-tight base

® Electronic recoils
(1) External gammas from natural radioactivity and O e
activation in the detector and shields materials A
v Material screening and selection

v’ Suppression via LXe self-shielding (fiducialization):
external ys easily stopped at edges, s from the internal
impurities dominate

(2) Intrinsic 222Rn and 8°Kr contamination in LXe

v/ Cryogenic distillation column for Kr oo P HHARE AR

P rm =P I
v Online Rn removal by Rn adsorption tower O 20 40 60 %0 00 120 10 A8 A A m2)
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Reducing intrinsic backgrounds

I 85Kr
v Building a cryogenic distillation column for Kr removal
v' Aim: "@Kr/Xe < 0.5 ppt

v’ High throughput: 3 kg/h (3.5 tons in ~ 1.8 month)

v’ Custom gas purity diagnostics (online and offline)

L—!_JZZZRn

v Noble gas produced in the 238U decay chain

v It can originate from any surface and dissolves well in LXe

v’ T1/2 = 3.8 days, with short-lived daughters and long-lived 21°Pb
= Removal is necessary

v'Reduce Rn emanation inside cryostat

v Aim: 222Rn < 1 puBqg/kg

v’ Extensive emanation screening

v’ Attenuate Rn by passing xenon

through charcoal filter

Sonja Orrigo Astroparticle Physics and Cosmology 2013, Madrid 22/10/2013



XENONIT projected sensitivity Ne

XENON

Matter Project
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= Spin independent sensitivity goal: 2.0 x 104’ cm? for a 50 GeV/c2 WIMP
v Probe most of the SUSY-favored phase space — Strong discovery potential
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Scaling it up again: XENONNT Ne

XENON

Matter Project

m XENONNT is the XENONL1T setup with:
v’ Larger TPC and inner cryostat

v Almost double number of PMTs

v" All the other systems (from the outer |

cryostat to outside) remain the same : : R S
m Potential sensitivity 2.0 x 1048 cm? O I
v Aimed exposure 20 ton-year
m Starting from 2018
%10-415 I ——  XENON100, 0.021 tonne-years (2012)
;&‘\ 10'42 é\ wmm wmm  XENONTT, 2.7 tonne-years (2017)
-cjg; 10_43 z;‘\ = mmm  XENONNT, 20 tonne-years (2021)
g E\
a 104 :E\\ - : 1l
:§ = \\ 3 - F— ’1 1 1‘ 1
L:) 10 4 _? \\ ‘? h:
% 10746 ; \\\ R ko ;:
10 —_ -
$9F ST E
10 E =
10-49 - | I I I R | I I 1 I |:
6 7 8910 20 30 40 100 200 300 1000
WIMP Mass [GeV/c]
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Summary and Outlook

® The XENON project continues to lead the field for direct dark matter detection

= XENON100
v/ Most sensitive spin independent limit

05 < 2.0 x 10> cm? at 55 GeV/c?
v New spin dependent results:

Most sensitive limit above 6 GeV/c? for pure neutron coupling

G, < 3.5 x 10%% cm? at 45 GeV/c?

Also sensitive to pure proton coupling, consistent with other limits
v/ Ongoing physics analyses
v’ Improve detector characterization
v’ Continuing data acquisition

= XENONIT
v’ Sensitivity goal: o5, = 2 x 1047 cm? by 2017
v’ Reduce background by factor 100
10 m water shield + intrinsic radiopurity
v’ Construction started in 2013, commissioning in late 2014
v’ Science data taking in 2015

m XENONNT
v’ Sensitivity goal: o, = 2 x 10*8 cm? by 2023

Sonja Orrigo Astroparticle Physics and Cosmology 2013, Madrid 22/10/2013 47



Sonja'Orrigo - Astroparticle Physics and Cosmology 2013, Madrid : 22/10/2013 48



