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Observational evidences of Dark Matter in the 
Universe 

Direct Detection of Dark Matter

ZEPLIN programme 

ZEPLIN-III experiment at the Underground 
Laboratory located at Boulby mine

Lecture outline 



Dynamic of galactic clusters 

1938 - Fritz Zwicky found first evidence
of matter that interacts through 
gravitation but not through electromagnetism.
It emits NO light - hence the name 
             DARK MATTER

He calculated the total cluster mass necessary
to produce the galactic motions that he had 
observed, and then, for comparison, he 
calculated the total mass based on the 
brightness of the galaxies. These two
results were in violent disagreement

Coma Cluster
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Solar System Rotation Curve 



Spiral galaxies observation shows that the orbital velocities of objects 
tend to a constant value, independent of the radial position r, even for the 
object far beyond the edge of the visible disks.

Rotation curve for the spiral galaxy 
NGC6503: Rotation velocity as a 
function of a distance from the centre.

Measured constant velocity implies the
existence of a halo.

Spiral galaxies Rotation Curve 

Empirical evidence for dark matter.
Work pioneered by Vera Rubin. 



Gravitational lensing (1) 

Gravitational field bends
trajectory of photons.

The gravitational mass of the
clusters serves as a lens and its
distribution can be recovered
through detailed analysis of the
image pattern surrounding the
cluster. It shows that the mass of the
clusters exceeds significantly the
visible mass.



Gravitational lensing 
by clusters of galaxies 
allows to observe distant
objects.
 
It causes their 
images to be distorted 
and often split into
multiple images.

Gravitational lensing (2) 



Chandra X‐ray observatory and Hubble
Space Telescope observation of the
powerful collision of two galaxy clusters.

Clear separation between normal (pink)
and dark matter (blue) is visible.

Gravitational lensing has been used to
map the dark matter. (Hubble)

Normal matter in a form of hot gas
emitting X‐rays has been mapped
by Chandra Observatory.

Hot gas of both clusters that collided
and merged slow down
                                                     Dark matter keeps going without interaction
                                                     

HUBBLE site news centre 27/08/2008.

Bullet Cluster



How much matter is in the Universe ?



Building a Dark Matter detector (1)
Capability of:  
            - detection of low energy loss in the detector
            - rare events searches (with no trigger !!!)
        
 IT IS VERY HARD to combine both of them

With 1 kg target: 
            - 0.1-0.000001 events/day 
            - very low energy threshold 
  AND
       - 1 million  events/day from background radiation 
       - several events/day from neutrons (real background)
                                   



Building a Dark Matter detector (2)

1) Shield against cosmic radiation :
                  - locate experiment deep underground

2) Shield against external gamma and neutron radiation :
                  - use radio-pure materials
                  - use lead and plastic
                  - actively veto neutron events 

3) Separate E-Recoils (gammas and electrons) events 
   (N-Recoils) (neutrons and dark matter particles)

                       
                                   



Dark Matter direct detection techniques

dE/dx

Phonons/Heat

Charge Light

Bubbles and Droplets:
 CUOPP
PICASSO

Light and heat Bolometers: 
CRESST

ROSEBUD

Scintillators :
DAMA
LIBRA
XMASS
CLEAN
ANAIS
KIMS

Scintillation and ionisation charge detectors:
XENON
WARP
ArDM

ZEPLIN
LUX

Heat and ionisation 
bolometers : CDMS

EDELWEISS

Ionisation detectors: DMTPC
DRIFT, GENIUS, NEWAGE, 

HDMS, IGEX
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Zeplin III Collaboration

Rutherford Appleton Laboratory
Didcot, UK

High Energy Physics Group/Blackett Laboratory 
London, UK

School of Physics
Edinburgh, UK

Laboratory for Experimental High Energy Physics and 
Associated Instrumentation                                    

Coimbra/ Portugal

ITEP , Institute for Theoretical an Experimental Physics 
Moscow, Russian Federation

In total: 6 Academics, 15 Researches and 5 PhD students 



ZonEd Proportional scintillation in LIquid Noble gases 
programme

Time / ns!

PMT 1!

PMT 3!

PMT 2!

SUM!

ZEPLIN I: Single phase, 
3 PMTs, 5/3.1 kg LXe 

run 2001/04
Limit: 1.1*10-7 pb 

ZEPLIN II: Double phase, 7 PMTs, 
moderate E field, 31/7.2 kg LXe 

run 2005/06 
Limit: 6.6*10-7 pb 

ZEPLIN III: Double phase, 31 PMTs, 
high electric field, 12/6.5 kg LXe 

First Science Run II-V 2008
Limit: 8.1*10-8 pb 



Liquid

Gas

E

E

S1

S2

–10 kV

+7 kV

Acquired signal:

Principle of operation (1)

S1

S2

Dark Matter particle



Cabability of single electron detection !

S1

Clusters of single photoelectron
 pulses form single electron signal



CHAPTER 4. ZEPLIN-II ANALYSIS 95

Figure 4.1: Typical single-scatter electron recoil event in ZEPLIN-II, shown in the
smoothed sum channel (top). Pulse p1 (left) is a !16 keVee prompt scintillation pulse
(S1) and p2 (right) is the delayed secondary scintillation pulse (S2).

Figure 4.2: Typical single-scatter neutron recoil event in ZEPLIN-II, shown in the
smoothed sum channel (top). Pulse p4 (left) is a !16 keVee prompt scintillation pulse
(S1) and p5 (right) is the delayed secondary scintillation pulse (S2).
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Figure 4.1: Typical single-scatter electron recoil event in ZEPLIN-II, shown in the
smoothed sum channel (top). Pulse p1 (left) is a !16 keVee prompt scintillation pulse
(S1) and p2 (right) is the delayed secondary scintillation pulse (S2).

Figure 4.2: Typical single-scatter neutron recoil event in ZEPLIN-II, shown in the
smoothed sum channel (top). Pulse p4 (left) is a !16 keVee prompt scintillation pulse
(S1) and p5 (right) is the delayed secondary scintillation pulse (S2).
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Principle of operation: ER-NR discrimination 

Electron recoil event

Nuclear recoil event



ZEPLIN III at the Boulby mine
Neutron	  shield	  –	  30	  cm	  of	  hydrocarbon

Gamma shield – 20 cm lead

ZEPLIN III Detector

Xenon safety dumpsDAQ and Slow Control



ZEPLIN III detector internals

31 PMTs 
array

LN2 vessel
36 litres

Operational temperature is -100 C



ZEPLIN III detector results (First Science Run)

ER (137Cs)

NR (AmBe)

Calibration

Final result



Active Veto System (> 3π coverage):
20 (roof) and 32 (barrel) plastic slabs 

equipped with 52 PMTs
surrounding Gd‐loaded polypropylene

Principle of operation:
- multiple scattering in hydrocarbon
- radiative capture (mean capture 
time: 11 µs) by 157Gd accompanied 

with MeV gammas

Single Gd-loaded
polypropylene slab

Single plastic slab
(polystyrene based 

UPS-932A)

ZEPLIN III SSR upgrade: anti-coincidence veto detector



Gd-loaded slabs around ZIII detector

Veto barrel section fully assembled

Inside the lead castle

ZEPLIN III SSR upgrade: anti-coincidence veto detector assembly 



ZEPLIN Programme Science Results 

Tuesday, 13 March 2012



FSR and SSR in numbers  

- 2500 person·day underground effort
- 100 TB of raw data
- 15000 litres of Liquid Nitrogen used
- 318 days of SSR - longest continuous operation of any two 
phase detector in the world !



Very exciting times in DM searches

Many great experiments are currently taking data 
and 

preparing for upgrades to use tonne-scale targets   

Thank You


