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• Many pieces of evidence which demonstrate the need for
a significant non-baryonic dark matter component.
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multiple images and arcs. One of the many collaborations carrying out gravi• Weakly Interacting Massive with
Particles
(WIMPs) such as the
tational lensing surveys to measure the mass of clusters, the Cosmic All-Sky Survey
neutralino (lightest supersymmetric
particle) are the
(CLASS), have utilised the method to measure the total matter density of the Unifavoured candidate.
verse, Ω = 0.31
[]. Many other similar surveys also measure significant dark
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matter fractions.

• See overview talk tomorrow!

Figure 2.3: Rotation curve of NGC 3198 with contributions from the visible
dark matter components shown [?].
time, a group at Princeton were undertaking a search for the background radiation

and produced a companion letter explaining the excess noise observed by Penzias and
Forisotropic
the inner-most
region of the galaxy, near the bulge, Mr = ρ × 34 πr 3 , ass
Wilson [31]. Early measurements of the CMB showed it to be
with a constant

spherically symmetric bulge of uniform density, ρ. This results in a rotation
temperature, although it was realised that some perturbations, about 1 in 100,000,
increasing linearly with radius, v(r) ∝ r. However, at large radii, beyond the m
must be present to evolve into the large scale structure observed in the Universe today.
of the visible disk, the complete visible mass lies within the radius, so one woul
√
v(r) ∝ 1/ r. However, the measured rotation curves show no evidence of a dec

rotation velocity at large radii, well beyond the visible disk. The flat curves o
v(r) constant, imply a linear increase in mass with radius, Mr ∝ r. This result

Figure 2.7: Hubble deep field image of the Abell 2218 cluster, with light from backevidence for an extensive halo of non-visible matter beyond the visible
ground galaxies distorted by the foreground cluster,strong
forming
multiple images and arcs.
Image credit: NASA
the galaxy, in good agreement with the postulation from Ostriker and Peebles

Similarly, evidence is found for a significant dark matter component in elliptic

Weak-lensing relies on the analysis of the small distortions observed in a number of
Max Tegmark
background sources to calculate the gravitational potential of a foreground object.
Dept. of Physics, MITThis technique has been used on multiple occasions to demonstrate the presence of
mostHEPP
notably in
the case of the Bullet cluster (Figure 2.4). The technique
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ies. Under the assumptions of a spherically symmetric galaxy and hydrostatic

measurements of the temperature and density profiles allow for determination
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mass of the galaxy. Such studies of M87 [37] suggest that 99% of its mass is in

Figure 2.10: All-sky WMAP 5-year measurement of variations
in matter.
the temperature
of
of dark
Further evidence
using these techniques is described in [70]. A
the CMB. [44]
ally, it is known that elliptical galaxies contain th
a significant amount of hot

Detection Technique: Two-phase xenon
• Particle interactions in LXe produce scintillation and ionisation.
• Ratio of ionisation to scintillation provides discrimination.
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• Particle interactions in LXe produce scintillation and ionisation.
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Detection Technique: Two-phase xenon
• Particle interactions in LXe produce scintillation and ionisation.
• Ratio of ionisation to scintillation provides discrimination.
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ZEPLIN-III: The Detector
•
•
•
•
•
•
•
•

PMTs in liquid to improve light collection
31 2-inch PMTs for fine position sensitivity
12 kg active target mass
High E-field (3.9kV/cm) -> better n/γ discrimination
3.5 cm drift depth, 0.5 cm gas gap
open plan – no surfaces - reduced feedback
Low-background xenon (40 yr old - low Kr)
All copper construction - electron beam welded

B.Edwards

IoP HEPP 2009

7th April 2009

Boulby Underground Laboratory: The Location
• Located in Boulby mine, North-East England
• 1100m UG (2600m water equivalent)
• Reduces muon flux by a factor of ~106

• Low-background environment enhanced by
lead+hydrocarbon shield providing
combined attenuation factor of 105 for both
rock gammas and neutrons
B.Edwards
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Detector Monitoring
• Stability of the detector and data quality
monitored with automated analysis code.
• Electron lifetime, detector tilt, S1 and S2 yield
measured allowing for correction of the data.

detector introduces additional time-dependence to the position-dependent S2 respo

The tilt of the detector at the start of the science run was ∼1 mrad, increasing t
mrad by the end of the run.

side of the target has a larger gas gap the S2 signals produced there will be greater.
As a result of these two potential variables of S2 response, the overall liquid level and
detector tilt must be monitored throughout data-taking.
After filling of the instrument, the tilt of the detector is assessed using the levelling
routines described here and the instrument adjusted accordingly using the three detec-

Xenon purity

tor levelling screws. The thickness of the gas gap is best probed by the width of the S2
pulses, measuring the transit time of electrons across the gas gap. The tilt is therefore
measured by assessing the variation in S2 width across the xy-plane.

Light yield
Channel
Amplification
Check

Figure 6.20: The trend of the energy calibrations throughout the first science run.
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Figure 6.13: A typical electron lifetime measurement from the first scienc
ZEPLIN-III, extracted by the automatic monitoring routine.

Detector level/tilt

Figure 6.17: Trend plot of the detector tilt amplitude (bottom), phase (top-left)
average level (top-right) during the first science run.

Whilst
this as
simple
Figure 6.16: Example plot showing cosine behaviour (and fitting)
of s2wid50
a
function of theta.
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method proved sufficient for monitoring stability during the
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science run. A more precise method was developed for the second science run.

57Co

Calibrations

• Daily 57Co calibration for stability
checks and scintillation response

• Full volume resolution (after flat
fielding) of σ= 5.4% @122keV in
correlated signal
• S1 only σ= 16.3% @ 122keV
• S2 only σ= 8.8% @ 122keV
• Comparison to GEANT4 simulation
shows expected Compton feature at
~35keV
• Expected field-dependent responses
measured.

data
sim - energy deposited
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• Light yield 1.8 p.e./keVee at operating
field of 3.9kV/cm
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Detector Calibrations
• Electron recoil background calibrated with 137Cs.
• Expected WIMP nuclear recoil signal mimicked with AmBe neutron calibration.
• High-quality fits characterise the populations.
• Excellent discrimnation demonstrated at high-field, ~5x103.
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Energy conversion & efficiencies
10 4

• Conversion of energy from electron
equivalent to nuclear recoil.

25 keVnr 50 keVnr

differential rate, evts/kg/day/keVee

Simulation (Eee/Enr=f(Enr))

• Many studies to determine if efficiency
loss, simulation failure, etc.
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Am-Be low-threshold data

3

Am-Be calibration data
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• Can be matched by varying Leff (or Sn)
below ~6keVee, from higher energy
value of 0.19 & 0.9

• Recent measurements of Leff also show
dip at lower energy.

15 keVnr

Simulation (Eee/Enr=2.09)

• Mis-match observed between nuclear
recoil calibration (AmBe) and G4
simulation
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• Variation determined through ML
matching of simulation (similar to
XENON10 analysis)
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The First Science Run Data
• 83 days operation @ 84% livetime
• Collecting 847 kg.days of raw data
➡ 267.9 kg.days effective
fiducuial exposure
• Secondary selection rules on event
topology (S1,S2) to remove MSSI
double scatter events
• 7 Events observed within search
box, extrapolation from electron
recoil population fits gives
expectation of 11.3±3.0 in the box

Statistical Analysis
• Binned maximum likelihood analysis to determine most
likely signal and background (‘parent’ populations)
• Allow skew-Normal fits to vary within errors
• MC experiments to determine the 90% c.l. upper limit
to this signal
• Two-sided frequentist approach, repeated for different
WIMP masses.
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The Dark Matter Result - spin-independent
• Limits placed on the WIMPnucleon spin-independent
scattering cross-section:
★

7.7x10-8 pb @ Md = 55 GeV/c2

Available from: V.N.Lebedenko et al., arXiv:0812.1150
B.Edwards
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The Dark Matter Result - spin-dependent
• Limits also placed on spin-dependent interactions,
on 129Xe and 131Xe.
• With CDMS-II and XENON10 we place the best
constraints on the WIMP-neutron cross-section.

Available from: V.N.Lebedenko et al., arXiv:0901.4348
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Summary
• ZEPLIN-III successfully deployed in first stage configuration
• Detector operated stably during 2008
• First science run completed
• 847 kg.days total exposure, 453.6 kg.days fidcual
• 126.7 kg.days exposure after all cuts
• Effective threshold 1.7 keVee
• Full analysis completed
• 90% c.l. Limit at 7.7 x10-8 pb @ 55GeV WIMP mass
• World competitive limits on spin-independent and spin-dependent scattering.
• Demonstrated excellent discrimination at the higher operating field
• Upgrades planned - see Emma’s talk next
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