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FP6 - ParticleAstro - ILIAS
1. Research on Primary Cosmic Rays (NW)
2. Gravitational Wave Research (NW)
3. Direct Dark Matter Detection (NW)
4. Search for Axions (NW)
5. Low-energy neutrinos (NW)
6. Search for double beta decay (NW)
7. Deep underground laboratories (NW)
8. High energy probes of the cosmos (NW)
9. Astroparticle Physics theory (NW)
10. Advanved photon detectors (JRA)
11. Radio & acoustic particle detectors (JRA)
12. Thermal noise in GW detectors (JRA)
13. Double beta European observatory (JRA)
14. Charge readout devices (JRA)
15. Low background techniques (JRA)
16. Transnational access to deep labs (TA)
17. Cubic Kilometer neutrino telescope (DS)
18. High altitude Cerenkov telescope (DS)
19. Dark matter detector large array (DS)
20. Upgrade to Canfranc (CNI)
21. Upgrade to Boulby (CNI)

4th November 2002 14th April 2003
1. Deep underground laboratories (NW) 
2. Direct Dark Matter Detection (NW)
3. Low-energy neutrinos (NW)
4. Search for double beta decay (NW)
5. High energy probes of the cosmos (NW)
6. Primary particles in space (NW)
7. Gravitational Wave antennas (NW)
8. Astroparticle Physics theory (NW)
9. Transnational access to deep labs (TA) 
10. Low background techniques (JRA)
11. Advanced TPC tracking (JRA)
12. Double beta European observatory (JRA)
13. Advanved photon detectors (JRA)
14. Radio and acoustic particle detectors (JRA)
15. Thermal noise in GW detectors (JRA)

1. Deep underground laboratories (NW) 
2. Direct Dark Matter Detection (NW)
3. Search for double beta decay (NW)
4. Gravitational Wave antennas (NW)
5. Astroparticle Physics theory (NW)
6. Transnational access to deep labs (TA) 
7. Low background techniques (JRA)
8. Double beta European observatory (JRA)
9. Thermal noise in GW detectors (JRA)

1st April 2004

The ILIAS Project

• Three key science areas

GRAVITATIONAL WAVES
Gravitational Wave antennas (N5)
Thermal noise in GW detectors (JRA3)

DARK MATTER

NEUTRINOS - ββ DECAY
Search for double beta decay (N4)
Double beta European observatory (JRA2)

Direct dark matter detection (N3)

• One key infrastructre Gran Sasso - Canfranc - Frejus - Boulby
Transnational access to deep labs (TA1) 
Deep underground laboratories (N2)
Low background techniques (JRA1)

THEORY
Astroparticle Physics

theory (N6)

DARK MATTER

NEUTRINOS - ββ DECAY
Search for double beta decay (N4)
Double beta European observatory (JRA2)

Direct dark matter detection (N3)

funded at
~€10M 
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The Future of  WIMP Dark Matter 
Detection

Neil 
Spooner 
(Sheffield)

The Sun - Wed 30th April 2003

How to pay more and what 
you might get!
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MOTIVATION!

Contributions to Ω

Total (100%) Ω0 =1

All matter 27%

Baryons 4%

Stars 0.5%

73% still missing

Non-baryonic
dark matter

baryonic
dark matter

A dark exotic
form of 
Energy?

Three “dark” problems and 
>95% of the Universe is still 

unidentified
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Broad region if GUT 
constraints lifted

focus 
point

Neutralino - MSSM

L. Roszkowski et al.

With grand unified theories
allowed region collapses

Narrow allowed bands from 
WMAP (Ωh2) + collider + GUT 

100 1000
mΧ (GeV)
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DAMA

1000 GeV
100 GeV

Strategy flow chart/matrix
mssm
Roszkowski et al.

Edel II, CDMS II, Zep II..

scale-ups

1 tonne

100 tonne

~1 event/100kg/year

~1 event/10ton/year

high/low mass
galactic confirmation

- annual modulation
- directionality

halo studies

2003

2006

2010

2020

Edel I, CDMS I, Zep I..

no signal signal found

barriers? • technology barriers (manufacturability/reliability)
• background barrier • site barriers (depth & volume) • cost

10-6

10-7

10-8

10-9

10-10

10-11

10-5

10-12

Pb
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Signal, what signal?

• technology

ion-thermal
xenon
directional/gas

scintillators
semiconductors
s/c grains

point 1
must have gamma rejection 

solved (>105), because neutrons 
will become main problem

point 2
two targets/detectors is good a directional signal is good

show that events are galactic

point 3
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Current status (SI) - ~10-6pb (2003/4)

Edelweiss I-Ge

CDMS II-Ge/Si

DAMA - NaI

ZEPLIN I-Lq Xe

(UKDM)

CRESST II-CaWO4

assumes standard halo but see e.g. Copi+Krauss astr-ph/0307185

IGEX-Ge

NAIAD - NaI

(UKDM)

published and 

decommissioned

published and 

decommissioned
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WHAT’S NEXT
(path of no detection)

10-7-10-8pb (2005/6) in construction

10-8-10-10pb (2008/11)

event rates 100 events in 1 tonne, 90% cl --> ~ 10-9 pb
need to achieve backgrounds <10-100 ev/yr

needs 1 tonne 
(~zero background) How?

10-12pb (2015) needs 100 tonnes 
(~zero background)

WIMP physics at lowest cross sections
can it be 
done?
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rule of thumb: rock gamma rate = 106 x neutron rate

U, Th rock

once γ discrimination ~x105-6 then 
neutrons are the main concern
detectors are already 
close to this 

disc

evts

neutrons are critical

Muon neutrons

Rock neutrons

Detector neutrons
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In construction - 10-7-10-8pb (2005/6)

Apologies for those techniques and groups left out...

more towers
(4.5 kg Ge, 1.2 kg Si)

CDMS II

100 lt cryostat for up to 
120 detectors (36 kg Ge)

Edelweiss II 

(21 x 320 g) 2004

CRESST 
Scale-up to 

10 kg planned

LIBRA - NaI
(250 kg-annual modulation)

(DAMA)

ZEPLIN II and III

two-phase 
xenon
(6-30 kg)

(UKDM)
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Xe*

+Xe

Xe2
*

Triplet
27ns

Singlet
3ns

2Xe2Xe

175nm175nm

Xe** + Xe

Xe2
+

+e-

(recombination)

Xe+

+Xe
Ionisation

Excitation

Electron/nuclear recoil

(1) Single Phase Experiments

Xenon Basics 

ZELIN II

DAMA Xe
ZEPLIN I (PSD)

XMASS I (no PSD)

should give necessary 
105-6 γ rejection?

(2) Double Phase

Xe gas

Lq Xe

electroluminescence (2nd pulse) 
ionisation

χ
primary (1st pulse) 
scintillation

XMASS II
XENON 10,100

ZEPLIN II, ZEPLIN III
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Xe - two phase for Boulby
ZEPLIN-II ZEPLIN-III30 kg design based on scale-up 

of UCLA 1 kg    
test chamber 6 kg high 

field

UKDMC + UCLA, Texas A&M, ITEP

two purposes:
(1) experiments to reach ~10-8pb

discovery?
(2) r&d for 1 tonne design

select optimum technology
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•• gamma rejection solved?, neutron reduction?, scaleable?, reasonagamma rejection solved?, neutron reduction?, scaleable?, reasonable cost?ble cost?
Main Issues

Towards 1 Tonne Detectors

Annual modulation (what if DAMA region ruled out), PSD not sensitive enough

• GENIUS (HDMS) proposal for 100kg --> 1 tonne ? 

Possibilities

Intrinsic low background but NO discrimination and expensive (mainly bb)

• LIBRA (DAMA) 250 kg now running

• Cryo-array (“SDMS”, Edelweiss) ideas for 1 tonne  
Good discrimination but difficult technology and expensive

Good discrimination, simpler but less proven technology?, less expensive?

• XMASS 1 tonne (needs 10 tonnes) ? 
Intrinsic low background but NO discrimination and expensive (mainly bb)

• ZEPLIN-MAX/IV proposal for 1 tonne
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neutron simulations for Large Scale Xenon M. J. Carson et al. Astrop. Phys. 21 (2004) 667

Are neutrons ok at 1 tonne?

GEANT4
SOURCES
FLUKA

Muon neutrons

Rock neutrons

Detector neutrons

Fluka

GEANT4

see Kudryavtsev 
SNOLAB meeting

10-9/10 pb is possible with xenon with current technologyYES
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1 tonne xenon design
ZEPLIN-MAX/IV Two-phase modular UKDM, UCLA et al

XMASS Japan 1-10 ton single phase xenon
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1 tonne xenon at Boulby (UK)

ht. 5.8m

5.7m

20 m

4 m5 m

End of 
JIF lab

33.4 m

20 m
5.7m

ht. 4.9 mht. 4.6 m

CONCLUSION:
can do it at Boulby even using
our existing space outside JIF

new space at Boulby 
would be better
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What about 10-100 tonnes? 10-10-10-12pb

Needs < 0.5 ppt U/Th
<3 ppt with vetoing

or some other ideas

@ 6200 mwe - ok 
[SNOLAB=7000] or
@ 3000 mwe with 
99% muon veto 
(probably ok due to 
passive effect -
needs large cover)

60 g/cm2

CH2

10-12pb
(100 units)
0.01-0.005 
ct/yr/ton

Needs < 5 ppt U/Th 
~10 ppt with internal vetoing
~30 ppt with also external veto 

i.e. best vetoing gains
only about x 6 improvement

@ 4500 mwe - ok
(e.g. Modane?) or 
@ 3000 mwe with 
90% veto on walls

50 g/cm2 

CH2

10-11pb
(10 units)
0.1-0.5 
ct/yr/ton

Needs <0.05 ppb U/Th (Cu, 
and shielding, detector) 
no internal neutron vetoing
no external neutron vetoing

@ 3000 mwe - ok
~no veto (2x10-10 pb 
at Boulby)

40 g/cm2

CH2

10-10pb
(1 unit)
1-5 
ct/yr/ton

Detector (~1.5 tonnes inside 
shielding - 1 tonne modules)

MuonRock
10 - 100 
Tonnes

more neutron issues Carson et al (submitted)

multiple small units (100s kg) probably unsuited 
for reaching below around 10-9/10 pb  

conclusion:

(1)(1) must remove PMTs must remove PMTs -- go for bulk charge readoutgo for bulk charge readout
(2)(2) go for larger single detectors with a fiducial cutgo for larger single detectors with a fiducial cut
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(1) neutron absorption length in LXe (or Ge) ~10m
--> so passive LXe neutron shield no good

Higher internal purity or fiducial cut 
Note:

(2) but neutron MFP in LXe (or Ge) ~15cm
--> so can use detection to define fiducial volume

30cm outer volume should suppress 
neutrons by ~x10 (60cm by x100...) but 
needs position sensitivity to define two 
regions (e.g. 1 cm)

large single phase liquid Xe with fiducial cut   
- NO γ discrimination -

LSXe: option 1

volume for shielding

fiducial volume
n

PMTs

i.e. like XMASS...
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100kg Prototype 

10 ton detector

～30cm

800kg detector

～80cm

～2.5mR&D

Dark matter search

Multipurpose detector
(solar neutrino, ββ …)

Now

Make single phase Xe big - XMASS
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LSXe: option 2 large double phase liquid Xe with fiducial cut   
- WITH γ discrimination -

-has gamma discrimination
-but difficult geometry to create fiducial cut
-probably need charge extraction from the recoil

Xe gas

Lq Xe

?

?

PMTs

e.g. Wang et al.

option 2 - ZEPLIN/XENON route 
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charge readout technology

Micromegas 
(Giomataris
, Saclay)

GEM (Sauli, CERN)

Micropixel 
devices (Kobe, 
Tokyo, Kyoto, 

KEK)

Liquid Xe

Xe Gas

He
Cooling

CsI

PTFE
Reflector

CsI

Field
Shaping
Rings

nucl.rec.
elec.rec.

CsI photocathodes in LXe: E.Aprile, NIMA 338 
(1994), 328; NIMA 343 (1994), 121.

GEM phototubes in noble 
gases:http://gdd.web.cern.ch/GDD/A.Buzulutsko
v, NIMA, 443 (2000), 164.
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It works!
see P.K. Lightfoot talk at Paris TPC meeting Dec 04

quite well understood now (Sheffield group):

conclusion with Micromegas

(1) CH4 quench in two-phase ok
(2) CH4 % can be optimised
(3) micromegas gain at 1.8-2.0 bar ok
(4) hole size/pitch can be optimised
(5) drift field can be optimized

Xe gas + CH4

Lq Xe
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TPC Workshop, Paris 2004 P.K.lightfoot, University of Sheffield

Set point of -102°C
Anode to mesh pd of 650V
External Co57 source positioned under the cathode

Typical output from A250 charge amplifier

mV       gain is x 1323

First two-phase Xe by charge 

Co57

fwhm
18%

BUT so far 
stable for 
20 min
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Dream 10-12pb LSXe Experiment 

T2 source

Shield and cooling

Micromegas Detector

25 cm

50 cm

4+m

plot stolen from NOSTOS 
(Giomataris) [gas TPC]

CsI 
coating

micromegas or 
nano-tip readout 

thanks to Hanguo Wang, Yannis Geomataris for discussions 

HV feed with 
shaping rings 

Features

5 ms lifetime measured at 2mm/μm = 10m Wang et al.

• CsI photocathode over entire sphere 
inner surface makes use of known good 
electron transport ~10m 

• 100 tonne mass (20-60 fiducial) 
• 300-400 kV central feedthrough 
• Charge readout in liquid by micromegas 

(5kV/cm) or nano-tips 
• Fiducial defined by reconstruction of 

charge distribution
• High efficiency means no need to 

extract recoil ionisation (better if can)
• Recoil discrimination (unlike XMASS)

ICARUS
300 kV feedthrough!

(Wang et al)

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

NOSTOS spherical gas TPC

Giomataris - Saclay
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Dream 100KTonne Lq Ar
A. Rubbia et al.
(proton decay, SN, υ osc..)

vessel 
technology 
exists!

possible alternative for Dark Matter 
if 39Ar can be removed (?)
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A SIGNAL!

but is it galactic?
but can it be true?

Paths from 
Detection
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12:00h

42o

0:00h

WIMP Wind

Galactic 
WIMP
Halo

(2) Confirm galactic origin - forward-back recoil direction 
correlation with velocity through halo 

Direction sensitive detectors

(1) Achieve WIMP recoil signal --> requires usual >106 γ rejection 
-technology could also achieve first detection
-neutron suppression via sidereal modulation

(3) Determine which WIMP halo model is correct WIMP 
astrophysics

WIMP

recoil

γ
v0
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Death of the Standard Model?
Models:  many structures
• velocity space anisotropy
• bulk rotation
• substructure, clumps
• ultra-small scale clumps
• triaxality, logarithmic ellipsoidal
• oblate vs. prolate
• late accreted sub-halos
• sub-structure on sub-pc scales
• spikes and caustics

Moore et al.....

Multicomponents
Stiff , Widrow et al..
Helmi et al, Evans et al...

Clumps

Evidence:
• rotation curves
• local kinematics, Oort constants, 
• tracers: satellites

(PNs, globular clusters, halo stars)
• IR maps 

New satellite missions
Sun’s influence Fu-sin Ling et al.

Sikivie, Wick et al

Tidal disruption 
streams - Sagittarius
K. Johnston et al,  Sackett & 
Merrifield reviews
Freese, Gondolo et al.

QuickTime™ and a
YUV420 codec decompressor

are needed to see this picture.
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negative ion drift with CS2 idea by Jeff Martoff (Temple)

Low pressure TPC

Scattered WIMP

Recoil 
Atom

Ionisation drift

Electric 
Field

Readout 
Plane

electron CS2

Simulated events
SRIM 40 keV S recoils in 40Torr Cs2

electron track 
of similar 
energy is off 
scale (sketch) 

the DRIFT Collaboration
(UKDM) Imperial College, RAL, Sheffield, Edinburgh, 
Occidental College, Temple, University of New Mexico*, 
Boston University*, Thessaloniki(+), Darmstadt(+)

*new, +new for KK axions
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Directional sensitivity - 10-6 - 10-10pb

preliminary

DRIFT I type 
with no sense 

DRIFT II type

M-BTriaxial Osipkov-Merritt
Morgan et al. (UKDM)

Exposure

Number of 
detected 
WIMPS 
needed

perfect PSD 
with straggling
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Sensitivity Note - DRIFT II
This technology also good as a non-directional search experiment

• add 50% Xe

• increase pressure by x4

• throw away directionality but retain gamma discrimination

• RESULT:  full DRIFT II @ 160 Torr, 50:50 CS2:Xe 

could reach 10-9 pb (zero backgound)
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DRIFT Programme - DRIFT I

(UKDMC, Temple University, Occidental College)

• 1m3 Dual Negative Ion DRIFT TPC

DRIFT I: 2002/4 technology r&d D
R

IFT-I @
 B

oulby               
[Alner et al. - NIM A 535/3 p644 ]

neutrons 
(simulated WIMPs)

gamma
region

Energy (NIPs)

R2
252Cf - uncut data

Technology achieves γ rejection (<10-5/6)
No need for Pb shielding in DRIFT I

D
R

IFT-I @
 B

oulby 
w

ith C
H

 shield

published and 

decommissioned
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DRIFT Programme - DRIFT II

• x 20 improvement in sensitivity of D-I
• Modular… n (3-4) × 1m3 fiducial vol, NITPCs
• Back-to-back drift vols & dual MWPC readout
• Vertical planes, Warp adjust strongback MWPCs
• 3d reconstruction (anode, grid and z-drift)

(resolution: Δx = 2mm, Δy = 0.1mm, Δz = 0.1mm)
• Lower noise DAQ (few keV S-recoil threshold)
• Improved vessel design (<10-5T.L.s-1) .
• Improved gas system (various pressure & 

gas mixtures) 

first steps to cheap multi-modules

DRIFT II: 2005/6 first directional array (5-10 modules)
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Could it be scaled up? - DRIFT III+

26m (8 modules)10m 10m

>2.0m

e.g. DRIFT III - 100-500 kg? clean
area for

assembly

basic
tunnel

plan view

DRIFT needs space, but
modules can be cheap

like Auger!
many but cheap modules

no gamma shielding
no cryogenics

no complex underground structure
no complex servicing

no expensive target materials
no big down time on power outages
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PMTs

DRIFT module

water shield: 
muon veto (water scintillator)
cheap
safe for CS2
quick installation and removal (pump)
RF shielding 

Option 1

www.nationalpoolwholesalers.com

PMTs

DRIFT module

water 
veto

Option 2

water 
veto pump

storage tank

DRIFT III+ - how to scale-up



Cosmics20-02-05

field cage

MWPC, 1m2vessel

DRIFT II - construction

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

cathode

1 produced per day

cost ~£90K

r&d aim:
cost ~£20K



Cosmics20-02-05

Low BG
Lab

>2.0m

ZEPLIN - II

>2.0m

123

ZEPLIN - III

Exhaust CS2 sensor Data acquisition
system 

Detectors / Vacuum
Chambers 

JIF CS2 sensor 

gas systems, fume hood
& extraction hose 

DRIFT-I 
Lab

Mess

Gas/fire sensor
control

Entrance
corridor 

CS2
sensor

DRIFT II (A) installation
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DRIFT II(a) last thursday at Boulby
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gaγγ GeV-1

n0 m-3

unshielded

15 cm Pb

gaγγ GeV-1

Kaluza-Klein axions 
BASIC LIMIT - Add Pb shielding until vessel background dominates (10 cm for 1 ppb)

[1 m3yr, CS2, 160 Torr, amass 6-20 keV, 1 ppbU/Th in vessel]
B. Morgan, N. Spooner, D. Hoffmann, K. Zioutas  (paper accepted in Astrop. Phys)

E
TPCa

γ γ

R
ΔT

LSP, LKP, KK axion and directional
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The Ultimate Dream Detector?
halo sensitivity at 10-12pb (2020+?..)

Basic numbers for worst case cross section

1000 ton.yr (galactic confirmation), 10,000 ton.yr (halo confirmation)Exposure, Mass

Depth >4000 mwe (ignores statistical discrimination of neutrons via isotropy)

(if) Gas technology go for 1 atm. (easier vessel?)  

50 μm track μmgas readout (interpolation)
3 kg/m3 target
1cm readout plane spacing (2d/3d)
diffusion subtraction

Caverns 3 caverns of 2km x 10m x 5m  

Low background components ok: Lucite, Cu, Kapton

CS2
Fe55 5.9keV

spectrum
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General 
MSSM

Messages to take home
• Recent rapid progress

• NOW: CDMS, Edelweiss, ZEPLIN…
sensitive to SUSY models - 10-6/7 pb 
(detection could be very soon)

• ~2 YEARS: Several experiments 
expected to reach to 10-8 pb

• ~5 YEARS: Technology for 10-10pb (1 ton)  
looks possible particularly with Xenon

• ~10 YEARS: Technology for directional 
detectors at 10-10pb (1 ton) also looks 
possible now - it’s important to be ready 
with directionality

100 1000
mΧ (GeV)
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QuickTime™ and a
YUV420 codec decompressor

are needed to see this picture.

Simulation of the formation of a 
Galaxy Cluster by Juerg Diemand, 
Joakim Stadel, Ben Moore 
(University of  Zurich) on the zBox 
Supercomputer at the University of 
Zurich.

J. Diemand, B. Moore & J. Stadel
Nature 433, 389-391 (2005) & 
astro-ph/0501589

Earth-mass dark-matter 
halos as the first structures 

in the early Universe

Earth-mass dark matter halos
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XMASS: success in reduction of Kr concentration in Xe from   
310[ppb] to < 5[ppb] with one cycle (~1/100)

Boiling point
Xe 165K
Kr 120KPurification tower

Purification of Xenon 

Moriyama et al.
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An active neutron veto? 
Assumptions (Xe and Ge):

target is pure and external n shielded
(fission fragments seen,  no alpha-n)

Internal detector neutrons dominate
(e.g.veto vessel, Xe vessel, PMT)

(Cu 0.02 ppb, PMTs 4 ppb)

250 kg

(a) 80% of recoils are single hit 
(Erec >10 keV)

(b) lower if threshold of total is    
10 keV but can see all 
individual hits below 10 keV

perfect position sensitivity 
(1cm ok ZIII type for z)

(1) internal neutron vetoing
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Model for realistic (advanced) detectors
• 40 Torr CS2
• 1 kVcm-1 drift field
• 200 mm resolution
• 10 cm drift
• SRIM2003 - recoil scattering and diffusion

40 keV S recoil in 40 Torr CS2

(this is a simulation)

Recoil directions estimated as principal axis 
±r of moment analysis of pixel signals.

Vectorial Statistics:
Axial Statistics:

primary limitations:  (1) recoil scattering and diffusion
(2) head-tail

Recoil sense known(unknown): 10-20(100-400) events needed to reject 
isotropy at 95% confidence in 95% of experiments.

Generic optimum DRIFT detector
[B. Morgan, A. Green, N. Spooner - Astro-ph/040804]

How many WIMPs to see the halo

predictions for TPC-type detector 
with 200 μm resolution 
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Lightest Kaluza-Klein Particle (LSP)

e.g. Servant et al. ANL-HEP-PR-02-054, ANL-HEP-PR-02-032,Cheng CERN-TH/2002-157

Can look at other WIMP candidates

LKP (Lightest Particle) 

Stable Kaluza-Klein modes of ordinary standard model particles allowed to 
propagate in one or more compact extra dimensions

Applies as generic 
Bosonic Dark 
Matter candidate

Alternative (or supplement) is Extra Dimension theory

Typical values KK σ p,n
scalar ~ 10−10 pb______σ p,n

spin ~ 10−6 pb

Typical values neutralinos σ p,n
scalar ~ 10−12 −10−6 pb____σ p,n

spin ~ 10−9 −10−6 pb

• Assumes a Higgs mass of 120 GeV
• Higher Higgs mass lowers the 

cross section (x10 for 300 GeV)
• Greater B(1), q(1) degeneracy 

increases cross section
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Nips

Co
unt

s

0 200 400 600 800 1000

0
50

100
150

Fe55 Calibration
1st DII-A MWPC

MWPC1 MWPC2 

Raw Data 
DRIFT II(a) - First test data (surface)

particle
cosmic neutron
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• GEMs,Micromegas
• 25 x 25cm trials 

DRIFT III (US-UK)
CS2
Fe55 5.9keV

spectrum
from 5cm device

NEWAGE (Japan)
• micro-PIC (micro pixel chamber)
• 120 micron 2-D position readout
• 30 x 30 cm under development

Ultimate aim - HEAD-TAIL discrimination --> x10 better halo identification

Better PSD for higher pressure
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Directional technology ideas
Organic Scintillators

Other Solid State

Gas

(UKDMC + Occidental College, University of 
New Mexico, Boston University)

DRIFT (US/UK)

NEWAGE (Japan)

Tokyo/Kyoto (Japan)
new

new

50

60

70

80

90

100

-40-200 20 40 60 80100120

pu
ls

e 
he

ig
ht

 (a
rb

)

perpendicular axis rotation angle (deg)

neutronsDAMA, Sheffield, 

results for 48 keV carbon recoils 
in trans-stilbene (UKDM)

multilayer s/c and scintillators (Sheffield), bolometers (Stanford), 
Si (Temple), He (Brown), Mica (Occidental)….
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Response to ～100 keV carbon recoil

2cm×2cm×2cmc’

θ

Hiroyuki Sekiya (Kyoto University) M.Minowa, Y.Shimizu, Y.Inoue, 
W.Suganuma (University of Tokyo)

Organic Scintillator (Japan)

• small level of directionality (~7%)
• poor targets - stilbene (H, C)
• high background
• .......

116g stilbene crystal - 2 low BG PMT 
R8778
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Directional sensitivity - 10-6 - 10-10pb

(1) Sensitivity to detection of WIMPs (like other detectors)

three modes

(2) Sensitivity to direction of WIMPs

e.g. assume bkg = 1/year --> 3 events (90% cl discovery); 4 ev (95%)..
0/year --> 2.44 upper limit (=3 events)

Scattered WIMP

Recoil

γv0

30 WIMPs

best case: standard halo model, perfect PSD detector
forward-back asymmetry >1:100 >50 GeV 

Monte Carlo --> 10s WIMPs needed to establish signal is directional
i.e. at least 10 times more statistics

(3) Sensitivity to halo models
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D-I (20 keV 
threshold)

D-II & D-III (10 keV thresh.)

1.67 kg.d (26 ev
ents)

1.67 kg.d, no events

20 kg.d, no events

61 kg.d no 

events

610 kg.d no ev
ents

914 kg.d no ev
ents

D-II & D-III (50:50 Xe:CS2) 
10 keV thresh.

36,500 kg.d no ev
ents

610 kg.d no ev
ents

36,500 kg.d no ev
ents

(preliminary)

Limits and sensitivity
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Realistic SUSY SO(10) 
GUT (S. Raby et al.)

Bands allowed by 
collider limits

(Dermisek, Raby, Roszkowski, Ruiz JHEP (2003)

MSSM SUSY SO(10) GUT

Experimentalists
conclusion:

worth a bet!
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Replace PMTs with charge readout 

But could we go back to gain in the liquid (Peskov et al)?
for 50 μm gap micromegas only needs ~5000V
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Example 1 tonne Ge/Si - “SDMS”

A: Development Project - Soudan (2008)
B: SNOlab, run 25 kg (2011)
C: Advanced detectors 150 kg-1000Kg (2018)
very expensive - needs larger collaboration

• Ideas from CDMS collaboration
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A directional signal - definitive     SEE THE WIMP HALO! 

DRIFT technology - needs space, but:

no cryogenics needed
no complex underground infrastructure
no complex servicing
no expensive target materials
no major problems (down time) with power outages
no levelling

modules potentially cheap (20K/Kg?)

DRIFT vision
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Next 2-3 years = x100

EDEL, CDMS, CRESST, ZEPLIN....
XMASS, XENON, KIMS...

100 1000
mΧ (GeV)
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probably poor solution because only 70% 
rejection but have to add material, which 
itself must be very low background

conclusion

Gd scintillator

250 kg

An active neutron veto? 

Ethr>100 keV

10-50 
keV

(1)maximum efficiency ~90%     (infinite 
time window, complete 4π)

(2)realistic efficiency ~70%    
(inelastics in walls, not 4π etc )

(2) external Gd neutron veto Assumptions (Xe and Ge):
target is pure and external n shielded

(fission fragments seen,  no alpha-n)
Internal detector neutrons dominate

(e.g.veto vessel, Xe vessel, PMT)
(Cu 0.02 ppb, PMTs 4 ppb)

(detection of gammas 
from neutron capture)

for small units (100s kg) an internal+external 
neutron veto may achieve only x6 improvement in 

neutron background (at high cost) 

(1)(1) better to spend cash on lower intrinsic internal backgroundbetter to spend cash on lower intrinsic internal background
(2)(2) and/or larger detectors with a fiducial cutand/or larger detectors with a fiducial cut

VETO conclusion:
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NEWAGE (Japan)
• micro-PIC (micro pixel chamber)
• 120 micron 2-D position readout
• 30 x 30 cm under development

Better PSD for higher pressure?

• GEMs,Micromegas
• 25 x 25cm trials 

DRIFT III (US-UK)
CS2
Fe55 5.9keV

spectrum

Ultimate aim - HEAD-TAIL discrimination --> x10 better halo identification
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Ultimate goal - WIMP astrophysics

Standard 
Maxwellian halo, 
v0=220kms-1. 

Triaxial - rather 
extreme case: 
p=0.72, q=0.7

Triaxial halo with p=0.9, 
q=0.8.

N-body simulations also 
suggest mild radial orbit 
bias.

WIMP flux inputs for example halo models
- assume all S (32GeV) recoils with 100GeV WIMPs.

To see this needs improved technology - i.e. better PSD, larger scale



Cosmics20-02-05

6

600

~30 kms-1

~220 kms-1 Sun
Earth

Jun 2nd

WIMPWIMP

day directional 
modulation

ratio ~1:100 at >50 GeV

(E
or

/R
o)

dR
/d

E

annual modulation
few %changeE/(Eor)

Direct Searches - Signals
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- Data from first 4 (non-optimal) crystals
- 3800 kg.day, pulse shape analysis
- Higgsino

-Astro-P 19 (2003) 691, see also F. Giuliani et al. Spin/form factors - Ressell and 
Dean Phys. Rev. C56 (1997) method Tovey et al. Phys. Lett. B 488 (2000) 17

NAIAD - NaI ZEPLIN I - Xe

preliminary

preliminary

Current status (SD) (2003/4)
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WIMP experiment summary
LABORATORY EXPERIMENT TECHNIQUE
Bern (Switzerland) ORPHEUS (SSD) Tin Superconducting Superheated Detector
Boulby (UK) NAIAD NaI scintillator (50-60 kg)

ZEPLIN I Liquid Xe scintillator (4 kg)
ZEPLIN II/III Liquid-Gas Xe (scintillation/ionisation) (6-30 kg)
ZEPLIN Max Liquid-Gas Xe1 ton detector (under development)
DRIFT I/II Low pressure CS2 TPC 1m3

Canfranc (Spain) IGEX Ge ionisation detector (2.1 kg)
GEDEON Ge detector in construction (4x7x2 kg)
ANAIS NaI scintillators (110 kg)
ROSEBUD CaWO4 and BGO scintillating bolometers (50-200 g)

Frejus/Modane (France) Edelweiss Ge thermal/ionisation detectors (n x 320 g)
Gran Sasso (Italy) H/M Ge ionisation detector (2.7 kg)

HDMS Ge ionisation in 0.2 kg Ge well
GENIUS-TF Ge in Ln-2- (42 kg)
DAMA NaI scintillator (~100 kg)
LIBRA NaI scintillator 250 kg (starting)
Liquid Xe Liquid Xe scintillator (6 kg)
CaF2 Scintillator
CRESST-I Al2O3 0.262 kg
CRESST-II CaWO4 scintillating bolometers (0.6-9.9 kg)
CUORICINO TeO2 thermal detectors (41 kg)
CUORE 1000x760 g TeO2 (under development)

Kamioka (Japan) XMAS Large mass liquid Xe (R&D)
Rustrel (France) SIMPLE (SDD) Superheated Droplet Detectors (Freon)
Soudan (USA) CDMS-II 5 kg Ge +1 kg  Si thermal/ionisation detectors
Stanford (USA) CDMS-I 1 kg Ge +0.2 kg  Si thermal/ionisation detectors
SNO (Canada) PICASSO (SDD) Superheated Droplet Detectors (Freon)
OTO (Japan) ELEGANTS V Massive NaI scintillators (670 kg)

ELEGANTS VI CaF2 scintillators

Apologies for those techniques and groups left out...

Phonon (ionisation-thermal)

Xenon (ionisation-scintillation)

TPC (directional)

• Semiconductor

• Inorganic Scintillator

• Bolometer
NTD, TES…Ge, Si, LiF, sapphire….

• S/C granules

Ge, Si, GaAs, TlBr….

NaI(Tl), CsI(Tl), CaF2(Eu)...

• Organic Scintillator
Stilbene, plastics, liquids...

• Superheated droplets

• Noble gases

• TPC gases

……..
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3 Kg fiducial volume
single phase
high self shielding, in 
agreement with Monte Carlos

E
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XMASS route

HIT
HIT

HIT

HIT

?

HIT

So this concept (scaled-up) deals 
with neutrons but ALSO
gets you gamma reduction by 
passive shielding

BUT is light collection sufficient 
for position sensitivity? 

SUGGESTS POSSIBLE SHIFT in WHOLE PHILOSOPHY of 
WIMP DETECTION?

above ~10-9pb we emphasize active gamma discrimination 
as a means of identifying WIMPs because we think we 
understand passive shielding of neutrons to be sure any 
events seen at this level are not neutrons.

below ~10-9pb neutron background has to dominate (by 
definition if the detector is to be any use).  But there is no 
active discrimination possible between neutrons and 
WIMPs, only passive (i.e. material purity and passive 
shielding).  So if you accept passive shielding here, why 
not for gammas as well - i.e. forget recoil discrimination
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e.g. Sag stream

output recoilsinput WIMPs

Aim - See the galactic WIMP halo

B. Morgan
A. Green

predictions for TPC-type detector 
with 200 μm resolution 

how many WIMP events are needed? 
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Possibility 1 - wiggle room? e.g:
Many different model assumption explored - can push allowed region around

need to look at influence of this on the other new limits 

Halo structure - v0, vesc
Form factors (Helm) (I, Ge, Xe…)
Quenching factors
Non-SUSY candidates
SI, SD, mixed models, inelastic

Model uncertainties

• if pure SI probably no wiggle room 
• but SD solution also difficult

PLB-480(2000)23
keV  Residuals
2-3   0.54 +/- 0.09
3-4   0.21+/- 0.05
4-5   0.08+/-0.02
5-6   0.03+/-0.01

a steep spectrum but SD would give flatter spectrum
- I and Na comparable (no A2 dominance) -

SD contribution
could push 
region down

(see K.Freese et al. 
astro-ph/0309279)

Possible conclusion:
“ DAMA can still be explained by 

a WIMP with spin dependent 
couplings but at masses too low 

for MSSM”
(e.g. Savage - IDM2004)
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Paths from detection - 10-6pb (now-2005)

point 1 Any wiggle room for compatibility with Edel I, CDMS I, Zep I.?

DAMA

7 years of modulation

• if pure SI - very difficult 
• component of SD also difficult

keV  Residuals
2-3   0.54 +/- 0.09
3-4   0.21+/- 0.05
4-5   0.08+/-0.02
5-6   0.03+/-0.01

PLB-480(2000)23
a steep spectrum but SD
would give flatter spectrum
- I and Na comparable 
(no A2 dominance)-

point 2 What if correct?
• Alternative NaI experiments?
• More annual modulation - Libra (250 kg) underway  (1 Ton NaI next)
• progress to directional confirmation now.......

[NB: at DAMA WIMP rate ~3kg.yr pure recoil data is enough see annual modulation]

Possible conclusion:
“ DAMA can still be explained by 

a WIMP with spin dependent 
couplings but at masses too low 

for MSSM”
(Chris Savage)


