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Wyktad VIII

Eksperymenty nieakceleratorowe

e Pierre Auger

® Fermi

®* Poszukiewanie ciemnej materii



Promieniowanie kosmiczne

Promieniowanie pierwotne - obserwowane poza atmosferg ziemska

Energie dochodzace do 1012 GeV.
Sktad (pomijajac neutrina):

e protony (jadra H) ~ 86%

e czastki o (jadra He) ~ 13%

e ciezsze jadra ~ 1%

e neutrony, elektrony, fotony < 1%

Wcigz nie rozumiemy skad to

promieniowanie pochodzi:
e supernowe

e aktywne jadra galaktyk
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Nie rozumiemy dlaczego dociera do Ziemi !...

(powyzej 5 - 101° eV powinno by¢ pochtaniane w oddzi-
atywaniu z mikrofalowym promieniowaniem tta)

A.F.Zarnecki
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Promieniowanie kosmiczne I

Wtorne promieniowanie kosmiczne

Promieniowanie pierwotne oddziatuje
w atmosferze Ziemi. Produkowane sa liczne
czastki wtorne, gtéwnie piony i kaony:

p+N — X4+nm+mK-H ..

T — u ty
W — e + vyt ve
Docieraja do powierzchni Ziemi
e miony pu® ~70%
e elektrony e ~25%

e protony, piony 7t ~3%

k acznie okoto 180 na m? - s

A.F.Zarnecki Wyktad | 28



Promieniowanie kosmiczne

Wykorzystanie

Do lat 50 XX w. badanie oddziatywanh
promieniowania kosmicznego z materig
bylo jednym z gtéwnych kierunkow badan.

Wocigz pozostaje waznym zrodiem danych.

Budowane sg coraz wieksze detektory do
pomiaru promieniowania kosmicznego
najwyzszych energii.

Wazne narzedzie kalibracji detektorow.

Projekt “Pierre Auger Observatory”:
obserwacja promieniowania czerenkowa i fluorescencji kaskady w atmosferze.

1600 detektoréw rozmieszczonych na obszarze 3000 km?

A.F.Zarnecki Wyktad |
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Obserwatorium Pierre Auger

Badanie promieni kosmicznych w zakresie najwyzszych obserwowanych
energii, E > 10 EeV (>10%° eV):

sktad

lekkie czy ciezkie jadra, fotony, neutrina, ??
widmo energii

ksztatt widma w zakresie efektu GZK
rozktad kierunkowy

anizotropia, Zrédta punktowe

— wyjasnienie ich pochodzenia ???
- obserwacja catego nieba - detektory w Argentynie i w USA

- 2 * 3000 km? — duza statystyka danych
* hybrydowa detekcja wielkich pekéw: dwa uktady detektordow



Wielki pek atmosferyczny




Pierre Auger Cosmic Ray Observatory

Use earth’s atmosphere as a
calorimeter. 1600 water Cherenkov
detectors with 1.5km distance.

Placed in the Pampa Amarilla in
western Argentina.

W. Riegler/CERN
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Detektor naziemny

Antena
komunikacujna

Podiaczenie
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Obserwatorium Pierre Auger
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Detektor Fluorescencyjny
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Detektory fluorescencyjne
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Przykiad rzeczywistego peku

Event: 1364365
Los Morados

\ lg(EleV)~19.2
N (6,9)=(63.7, 148.4) deg

Los Leones

lg(E/eV)~19.3
(0,9)=(63.7, 148.3) deg

SD array: Ig(E/eV)~19.1
(6,9)=(63.3, 148.9) deg




Goals of the Observatory

Detection with high statistics of cosmic rays with energies >10%eV.
$ Spectrum
= Requiers a good energy determination ~ 20 - 30 %
& Arrival directions
= Angular resolution ~1°
& Composition
= Fast electronics to measure details of the shower front (SD)

= Field of view to observe shower development (FD)

q Science results




Detector Calibration

‘ Ground-Array | ‘ Fluorescence Telescopes I

Camera Calibrated

q light source

Ty e

200 400 &00 800 1000
ADC bins




Obserwable
(analiza sladu peku widzianego przez detektor powierzchniowy)

(P. Billoir, O. Blanch Bigas, Nucl. Phys. Proc. Suppl. 168 (2007) 225-231)
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Kryteria selekcji neutrinowych pekow

(dla pekow lecacych z dotu , dla obserwatorium Auger)

Selekcja pekéw poziomych \
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Selekcja pekow z silng skladowa EM

60% stacji z sygnatem ToT

powyzsze kryterium + dane z obs. Auger 01/2004-08/2007 => 0 kandydatow
The Pieer Auger Collaboration, Phys. Rev. Lett. 100, 211101 (2008)

aktualizacja: powyzsze kryterium+dane 01/2004-02/2009 => znow 0 kandydatow
The Pierre Auger Collaboration, Phys. Rev. D 79, 102001 (2009) 29



Primary energy determination: SD

SD measures the lateral structure of the shower at ground

BRI

34 triggered tanks
Theta=60°
Energy estimate
~ 102 eV
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One event seen by SD Particle lateral distribution

+ Reconstruct geometry (arrival direction & impact point)
+ Fit particle lateral distribution (LDF)
+ S5(1000) [signal at 1000 m] is the Auger energy estimator

("ideal” distance depends on detectors spacing)



FD records the longitudinal profile of the shower during its development in atmosphere

| 3 T X

dE/dX [MeVigiem?]
L9
Q

lL
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itudinal Sh Profife"
One event seen by FD Longitudina ower Profifé

Shover + Reconstruct geometry (shower detector plane, SDP,

Axis

and shower axis in SDP)

Fit longitudinal shower profile

Detector

Core
Location

Shower-Detector
(SD) Plane




Hybrid Events are used to
calibrate the SD energy

estimator, S(1000) (converted
to the median zenith angle, S38)

from the
FD calorimetric energy
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Primary energy determination: SD+FD

Hybrid Events are used to
calibrate the SD energy

estimator, S(1000) (converted
to the mediam zenith angle, S38)

from the
FD calorimetric energy
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Energy resolution:
statistical # 19%




FD Energy systematic uncertainty

=

—

Source

Systematic uncertainty

Fluorescence yield
P. T and humidity
effects on yield
Calibration
Atmosphere
Reconstruction
Invisible energy

14% (G—

7%

9.5% (o

4% —
10%

TOTAL

(6)
O
(22%)|

Stereo events
= reconstruction uncertainty

p 10%, consistent with MC

L
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Total FD E uncertainty: 22%




20 May 2007 E ~ 10" eV




Extending the energy range with hybrid events

Hybrid

-
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SD: D. Allard et al., ICRC 2005
Hybrid: L. Perrone et al., ICRC 200
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> energy threshold 108 eV covering the ankle region
» good energy resolution o(E)/E < 10%

» calorimetric energy measurement

loana C. Maris Pierre Auger Observatory 7/22



Energy spectrum from hybrid data
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Most violent processes in the Universe

» EXxtreme conditions in Nature

Non thermal emission

(U
o
=
O

» Acceleration on several distanc

Direct iInformation from the source

» Neutral particles

Universe Is transparent to gamma rays
* Opacity Is energy aepencent




SSC: a (minimal) standard model

SSC explains most observations, not necessarily the most interesting...
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aploring the High-Energy Universe

gammarays provide a direct view into Nature’s largest accelerators
(neutron stars, black holes)

gamma rays probe cosmological distances
(e.g., v+ Vpp > e &)

huge leap in key capabilities, including a largely unexplored energy
range; great potential for discovery: e.g. dark matter

Two instruments: Large Area Telescope (LAT), 20 MeV - >300 GeV
Gamma-ray Burst Monitor (GBM), 10 keV - 25 MeV



BNL Seminar Feb 19, 2009

Gamma Ray Space Telescopes

Pair production ; [
¢ Short wavelength P : i

» Radiation cannot be focused
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E. do Couto e Silva SLAC/KIPAC
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BNL Seminar Feb 19, 2009

Large Area Telescope

¥ | incoming gamma ray
Tracker

v direction and
identification

Calorimeter

Y energy
Image particle
showers

Anti-coincidence
detector

Background rejection

3000 kg, 650 W (allocation) segmentation reduces self-
18mx1.8mx1.0m veto at high energies
20 MeV — 300 GeV

electron—positron pair




BNL Seminar Feb 19, 2009

LAT Integratlon and Tests at SLAC

| Integration of anti-coincidence detector
with 16 towers



LAT Gamma Candidate Events

The green crosses show the detected positions of the charged particles, the blue lines show
the reconstructed track trajectories, and the yellow line shows the candidate gamma-ray
estimated direction. The red crosses show the detected energy depositions in the
calorimeter.




EAYRas a Telescope

Ang. Res. Ang. Res. | Eng. Rng. Ay §2

(100 MeV) | (10GeV) | (Gev) | (cmesn | #rrays
o o 1.4 X
5.8 0.5 0.03-10 750 T

Yy7° 0.2°

0.02-300 25,000 1 x 108/yr

e EGRET and AGILE, LAT is an effective
hole sky every ~3 hours
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GBM Detectors

* Placement of detectors to view entire sky while maximizing sensitivity
to events seen in common with the LAT.

X 4 x 3 Nal Detectors with different orientations.

* 2 x 1 BGO Detector either side of spacecraft.
| | L
|
BGO detector.
200 keV --40 MeV

Spectroscopy
Bridges gap between Nal and LAT.

Nal detector.

8 keV -- 1000 keV.
Triggering, localization,
spectroscopy.

Tokyo 2009 V. Connaughton






3C454.3
Supermassive black hole
8 billion light-years from us
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GLAST-LAT detection of extraordinary
gamma-ray activity in 3C 454.3

ATel #1628; G. Tosti (UnivIINFN-Perugia) ,I. Chiang (SLAC), B. Lott (CENBG/Bordeaux), E.
do Couto e Silva (SLAC), J. E. Grove (NRL/Washington), J. G. Thayer (SLAC) on behalf of the
GLAST Large Area Telescope Collaboration
on 24 Jul 2008; 14:25 UT
Password Certification: Gino Tosti (tosti@pg.infn.it)

Subjects: Gamma Ray, >GeV, AGN, Quasars

The Large Area Telescope (LAT), one of two instruments on the Gamma-ray Large Area Space
Telescope (GLAST) (launched June 11, 2008), which is still in its post-launch commissioning and
checkout phase has been monitoring extraordinarily high flux from the gamma-ray blazar 3C 454.3
since June 28, 2008. This confirms the bright state of the source reported by AGILE (see ATel

#1592) and by the optical-to-radio observers of the GASP-WEBT Project (ATel #1625).

3C 4543 has been detected on time scales of hours with high significance (> 5 sigma) by the LAT
Automatic Science Processing (ASP) pipeline and the daily light curve (E>100 MeV) indicates that
the source flux has increased from the initial measurements on June 28. Although in-flight
calibration is still ongoing, preliminary analysis indicates that in the period July 10-21, 2008 the
source has been in a very high state with a flux (E>100MeV) that is well above all previously
published values reported by both EGRET (Hartman et al. 1999, AplS, 123,79) and AGILE (see
e.g. ATel #1592 and Vercellone et al. 2008, ApJ,676,L13).

Because GLAST will continue with calibration activities, regular monitoring of this source cannot
be pursued. Monitoring by the LAT is expected to resume in early August. In consideration of the
ongoing activity of this source we strongly encourage multiwavelength observations of 3C 454 3.

The GLAST LAT is a pair conversion telescope designed to cover the energy band from 20 MeV to
greater than 300 GeV. It is the product of an international collaberation between NASA and DOE in
the U.S. and many scientific institutions across France, Italy, Japan and Sweden.
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<+ Similar features

< Apparent delay of high-energy emissions
+ Highest energy is very late (GRB080825C)
* No detectable low energy emissions
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Gamma-ray Universe Revealed by Fermi GST,
H. Tajima, ICRR Seminar, December 16, 2008




Dark Matter: Why and How ﬂ(".

F. Zwicky
- 1898-1974

DM searches:
Prof. E. Aprile,
Tue 215, 9:00

observed

Bullet cluster

expecied
from
__ luminous disk

‘., . X .
strong gravitational lensing: galaxy cluster CL0O024+17

M33 rotation curve

Direct detection of WIMPs (Weakly Interacting Massive Particles):
WIMP Scatt. WIMP Y

Challanges to Way to go:
\ ““‘v overcome:
: >Count rate: e a, B, v: > low radioactivity;
‘ <102 evt/kg/day! o Neutrons; > powerful rejection;
: A » background
Recoil ’%J e L-induced events; know%edge;

nucleus - Ex~10 keV ~

L b T

|: : t . |” — & HELHnoLTI Forschungszentrum Karlsrunhe
V.Yu. Kozlov | EDELWEISS Il | HEP'09 | 16 July 2009 orschungszentrum Rarisrune 5m | GEMEINSCHAFT [~ nderHelmholtz-Gemeinschaft
und Universitat Karlsruhe (TH)



Comprehensive Dark Matter Searches at SLAC

Direct Searches

UNDERGROUND
superCDMS @ SNOLAB/DUSEL

Indirect Searches Collider Searches

'.’ -:'-\ Ill.
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» hol? %
1 X 7 N : §
_'F__!_ 3 2 3_’-:;, -
¥ X - 3 o
N - e - .
b A e i A &
e R T Wt DRESS
gl o o2, Ty \ R ;
; 'nll-:? .;'\.i.': ) : 5 _.!- |
Adapted from J. Feng CO L L I D E R

SPACE
Fermi Telescope q q ATLAS @ LHC

E. do Couto e Silva SLAC/KIPAC 4



How to detect WIMPs?

Tevatron

o

Pl

WIMP production on Earth

FERMI-GLAST




crnigues

XENON

H. Sobel

Szukamy bardzo rzadkiego procesu: konieczna koincydencja dwoch sygnatur.



Direct Detection of WIMPs

Dark

Matter Halo
Solar
system
ey , P
) WIMPs and Neutrons
\:gé "\ scatter from the
" Atomic Nucl&us
' ’r, < e
-3 ' f > '
Disk: Y 2
Dark matter and .| ‘;
baryons

| Photons and Electrons
scatter from the
Atomic Electrons

15 kpc
50 kpc

Spherical Isothermal Halo
Max. Boltz. v distribution,
<r>~230km/s

RARE EVENT SEARCH

Build a good mousetrap!

* Choose target material to “see” recoils

“See” Nuclear Recoils

e Discriminate NRs f ER
Iscriminate INRs Trom ERs <E.>~30 keV, < ~levent/kg/100days

* Reduce background

Zeeshan Ahmed 4 EPS HEP 2009



CDMS-2 in a nutshell

Ge & Si target masses

Zeeshan Ahmed
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discovery potential
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Control Backgrounds by going
underground, using clean materials and
shielding

~

J

EPS HEP 2009




ZIP: Z-sensitive lonization & Phonon Detectors

&%L“%LA!‘ ?mg\@um’

Phonon readout: 4 quadrants of
superconducting Al phonon absorbers
and W Transition-Edge Sensors

W TES

\Hi 1.1.{, , é.;
m
ML |

I
””hl 1[1'

T

bias @40mK

Charge readout: 2 concentric

electrodes for measurement

and fiducial volume 4“ ~ 10mK

Rres B <---->
. . (Q) 3|
S e) sctor quasiparticle W Transition- :
___d'fﬂ)on_O’O Edge Sensor s . Tungsten
@ (0,02 1] ' Transition Edge

>> Sensor (TES)
W T~ 80mK T (mK)

Zeeshan Ahmed 6 EPS HEP 2009



Basic Discrimination principles

R297 Bulk and Surface events sensor D

1.5

== Surface (Er = 22keV Y= 0 5)

Reject bulk electron recoils using y=Q/Erecoil Bk (e oV ey
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® e + Surface electron recoils
B¢ .- | o Nuclear recoils
0 1 Lo recoil energy 10-100 keV ||
100 \
= 0.8 : L Bulk Electron|
2 . ' Recoils
- . :
- N £ 0.6 ' urface Electron
*Events within 10 micron “dead layer” have g Recoils
. =
poor charge collection =04 o & :
*Elect -rays | f ° p 87 ©
ectrons, X-rays Iow energy gammas trom € 2 o
contamination of surfaces surrounding 02, o
detectors . Accept as WIMP candidates
- J 05 10 15 20 25 30
Timing Parameter (us)
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Background Control in CDMS-2

. -
HE=S | EVEL NO. 27 e

LOW THE SU

O A \

RF shi
10,000 clean room

elded class

Passive shieldin Plastic scintillator muon veto
g

Zeeshan Ahmed 8 EPS HEP 2009




CDMS-2 @ Soudan

4 )
30 detectors installed and operating in
Soudan since June 2006.

e 4.75 kg of Ge,

e Seven Total Data Runs:
e R123 - R124:
e taken: (10/06 - 3/07) (4/07 - 7/07)
e exposure: ~400 kg-d (Ge “raw”)
e PRL 102, 011301 (2009)
e R125 - R128
e taken: (7/07 - 1/08) (1/08 - 4/08)
(5/08 - 8/08) (8/08 - 9/08)
e exposure: ~ 750 kg-d (Ge “raw”)
T1 T2 T3 T4 T5 e Under Analysis
e R129:
e taken: (11/08 - 3/09)

G7
G36
829
G26
G39
G24

S12
G37
S§10
G35
G34
G38 "

S17.
G257

S14 [
[
B S30 T
[
I
L

528
G13
S§25
G31
S26l

Z1

Z3
Z4
Z5
Z6

B B B B
a2 B B B

G337
G32 =
G29 "=

o B B B B
8 B B B B
rererreErr
8 B R R
LA B B B B

Side View
\_ J
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CDMS-2 : First Five Tower Result

Blind Analysis: PRL 102, 011301 (2009)

Event selection and efficiencies were calculated without looking at the
signal region of the WIMP-search data.

1.5 l l + g ! n
. ng3-4 WIMP-search Data ™ *
++F: ++$t: N + 4 ¥ ++ n ;_F+++ + ++_T_|-:t
s | ++#+:*’+f+ E }%
e Event Selection:
.
= sty fiooguets * Energy threshold (/0-100 keV)
= o : e Veto-anticoincident
3 e Single-scatter
£ os e Inside fiducial volume
e 2-sigma Nuclear Recoll
® Phonon timing
0 | |
0 20 40 60 80 100
Recoil energy (keV)
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CDMS-2 : First Five Tower Result

PRL 102, 011301 (2009)

1 T T T
| Quality, Singles, Veto
o == Fiducial volume
::; 0.8 | = = =Nuclear recoil band ]
Estimated number of background events to L ormeviosium ool Phonontiming |
. S 0.6f | et SRS
pass surface cut in Ge = ¢
S i
£ 04r e
S
0.610:2(stat. t. T
&
(8 a ) (Sys ) Z 0.2
0 1 Il 1 1 1 1 Il
5 10 15 20 25 30 35 40 45 50
Recoil energy (keV)

Poly Cu (a,n): <0.03
Pb (fission): <0.1

Cosmogenic: < 0.1 (MC 0.03-0.05)
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CDMS-2 : First Five Tower Result

FAIL
timing cut

PASS
timing cut

Zeeshan Ahmed

PRL 102, 011301 (2009)

NO EVENTS

Ionization yield
=

Ionization yield
=

&
b9

]

&
=

= —

&
o

N

=

—

OBSERVED!

40 60 80
Recoil energy (keV)

100
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LOW THRESHOLD ANALYSIS

NR band (+1.25,-0.5)0

Maximizes sensitivity to nuclear recoils while minimizing
expected backgrounds

1.3 keV line

Ionization yield

0.1 T _
of: N PRt |
. _ Zero-charge Sctor
2 10 100
NO background subtraction! Recoil energy (keV)

Limits set using optimum interval method: S. Yellin,
PRD, 66, 032005 (2002); arXiv:0709.2701v1 (2007)
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RESULTS FOR NR SINGLES

* No annual modulation In the energy interval between 5 keV,
and | 1.9 keVy

* Annual Modulation signal of CoGeNT and CDMS Il are
incompatible at >95% CL NR Singles

5-119 keVnr
1.2 - 3.2 keVee (CoGeNT

- Would require modulation
fraction in CDMS of nearly 100%
(same for full energy range)

T':' 0.5} : g 0
% CDMS

= ]

> o

z o-+;.;.------'}5;-+¢-+*--+*L-«-r---- <
2 a
3

2 g5 ' ‘ o

0 200 400 600 1.5

Days Since Jan. 1st
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SuperCDMS Experimental Set-up

the cartoon shows the set-up for an experiment at SNOLAB

muon veto (not shown)

Ge Tower
(12 detectors)

R [ T [ e [ (o

A

Cryostat/shield

Data
Acquisition

8-2010
B8OTA1



Operate Underground to Reduce Backgrounds

=
o Deeper site reduces
SuperCDMS cosmogenic neutron
cavern at e ; background entering
SNOLAB : the detector
‘ o WIPP
- Wl g >
—~ T Current Soudan
- )
T SuperCDMS
>
¢ Soudan & Gran Sasso
« < 1unvetoed neutron £ 600 times
for ~ 7000 kg-days p less muon
= Mont Blanc
+ SNOLAB
« 1 neutron /year /ton SuperCDMS Sudbury
« 6060 mwe ~ 2 km
+ DUSEL
7100 mwe

Depth (meter water equivalent)

E. do Couto e Silva SLAC/KIPAC



Dark Matter Direct Detection

e (N . COUPP il Tracking:

o Phonons ‘ ’
CDMS f CRESST
EDELWEISS ROSEBUD

Light

GERDA XENON DEAP/CLEAN
MAJORANA LUX, ZEPLIN DAMA, KIMS §
ConGeNT e WARP, ArDM XMASS




Double phase TPC

ePrimary scintillation signal (51)
ef|ectrons drift over 30 cm max distance

WiMPs/Neutrons eElectrons are extracted and accelerated generating
secondary scintillation signal
P ¢ [he time difference between the two signals gives
i .} information on event position in z
|
3 200 gamma
. e S2
nuclear recoil GGS\ \ \\I hv  Eext g 1%
s e 5100
Gammas h : - S1 drift time
Liquid : E ) | ) g \
't d |
hv + Ldrift 0 20 40 60 80 100 120
I time [usec]
i Y
\ 200 WIMP (here neutron)
e- £ 150
Er¥ ~ 100
hv j S2
2NN | St .
V4 AV N 50 drift time h
electron recoil 0 h >
0 20 40 60 80 100 120

firma laeard



Why Liguid Xenon”

v large mass (ton scale)

v easy cryogenics

v low energy threshold (a few keV)
v A~131 (good for Sl)

v ~50% odd isotopes (SD)

v background suppression

e good self shielding features (~3
g/cm3)

* l[ow intrinsic radioactivity

e gamma background
discrimination

e position sensitive (TPC mode)

Rate [evis/keVr/kg/day]

WIMP Scattering Rates

10°

10°

18 evts/100-kg/year
(Ein=>5 keVr)

8 evts/100-kg/year
(Epn=15 keVr)

M, =100 GeV,0,_, = 10~ *cm?

— Xe (A=131)
Ge (A=73)
— Ar (A=40)

—
-
=)
o

10

20

30 40

IEDI N IEDI 70 IBU
Recoil Energy [keVT]



Xenon100: PMT light calibration

- s 3.3
wIiigit: =ZF
HEEFEE §
S
S
.ED-. . ] ; - mm
MB 3L ll i HHEEII l
P EilF| mﬁ
7 A l HMIM l@
" mﬂw@m@&% s, HE@MMNNM
S DA AR ) & SRR O
¥ [ & 25t U 14 G LA B
e g S AEAAG N
l m@ B@ﬁ@ 43 l ;N A2 IN l
ERE T ey = VEHEH
Sl R el P

4 optical fibers




Xxenon100: Position reconstruction

Y i i

drift time -> z

Y position [cm]
o

1
0
T T 1

- -
=] th
T T 11

L4
T T T 11

-
o
T T 11

1
-
152

" T T 1

X position [cm]

Cs137 from the side

rate [mHz]

= | S1sTot[0]: 1453.5 pe h Very localized S2 hit pattern (xy
- | S2sTot[0]: 14394 pe T 4 position information)

: r W ‘

:_ :i:. bl I;I“M"."‘.II;JII ] .'u.'.l;ci n:'_ "o-'&n%liuini \:::h::: ' TopiAmay

;_L4 At=159.3 ps > ﬁ

S T T N 1 R P R P B T S, 0

Time (samples)

SN

G;\'\fsa {73 g
e

3 different methods for xy position reconstruction:
neural network

support vector machine
east squares minimization



What Is inside has to be carefully selected

242 (Hamamatsu R8520) 1"x1"
low radioactivity PMTs

Copper 100 kg L Xe Active vet l
Cables (side, top and bottom)"™




Install the detector underground...

— (Gran Sasso
PE b SRR OrTOoN




The XENON Roadmap X@

<+ XENON
past current future deter ok

(2005 - 2007) (2008-2010) (201 1-2015)

P 3]
-
TN

XENON10 XENON100 XENON1T

Achieved (2007) 0s=8.8 xI0* cm?  projected (2010) Os1~2x 105 cm? Goal: 05 <1046 cm?
Phys. Rev. Lett. 100, 021303 (2008)
Phys. Rev. Lett. 101,091301 (2008

E.Aprile, WONDER-2010



Summary

1[}-39 == |“,‘ I I I I I I [ | I I I I I I I T ;\

a) = -

;\‘ SAMA/N: XENON100 (2011) by

a0 L\ ‘ ‘ Q N — observed limit (90% CL) RN

E 1[}'4“ R SR X i . . 1R

5 SR N e Expected limit of this run: S

9 S \ ‘} CoGeNT + 16 expected = O

g B\ RS DAMA/I oo y -

= N\ S0 Lams (2011) + 2 O expectec S
":.J‘ -l[}-l”. — - \ \ —

A = N S SIMPLE (2011) -z

" SRS TR\ LDM%{.Z{TU] --------------- :Dé

E B "*'.\ 3 ) e

@ 10 =3 : XEN(’NI"Q..E_E’ only,2011) CRESST (2007, reanalysis) =3

g — . EDELWEISS (2011) XENONI100 (2010) = %

o — N e O

= *\H " ZEPLIN-III e isco ©
Z; 10—43 E_ -H“"'n..._::"-.__ -.-:;;__._#u-i"
E =44 | — \ —
E 10 = - Trottaetal. =
B AN AN =

u Bm, mue Iu @ Liquid noble gas detectors
10—45 R | | | currently dominate the field
6 78910 20 30 40 50 10{] 200 of direct dark matter searches

WIMP Mass [GeV/c’] Very likely, this will not

change in the future.
M. Schumann (U Zurich) — Liquid Noble Gas Detectors 57





