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What do we hunt: (WIMP) Dark Matter

Astrophysical hints for Dark Matter:

« Rotation curves in galaxies

 Newest CMB result from Planck
satellite (2013)*

Dark Matter

Dark Energy

1) preprint: arXiv:1303.5062

What is Dark Matter?

- Known particles are ruled out
— On the electro-weak scale

WIMP Dark Matter:

- Weakly Interacting Massive Particles

How to find such a mysterious particle?

- Direct Dark Matter search with liquid xenon
— Search for nuclear recoils
(WIMP-nucleon interaction)

Nuclear Recoil (NR) Electronic Recoil (ER)



http://arxiv.org/abs/1303.5062
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WIMP scattering rates for different
detector materials

Detection medium: (liquid) xenon

Increase interaction probability
Self-shielding properties

— Definition of a fiducial volume
Test Dark Matter models:

- Spin dependent analysis

- Spin independent analysis
Easy to scale up!

— Future detector design

« High density: p = 2.8 kg/I

« High mass number: A =131 ( - o ~A?) |
for coherent scatter .

 Even/odd (stable) isotopes

« Radioactive impurities can be removed
(e.q.%°Kr)




Detection principle of a two phase time projection chamber (TPC)

— Photons (A = 178 nm) — lonisation process frees electrons
Photomultiplierarray from scintillation process — Electrons drift upwards
- Detected by PMTs - Extracted in gaseous phase

(bottom array, mainly) - Proportional scintillation light
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The Xenon Dark Matter Project:
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XENON100 Time Projection Chamber

242 (1”) Photomultiplier (PMTs):
- 98 PMTs on the top array
- 80 PMTs on the bottom array
- 64 PMTs in the veto
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Detection material: 161 kg liquid xenon (-91°C)
- Target mass: ~ 62 kg

TPC: 30 cm height / 30 cm diameter
All used materials: Low radioactive

Multilayer passive shield: Cu, PE, Pb, H O
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COMS

N

WIMP-Neutron cross-section (Menendez):*
m = 45 GeV/c?

0 < 3.5x10% cm?

1) E. Aprile, M. Alfonsi, K. Arisaka et al, Phys. Rev. D 88, 012006 (2013)

B @ 2) J. Menendez, D. Gazit, and A. Schwenk,
R T v N Phys.Rev. D86, 103511 (2012), arXiv:1208.1094

_____

WIMP Mass [GeV/c?]
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XENON100 Result 225 live days — Axion Dark Matter:

Axions and axion-like particles (ALPs) couple:

« Photons (g, ) Test different Axion/ALP
%D models:
(Electrons e Search: .
earch: — Solar axions
. Nuclei ( (9, ) Scattered electrons s Galactic ALPs

Careful data selection:

-

mean

053

b

(S2 /S1) - ER

IIII|I-.-...

AXxions ionize xenon

0
S1 [PE]

Data selection for axion Dark Matter analysis*

- Select electronic recoil band
E. Aprile, F. Agostini, M. Alfonsi et al. preprint: arxiv:1404.1455



http://arxiv.org/abs/1404.1455
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XENON100 Result 225 live days — Axion Dark Matter:
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Solar Axions: Exclusion limit for g, with XENON100 Galactic Axions: Exclusion limit fo{}gm with XENON100
Solar axions with m < 1 keV/c?: Galactic axions with m = 5 - 10 keV/c?:
- g, > 7.7 x 10" excluded (90 % C.L.) - g, >1x10" excluded (90 % C.L.)

(Assuming ALPs constitute all of the galactic
Dark Matter.)

E. Aprile, F. Agostini, M. Alfonsi et al. preprint: arxiv:1404.1455



http://arxiv.org/abs/1404.1455
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AmBe souce/MC simulation: Data matching 52 spectrum: Best Fit Q_fits data
0 104:' rYr~ryr+rrrrrerr T T T T =
— Neutron calibration of XENON100O with '5 - . oue ]
AmBe © . Bezrukov Q, |
B — Best Fit Q, N
Idea: Get a proper description of XENON100 ° g 3
by an improved simulation and test i -
Ingredients: jo2 L .
« Measured AmBe source (160 +- 4 n/s) at - ]
the PTB/Germany i .
« Complete XENON10O description (detector e e
+ Sh|e|d) 0 1000 2000 3000 4000 5000 6000 7000 8000
. . | cS2 [PE] |
. Qy, Threshold, detection resolution and » e cS2
acceptance (S1) from XENON10OO detector % 102— YO, . secoosoziven
T vl
How to do (I): + sC Horn 2011 E
- Take direct measured L N --- BeuovQ, S
eff g ! - = XENON100 (this work) 3
- Reproduce S2 spectrum e e S E
— Best Fit Qy °E E
4— =i . _E
: Conversion between Qy o keV 2E y o T%
2 10 10%
Energy [ke\i’m]
Qy conversion to deposited (NR) energy

E. Aprile, M. Alfonsi, K. Arisaka et al. , Phys. Rev. D 88, 012006 (2013)



http://prd.aps.org/abstract/PRD/v88/i1/e012006
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] ] ) Best Fit Q repreduce S1 spectrum
AmBe souce/MC simulation: Data matching 3,010

T T T LI B B B
"
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Counts

2.0
How to do (Il):
- Use Best Fit Q 15
— Reproduce S1 spectrum 1.0

- Getanew L
eff
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« Fit the whole spectrum down to 2 PE 025 o porar 200 ! -
|:: (~5 keV) . . 0.20:— _:2::e223:1 - _-E_a
~ « L from best fit matches the previous - —— XENON100 (this work) T .
‘direct’” measurements 015 ; : =
* Results of XENON10O remain o10F T E
unchanged - T ]
using this L__ 0-055— E
L L R L L L oo 7

2 10 10°

Energy [keV ]

Compare data and MC: L__ fits XENON100

E. Aprile, M. Alfonsi, K. Arisaka et al. , Phys. Rev. D 88, 012006 (2013)



http://prd.aps.org/abstract/PRD/v88/i1/e012006
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We need more! — XENONAIT:

z SIMPLE (2012)

CRESST-Il (2012)
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1045 Roszkowski (2013)
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Outlook Exclusion limits

No WIMP Dark Matter found yet!

:\ Increase the fiducial volume by building
'~ a bigger TPC and cryostat!

XENON100 - XENONI1T —» XENONNT

XENONIT TPC with XENON10O TPC inside
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XENONIT: TPC

— Projected with ~ 3 tons LXe!
* |Inside TPC: ~ 2 tons
* Fiducial volume: ~ 1 ton
» Drift length (electrons): 1 m
 Driftfield up to 100 keV

- Photomultipliers:
e 248 of 37 R11410-21 PMTs1
« Low background + high QE (36 %)

— Background reduction:
» Careful material selection/screening for cryostat and
TPC
« Reduced intrinsic background: ®Kr and ?*?Rn
» Active water cherenkov muon veto

100x lower background!

- Goal: < 1 events/y

1) JINST 8, P04026 (2013)




Water shields radioactivity

84 PMTs in the active muon veto
Muon introduced neutrons fake

Dark Matter events

— Detect Cerenkov light in the water
Trigger efficiency (G4 simulation):

« 99.8 % (inside water tank)

e 71.4 % (outside water tank)

v WA
R,




Summary:

XENON100
— Well tested and detailed
understanding
of the detector
— Ready to test Dark Matter models

 Lowest exclusion limitin 2012 (SI)

 Lowest exclusion limit in 2013 for
SD (neutrons)

e First results for Axions/ALPs
interactions in XENON100

« AmBe souce/MC matching results

« Annual modulation results in
XENON100 coming soon

» Develop and test alternative
analysis methods, e.g. Bayesian
approach

\\med\‘\'\'

g\a\J

XENONIT
— XENONI1T is under construction!
— Water tank construction already
finished

« Suppress background by a factor
100

Increase detection probability by a
larger amount of xenon

Active muon veto

Sensitive to 2x10*cm?

First data in 2015

The next level XENON - TPC for
Dark Matter detection is coming!

XENONNT
— Future update for XENON1T
— Sensitive to 2x10*%cm?
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Backup: Background in XENON100

» Detector design: Careful material selection
« Low level **’Rn (62.9 uBy/kg and %Kr (19.4 ppt)
» Different calibrations are done during the operation

S1 [PE]

- Interactions from gamma's
and electrons: ®°Co, ***Th

ER background*}.79+0.16

— Interactions from neutrons:
AmBe source

VA

+0.12

NR background*).17 -y,

Background expectation
in total*: 1.0+0.2

0 15 20 25 30 33 40 x Befthmark re ORI rk region and given

Energy [keVnr] iven
Background in XENON100: NR and ER 9 exposure

E. Aprile et al. Phys. Rev. Lett. 109, 181301 (2012)
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Backup: XENON100: 225 live days data

Data in flatten space after a cut based analysis

* Nuclear Recoil

» Electronic Reco

« Dark Matter Data
- Benchmark region (yellow box)

Background expectation
in total*: 1.0+0.2

 Events distributed in the TPC
— Fiducial volume (34 kg)

Radius [cm]

150
Radius? [sz]

Event distribution in the TPC

0 50 100

S1 [PE]
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N T ] 1 1 ! T - L
04— 'I ! |
C IS ' P .
0_2j_'-| TN 1 L -._’ . ?‘.l" y
= 5 " .l. » =. L] .| L | [T (™ .y, .‘ :1.
S oLl et B e SR b gl
E . : -1 -=-. L] [ Tl L ‘e, .J. o h"-. 3 :l, 5‘ .= = Il.'? L"‘r' .;l -
% b o ST AT N
a8 -0.2 — =|u® .= u L .l. 1 r = : = .I e
f‘.\ - = L = E L] | [
) . @ —_— . s o RIS
2, 0.4 E E | Ll
92-0.6:— PULNRI et o 1 [
%D - . /// : |
= 08 — :
N e |
1.0 _—\‘// : |
_12_I/J_I_J\_I.‘_13J_IJ_AJJ; ...I....f....li....l. ||| |||| 11
' 5 10 15 20 25 30 35 40 45 50

Energy [keVnr]

Event distribution in flattened space

Unblinding!: Two events observed!

Profile Likelihood? analysis
to ,test events”

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

2) E. Aprile et al. (XENON100), Phys. Rev. D 84, 052003 (2011)

* Benchmark region and given exposure
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Backup: Axion Dark Matter

Solar axions/ALPs: Galactic axions/ALPs:
* Production in the sun « non-thermal production mechanism
« Compton scattering in the early universe
« axio-recombination « Dark Matter (part of)
» axio-deexcitation ﬂ
[N% . \
X 2

Axions and ALPs couple by axio-electric effect!
- Axion/ALPs are ,, absorbed”

Cross-section: Solar axions/ALPs: dﬁlmjm-
photo-electric aX|on axion . : 2 . - :
Cross- S/ZIIOH\ en 2/Sspeed Axion flux « g Ae dEH o G 4e
/ .gAe ‘ 3EA A/
ae =l BN G\
Ba 167 aepm mg Galactic ALPs: JRPM
. parp = LM P ppM . X 9124@
fine structure constant  €IECtron mass MALP dmarp
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Backup: Axion Dark Matter

Event distributions: Solar axions & galactic ALPs

Expected Mean Recoil Energy [keV] Expected Mean Recoil Energy [keV]
1 2 3 4 5 6 7 8 9 10 5 10 15 20 25 30 35
L [ [T 'F'_ I;". HL L L L L L L L L L L | N & | I s ]
o L _
a | /| \\._____ ur’@ntb Background modlel & - Background model
E102_—/ ~~_Ssty ] c102_l\ —
S E | ~Umit = o7y -
L u | ~ \O'e/ ; 7 L g | \s kevict 7
j + \ SS~//) : | ﬁ T E A 4 il
i NQE: 10 T T ?
| ~ | \/ /\ \ ,("“'\wkevm t
_l | Data: XENON100 | |I ( / \ ,( \ —\EOKEV/CZ Data: XENON10O
| LA VAN AN
1 | | | . . | . . . -I . . | . . L . . . e | 1 1
0 10 20 30 0 20 40 60 80 100
Solar axions S1 [PE] Galactic ALPs S1 [PE]

Expected signal of various ALP masses for d, =




Backup: Intrinsic Background in XENON1T

222Rn impurity:

- Removal system to achieve < 1 uBg/kg
— Absorbtion tower (Alternatives are

1 1\

carbonaceous filter material

V'a}f"’_.‘?@“
s P
N

8Kr impurity:
- Cryogenic distillation colun

for Kr removal
- Removal system to archive
"atKr/Xe < 1 ppt
- Aim: 3 kg/h xenon (8.7 SLP

- Fully integrated in XENON1

Cryogenic distillation in Heidelberg/Germany




Backup: XENONIT - Watertank: Overview and Status

Water tank facts:

« 10 m height
10 m in diameter
84 PMTs
Reflective foil
inside
the water tank

b
4

Construction finished!
&
Reflective foil is clad
to the roof

1
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ext:

Installation of the
PMTs

Cladding the wall and
bottom

Installation of the
cryostat and the TPC

First test in fall 2015
Located in Hall B @LNGS
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XENON100: Annual modulation N - | I -
~ <~———— DAMANal=100kg ——> <—— DAMA/LIBRA~250kg —>
2 008 B (029 tonxyr) T (0 8’7 tunxyr) ‘ o
D 206 F b oo e R o
*W@M@ bk
S R J{/\vﬁ\} LNl TTI N7 V/\Wﬁ%ﬂ} J/é@” m % ?\%F
in ~ Rt NN N
G, 2 -0.02 H & I} ! \fﬁf o \%* T ?%’9& ?%1
AR R SR EL AR REE RR
2 008 £ 0 P |
& oos B L1
Q‘_C_f:?:|?:?:?:\?.:.f:%\:é:.f.: (I Y N R O I
1000 2000 2000 4000 5000
Time (day)
December DAMA/LIBRA! observe annual modulation from Dark Matter particles in the
Galactic Halo
(2 - 6 keV)
Detection material:
~ 250 kg highly radio-pure Nal (Tl) crystals
0 " o
g & i
2,0+ _ |
Is there also an annual modulation in 8 e | EP R T
XENON1007? FIEL. - TS |
- 225 live days of data . b~ |
. . i 1.0 =~ )/ |
— Data taking period: > 1 year el |

— Analysis threshold of XENON10O is e R R T ™ R S
lower! Energy [keVnr]

1) R. Bernabei, P. Belli, A. Di Marco, ,DAMA/LIBRA results and perspectives*, preprint: arXiv:1301.6243
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What comes next? The future of the XENON DARK MATTER Project

T ‘ l —— , , S XENONI1T can be updated:
E \ e CoGeNT (2013) = ° More Xxenon
EREE TS \ CDMS-Si (2013) — . .
v 10! = \ > "'!- XENONI10 (2015 ﬂAMA” = i Blgger TPC N the Same
= - > E cryostat
S 102 8 Ny . CRESST-II (2012) _ y
.§ % l :;’_',]_J_PLE'_‘N:_:I‘_‘E }‘_"'_”_{::.1- -E‘_
(:I]'JUJ 10" ?ti\‘ R e cOMS k'l'-1"1L}7—§
5 =0 N N T =
E Lo# _\\I \ ){ENUN]OD (20 -
{-:J = TUX (2013 5
s el V! - XENONNT
s = S
E E \\ “ o
p,'_‘ 1040 = \ \ _-__-_- 'l'"“”h"llT—g
— — \\ ——— e — __.-"";ﬂ:NUNn ] agn
Z 07 -~ P 4 Sensitivity Goal:
- : | | | | | | | | | 1 | | | | | | | | | I:
107 6 7 8910 20 30 40 50 60 100 200 300 400 1000 O=2X 10'48 cm?
o WIMP Mass [GeV/c %]
Limit update: XENONNT
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