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Wykład VIII
Eksperymenty nieakceleratorowe

•

•

Pierre Auger

•

Fermi

Poszukiewanie ciemnej materii



Promieniowanie kosmiczne

Promieniowanie pierwotne - obserwowane poza atmosferą ziemską

Energie dochodzące do 1012 GeV.

Skład (pomijając neutrina):

• protony (jądra H) ∼ 86%

• cząstki α (jądra He) ∼ 13%

• cięższe jądra ∼ 1%

• neutrony, elektrony, fotony ≪ 1%

Wciąż nie rozumiemy skąd to
promieniowanie pochodzi:

• supernowe

• aktywne jądra galaktyk

• ???

Nie rozumiemy dlaczego dociera do Ziemi !...
(powyżej 5 · 1019 eV powinno być pochłaniane w oddzi-
aływaniu z mikrofalowym promieniowaniem tła)
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Promieniowanie kosmiczne

Wtórne promieniowanie kosmiczne
Promieniowanie pierwotne oddziałuje
w atmosferze Ziemi. Produkowane są liczne
cząstki wtórne, głównie piony i kaony:

p + N → X + n π +m K + ...

π− → µ− + ν̄µ

µ− → e− + νµ + ν̄e

Docierają do powierzchni Ziemi

• miony µ± ∼70%

• elektrony e± ∼25%

• protony, piony π± ∼3%

Łącznie około 180 na m2 · s

A.F.Żarnecki Wykład I 28



Promieniowanie kosmiczne

Wykorzystanie
Do lat 50 XX w. badanie oddziaływań
promieniowania kosmicznego z materią
było jednym z głównych kierunków badań.

Wciąż pozostaje ważnym źródłem danych.

Budowane są coraz większe detektory do
pomiaru promieniowania kosmicznego
najwyższych energii.

Ważne narzędzie kalibracji detektorów.

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

1600 detektorów rozmieszczonych na obszarze 3000 km2
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Obserwatorium Pierre
 

Auger

Badanie promieni kosmicznych w zakresie najwyższych obserwowanych 
energii, E > 10 EeV  (>1019

 

eV):

skład
lekkie czy ciężkie jądra, fotony, neutrina,  ?? 

widmo energii
kształt widma w zakresie efektu GZK

rozkład kierunkowy
anizotropia, źródła punktowe

→

 
wyjaśnienie ich pochodzenia ???

• obserwacja całego nieba –
 

detektory w Argentynie i w USA
• 2 * 3000 km2

 

→

 
duża statystyka danych

• hybrydowa detekcja wielkich pęków: dwa układy detektorów



Wielki pęk atmosferyczny



53W. Riegler/CERN

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.





Detektor naziemny



Obserwatorium Pierre
 

Auger

Sieć powierzchniowa
1600 stacji
rozstaw 1.5 km
3000 km2

Detektor Fluorescencyjny
4 budynki teleskopów
łącznie 24 teleskopy



Detektor Fluorescencyjny

zwierciadło
średnicy 3.4 m

Przysłona

filtr optyczny

kamera 440
 

pikseli



Detektory fluorescencyjne
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Goals of the Observatory

Detection with high statistics of cosmic rays with energies >1019eV.

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)

Science results



Detector Calibration



  długość L i szerokość  W: 
   główna i boczna oś   
   elipsoidy inercji ważonej  
   przez sygnał stacji. 

  prędkość efektywna <V>: 
   dla każdej pary stacji 
   (odległość zrzutowana na 
   główną oś elipsoidy/ różnica 
   pomiędzy czasem triggera) 

20 

Pęk poziomy 

Pęk pionowy 



                                               60% stacji z sygnałem ToT 

ss 

Symulacje: 
  pęki taonowe 

zebrane dane 

22 

Selekcja pęków poziomych 

Selekcja pęków z silną składową EM 



Primary energy determination: SD

Particle lateral distribution

✦ Reconstruct geometry (arrival direction & impact point)

✦ Fit particle lateral distribution (LDF)

✦ S(1000) [signal at 1000 m] is the Auger energy estimator 

(“ideal” distance depends on detectors spacing)

One event seen by SD

34 triggered tanks
Theta=60˚

Energy estimate 
≈ 1020 eV

SD measures the lateral structure of the shower at ground



Primary energy determination: FD

One event seen by FD

✦ Reconstruct geometry (shower detector plane, SDP, 

and shower axis in SDP)

✦ Fit longitudinal shower profile

✦ E ∝ area under the curve 

✦ Calorimetric measurement

dE
dX

dX∫ ~ E

Longitudinal  Shower Profile

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



Primary energy determination: SD+FD

FD

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

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

SD
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Energy resolution: 
statistical ≈ 19%



FD Energy systematic uncertainty

Stereo events
⇒ reconstruction uncertainty

‣ 10%, consistent with MC

Total FD E uncertainty: 22%

Fluorescence yield
AIRFLY + Nagano



   



Extending the energy range with hybrid events
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MC studies

Hybrid: L. Perrone et al.,  ICRC 2007
SD: D. Allard et al., ICRC 2005

Hybrid

SD

◮ energy threshold 1018 eV covering the ankle region

◮ good energy resolution σ(E )/E < 10%

◮ calorimetric energy measurement
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Energy spectrum from hybrid data

Energy [eV]

1810 1910 2010

]
 2

 e
V

-1
 s

r
-1

 y
r

-2
 J

(E
) 

[k
m

 3
 E

3710

3810

(E/eV)
10

log
18 18.5 19 19.5 20 20.5

Auger SD 2009

Auger Hybrid 2009
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Peter F. MichelsonPeter F. Michelson
Stanford UniversityStanford University
Principal Investigator, Large Area Principal Investigator, Large Area 
Telescope CollaborationTelescope Collaboration

on behalf of the Fermi LAT Collaboration on behalf of the Fermi LAT Collaboration 
and the Fermi missionand the Fermi mission

LARGE AREA TELESCOPE: LARGE AREA TELESCOPE: 
INTRODUCTION AND INTRODUCTION AND 
SCIENCE HIGHLIGHTSSCIENCE HIGHLIGHTS



BNL Seminar Feb 19, 2009

E. do Couto e Silva SLAC/KIPAC 

Characteristics of  Characteristics of  raysrays



 

Most violent processes in the UniverseMost violent processes in the Universe
•• Extreme conditions in NatureExtreme conditions in Nature



 

Non thermal emission Non thermal emission 
•• Acceleration on several distance and time Acceleration on several distance and time 

scalesscales



 

Direct information from the sourceDirect information from the source
•• Neutral particlesNeutral particles



 

Universe is transparent to gamma raysUniverse is transparent to gamma rays
•• Opacity is energy dependentOpacity is energy dependent
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SSC: a (minimal) standard model

SSC explains most observations, not necessarily the most interesting…

~E-2.5



•• gamma rays provide a direct view into Naturegamma rays provide a direct view into Nature’’s largest accelerators s largest accelerators 
(neutron stars, black holes)(neutron stars, black holes)

•• gamma rays probe cosmological distancesgamma rays probe cosmological distances
(e.g.,  (e.g.,  γγ + + γγEBLEBL ee++ + e+ e--))

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

TwoTwo instruments:   Large Area Telescope (LAT),  20 MeV  instruments:   Large Area Telescope (LAT),  20 MeV  -- >300 GeV>300 GeV
GammaGamma--ray Burst Monitor (GBM),  10 keV  ray Burst Monitor (GBM),  10 keV  -- 25 MeV25 MeV

LAT

GBM
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E. do Couto e Silva SLAC/KIPAC 

Gamma Ray Space Telescopes  Gamma Ray Space Telescopes  



 

Short wavelength Short wavelength 
•• Radiation cannot be focusedRadiation cannot be focused



 

Cross section increases ~ 20 MeVCross section increases ~ 20 MeV
•• Pair production dominatesPair production dominates


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LAT Silicon TrackerLAT Silicon Tracker
Silicon strip detectors from Hamamatsu Photonics and Japan GLAST
Collaboration are a key part of LAT’s success

LAT TKR performance
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11,500 sensors
350 trays
18 towers

~106 channels
83 m2 Si surface

assembled Tkr tower
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E. do Couto e Silva SLAC/KIPAC 

LLarge arge AArea rea TTelescopeelescope

Tracker
direction and 
identification

Calorimeter


 

energy
image particle 

showers

Anti-coincidence 
detector

Background rejection
segmentation reduces self- 

veto at high energies

LAT
3000 kg,  650 W (allocation)

1.8 m 

 

1.8 m 

 

1.0 m
20 MeV – 300 GeV
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E. do Couto e Silva SLAC/KIPAC 

Integration of anti-coincidence detector 
with 16 towers

Tracker

LAT Integration and Tests at SLAC LAT Integration and Tests at SLAC 

Calorimeter

LAT Integration & Test Team



5

LAT Gamma Candidate EventsLAT 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. 



YearsYears Ang. Res.Ang. Res.
(100 MeV)(100 MeV)

Ang. Res. Ang. Res. 
(10 GeV)(10 GeV)

Eng. Eng. RngRng. . 
(GeV)(GeV)

AAeffeff ΩΩ
(cm(cm22 srsr)) # # γγ--raysrays

EGRETEGRET 19911991––0000 5.85.8°° 0.50.5°° 0.030.03––1010 750750 1.4 1.4 ××
101066/yr/yr

AGILEAGILE 20072007–– 4.74.7°° 0.20.2°° 0.030.03––5050 1,5001,500 4 4 ×× 101066/yr/yr

Fermi 
LAT 2008– 3.5° 0.1° 0.02–300 25,000 1 × 108/yr

AGILE (ASI)

EGRET

Fermi / LAT

• LAT has already surpassed EGRET and AGILE celestial gamma-ray totals 

• Unlike EGRET and AGILE, LAT is an effective  All-Sky Monitor
whole sky every ~3 hours

CGRO EGRET



V. ConnaughtonTokyo 2009

GBM Detectors

BGO detector.
200 keV -- 40 MeV
Spectroscopy
Bridges gap between NaI and LAT.

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

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

! 4 x 3 NaI Detectors with different orientations.

! 2 x 1 BGO Detector either side of spacecraft.



July 1 – Sept 24, 2008



3C454.3
Supermassive black hole
8 billion light-years from us



Gamma-ray Universe Revealed by Fermi GST, 
H. Tajima, ICRR Seminar, December 16, 2008

Lightcurves for Other LAT GRBs
✤ Similar features

❖ Apparent delay of high-energy emissions
❖ Highest energy is very late (GRB080825C)

• No detectable low energy emissions
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3 V.Yu. Kozlov | EDELWEISS II | HEP'09 | 16 July 2009

KIT – die Kooperation von
Forschungszentrum Karlsruhe GmbH
und Universität Karlsruhe (TH)

Direct detection of WIMPs (Weakly Interacting Massive Particles):

Challanges to 
overcome:
• α,    β,    γ ;
• Neutrons;

• μ-induced events;

Way to go:

low radioactivity;
powerful rejection;
background 
knowledge;

Count rate:

< 10-2 evt/kg/day!

WIMP Scatt. WIMP

Recoil 
nucleus → ER ~10 keV

Dark Matter: Why and How?

Bullet cluster

F. Zwicky
1898-1974

DM searches:
Prof. E. Aprile, 
Tue 21st, 9:00



E. do Couto e Silva SLAC/KIPAC  4

Comprehensive Dark Matter Searches at SLAC

Indirect Searches

SPACE

Fermi Telescope

Collider Searches

COLLIDER

ATLAS @ LHC

χ χ

q qAdapted from J. Feng

Dark Matter

quarks

Direct Searches

UNDERGROUND

superCDMS @ SNOLAB/DUSEL
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Tevatron 

HESS 

GLAST 

CDMS 
LHC 

FERMI-GLAST 

WIMP scattering on Earth 

WIMP annihilation in the cosmos 

WIMP production on Earth 



Szukamy bardzo rzadkiego procesu: konieczna koincydencja dwoch sygnatur. 39

 x

H. SobelM. Schumann

XENON

Dark MatterDark Matter
Direct Detection TechniquesDirect Detection Techniques



Zeeshan Ahmed EPS HEP 2009

Direct Detection of  WIMPs

4

Spherical Isothermal Halo
Max. Boltz. v distribution, 

<v>~230km/s
 

“See” Nuclear Recoils
<Er>~30 keV,  < ~1event/kg/100days

RARE EVENT SEARCH
Build a good mousetrap!
• Choose target material to “see” recoils

• Discriminate NRs from ERs 

• Reduce background
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CDMS-2 in a nutshell

5

Ge & Si target masses

ER
 ba

ck
gro

un
d

NR signal

Ephonon

E c
ha

rg
e

Event by event discrimination of nuclear 
and electron recoils using ionization and 

phonon signals

Control Backgrounds by going 
underground, using clean materials and 

shielding

Allow <1 background 
event to maximize 
discovery potential
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ZIP: Z-sensitive Ionization & Phonon Detectors

6

Al Collector
W Transition-
Edge Sensor

Ge or Si

quasiparticle
diffusion

phonons

250x1μm 
W TES 

380x60μm 
Al fins 

RTES 

(Ω)

4

3

2

1

T (mK)Tc ~ 80mK

~ 10mK

Tungsten 
Transition Edge 
Sensor (TES)

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

Charge readout: 2 concentric 
electrodes for measurement 
and fiducial volume

bias

E

A
B C

D

@40mK

7.6 cm

1 cm
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Basic Discrimination principles

7
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FIG. 1: Ionization yield versus timing parameter (see text) for
calibration data in one of our Ge detectors. The yield is nor-
malized to unity for typical bulk-electron recoils (dots; from
133Ba gamma rays). Low-yield 133Ba events (+), attributed to
surface electron recoils, have small timing parameter values,
allowing discrimination from neutron-induced nuclear recoils
from 252Cf (◦), which show a wide range of timing parameter
values. The vertical dashed line indicates the minimum tim-
ing parameter allowed for candidate dark matter events in this
detector, and the box shows the approximate signal region,
which is in fact weakly energy dependent. (Color online.)

of true nuclear recoils, with the ionization-based fidu-
cial volume and phonon-timing cuts imposing the high-
est costs in signal acceptance, both measured on neutron
calibration data, as shown in Figure 2. The exposure of
this analysis is 397.8 kg-days before and 121.3 kg-days af-
ter these cuts (averaged over recoil energies 10–100keV,
weighted for a WIMP mass of 60GeV/c2).

To avoid bias, we performed a blind analysis. An event
mask was defined during initial data reduction to re-
move events in and near the signal region from WIMP
search data sets while developing the analysis. This mask
was based on primary quantities not subject to refine-
ment during the analysis process, keeping the event selec-
tion constant throughout the analysis process described
above. After WIMP selection criteria were finalized, the
masking was relaxed to cover only the actual signal re-
gion to aid in background estimation.

Surface events mainly occur due to radioactive contam-
ination on detector surfaces, or as a result of external
gamma ray interactions releasing low-energy electrons
from surfaces near the detectors. A correlation analy-
sis between alpha-decay and surface-event rates provides
evidence that 210Pb (a daughter-product of 222Rn) is a
major component of our surface event background [12].
Surface events generated in situ at Soudan, either from
calibration with a 133Ba source or naturally present in
the WIMP search data, were studied to understand the
surface event leakage into the signal region. We estimate
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Nuclear recoil band

Phonon timing

FIG. 2: Nuclear-recoil acceptance efficiency for event-specific
cuts (i.e. excluding discarded data periods) as a function of
recoil energy, averaged over all detectors used in the current
analysis, weighted by their individual livetimes. The four
curves represent the cumulative efficiencies at various stages
during the analysis, culminating with the final efficiency (bot-
tom) used to generate Figure 4.

the surface event leakage based on the observed num-
bers of single- and multiple-scatter events in each detec-
tor within and surrounding the 2σ nuclear-recoil region.
The expected background due to surface interactions in
this WIMP search analysis is 0.6 ± 0.5 events.

Neutrons induced by radioactive processes or by
cosmic-ray muons interacting near the apparatus can
generate nuclear-recoil events that cannot be distin-
guished from possible dark matter interactions on an
event-by-event basis. Monte Carlo simulations of the
cosmic-ray muons and subsequent neutron production
and transport have been conducted with FLUKA [13],
MCNPX [14] and GEANT4 [15] to estimate this cos-
mogenic neutron background. Normalizing the results
to the observed veto-coincident multiple-scatter nuclear-
recoil rate leads to a conservative upper limit on this
background of <0.1 events in our WIMP-search data.

Additional Monte Carlo simulations of neutrons in-
duced by nuclear decay were based on gamma-ray mea-
surements of daughter products of U and Th in the ma-
terials of our experimental setup and the assumption of
secular equilibrium. The respective background estimate
is <0.1 event, dominated by the deduced upper limit of
U in the Pb shield. Direct measurements of U in Pb [16]
from the same source as the Pb used in our shield suggest
a considerably lower contamination.

After all analysis cuts were finalized and leakage esti-
mation schemes selected, we unmasked the WIMP search
signal region on February 4, 2008. No event was observed
within the signal region. Figure 3 is a compilation of the
low-yield events observed in all detectors used in this
analysis. The upper panel shows the ionization yield dis-
tribution versus energy for single-scatter events passing
all data selection cuts except the timing cut. The four
events passing the timing cut shown in the lower panel
are outside the 2σ nuclear-recoil region.

Surface Electron 
Recoils

Accept as WIMP candidates

Bulk  Electron 
Recoils

Reject bulk electron recoils using y=Q/Erecoil 

•Events within 10 micron “dead layer” have 
poor charge collection

•Electrons, x-rays low energy gammas from 
contamination of surfaces surrounding 
detectors

Surface
Bulk

Reject surface events using 
promptness of phonon pulse
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133Ba photons & electrons
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Background Control in CDMS-2

8

Soudan Underground Lab

RF shielded class 
10,000 clean room

Plastic scintillator muon vetoPassive shielding

Low Activity Lead

Polyethylene

µ-metal (with copper inside)

Ancient lead

40 cm

22.5 cm
10 cm
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• 30 detectors installed and operating in 
Soudan since June 2006.

• 4.75 kg of Ge, 1.1 kg of Si
• Seven Total Data Runs:
•  R123 - R124:
• taken: (10/06 - 3/07) (4/07 - 7/07)
• exposure:  ~400 kg-d (Ge “raw”)
• PRL 102, 011301 (2009)

•  R125 - R128
• taken:  (7/07 - 1/08) (1/08 - 4/08) 

                         (5/08 - 8/08) (8/08 - 9/08)
• exposure:  ~ 750 kg-d  (Ge “raw”)
• Under Analysis

•  R129:
• taken:  (11/08 - 3/09)

CDMS-2 @ Soudan
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Blind Analysis:
Event selection and efficiencies were calculated without looking at the 
signal region of the WIMP-search data.

 

Event Selection:
• Energy threshold (10-100 keV)
• Veto-anticoincident
• Single-scatter
• Inside fiducial volume
• 2-sigma Nuclear Recoil
• Phonon timing
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Low yield singles masked

PRL 102, 011301 (2009)

CDMS-2 : First Five Tower Result

R123-4 WIMP-search Data
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Neutron Backround
Poly Cu (α,n):  < 0.03
Pb (fission):  < 0.1
Cosmogenic: < 0.1 (MC 0.03-0.05)
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Quality, Singles, Veto
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398 raw kg-d
121 kg-d WIMP equiv. @ 60 

GeV/c2  (10 - 100 keV 
analysis energy range)
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FIG. 3: Top: Ionization yield versus recoil energy in all de-
tectors included in this analysis for events passing all cuts
except the ionization yield and timing cuts. The signal re-
gion between 10 and 100 keV recoil energies was defined using
neutron calibration data and is indicated by the curved lines.
Bulk-electron recoils have yield near unity and are above the
vertical scale limits. Bottom: Same, but after applying the
timing cut. No events are found within the signal region.

Figure 4 shows the Poisson 90% C.L. upper limit on
the spin-independent WIMP-nucleon cross section de-
rived from this data set (upper solid curve), based on
standard assumptions about the galactic halo [7]. The
minimum lies at 6.6×10−44 cm2 for a 60GeV/c2 WIMP.

Our previous data from Soudan [10, 11] have been re-
analyzed [17] yielding a slight improvement in sensitiv-
ity over our previous publications (upper curve in Fig-
ure 4). A combined limit from all Soudan data (lower
solid curve in Figure 4), using Yellin’s Optimum Interval
method [18] to account for observed events, gives an up-
per limit of 4.6×10−44 cm2 at 90% C.L. for a WIMP mass
of 60GeV/c2, a factor of ∼3 stricter than our previously
published limit.

We also analyzed our data in terms of spin-dependent
WIMP-nucleon interactions. Under the assumption of
spin-dependent coupling to neutrons alone and using the
Ge form factor given in [23], we find a minimum upper
limit of 2.7 × 10−38 cm2 (1.8 × 10−38 cm2) at 90% C.L.
for this data set (combined Soudan data).

CDMS has maintained high dark matter discovery po-
tential by limiting expected backgrounds to less than
one event in the signal region. These results from our
Soudan measurements set the best WIMP sensitivity for
spin-independent WIMP-nucleon interactions over a wide
range of WIMP masses. Our new limits cut significantly
into previously unexplored regions of the central param-
eter space predicted by supersymmetry.

The CDMS collaboration gratefully acknowledges Pa-
trizia Meunier, Daniel Callahan, Pat Castle, Dave Hale,
Susanne Kyre, Bruce Lambin and Wayne Johnson for
their contributions. This work is supported in part
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FIG. 4: Spin-independent WIMP-nucleon cross-section up-
per limits (90% C.L.) versus WIMP mass. The upper curve
(dash-dot) is the result of a re-analysis [17] of our previously
published data. The upper solid line is the limit from this
work. The combined CDMS limit (lower solid line) has the
same minimum cross-section as XENON10 [19] (dashed) re-
ports, but has more sensitivity at higher masses. Parame-
ter ranges expected from supersymmetric models described
in [20] (grey) and [21] are shown (95% and 68% confidence
levels in green and blue, respectively). Data courtesy of [22].
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LOW THRESHOLD ANALYSIS
✦ NR band (+1.25,−0.5)σ
✦ Maximizes sensitivity to nuclear recoils while minimizing 

expected backgrounds

T1Z5 detector

Surface

1.3 keV line

Compton

Zero-charge

NO background subtraction!

•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 keVnr 

and 11.9 keVnr 

• Annual Modulation signal of CoGeNT and CDMS ❘❘ are 
incompatible at >95% CL

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

CoGeNT

CDMS

CoGeNT

CDMS

Sunday, March 11, 2012
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SuperCDMS Experimental Set-up

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

Ge Tower
(12 detectors)

Data 
Acquisition

Fridge

Cryostat/shield

muon veto (not shown)
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Operate Underground to Reduce Backgrounds

 Soudan 
• < 1 unvetoed neutron 

for ~ 7000 kg-days

• 2090 mwe ~ 0.7 km

 SNOLAB
• 1 neutron / year / ton

• 6060 mwe ~ 2 km

 DUSEL
7100 mwe

SuperCDMS
SNOLAB

Current 
SuperCDMS

SuperCDMS 

cavern at 

SNOLAB

600 times 
less muon 

flux

Depth (meter water equivalent)

M
uo

n 
In

te
ns

ity
 (m

-2
sr

-1
y-1

)

Deeper site reduces 
cosmogenic neutron 
background entering 

the detector



Dark Matter Direct Detection



Double phase TPC

•Primary scintillation signal (S1)
•Electrons drift over 30 cm max distance
•Electrons are extracted and accelerated generating  
secondary scintillation signal
•The time difference between the two signals gives 
information on event position in z



Why Liquid Xenon?

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

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

WIMP Scattering Rates✓large mass (ton scale)

✓easy cryogenics

✓low energy threshold (a few keV)

✓A~131 (good for SI)

✓~50% odd isotopes (SD)

✓background suppression

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

• low intrinsic radioactivity

• gamma background 
discrimination

• position sensitive (TPC mode)



Xenon100: PMT light calibration

4 optical fibers 



Xenon100: Position reconstruction

Cs137 from the side

Very localized S2 hit pattern (xy 
position information)

drift time -> z

3 different methods for xy position reconstruction:
neural network
support vector machine
Least squares minimization



What is inside has to be carefully selected

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

SS
PTFE
Copper
Cables
Screws

100 kg LXe Active veto 
(side, top and bottom)



Install the detector underground...

Gran Sasso
1.4 km of rock
~ 3000 m.w.e.

XENON



E.Aprile, WONDER-2010
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Summary

CRESST (2011)

 SIMPLE (2011)

CRESST (2007, reanalysis)

ZEPLIN-III ad
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Liquid noble gas detectors 
currently dominate the field 
of direct dark matter searches
 

Very likely, this will not 
change in the future.




