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Tem +-CFHT
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The consistent conclusion

The matter content 
of the Universe
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How to search for dark matter?
Collider DirectlyIndirectly

Production Annihilation Scattering
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Detection techniques
Active targets - target is also detector 
Rare signal 
…Radiologically pure material 
...in a highly shielded environment 
DM particle weakly scatters ➜ one of the 
target atoms recoils, depositing energy 
Deposited energy generates photons, 
phonons and charge
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Implications for technology
Going underground removes most CR 
muons 
Radiopure materials reduce backgrounds 
Shielding reduces backgrounds 
Fiducialisation (self-shielding) reduces 
backgrounds 
Discrimination separates remaining electron 
recoil background from signal
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The ‘direct’ detection premise... 

n We search for the rare collisions of DM particles 
with normal matter here on Earth.  

n Earth should be  
 passing through a halo  
 of weakly interacting  
 massive particles

Interaction of galactic WIMPs (our Dark Matter) 
in ultra-low background terrestrial detectors
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This session

So here I’ll discuss: 

Two phase xenon TPCs
LUX (PandaX, XENON1T, XENONnT, LUX-ZEPLIN)

Single phase argon: DEAP
Something different: NEWS

10



IBS Multidark IPPP - 23 November 2016

LUX
(and two-phase LXe TPCs in General)
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Sanford Underground Research Laboratory
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ELiquid Xe

Gas Xe

Photomultiplier
Tube

Anode Grid

Cathode Grid

LUX ~250 litres
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Ratio of S2 to S1 depends on the type of incident particle - 
allows us to reject >99.5% of background events 16
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LUX within the  
empty water  
tank before  
filling (Dec 2012)
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XENON10-225 day

LUX2014

Physical Review Letters 112 (2014), 091303

Initial run Spin Independent results 

118 kg
85.3 live days
AmBe and fixed source gamma ray calibrations
Enforced threshold at 3 keVNR
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Physical Review D 93 (2016), 072009

Dispersed tritium calibration

In situ measurement of ER response to low energies
Tritiated methane
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Submitted Phys. Rev. C, arXiv: 1608.05381

DD neutron generator calibration
Low energy NR response
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Physical Review Letters 116 (2016), 161301

Improved Spin Independent results

Additional DD and tritium calibrations used
Improved peak finding, analysis
145.4 kg
95 days 
Threshold reduced to 1.1 keVNR

Significant improvement for low masses
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Physical Review Letters 116 (2016), 161302

Spin Dependent results 
from the ‘Improved’ 2013 data set
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Maximal exploitation  
“300 live days of data” 

25



IBS Multidark IPPP - 23 November 2016

 Improve electron extraction
Was ~50% in initial data 
Conditioning campaign… 
Voltage on electrodes raised, until significant 
current was drawn, for extended period 
Successfully raised electron extraction 
efficiency to ~75% 
Commenced run (11 September 2014)  
But… 
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LUX Run 3
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LUX Run 4
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Charge build up on PTFE
Understood in terms of build up of negative 
charge on internal PTFE walls 
Detailed COMSOL™ model developed 
Magnitude of effect continued to evolve during 
run 
Roughly rotational symmetry, but strong depth 
dependence
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Photo 28 April 2016

300 live days of blinded data completed 03 May 2016 
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Data Analysis
Considered data set as 4 time bins and 4 volumes.  
Each segment then has its own model for ER and NR response 
Likelihood analysis performed on S1 and S2 observables  
S1 and S2 modelled with the Noble Element Simulation 
Technique (NEST, http://www.albany.edu/physics/NEST.shtml) 
NEST is “tuned” to each of the 16 detectors by varying the 
applied field until we see a match between model and calibration 
data. 
Periodic CH3T, Kr, DD calibrations throughout run 
Background estimates... (127Xe has now decayed away) 
Cuts… Efficiencies…
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Background expectations

}
}

}

In the bulk, but n/γ discrimination

Low energy wall events, but PLR
 gives these low L(signal)

In the bulk, low energy, NR band

Indicative only: we use PLRBackground 
source

Expected number 
below NR median

External 
Gamma rays 1.5 +/- 0.2 

Internal beta 
particles 1.2 +/- 0.06 

Radon plate 
out (wall 
background) 

8.7 +/- 3.5 

Accidental 
S1-S2 
coincidences 

0.34 +/- 0.10 

8B solar 
neutrinos 
(CNNS) 

0.16 +/- 0.03 

+ ~ 0.3 single scatter neutrons, e.g. from (α, n), not included in PLR
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Salting of data
‘Fake’ events, built 
from calibration data 
(not simulation), are 
injected at the level of 
raw waveforms before 
analysis 
Mitigates bias while 

allowing scrutiny of 
individual events. 
Previously used by 
neutrino experiments 
and searches for 
fractional charge.
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Salting of data
The plot shows the 
data from all 16 
“detectors” 
Dots are events:  
Gray: within 1cm 
of our fiducial 
boundary  
Black: bulk events 
Red and blue 
curves are the ER 
and NR bands
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Salting of data
The plot shows the 
data from all 16 
“detectors” 
Dots are events:  
Gray: within 1cm 
of our fiducial 
boundary  
Black: bulk events 
Red and blue 
curves are the ER 
and NR bands
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Salt Removed



Salt Removed
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Post Unsalting
The plot shows the 
data from all 16 
“detectors” 
Dots are events:  
Gray: within 1cm 
of our fiducial 
boundary  
Black: bulk events 
Red and blue 
curves are the ER 
and NR bands
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Post Unsalting
Two events have ~80% of 
the light in a single top 
edge PMT. Consistent with 
energy deposited outside 
the TPC, and light leaking 
through a gap near the 
edge of the PMT array.  
One event has light 
concentrated under a few 
top PMTs and has time 
structure consistent with 
gas scintillation emission. 
Also, this event came after 
high rate in the preceding 1 
second.
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Post Unsalting
Two events have ~80% of 
the light in a single top 
edge PMT. Consistent with 
energy deposited outside 
the TPC, and light leaking 
through a gap near the 
edge of the PMT array.  
One event has light 
concentrated under a few 
top PMTs and has time 
structure consistent with 
gas scintillation emission. 
Also, this event came after 
high rate in the preceding 1 
second.
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Since these events do not correspond to interactions in the TPC, 
we developed additional (post-unsalting) cuts to target them
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Additional cuts
Post unsalting cuts 
applied 
Red dots show 
additional cuts do not 
unduly target WS 
candidate events 

~Flat efficiency of 
98.5% 
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PLR Analysis
Two-sided PLR 
5 un-binned PLR 
dimensions: r, 𝜙, drift-
time, S1, log10(S2) 
1 binned PLR 
dimension: Event 
date 
Good agreement with 
background-only 
model, p-value >0.6 
for each projection 
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332 Live days result
https://arxiv.org/pdf/1608.07648.pdf

41

Combined Run 3 + Run 4
Minimum at 1.1x10-46 cm2 at 50 GeV/c2 (90%c.l.)
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Axions
Searches for axioelectric coupling, gAe  
Extends science beyond standard WIMP searches 
ER-band search  
…Extending background model

42
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The other LXe TPCs…
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XENON1T
~300 kg fiducial

~1000 kg fiducial
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September 2016 https://indico.cern.ch/event/
563885/contributions/2278677/attachments/

1342561/2022471/rafael_xenon1t.pdf
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PandaX and 
XENON-1T are 
running. Expect 
new results soon.



IBS Multidark IPPP - 23 November 2016

LUX-ZEPLIN

46

~XENON nT
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Key parameters
Same location as LUX (Davis 
cavern) 
Active skin, Gd loaded veto 
~10 Tonnes xenon, 5.6 T fiducial 
Radon reduced air 
Major screening programme, ultra 
low radioactivity titanium procured 
and now being machined 
Major cleanliness programme 
Cryogenics, Xe recirculation, 
calibration, outer detectors, 
electronics, DAQ,  controls, 
installation, integration, software,… 
Planning 5 years+ of operations, 
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Boulby	New	Lab	
Construc3on		
March	2016	

Air	condi3oning,	HEPA	filtra3on,	internet	/	
comms,	5	&	10	Tonne	liDing	capacity.	

>	4000m3	of	well	supported	class	1,000	and	
class	10,000	clean	room	experimental	space	

Now	moving	experiments	in	from	old	lab.	

Comple3on	
Jan/Feb	2016	

Main	Experimental	Hall	(7x4x60m)	

‘BUGS’	ULB	Germanium	
Facility	

Large	Experimental	
Cavern	(LEC)	
(7x7x35m)	

Major LZ Screening campaign underway at Boulby
> See talk by Emma Meehan at 5.30 today 
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See many talks at this meeting
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DEAP
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Marcin Kuźniak
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Marcin Kuźniak



IBS Multidark IPPP - 23 November 2016 56

Marcin Kuźniak
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NEWS

57



IBS Multidark IPPP - 23 November 2016 58

Dri$	region	

Ampl	region	

n  Sphere cavity + spherical sensor @ HV 
n  => Low threshold (low C), single electron sensitivity 
n  Fiducial volume selection  by pulse risetime  
n  Flexible (P, gaz) 
n  Large mass / large volume (30 kg) with single channel 
n  Simple, sealed mode 
n  Few materials involved, mostly copper, low activity 
n  Adapted for low mass WIMP investigation with Ne/He/H 

thanks to kinematical match of WIMP-target masses 
n  => 60 cm prototype at Laboratoire Souterrain de Modane 

1	

r2	

r1	

Spherical	gas	detectors	
New	Experiments	With	Spheres	@	SNOLAB		

ρ≈r2	=>	C	does	not	
depend	on	shell	radius			

He	

Nov	21st	2016	–	G	Gerbier	

Gille Gerbier
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Light	dark	ma,er	search	at	LSM		
Low	ac4vity		60	cm	Ø	prototype	@	LSM	:	SeDiNe		
	

2	

n  Copper vessel equipped with 6 mm Ø	sensor 
n  Run with Neon+0.7%CH4 @ 3.1 bars 
n  => 310 g sensitive mass 
n  Analysis threshold 150 eVee 
n  42 days run for WIMP search 
n  Results to be reported at TPC 2016 Paris 

conference and Berkeley low  

60	cm	NOSV	copper	vessel	 6.3	mm	sensor	

Rise	8me	(diffusion)	distribu8ons	of	neutron	induced	
recoils	and	simula8on	=>	good	agreement	

Expected	behaviours	
of	rise8me	vs	energy	
distribu8ons	for	
volume	and	surface	
(Rn	deposits)	events	
=>	Discrimina8on		

100	eV	pulse	

Gille Gerbier
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NEWS-SNO	:	1.4	m	Ø copper	detector	@	SNOLAB	

DEAP	

Miniclean	

NEWS	in	Cube	Hall	

n  140 cm Ø  detector, 10 bars,  Ne, He, CH4 
n  Copper ≈ few µBq/kg U/Th contamination 
n  Lead -ancient + low activity- & PE shield 
n  => Gain of factor >100 wrt LSM prototype backg 
n  Project at TDR phase 

Lead	shield	

PE	shield	

25	cm	thick	Pb	+	steel	shell	

Copper	sphere	

Set	up	

Gille Gerbier
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DRIFT
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Background-Free	DRIFT-IId	
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The	addi5on	of	O2	to	
a	CS-CF4	mixture	
produces	minority	
peaks	with	separa5on	
propor5onal	to	
distance.	
	

This	allows	for	the	
measurement	of	d	of	

events	
	

	
That	coupled	with	a	
new	texturized	
cathode…	
	
	

…allows	us	to	run	
background	free	over	
~75%	of	our	available	

volume.	
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Direc&onality	

DRIFT	Head-Tail	Results	
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Future	Plans	for	DRIFT	
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N. Larsen, http://conference.ippp.dur.ac.uk/event/544/session/0/contribution/7/material/slides/0.pdf
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SUMMARY
Huge progress in recent  (SI: 3 orders of magnitude in 5 years!) 
LXe TPCs presently the most competitive technology: LUX 

Genuinely providing significant constraint to theory 
Further advances very soon: PandaX (500 kg), Xenon1T are both 
running. Another order of magnitude in ~ 1-2 years (?) 
~5.5 T LXe devices online in 2019/2020; yet another order of 
magnitude by ~2022(?) 
Single phase LAr also now running - very competitive at high masses 
Other techniques being developed for low masses, e.g. NEWS 
Directionality is progressing, e.g. DRIFT (&CYGNUS) 
Digging deeper in the data; digging deeper in the phase space… 
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!
18 January 2017 

University College London

https://indico.fnal.gov/conferenceDisplay.py?confId=13260
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