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Dark Matter
Why??

Most of our Universe is “missing”.  
What is the other 95% made of?

All current evidence is from the 
gravitational effects DM has on 
baryonic matter we can observe.

WIMPs are best motivated 
candidate for CDM.

What is DM?
most DM is non–baryonic

(DM problem)

DM is cold (CDM)

or possibly (???) warm

DM is dark
⇒ no electric nor (preferably)

color interactions

DM clusters

Freedman+Turner (0308)

plausible choice⇒ WIMP
weakly interacting massive particle

L. Roszkowski, Marina del Rey, February 20-22, 2008 – p.5

Latest dark sector* constraints & the road ahead

Max Tegmark, MIT (thanks Yi Mao & Molly Swanson!)Max Tegmark, MIT (thanks Yi Mao & Molly Swanson!)

*=dark matter, dark energy (incl. inflation), neutrinos
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Detection with 
Two-phase Xenon

Interaction with Xenon atom

      -> Prompt Scintillation, S1 signal

Ionisation electrons drifted to extraction 
region by electric field

      -> Electroluminescence, S2 signal
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ZEPLIN-II: Operations
Searching for very rare and small signals 
requires a very low background.  To achieve this 
the detector is located within a shielding castle, 
in the Palmer UG lab at Boulby mine.
After a commisioning period, a 31-day high-
quality data set was acquired.
A blinded analysis procedure was carried out, 
meaning only 10% of the background data was 
available for detector characterisation.

Fig. 2. Arrangement of the ZEPLIN-II detector within the γ-ray and neutron shield-
ing. The detector (A) is located in a 30 cm thick, 1 tonne liquid scintillator veto
(B), with 30cm of Gd-loaded polypropylene hydrocarbon on the top surfaces (C).
Surrounding the hydrocarbon shielding is a minimum of 25cm Pb γ-ray shielding
(D).
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ZEPLIN-II: Results
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1 Science 
dataset

• Detector calibrated for expected signal and 
search-box set. Difference in S2/S1 ratio 
provides discrimination power.

• Blind science dataset analysed ➙ Unexpected 
background population observed from Rn 
progeny events located at the walls of the 
detector.



ZEPLIN-II: Science Result
• Number of events expected in the box calculated from calibrations 

and background data.
• We observed 29 events with a total expectation of 28.6 ± 4.3 events.
• Giving a limit on cross-section with a minimum of 6.6 x 10-7 pb at 

MD= 65 GeV.
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“First Limits on WIMP nuclear recoil signals in ZEPLIN-II...”

G.J. Alner et al., Astroparticle Physics 28 (2007)  287-302 



Single Electron Emission
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First quantitative measurements of single 
ionisation electron emission in noble liquid 
detectors.

Agreement of signal size with predictions from 
electroluminescence yield measurements 
provides strong evidence.



Single Electron Production
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Radial and depth distributions 
suggest source/production 
throughout the bulk of the liquid.

Clear link between number of 
scintillation photons and rate of 
single electron production.

➙ Likely source:  Photoionisation

What is being photoionised?
Most probable candidates are 
impurities in the liquid.  Although, 
none can be confirmed or ruled out.
“Measurement of single electron emission in two-phase xenon”

B. Edwards et al., arXiv:0708.0768v1 
(submitted to Astroparticle Phys.) 



ZEPLIN-II: Related Work
Alpha emanation from Getters
• Alpha rates monitored and decay 

time constants calculated.
• Confirmed Rn emanating from 

SAES getters.
• Results confirmed by experimental 

test.

S1-S2 Anti-correlation
• Applied combination of S1 and 

S2 signals to improve energy 
resolution.   E* = S1 + k.S2

• Used to resolve 40 keV 
inelastic feature from AmBe.



ZEPLIN-III: Design

8 kg of xenon. The boundaries of this volume are shown as
the dotted lines in Fig. 1.

Low background is achieved partly by operation under-
ground and partly by using a very restricted range of mate-
rials for its construction. Although the PMTs are the
largest specific contributors to the background budget it
is important that careful attention is paid to all materials
used as the masses of these can exceed the PMT mass by
up to two orders of magnitude. The PMTs were made from
materials which were all screened in our underground
laboratory prior to manufacture. Hence we have a well-
founded measure of their activity: the measured levels were
250 ppb in U, 290 ppb Th and 1350 ppm in K. From
our Monte Carlo simulations this gives a background of
10 events/kg/day/keV in the low-energy region. It is
planned to eventually replace these PMTs by low-back-
ground versions which are currently in development with
a 30-fold reduction in their activity.

In the following sections we detail the design and man-
ufacture of the individual parts of the ZEPLIN-III experi-
ment. These include the target volume, the cooling system,
the outer vacuum jacket, the gas handling system, includ-
ing the safety reservoirs, and the data acquisition system.
In the final section we provide data from surface commis-
sioning tests which validate the key performance parame-
ters for ZEPLIN-III.

3. The target volume

The detailed design of the inner components within the
target volume is shown in Fig. 2.

3.1. The PMT array

Inside the xenon vessel is the array of 31 PMTs,
immersed in the liquid phase, looking up to a ’40-mm-
thick liquid xenon layer on top of which is a 5-mm xenon
gas gap. The figure shows a cross-sectional view through
a centre line passing through 5 of the 52-mm diameter
PMTs. The others are arranged in a hexagonal close-
packed array with a pitch spacing of 54 mm. A pure copper
‘screen’ has an array of 53-mm holes into which the PMTs
fit. This provides both light screening and electrical isola-
tion between the PMTs. It has an outer diameter of
340 mm and a height of 128 mm. For ease of manufacture
the total height of the ‘screen’ was made in four sections.
Each PMT hole through the copper ‘screen’ has a diameter
of 53 mm giving a 1-mm wall minimum thickness between
each PMT. Two techniques were used to produce such thin
wall section through such a thickness of copper; wire ero-
sion and boring. Both worked but the boring produced a
better surface finish. Sitting directly on top of the ‘screens’
is another copper disc with holes in it. This time the thick-
ness is 7 mm and the holes are finished with highly polished
conical sections to improve the light collection; this plate is
hence referred to as the ‘PMT mirror’.

Each PMT has 15 pins to which connections must be
made (12 dynodes, anode, cathode and focus). However
it would be impractical to bring all 465 connections out
through individual UHV electrical feeds through the bot-
tom thick copper flange. Instead all the PMTs are run from
a common high voltage supply and dynode distribution
system which reduces the amount of feedthroughs to just
47. The corresponding dynode pins on each PMT are con-
nected together using a stack of 16 thin copper plates, held
apart with small quartz spacers, below the PMT array.
Each 2-mm thick plate has a different pattern of holes
(see Fig. 3) allowing connection to each pin in turn whilst
the others pass through with clearance. Connections
between the copper plates and the PMT contacts were done
by first cold welding a pin into the copper plate and then
using spring-loaded tubes to join the two pins together
(see Fig. 4). The pins used in the copper plates were made
in copper with a gold coating and these were inserted into
tight fitting holes in the plates using a drill press. The spring
contacts were made from stainless-steel tubing with
reduced wall sections and slots. These contacts provide
enough friction for retention of the PMT against buoyancy
forces during immersion in liquid xenon. Connection
between each plate and its single UHV coaxial feedthrough
was again made by a direct spring-loaded tube but with the
addition of gold-plated copper wires with silver-plated cop-
per adaptors to provide the extensions between end con-
tacts. The anode connection from each PMT is brought

Fig. 2. Cross-sectional views of the complete ZEPLIN-III instrument
showing the key sub-system components. Scale dimensions are in mm and
ZEPLIN-III stands 1100 mm tall with a diameter of 760 mm. The bulk of
the parts are made of C103 OFHC copper.

D.Yu. Akimov et al. / Astroparticle Physics 27 (2007) 46–60 49

Same operating principle as ZEPLIN-II, but 
with high-field operation and surface-free 
geometry.

31 PMTs in the liquid phase provide better 
precision position reconstruction and 
better light yield.

Low-background components and 
construction throughout.  Ultra low 
background PMT upgrade in preparation.

Detector fully shielded, 
with calibration source 
delivery system and 
detector levelling 
mechanism.



ZEPLIN-III: 
Commissioning

Size of secondary signal as a 
function of electric field can be 
predicted from parameterisations 
of different processes.

Preliminary dataset to test this 
shows excellent agreement with 
prediction.

Preliminary AmBe and 137Cs 
calibrations appear to show 
improved separation of 
populations at higher field.
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ZEPLIN-III: Operations
First science data run underway. ~300 kg.days 
of science data collected to date.  ~600-700 
kg.days will be collected.  

Aim: reach ~1 x 10-7 pb level. 
Daily monitoring carried out for detector tilt, 
energy calibrations, background rates and 
xenon purity.



Summary
• ZEPLIN-II operated underground from 2005 to 2007.  

One tonne day of raw data collected, giving final 
exposure of 225 kg.days.

• ZEPLIN-II set a limit of 6.6 x 10-7 pb at MD = 65 GeV.

• Additional work done highlighting areas of interest for 
future experiments: Single electron emission, alpha 
emanation and S1/S2 anti-correlation.

• ZEPLIN-III fully commissioned and shielded.  First 
science run underway, with ~300 kg.days of data 
acquired so far.



Thanks to the
ZEPLIN-III Collaboration

22 Feb 2008 UCLA: DARK MATTER 2008 1

Alex MurphyAlex Murphy

Dark Matter & Nuclear Astrophysics:  http://www.ph.ed.ac.uk/nuclear/

ZEPLIN-III



ZEPLIN-II: Analysis
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• Detector characterised with 
calibrations and an unblinded sample of 
background data.

• Position reconstruction using a simple 
centroid method, giving resolution of 
about 1 cm.

• Efficiencies for all cuts carefully 
calculated.


