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MoOTIVATION: DARK MATTER (I)

observed

1933: Fritz Zwicky's
“missing mass problem” P

a4

1966: Vera RUbln * . | expected

from

StUdy Of rOtathn curves 4 T ~~__ luminous (

Observation techniques development

Observation vs. theory

2013: Planck Satellite mission
Dark Matter in the CMB
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Temperature fluctuations in the CMB

Dark Energy

Evidences for Dark Matter for 80 years now

Temperature fluctuations [ © Kz]
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RLEMENTARY
RARTICLEY

MoOTIVATION: DARK MATTER (II)

What do we know from Cosmology?

« Dark Matter is stable/long-lived ig: N T T
10" F
e All known particles are ruled out! 10°
(non-baryonic particle) 10 F i
10 Q-ball
10° [ ¥ 1
 It's “dark” — Electrically neutral o =
10’ =
— 3l . T
o 10° neutrinos _ o o
2 wf ne ol @
= o+ KK pthun = :CE-
At least Dark Matter is a placeholder nowadays! 6”0 r Eﬁ?”“—)é - El
10 : o
1w0* % = s
102 | e :
1wt 4 axino
wr F Super WIMPs :
The XENON Dark Matter Projects: 1“: fuzzy CDM lgravitinn
10T fel KK graviton
. . . w4l Ili R |
Look for Weakly Interacting Massive Particles (WIMPs) w® . e
107101071010 10 ¥ 10107 107 10® 107 10° 10° 10° 10° 10” 10" 10°
Other hypothesis can be tested: mass (GeV)
— Axions and Axion-like particles Different theories for Dark Matter particles”

1) Gardner, Susan et al. Prog.Part.Nucl.Phys. 71 (2013)
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DARK MATTER SEARCH (I):

Direct Dark Matter search

Search for nuclear recoils (WIMP-nucleon interaction)
Search for electronic recoils (WIMP-electron interaction)
NR/ER is also used for detector calibration

fermion fermion

Elastic scatter:

Nuclear Recoil (NR) Electronic Recoil (ER)

Indirect Dark Matter search:

X fermions

R N
wad

IceCube, ANTARES, H.E.S.S.

fermions

Dark Matter production:

fermions X

e

fermions

Boris Bauermeister — JG|U



Ne

XENON

Matter Project

DARK MATTER SEARCH (II):

Edelweiss
SuperCDMS

PHONON

Direct Dark Matter Detection

~ SCINTILLATION

with different Experiments

Dama/LIBRA, DM-Ice, XMASS, ...

|ONIZATION
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3 F — Xe (A=131)
B k 18 evts/100-kg/year
XENON AS DETECTION MATERIAL £ [ (Fa§ keVi) Ge (A=73)
O — Ar (A=
v ; r (A=40)
Group~1 2 3 4 5 6 7 8 o 10 11 12 13 14 15 16 17 18 & it ol
| Period (Ep=15 keVr)
S 10°F
1 2 r
1 H He & E M
5 4 56 |7 |[8] 9 [0 £ F det
Be Bl Cc|[N| O] F]|nNe d | Mpo'(v)
12 13|[14|[15|[16|[17 |[18
3.Mg Al|lsi||P | s | c]Aar I X
A 20 |[21][22|[23|[24 |[25|[26 |[27 |[28 |[29][30|[ 31 |[32 |[33 |[34 || 35 |[ 36
Cal|Sc| Ti||V|[Cr||Mn| Fe | Co| Ni| CullZn| Ga| Ge | As | Se | Br || Kr 105:—
5.38 30|[40|[41|[42 |[43 |[44 |[45|[46 |[47 |[48 |[49 ][50 |[ 5L |[52 |[ 577 54 =
Sr|| Y [|[Zr ||[Nb||Mo|[Tc ||Ru||Rh ||Pd||Ag|[Cd|l In ||Sn || Sb || Te Xe -
6.55*72 73|74 |[75|[76 |[77 |78 |[79 |[80 |[81 |[82 |83 |84 86 i
Ba Hf || Ta || W ||Re || Os || Ir || Pt || Au|{Hg || TI || Pb || Bi || Po || At R -
. 88 | ., [104|[105|[106|[107|[108][109]|[110][111|[112|[113|[114][115|[116|[117|[118 i
Ra Rf || Db || Sg ||Bh || Hs || Mt || Ds || Rg || Cn ||Uut|| FI ||Uup|| Lv ||Uus||Uuo Mx=lmGev’0x—p=lU_45cIn2
7JJLLL[L1JJJJJ1 lllll LlLlllllll
57 |[58[59][60][ 616263 64|65 66| 67| 6869|7071 00 10 20 30 40 5 6 70 &
* | La|lcell Pr|Nd|[Pm|[sm] Eu| Gd| Tb Dy || Ho || Er || Tm || Yb || Lu Recoil Ener [kEVf]
89 |[90|[9L|[92[93|[94|[95 [ 96 |[ 97 |[98 |[99 |[100|[101|102|[103 _ _ ol
¥* 1 Ac| Thi[Pa|l U |[Np| Pul|/Am|[Cm|[ Bk || Cf || Es || Fm ||/ Md || No || Lr WIMP scattering rates for different
detector materials
Detection medium: (liquid) xenon
* High density: p = 2.8 kg/I Increase interaction probability fa
Spu
° H h b A ~A2 r . . . \\F fOS\\
igh mass number: A=131(— 0O ) ( Self-shielding properties Py, S,
for coherent scatter J — Definition of a fiducial volume \*\edef wr
eC
. . \\\\fo/‘d
* Even/odd (stable) isotopes. } Test spin depended Dark Matter models @s,g

Radioactive impurities
(*Kr, *’Rn, "°Xe unstable — 2v2p)
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OPERATION PRINCIPLE OF A TwWO-PHASE TIME PROJECTION CHAMBER (I)

Photomultiplier array

Eac

Photomultiplier array

S1:

— Photons (A = 178 nm)
from scintillation process

— Detected by PMTs

T
— L
i

A 4

S2:

— lonisation process frees electrons
— Electrons drift upwards

— Extracted in gaseous phase

— Proportional scintillation light

S1/S2 ratio

Nuclear recoil
(NR)
WIMP
(neutron)

Electronic recoil

i
I
e

3]

(ER)

Gamma
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OPERATION PRINCIPLE OF A TwWo-PHASE TIME PROJECTION CHAMBER (II)

Photomultiplier array

Photomultiplier array

81sTot]0]: 4.50829 pe
§25Tot]0]: 325.666 pe

Amplitude [V]

At

k

.z position from
 S1to S2 difference

00

: E
d@@
- @@@Ej

- @»@ (=] [a]

"V GEEE
- (=4

S2 hit-pattern for x/y position
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THE XENON100 TiME PrRojJECTION CHAMBER (TPC)

242 (17) Photomultiplier tubes (PMTs):
— 98 PMTs on the top array
— 80 PMTs on the bottom array
— 64 PMTs in the veto

/ iy G
. ! I (!
- k { !
L - -
- CY

B

ottom PMT array
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, HZO

XENON2100 Time Projection Chamber

E. Aprile et al. (XENONZ100), Astroparticle Physics 35, 573 (2012)
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THE XENON DARK MATTER PROJECT

— World Wide Collaboration -

i

N ¥

Laboratori Nationali del Gran Sasso
e 1 (Italy)

i L pA R WA . - . oo K. S s B SN FOR KERNPHYSIE
B %y L!. 3 e S ,_ @ Rensselaer NI!!EF ey oo ="— R
Lk 1 . e . N J University
= Columbia RPI Nikhef Mainz Stockholm Muenster MPIK
. \\ [
~ \
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L\ SR
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- \\ ’ 1
7 /
p I VAR
- / o
AN -~ // (N
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) // \ J /
) /S
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Rice Ve / /
/
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i orbgaleljgygria cols
PURDUE — :
__Duba v on ElINYU/ABUDHAB
WHZMANN INSTITUTE OF SCIENCE
Purdue Coimbra Subatech Bologna LNGS Torino Weizmann NYUAD
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HowTo: FIND DARK MATTER

1) Take a TPC

2) Calibrate your PMTs
Blue LEDs illuminate
e B the TPC (weekly)

4) Be sure what you measure!

NR calibration: AmBe
(before/after data taking)

ER calibration: **Th, ®Co
(weekly)

3) Estimate the electron life time

Source: "'Cs (weekly)

5) Waiting...

Dark Matter Data
(~ 5 days a week)

Boris Bauermeister — JG|U
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HowTo: FIND DARK MATTER

? 1 TAmBe
GOCO
Raw data oy, Raw
Data
DM rocessor,
137Cs

LED
calibration
software

gain

Test Dark Matter Models (e.g.):
— Spin in-/dependent WIMPs
—> Axions search

4 5 6
Gain [x 107]
Gain spectrum of a single PMT

Required: Dedicated data analysis!

Detector working

conditions ER},
ackgroyng

Signal model model

Neutron response

Full detector Simulation (MC)

Ongoing
work

—1>

Profile ™
Likelihood

—1>

Bayesian
Method

Results
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XENON100: ENERGY CALIBRATION

— S1 and S2 signals correspond to a measured energy quantity in eV

S1 signal: E= S1
L Ler \

Light yield — pe/keV _ Single electron gain Charge yield — e /pe
Detector parameter in XENON100

Electric field suppression
factor for ER/NR

S2 signal:

See
Snr

Relative scintillation efficiency:

= ™ T T T T T -
035 © Areodo 2000 —
= * Bernabei 2001 -
— & Akimov 2002 —
0'35 v _f\p]r'[i]llc)\ZU{li 3
= O Chepel 2006 i
0-255 . _.’\}:r'HL‘ZU{Jl) % - : ; ;
g af & Mamu20i0 - Energy calibration with e.g. 40 keV, 80 keV,
“E ® Plante 2011 3 . . .
s 0.15E- E 164 keV line of activated xenon for S1 signals
01 E
0.055 E
= 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 | -
0 2 3 4 5678910 20 30 40 50 100
Energy [keVnr] * S1 and S2 signals are drift-time and
Relative scintillation efficiency from scattering experiments volume corrected in further use
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S : Best Fit Q_fits d
DATA MATCHING: XENON100 (1) isfsf ram leIStI " ?7 " Ialtf S ]
- XENON100 Data Matching - S T  Bemukova, ]
B — Best Fit Q, 7]
10° £ =
— Neutron calibration of XENON100 with *'AmBe .
|[dea: Get a proper description of XENON100 by a 10° - =
simulation i E
Ingredients: 0100020003000 4000 3000 6000 7000 8000
e Measured AmBe source (160 +- 4 n/s) at the = ) cS2[PE]
PTB/Germany T 11E T E:ﬁ L 3
* Complete XENON100 description (detector + shield) 3 OF Yo Aerle2008 02kiem 3
. Qy, Threshold, detection resolution and acceptance e 95—t 4 Manzur 2010 E
1= Horn 2011 =
(S1) from XENON100 detector ° £ |" =] - - BezrukovQ, E
= 2 = XENON100 (this work) 3
C] = I i =
5E- == =
How to do (1): £ ‘ E
— Take direct measured L aE- s 3
— Reproduce S2 spectrum 2= =
— Best Fit Qy N o ——
Energy [keV ]
Qy conversion to deposited (NR) energy

: Conversion between Q <> keV
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DATA MATCHING: XENON100 (IT)
- XENON100 Data Matching -

How to do (11):
— Use Best Fit Qy

— Reproduce S1 spectrum
— GetanewlL

* Fit the whole spectrum down to 2 PE
(~5 keV)
: o L from best fit matches the previous
‘direct’ measurements
* Results of XENON100 remain unchanged

using this L

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

Best Fit Q repreduce S1 spectrum

Y
x10°
E 3-0 _l = T T T T T T T I T T T T T T T T I _
c - -
3 - 4 = Data .
o 25— v, ----. Aprile La —
- —— Best Fit'L ]
L eff —
2.0 —
1.5— —
1.0— —
0.5 —
2

1 10 1%s11pE]
E 0-30 [ T T T T T T T | E : ee T T T ]
) - e Aprile 2009 L L S ]
- & Manzur 2010 Y Heff nr - 7]
0.25 = Plante 2011 ]
C Harn 2011 ]
020 — Aprile 2011 ——— —--E
- == XENON100 (this work) + ~
C o 7]
0.15[ ; 3
C -4 ]
0.10— ] ]
0.05 [ —
/ 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 | :

2 10 2

Compare data and MC: L__ fits XENON100

10
Energy [keV ]
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XENON100: PROFILE LIKELIHOOD

Full Likelihood function” for m and o

L = ‘ﬁl(ga Nba €s, Eb7£eff1 Vesc mx)

xLa(es) X Ls(€v) XLy (Lest)

Profile =
Likelihood

XENON100 measurement Additional uncertainties

Parameter of interest: o
X

Nuisance parameters are profiled out Ps(es) x Lsley)

Analysis is done in flatten space Control measurements of signal and background data:
—> Determine the probabilities ¢ and ¢_to find an event
Background predictions from
* Electronic recoil (data)

* Monte Carlo simulation (NR) Li(Logt)

From no observation an upper Relative scintillation efficiency £ _ not available below 3 keV_

exclusion limit is calculated!

r

1) E. Aprile et al.Phys. Rev. D 84, 052003 (2011)
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AnAaLysis: XENON100 (I)
— Background Expectation for 225 days —

Demand:
e Detector design: Careful material selection
* Low level *’Rn (62.9 uBq/kg) and *Kr (19.4 ppt)

Discrimination space:

T
I
041

. +=' ] ‘*.€+ ++': +: e - f?':ﬂ :++ ++:t f-ﬁﬂ\-‘: ‘;' q'u-t't): ‘:1:.' ‘*‘::‘: . l-é .
ki Bl b e et B S I R U s N 2, el
5
L 0.0¢
=
v 3
M -0.2 B
L
v 0.4
L
%
vE-D.ﬁ '
2
. . — 0.8
Signal region R
ER background—"
0.79+0.16 events -, BEE U : ) A
_127| |+|+||‘|+|||]4||||+||||‘|:|1.||||+||||||||||||
‘ 5 10 15 20 25 30 35 40 45 50
NR background: Energy [keVnr]

0.12
0.17°% events

Background in XENON100: NR and ER from 225 life days

E. Aprile et al. Phys. Rev. Lett. 109, 181301 (2012
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ANALYSIS: XENON100 (I1)

— Spin-independent -

During 2011/2012: 225 live days of data

1.0+0.2

Total background expectation:

Two observed events are not enough compared with
expected background.
— Background fluctuation to two events
is possible by 26.4%

Radius [cm]

2 4 6 8 12
- control region
10 Lot
L -15— : L o
N L g S
- —'_‘—.’-‘\
-30 L1 |‘ I.- L1 ..I . 1* _|— 1 - 1
0 50 100 150 200 250

Radius’ [sz]
Event distribution |

10-10 _T‘ I. T T | T T T T LI | T T T T T T T \E
DAMA Na XENON100 (2012) 3
ST \ — observed limit (90% CL) -
£ 105 " Expected limit of this run: =
% ; ._. CoGeNT (2012 DAMA/I B+ 16 expected E
S ™ CDMS-Si (2013 *+2 o expected N
2 10 —
D = : E
« N — XENONI0 (2013) =
§ 104 = b ’ -
O = CRESST-II (2012) 3
2 ol -
= = —
ZI =
& B AN
E 104 = \\ —
= = ~ -
L ~— _|
10% = It —— —
E Il 1 1 Il | iy E
6 78910 20 30 40 50 60 100 200 300 400 10
WIMP Mass [GeV/c’]
Exclusion limit of 225 days of Dark Matter data taking

A

/ Profile Likelihood |

\
N\
< - Analysis 3

N
\
N

Lowest WIMP-Nucleon Cross-section':
m = 55 GeV/c?

0<2.0x10% cm’(90% C.L.)

1) E. Aprile et al. Phys. Rev. Lett. 109, 181301 (2012)
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" \l | XENON100 fimit (2013) t
— imi neutron
ANALYSIS: XENON100 (ITI) o + 20 expected sensitivity
§ 107l I+ 10 expected sensitivity
- Spin-dependent - =
(e}
-'3 -36
: 2 10
Odd xenon isotopes: @
o Xe (26.2 %) 8
o, -
o "'Xe (21.8 %) c 10 7
3
— WIMP Dark Matter could couple in a < 107
spin dependent way! S
§ -39
=10
@
10_40 ) I2 I3 4

o ¢ 10 10
WIMP Mass [GeV/c]

WIMP-Neutron cross-section’
m = 45 GeV/c?

6 <35x 10" cm?
by using a nuclear model of Menendez”

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

SD WIMP-proton cross section [cm2]

Lz=" AR B e 2) J. Menendez, D. Gazit, and A. Schwenk,
10_40 o - . S Phys.Rev. D86, 103511 (2012), arXiv:1208.1094
1 2 3 4
10 10 10 10 3) SNO Collaboration (C. Amole (Queen's U., Kingston) et al.).

WIMP mass [GeV/c] e-Print: arXiv:1503.00008 (2015)
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ANALYSIS: XENON100 (IV)

— Axion Search in XENON100 - Test different axion/ALP models:
Axion e
Axions and axion-like particles (ALPs) may .
couple with: — Solar axions
— Galactic ALPs s, Gpe

« Photons (gAx)

PPV Search:
o Elect —>

<\ec rons fgf\;)> Scattered electrons

e N UE?IEng; N/)

Careful data selection from 225 days of data:

1

o
(9]
L]

b

(S2 /S1) - ER

i ioni S1 [PE
Axions Ionize xenon Data selection for axion Dark Matter analysis' [PE]

— Select electronic recoil band

E. Aprile et al. Phys.Rev. D90 (2014) 6, 062009
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ANALYSIs: XENON100 (V)
— Axion Search in XENON100 -

Solar axions:
* Production in the sun
e Compton-scattering
* Axio-recombination
* Axio-deexcitation

]

S

Galactic axions/ALPs:

* Non-thermal production mechanism

in the early universe
» Dark Matter (part of)

Axions and ALPs couple by axio-electric effect!

— Axion/ALPs are ,absorbed”

E. Aprile et al. Phys.Rev. D90 (2014) 6, 062009

Boris Bauermeister — JG|U

Cross-section: : .

photo-electric Axion energy Axion velocity Sol.ar axions. dR solar A

Cross- section \ Axion flux oo nge d OCgAe
3 E2 2/3 ER
o ( gAe ( 1 . i )
Ae A 2 i -
Pa 16 O gy M, 3 Galactic ALPs: JRPM 2
\ . b = P Ppu . Xda
ALP — dm e
fine structure constant electron mass mALp ALP




ANALYSIS: XENON100 (VI)

— Axion Search in XENON100 -

10°®

1010

]
X
<
>
)
w

o107

XENON100

10-12

EDELWEISS

KSVZ

10'13 L |\|||||| L Lol
m, [keV/c?]

10° 104 10°° 102

Solar Axions: Exclusion limit for g, with XENON100

10°°

10710

CDMS

10"

.
o
S-

Il IIIIII|

! /\EDELWEISS

10712 —
- XENON100 -
10'13 | | | | | |
1 2 3 4 5678910 20 30
m, [keV/c

Galactic Axions: Exclusion limit for g, with XENON100

Solar axions with m < 1 keV/c%

— g >7.7x 10" excluded (90 % C.L.)
Ae

E. Aprile et al. Phys.Rev. D90 (2014) 6, 062009

Galactic axions with m =5 — 10 keV/c*
— g, > 1x 10" excluded (90 % C.L.)

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

Boris Bauermeister — JG|U




STtATUS: *YBE CALIBRATION

— Low energetic neutron calibration -

AmBe source:
— Broad neutron recoil energy spectrum
Aim:

— Test a mono-energetic neutron source

y = 1.836 MeV Q, = 1.666 MeV
oy > ‘Be

’Be » *Be + n

Photo disintegration process

Calibration:

* Neutron energy: 152 keV

* Source strength: 170 n/s (5 MBq)

* Source is mounted in BeO housing

Lead shield is necessary:
* Neutron creation also includes y with ~1.836 MeV

— Additional ER Background!

Data analysis is ongoing!

Boris Bauermeister — JG|U
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XENON1T: THE NEXT LEVEL

10%
NG - DAMA (Savage, 2009)
1 0-40

1041 B SIMPLE (2012)

1 0-42

1 0-43

104

1 045

1 046

WIMP-Nucleon Cross Section (Sl) [cm?]

-
___——‘—
-
el ——

1 0-47

s
-
————
~e. -
e e e i

67810 20 30 40 100 200

1 ‘ 1
1000 2000 10000
WIMP Mass [GeV/c?]

1 0-48

Outlook Exclusion limits

No WIMP Dark Matter found yet!

Increase the target mass
— Background reduction
— Increase sensitivity

XENON100 — XENON1T — XENONnNT XENON1T TPC with XENON100 TPC for size comparison

Boris Bauermeister — JG|U



Ne

XENON

Matter Project

XENONT1T: THE TPC

— Designed with ~ 3.3 tons LXe!
e Inside TPC: ~ 2 tons
e Fiducial volume: ~ 1 ton

— Photomultipliers:
* 248 of 3” R11410-21 PMTs"
* Low background + high QE (35 %)

— Background reduction:
» Careful material selection/screening of cryostat and TPC

100x lower background!

1) JINST 8, P04026 (2013)

Boris Bauermeister — JG|U
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Water shields radioactivity

84 PMTs in the active muon veto
XENONI1T: WATER CHERENKOV MUON VETO Muon-induced neutrons fake
Dark Matter events
— Detect Cherenkov light in the water
. Trigger efficiency (G4 simulation):
* 99.8 % (muon inside water tank)
* 71.4 % (muon outside water tank)

— Active Muon Veto" -

QF"&;\ -‘_'?;h,*h_

‘r
ya v ;vgr @:ﬁm S
- .‘."' F - & *:,k -'“'. i
d imy rr“er. -\ ‘iﬂiﬁh’-‘-’*

1) E. Aprile et al., JINST 9, P11006 (2014)

26
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XENON1T: CURRENT STATUS@LNGS - HALL B

27
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XENON1T: RESTOX

— Recovery and Storage of Xenon —

ol 7.6 tons xenon (liquid or gaseous) Slow Control

= Up to 72 bar! » Constant temperature control
= * Liquid Nitrogen cooling system e Control condenser

7 * (two redundant) ¢ Cooling power: > 2 kW

e Store xenon at room temperature

* Recovery:
e TPC maintenance
* Emergency (~3 h)
» Keep xenon clean
* Pre-purified xenon for TPC filling

Recovery

Status:

e Two cooling tests are finished

Next:

* Test with xenon in the sphere
» Test fast recovery of tons of LXe

Boris Bauermeister — JG|U
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XENONT1T: INTRINSIC BACKGROUND REDUCTION

Gas purification system for ENON

a3

—> In between ReStoX and TPC SKr impurity: Kr Column
— Detailed gas analysis possible * Cryogenic distillation

column for Kr removal
e Removal system to achieve:
nat
Future Upgrade: *’Rn removal system A.Kr'/Xe = 2 PPt
Future Upgrade: e Aim: 3 kg/h xenon
e Fully integrated in XENONTT
Column height: 5 m

Boris Bauermeister — JG|U
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XENON1T: CRYOGENIC SYSTEM

* Pulse tube refrigerators (PTRs) keep
xenon at operation temperature (- 91° C)

e Heat load up to 50 W
(Not including the xenon gas circulation
of the purification system)

* Two redundant PTR cooling systems
(200 W)

» Emergency liquid nitrogen (LN2) system
for up to 48 hours of cooling

Boris Bauermeister — JG|U



Ne

XENON

Matter Project

XENONT1T: THE OUTER VESSEL & TPC ; /4 V' N

— Installation - o / \ -

Installation of the outer vessel was
finished in February 2015!

— Ongoing vacuum tests >
before the TPC is mounted =

— TPC design fixed

— Construction started
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XENON1T: XENON CYCLE

Circulation pump

Purification system

Xenon cycle via:

Getter

Heat
exchanger

A

LXe

| e ReStoX
|  Purification system
- e XENONIT TPC
GXe
Heat exchanger measure the xenon flow
Xenon is cleaned with purification system
— T
v
>
XENON1T
TPC
-~

Recovery Line
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Total (ER + NR) Background in 1 ton

Total (ER + NR) Background in 1 ton
ER background

neutron NR background

Solar nu NR background

WIMP, m = 10 GeV/c?, 6 =2 10" cm?
WIMP, m = 100 GeV/c’, o =210 cm?

XENON1T: BACKGROUND ESTIMATIONS

events / kg / day / pe

Background calculated from MC simulations

Tl TTIT
—T

. F},l” SI.mulatlon of the XENONI1T TPC o Preliminary
e Fiducial volume: 1t
* Electronic recoil rejection: 99.75%

108

* Background expectation in 4 — 70 pe window:

0.67 events/ton/year
10°

3
&

LIRRLLLL NI Bow -RRRLLL Sl RN

10-10

Preliminary |

5

g 10%

§ Solar neutrinos:

g - Electronic recoil: 0.08

c; 10 - Nuclear recoil (coherent): 0.55

= 2v2P (*Xe): 0.02
ER Materials: 0.05

10 NR Materials: 0.24

Intrinsic (Xenon contamination): 0.15

Expected events in XENONITT

108 S R R P iii;iiis
1 10 10? 10
Livetime, in 1 ton FV (days)

Expected sensitivity (90% C.L.) for 50 GeV WIMP(PL)
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XENONNT: UPGRADE
Aim:
l“.“ : & XENONT100, 0.02; (2012)
— Increase amount of xenon to ~7 tons P . 0.021 tonne years
1042 — w XENONIT, 2.7 tonne-years (2017)

‘ —mn mm  XENONnT, 20 tonne-years (2021)

— Sensitivity goal: a few 10* cm’ @20ton-years

— Start directly after XENON1T (~2018)

How to achieve:

WIMP-Nucleon Cross Section (Sl) fenr’]

— Replace: TPC + Inner vessel

1 . L | i SRR (| i 1] i RIS R T T 5 |
— Remain unchanged: Cryostat, water tank Tl r e Sl o
ReStoX WIMP Mass [Ge V/c*]

— Advantage:
Low cost & faster update
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SUMMARY
XENON100 XENONIT
— Well tested and detailed understanding — XENONT1T is under construction!
of the detector
— Ready to test Dark Matter models * Suppress background by a factor 100
* Increase detection probability by a larger
* Lowest exclusion limit in 2012 (SI) amount of xenon
* Lowest exclusion limit in 2013 for SD * Active muon veto
(neutrons) * Sensitive to 2x10"cm’
* First results for Axions/ALPs interactions in * First data in 2015
XENON100

* AmBe source/MC matching results
» Develop and test alternative analysis

methods, e.g. Bayesian approach The next level XENON - TPC for
 Krypton removal technique tested for Dark Matter detection is coming!
XENONI1T
e Calibration with YBe source
* Further analysis topics are under XENONNT
investigation — Future upgrade for XENON1T

—> Sensitive to a few 10™cm?
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BAckupP: 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 & | R e
o L _
I -/ S~ Urrent Background model| @B ! KeV/c? Background model
E102__/ | \-“""--. est/lh;- — E102_k —
2 - | | \\\”(Ede/w . . Q 3'\ . ]
L - , | \\ elss\//) 7] - 1 | ?,f(cs keV/c? ]
B + N L, 4 (1T [ h LAy T h 5 H
o HIELH N o R T o,
EI E ” \/ /\ \\,<""‘\15kev;ci t + 1
_l Data: XENON100 _ |I ( / \ /( \ —\20 keV/c? Data; XENON100]

1 ! . ‘ . ‘ 1 ’ ) l 1 WY A W / . . \ . Okeviek =~

0 20 30 0 20 40 60 80 100

Solar axions S1 [PE] Galactic ALPs S1 [PE]

Expected signal of various ALP masses for g, =4 x 10"
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B ACKUP: CORRECTION | Light Yield xyMap for -151.00<z<-75.00 |

-100

150 T e e
-150 -100 -50 0 50 100 150
x[mm]

Example: Light yield map from 225 days of data "’Cs

- — oy
= — o
g 700 — % ;%N
— — £ 0
b — ¢ $ z
5 600 [— £
c — o
2 — E
3 500 — ,E
w —
400 — |
300 — ]
— —2
200 — —
= —3
100 —— éé
:I 1 | 1 | 1 1 ‘ 1 | 1 i ‘ 1 | 1 L ‘ 1 1 1
03/2011 05/2011 07/2011 09/2011 11/2011 01/2012 03/2012
Date [Menth/Year]

Electron life time of 225 days of data ‘
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BAckuUP: PROFILE LIKELIHOOD

Full Likelihood function” for m and o

Poisson distributed control
measurements:

k
= HPoiss(m.ﬂefiﬂ—i’,,.)

g

L = 9%1(0' Nb3687€b7[-:effaveSC5mX) ng(és) X G%JS(EE:) Xﬂgll(ﬁ )

\ ke
Ly = HPmss m*"|f JI[,)

XENON100 measurement

Detailed view:

Additional uncertainties

J

k i ; ;
N.f.(S51 Ny fi(S
Ly = HPG?,SS n’ el N, ""E.[,Nb % H eV f5(S1) 45 Nofi(ST)
J i=1 E-‘i*'m‘r-‘i +"{£ ﬁ"rb
€,€ — Probabilities to find an event

N, . N_ — Expected number signal/background events

f — Normalized WIMP spectrum
f, — ER background spectrum

(Observation + MonteCarlo)

Likelihood function over k-bands with n’ entries each

Single nuisance parameter t (normal distributed) to take

uncertainty into account:

—(t—tu,,,.bg
L(Leg))y=e€" T

(SZbJSI} - ER mean
o
(o]

o
(=]

log
=)
I

10
III|\\I|IH‘\IIlIII|III|III|\II|I

I 1 1 1 1 I 1 1 1 1 .I-‘_.I'..-I"LI-'I‘-—L_I--;'.I 1 | 1 | | | I 1 1 1 1
0 5 10 15 20 25 30 35
S1 [PE]

n
)

Background with (k = 12) bands based on NR data
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BAackuPr: WATER CHERENKOV MUON VETO

— Status of the water tank -

e Water Tank construction finished

» Support building already constructed

 Increase reflectivity and wavelength shifting
* Wavelength of interest: A < 380nm
* Foil inside the water tank
* Cladding finished

e PMT installation finished
e Calibration of the PMTs in the Muon veto:
 Diffuse light source — four diffuser balls

e Diffuser ball tests finished %\Oba\

* Each single PMT is calibrated by a fibre

'mdw'\d“a\
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