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What do we know about dark matter?
The mass range spans merely 90 orders of magnitude

Annika Peter, GoodSense 2014

In this talk I will focus on the weak scale, and on direct detection

µeV        meV           eV                 keV            MeV               GeV              TeV 
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neutrino

10-6 neutrino

10-12 neutrino

10-18 neutrino

gravity

WIMP 
(neutralino, 
KK photon) 

Super WIMP 
(gravitino, axino, KK 

graviton)

axion
Sterile neutrino

Hidden sector
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How to directly detect it in 
the lab?

By searching for collisions of 
invisibles particles with atomic 
nuclei => Evis  (q ~ tens of MeV) 

Need very low energy thresholds 

Need ultra-low backgrounds, good 
background understanding (no 
“beam off” data collection mode) 
and discrimination 

Need large detector masses 
(remember neutrino detectors)

Evis
N

N

X X 

ER =
q2

2mN
< 100 keV

v/c ~10-3
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The WIMP landscape in 2014
“Anomalies” at low 

WIMP masses

Sensitivity to 
masses up to 10 TeV 

and above!
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What next? We need a variety of techniques 
to convincingly discover and constrain WIMPs!

SNOLab 
DEAP 

CLEAN 
Picasso 
COUPP 
DAMIC

Soudan 
SuperCDMS 

CoGeNT 

Homestake 
LUX, LZ Modane 

EDELWEISS

Canfranc 
ArDM 

Rosebud 
ANAIS

Gran Sasso 
XENON 
CRESST 

DAMA/LIBRA 
DarkSide

South Pole 
DM Ice

YangYang 
KIMS

Jinping 
PandaX 
CDEX

Kamioka 
XMASS 
Newage 

Boulby 
ZEPLIN 
DRIFT

14



La
ur

a 
B

au
di

s,
 U

ni
ve

rs
ity

 o
f Z

ur
ic

h,
 C

O
S

M
O

20
14

, C
hi

ca
go

New data from cryogenic experiments

Absorber masses from ~ 100 g to 1400 g EDW II - Run 13EDW II - Run 13

! 3rd July: 4)800 g FID detectors installed at LSM

! 2 NTD heat sensors, 6 electrodes

! 218 ultrasonics bondings / detector

EDELWEISS Ge FID Detector

Produc1on&of&Scin1lla1ng&CaWO4&Single&Crystals&

& !Set!up!of!successful!in!house!produc1on&of&scin1lla1ng&&&&
&&CaWO4&single&crystals&at!TUM!Garching!

& !Control!over!crystal&parameters&(intrinsic!purity,!op;cal!

!!proper;es,!geometry!…)!

& !High!relevance!for!future&detector&produc1on&&
&&100kg&–&1000kg&(e.g.EURECA) 

“Rudolf VI” , raw ingot ~850g 
annealed 

~300g detector crystal 

 New CRESST detector modules for Run33 

Raw ingot after growth Czochralski furnace 

Enectali Figueroa-Feliciano - Dark Attack 2012

Science Reach for SNOLAB
>50X better sensitivity than 10-kg phase, with 

demonstrated control over backgrounds

• Goal: σSI < 10-46 cm2       
@ 60 GeV/c2

• ~200 kg, all Ge, in a phased 
deployment

• iZIP design, w/ bigger 
detectors (1.38 kg) to 
reduce fab costs

• At the same time, upgrade 
experimental infrastructure

10cm x 3.8cm, 1.4 kg
SNOLAB prototype iZIP

Significant R&D funds in 2012, aiming for construction start in 2014

SuperCDMS 
!
new, leading results at low 
masses 
!
proposed for SNOLAB: 
Std: ~92 kg Ge, 11 kg Si 
Lite: 5 kg Ge, 1.2 kg Si 

CRESST 
!
18 CaWO3 detector 
modules (5 kg) installed at 
LNGS in 2013 
!
low-background run in 
2014, recent results and 
taking more data

EDELWEISS-III 
!
new run with 36 Ge FID800 (~ 
30 kg) detectors since June 
2014 
!
End 2014/early 2015: reach 
3000 kg x d (125 live days) 
!
2016: reach 1.2 ton x days 
(500 live days) 

16

Ge, Si CaWO3 Ge
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Noble liquid detector concepts

E

-HV

PMT array

S1

S2

e-

e-

S1 S2
S1

time time

PMT array

S1

+HV

Single phase
Double phase (TPC)

+ PSD
20
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New data from Ar and Xe TPCs

XENON100 at 
LNGS:  
!
161 kg LXe  
(~50 kg fiducial) 
!
242 1-inch PMTs 
close to 
unblinding of new 
data set

LUX at SURF:  
!
370 kg LXe  
(100 kg fiducial) 
!
122 2-inch PMTs 
physics run and 
first results in 
2013 
new run in 2014

Lukas Epprecht June 11th 2011

LAr-TPCs: Scale up

33

3l Setup 
@ CERN

(R&D charge 
readout)

P32 @ JParc

(~0.4 t LAr; 
Pi-K test 
beam)

3l Setup @ CERN
(R&D charge readout)

ArDM @ CERN 
--> LSC

(~1t LAr; 
Greinacher HV-

Devise, large 
area readout, 

purification, ...)

ArgonTube 
@ Bern

(long drift up 
to 5 m,

HV-system, 
purity)

6m3 @ CERN

(R&D toward non 
evacuated vessels, 
charged particle 

test beam exposure 
in 2012)

1 kton @ CERN

(full engineering 
demonstrator 

towards very large 
LAr-detectors with 
stand alone short 
baseline physics 

program)

ArDM at 
Canfranc: 
!
850 kg LAr  
(100 kg fiducial) 
!
28 3-inch PMTs 
in commissioning 
to run 2014

DarkSide at 
LNGS: 
!
50 kg LAr (dep in 39Ar) 
(33 kg fiducial) 
!
38 3-inch PMTs 
first data with non-
depl Ar in 2014

PandaX at 
CJPL:  
!
125 kg LXe  
(37 kg fiducial) 
!
143 1-inch PMTs 
37 3-inch PMTs 
first results in 
August 2014

Current Status - Stage Ia

PandaX Stage Ia:
Currently undergoing
commissioning:

Major components at
CJPL

Clean room environment:
TPC assembled

Slow control in place

Cryogenic system
operating

Xenon on site

Small xenon fill and
liquefaction so far

DAQ installed

Personnel on site daily

Scott Stephenson PANDA-X February 2, 2013 17

Introduction Rate modulation Bolometers Noble gases Others

Next LAr detectors

Dark Side-50 at LNGS in Italy
Two phase TPC: 50 kg active mass (33 kg FV)
Depleted argon to reduce 39Ar background
Currently commissioning the LAr detector
! first light and charge signals observed
Physics run expected for fall 2013

DEAP - Dark matter Experiment with Argon
and Pulse shape discrimination

3 600 kg LAr in single phase at SNOlab
Aim to use depleted argon
Status: in construction

* Also CLEAN detector (LAr or LNe) at SNOLab

see talk Y. Guardincerri

22



La
ur

a 
B

au
di

s,
 U

ni
ve

rs
ity

 o
f Z

ur
ic

h,
 C

O
S

M
O

20
14

, C
hi

ca
go

Future noble liquid detectors

Under construction: XENON1T at LNGS, 3.1 t LXe in total 

Future: LUX-ZEPLIN (7 t LXe) (approved by NSF&DoE), XENONnT (n=6-7 t 
LXe) (to be proposed),  XMASS (5 t LXe), DarkSide (5 t LAr) (R&D funds) 

Design and R&D: “ultimate detector”  DARWIN (~20 t LXe and/or 50 t LAr)

XENON1T: 3.3 t LXe LZ: 7t LXe DARWIN: 20 t LXe/LAr

da
rw
in
.p
hy
sik
.u
zh
.ch

XMASS%project 

��

• !In!this!slide,!I’d!like!to!explain!our!XMASS!project!at!Kamioka!observatory!in!
Japan.!
• !Our!Binal!goal,!a!ten!ton!scale!detector!of!XMASSE2!will!cover!multiple!purposes!
such!as!dark!matter,!pp!solar!neutrino!and!0ν2β!decay.!
• !Refurbishment!of!XMASSEI!will!be!completed!in!this!autumn!and!XMASSE1.5!is!
planed!to!start!in!2015.!They!are!mainly!for!dark!matter!search.!
• !Commissioning!data!of!XMASSEI!was!taken!from!Nov.!2010!to!May.!2012.!!

Y.#Suzuki,#hep-ph/0008296#

XMASS: 5t LXe

DarkSide 50june 27, 2013 p. 21

Darkside 5000

● R&D and engineering for ton-scale experiment 
"DS G2" with 5t liquid Argon (active volume) and 
a sensitivity of 2·10-47 cm2

● reuse same neutron veto + water Cherenkov veto

DarkSide: 5 t LAr

LZ$
Concept$

Liquid$Xenon:$$
48X$LUX$Fiducial$

Gd`LAB$(Daya$Bay)$Gd`LAB$(25$tonne)$2/28/14$ Harry$Nelson$for$LZ$ 10/23$

24
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~ 3.7 m

~ 2 m

~ 3 m

DARk matter WImp search with Noble liquids

~20 t LXe (and/or 50 t LAr) cryostat in  large water Cherenkov shield 

R&D and design study for next-generation noble liquid detector for mW > 6 GeV 

Physics goal: build the “ultimate WIMP detector”, before the possibly irreducible 
neutrino background takes over; probe WIMP cross sections down to ~10-49 cm2

darwin.physik.uzh.ch

10 m

LZ

DARWIN: 25 groups from 9 countries

28

DARWIN

DARWIN
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Directional detectors
R&D on low-pressure gas detectors to measure the recoil 
direction, correlated to the galactic motion towards Cygnus 

Challenge: good angular resolution + head-tail at Ethr (~30-50 
keV)

DMTPCino TPC at MIT 
CCD readout  
1 m3 prototype, CF4 gas 
commissioning fall 2014

NEWAGE, Kamioka 
CF4 gas at 0.1 atm 
50 keV threshold

DRIFT, Boulby Mine 
1 m3, negative ion drift 
CS2, CF4, O2 gas 
DRIFTIII plans:  
24 m3 (3 x 8 m3 cells) 
at Boulby 
4 kg target mass

MIMAC 100x100 mm2 
5l chamber at Modane 
CF4, CHF3, H gas

MIMAC (MIcro-tpc MAtrix of Chambers) 

Strategy :  
!  Matrix of  micro-TPC  (~50 mbar) 
!  Energy (ionization) and  3D track) 
!  Multi-target (1H, 19F, …) 
!  Interaction axiale (spin-spin ) 
!  4He, CH4, C4H10, CF4  has been tested ! 
 

Recoil 19F (measured) 
(E ~ 40 keVee) 
50 mbar   CF4 + CHF3 (30%)  

Prototype Bi-chamber  (5 L) (2x (10x10x25 cm3 ) 
Installed at Modane –Fréjus (France) in June 2012   

25 James Battat     Bryn Mawr College 

3.2 keV Cd 

6.4 keV  Fe 

8.1 keV  Cu   

X-ray calibration by fluorescence 
From Cd , Fe and Cu foils 

Energy (ADC units) 

Get total E from 
charge integral 
 
But don’t know  
energy of  each hit 

NEWAGE 
(New generation WIMP search  

with an advanced gaseous tracker experiment)�

PI: Kentaro Miuchi （KOBE university） 

NEWAGE-0.3a 
detector 

40cm 

30cm µPIC 
(Toshiba) 

30 x 30 x 31 cm3, 400 um pitch 

James Battat     Bryn Mawr College 26 

Dark Matter Time Projection 
Chamber (DMTPC) Principle
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RHUL   Jocelyn Monroe                                                                                                                          June 27, 2014

D. Dujmic et al., 
NIM A 528 (2008) 327

!
 Jocelyn Monroe
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D. Dujmic et al., 
NIM A 528 (2008) 327

DRIFT IIe - a Test-Bed for DRIFT III
New DRIFT IIe final construction

RHUL   Jocelyn Monroe                                                                                                                          June 27, 2014

prototype for very large detector: build many 1m3 modules, because of diffusion limit.

4-shooter 20L prototype has demonstrated
   (i) multi-camera readout
   (ii) low-background materials
   (iii) event discrimination with charge

pixel x

DMTPCino: 1m3 Detector Module

DMTPCino under construction now, 
commissioning Fall 2014

amplification
regions

cathode
planes

goal: achieve similar or better S:N per pixel, 
   for 35o resolution at 50 keVr in 1m3 module, 

ideally: 1 camera+lens/side (~0.005$/channel now)

33
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Goals	
  of	
  the	
  brainstorming	
  

•  LPNHE	
  is	
  not	
  (yet)	
  involved	
  in	
  direct	
  search	
  for	
  dark	
  
maOer	
  but	
  we	
  feel	
  it	
  is	
  important	
  to	
  understand	
  if	
  we	
  
have	
  the	
  will/forces	
  to	
  enter	
  in	
  this	
  relevant	
  domain	
  

•  We	
  start	
  an	
  overview	
  of	
  the	
  current/future	
  projects	
  
which	
  could	
  match	
  our	
  lab	
  skills	
  and	
  exper-ses	
  in	
  
detector	
  R&D.	
  

•  Today’s	
  mee-ng	
  is	
  not	
  a	
  comprehensive	
  panorama	
  but	
  
a	
  good	
  star-ng	
  point	
  to	
  keep	
  going	
  in	
  our	
  collec-ve	
  
reflec-on.	
  

•  A	
  good	
  -meline	
  would	
  be	
  to	
  be	
  ready	
  for	
  a	
  consensus	
  
for	
  the	
  end	
  of	
  the	
  year.	
  


